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6 Hydrology

6.1 Introduction

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

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

in Volume 1, Section 2 and detailed in the remainder of Volume 1, especially Section 7.

When updating the assessment, Teck has considered and incorporated additional

information, where applicable, including:

 baseline data obtained since 2008 (see Volume 2)

 advances in science and research

 changes to regulations and guidance documents

 four rounds of supplemental information requests (SIRs)

 input provided by Aboriginal communities and third-party technical reviewers

 input obtained through stakeholder consultation

The assessment update for hydrology:

 describes mitigation to reduce Project effects on hydrology

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

and closure (including decommissioning)

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

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

 considers updated temporal snapshots based on the revised mine schedule

The assessment approach is largely consistent with that presented in Volume 3, Section 1

of the Integrated Application. Key changes reflected in the updated assessment for

hydrology include the following:

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

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

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

these changes. As a result, the Eymundson Creek and Pierre River watersheds are

entirely outside the PDA and are therefore no longer included in the aquatics LSA.

 This assessment incorporates information collected since filing the Integrated

Application, including:

 results of regional and local hydrologic and sediment monitoring to the end of

2013, including recent data on flows, water levels and sediment yields
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 information on current Alberta water licence allocations and withdrawals (to

2013)

 additional information about traditional land use and Aboriginal community

concerns provided through consultation, traditional use studies, third-party

technical reviews and statements of concern

Assessment Summary

Results of the updated hydrology assessment differ from those presented in the Integrated

Application regarding changes in flows, water levels and open-water areas for

watercourses and waterbodies in the aquatics LSA. These changes largely reflect

differences in the PDA and open-water areas for the updated Project (i.e., these areas are

now smaller than was defined in the Integrated Application). Overall, changes predicted

in the updated hydrology assessment are comparable to the results presented in the

Integrated Application.

As in the Integrated Application, the Project will result in negligible changes in basin

sediment yields and TSS concentrations in the receiving watercourses.

The closure landscape and the drainage system of the Project are expected to be stable,

safe, robust and sustainable over very long timeframes (i.e., greater than 1,000 years).

6.2 Scoping the Assessment

The scope of the hydrology assessment has not changed since the Integrated Application

and complies with the terms of reference for the Project (AENV 2009). Although the

assessment has not changed, mitigation to limit pit lake shoreline erosion is assessed as

part of this update.

The Phase I Water Management Framework developed by Alberta Environment (AENV)

and Fisheries and Oceans Canada (DFO) (AENV and DFO 2007) limits hydrologic

effects from oil sands operations on Athabasca River flows. This framework outlines

water management objectives and actions for varying flow conditions on the lower

Athabasca River. It applies to the Project as well as other operating, approved and

planned oil sands developments in the Athabasca Oil Sands Region.

Regional committees and organizations, and the monitoring and research they support,

have evolved since the Integrated Application. Teck has participated in various

committees and organizations (e.g., Joint Oil Sands Monitoring [JOSM] program and

Canada’s Oil Sands Innovation Alliance [COSIA]) whose work continues to inform

aspects of the Project and this assessment update.

Since filing the Integrated Application in 2011, Teck has continued to seek input from

regulators, interested stakeholders and Aboriginal communities as part of the regulatory

review and consultation process. These inputs have helped identify and refine key issues

of concern and define the key questions that are the focus of this assessment.
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6.2.1 Aboriginal Community Concerns

In preparing the assessment update, Teck has reviewed Aboriginal-led traditional use

studies, third-party technical reviews, statements of concern and input received from

ongoing consultation. Based on these inputs, Teck has documented Aboriginal

community concerns related to hydrology and has considered these concerns as part of

the updated hydrology assessment.

The following traditional use studies were considered in preparing this update:

Athabasca Chipewyan First Nation:

 Candler, C. and the Firelight Group Research Cooperative. 2013a. Athabasca

Chipewyan First Nation Knowledge and Use Report and Assessment for Teck

Resources Limited Proposed Frontier Oil Sands Mine Project.

Mikisew Cree First Nation:

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

Nation Indigenous Knowledge and Use Report and Assessment for Teck Resources

Limited’s Proposed Frontier Oil Sands Mine Project.

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

Proposed Teck Resources and SilverBirch Energy Frontier Oil Sands Project.

Fort McKay First Nation and Métis Community:

 Fort McKay Sustainability Department and Integral Ecology Group. 2011.

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

Métis Local 1935:

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

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

During consultations since the Project disclosure, Aboriginal communities have

expressed the following concerns related to hydrology:

 changes from predevelopment landscapes

 uncertainty whether cumulative effects will be assessed based on predevelopment

conditions and not just pre-Project conditions

 maintenance of the water balance, including inflows, outflows and water levels for

Ronald Lake and the unnamed tributary of Buckton Creek (to which Ronald Lake

discharges)

 reduced water levels in the Athabasca River during low-flow periods and reduced

boat access to hunting areas as a result of low water levels

 reduced water levels in Athabasca Lake and restricted boat access to hunting areas as

a result of low water levels
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 a lack of periodic high flows and flooding that historically occurred to renew and

clean the river

 on-site water storage to reduce effects on low-flows and water levels in the

Athabasca River

 effects of climate change on hydrology

 timeline for closure systems to reach ecological sustainability

 whether all hydrological analysis are based on the best available science and include

cumulative effects, climate change effects, updated data records, climate and

streamflow trends

 the inclusion of predevelopment in the assessment

 minimizing Project water requirements and complying with the Phase I Water

Management Framework

Aboriginal community observations regarding surface water quantity were often

expressed in the context of larger ecological processes. For example, Elders have stated

that flow rates in the Athabasca River and through the Peace-Athabasca Delta have

changed and continue to change, which they attribute to oil sands development, climate

change, and construction of the W.A.C. Bennett Dam. The Athabasca River has also been

described as being more difficult to navigate because of the presence of sandbars along

its length.

Teck has provided responses to these concerns following the assessment of each key

issue. In addition, based on input received during consultations and interviews with

potentially affected Aboriginal communities, important watercourses and waterbodies in

terms of traditional value and traditional land use were identified, including:

 Ronald Lake

 Redclay Creek

 Big Creek

 Athabasca River

 Lake Claire

 the Peace-Athabasca Delta

6.2.2 Key Issues

Based on input gathered from regulators and consultations with potentially affected

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

the hydrology assessment (see Table 6-1). These key issues are the same as those

identified in the Integrated Application.
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Table 6-1 Key Issues – Hydrology

Project
Phase Key Issue Relevance to Project

Construction Changes in flows
and water levels in
receiving waters

 infrastructure development

 muskeg drainage and overburden dewatering, removal, and storage

 basal water sands depressurization

 site clearing

 diversion channel construction

Operation  muskeg drainage and overburden dewatering, removal, and storage

 basal water sands depressurization

 site clearing

 diversion channel construction

 oil sands mining, tailings management and seepage control

 extraction of water from the Athabasca River

 construction and operation of conceptual fisheries offsetting measures

 plant site operation

 site runoff and water discharge from sediment ponds

Closure and
far future

 reclamation and closure of mine and other disturbance areas

 deactivation of temporary roads

 construction and operation of pit lakes and conceptual fisheries
offsetting measures

 construction and maintenance of closure drainage systems

Construction Changes in open-
water areas of
watercourses and
waterbodies

 infrastructure development

 muskeg drainage and overburden dewatering, removal and storage

 basal water sands depressurization

 site clearing

 diversion channel construction

Operation  infrastructure development

 muskeg drainage and overburden dewatering, removal and storage

 basal water sands depressurization

 site clearing

 diversion channel construction

 oil sands mining and seepage control

 construction and operation of conceptual fisheries offsetting measures

 site runoff and water discharge from sediment ponds

Closure  reclamation and closure of mine and other disturbance areas

 construction and operation of pit lakes and compensation lake

 construction and maintenance of closure drainage systems

Construction
and operation

Changes in
watershed sediment
yields, sediment
concentrations, and
channel regimes

 infrastructure development

 muskeg drainage and overburden dewatering, removal and storage

 basal water sands depressurization

 site clearing

 diversion channel construction

Closure  reclamation and closure of mine and other disturbance areas

 construction and operation of pit lakes and conceptual fisheries
offsetting measures

 construction and maintenance of closure drainage systems
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Table 6-1 Key Issues – Hydrology (cont’d)

Project
Phase Key Issue Relevance to Project

Closure Self-sustainability of
closure landscape
and drainage
systems

 reclamation and closure of mine and other disturbance areas

 operation of pit lakes including shoreline protection and conceptual
fisheries offsetting measures

 maintenance of closure drainage systems

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

related updated assessments, see:

 the closure, conservation and reclamation plan – Volume 1, Section 13

 groundwater – Section 5

 surface water quality – Section 7

 fish and fish habitat – Section 8

 resource use – Section 15

 traditional land use – Section 17

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

6.3 Approach

The overall approach for the updated hydrology assessment is the same as described in

the Integrated Application. Where applicable, Teck has incorporated changes to address

SIRs from regulators and SOCs from potentially affected Aboriginal communities. A

concordance table for SIRs (Rounds 1 to 4) is included as part of the Project Update

(see Volume 1, Appendix 1G). For a flow chart summarizing the evolution of the

hydrology assessment through the regulatory process, see Section 2, Figure 2-6.

6.3.1 Study Areas

Study areas for the hydrology assessment were selected at both local and regional scales

to examine the potential cumulative changes to receiving waters resulting from the

Project and other operating, approved or planned developments.

6.3.1.1 Local Study Area

The aquatics LSA (see Figure 6-1) is the area representing the spatial extent of surface

water resources that may be directly or indirectly affected by the Project in combination

with other developments. The aquatics LSA has changed since the Integrated Application

to reflect the removal of the south development area (SDA). Removal of the SDA

reduces the size of the Project footprint. The Eymundson Creek and Pierre River

watersheds are now located entirely outside the PDA.
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The following watercourses and waterbodies are included in the updated aquatics LSA:

 Ronald Lake (which includes Unnamed Creek 18, Unnamed Creek 17 and Unnamed

Creek 16 as contributing watercourses) that discharges to an unnamed tributary of

Buckton Creek

 Unnamed Creek 19, Redclay Creek and Big Creek (which includes Unnamed

Creek 5, Unnamed Creek 7, Unnamed Creek 2, Unnamed Creek 6 and First Creek),

that discharge into the Athabasca River

 numerous small waterbodies, including Unnamed Lake 1 and Unnamed Lake 2

 a reach of the Athabasca River from its confluence with the Big Creek to a location

downstream of the confluence with Redclay Creek

6.3.1.2 Regional Study Area

The aquatics regional study area (RSA) is the area representing the spatial extent of

surface water resources potentially affected by the Project in combination with all other

regional developments within individual tributary subwatersheds of the Athabasca River.

The aquatics RSA includes the aquatics LSA and a reach of the Athabasca River from

Fort McMurray to Embarras Portage.

The extended study reach of the Athabasca River to Embarras Portage is included to

assess potential cumulative upstream and downstream changes due to operating,

approved and planned developments on the Athabasca River. A separate,

discipline-integrated study area and evaluation for the Peace-Athabasca Delta was

completed (see Volume 8, Section 7 of the Integrated Application). However, the

hydrology evaluation for the Peace-Athabasca Delta is not provided as part of the

assessment update because results and conclusions are expected to be comparable to

those presented in the Integrated Application. The Project, in combination with all other

operating, approved and planned regional developments, is expected to have negligible

changes on the hydrologic regime of the Athabasca River past Embarras Portage or on

the Peace-Athabasca Delta. Therefore, the aquatics RSA extends to the Embarras

Portage, but it does not include the Peace-Athabasca Delta.

6.3.1.3 Assessment Nodes

Assessment nodes are specific geographical sites selected as key locations to quantify

changes in flows, water levels, and water and sediment quality in watercourses and

waterbodies in the aquatics LSA and RSA.

The assessment nodes for the updated hydrology assessment, as shown in Figure 6-1,

were selected to represent specific watercourses and waterbodies in the aquatics LSA and

RSA. The nodes include:

 Node RL: Ronald Lake

 Node UC19: Unnamed Creek 19 near the mouth

 Node AR4: Athabasca River Reach 4
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 Node RC: Redclay Creek near the mouth

 Node BC: Big Creek near the mouth

 Node RCL: Shell compensation lake

These assessment nodes are located downstream of the PDA to capture cumulative

changes due to the Project during construction, operation, and at closure in conjunction

with other operating, approved or planned developments.

The Project will require watercourse diversions, which will bypass some natural wetlands

and beaver ponds that act to settle the sediment contained in the natural runoff from

upstream areas. The Project will also require removal of Unnamed Lake 1 and Unnamed

Lake 2 to accommodate an external disposal area. The Project’s conceptual fisheries

offsetting plan (see Volume 1, Section 15) discusses the offset requirements to

counterbalance the effects on fish resulting from the Project.

6.3.2 Assessment Cases

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

following development scenarios:

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

construction, and activities approved but not yet constructed

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

the Project added

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

disclosed or applied for, but not yet approved

The Project Update considers cumulative effects of developments in assessment cases

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

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

Mine have been delayed indefinitely. These changes add to the conservative nature of the

assessment because the assessment update includes effects from these developments, and

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

related developments and activities included in each case, see Section 2, Appendix 2A.

6.3.3 Temporal Considerations

6.3.3.1 Reference Conditions

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

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

Aboriginal communities and stakeholders to provide perspective on change from

undisturbed conditions. For the updated hydrology assessment, reference conditions were

evaluated at two specific points (snapshots) in time:

 predevelopment (pre-1965)

 existing (2013)
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Watershed characteristics in the aquatics LSA under existing conditions are expected to

be similar to predevelopment conditions since there are currently no existing

developments in the aquatics LSA. For a description of methods and results of the

baseline update for hydrology, see Volume 2, Section 4.

In the aquatics RSA, specifically for Athabasca River flows, the predevelopment

conditions are slightly different from existing conditions because of industrial and

municipal withdrawals upstream of Fort McMurray.

6.3.3.2 Snapshots

The following temporal snapshots were used to evaluate changes in hydrologic

conditions due to the Project, in combination with other developments, as applicable:

 construction (Year -2) (2024), which represents the start of major construction,

maximum drainage and overburden dewatering

 major watercourse diversion (Year 25) (2050), which represents conditions after a

major watercourse diversion for the Project

 maximum build-out (Year 41) (2066), which represents the end of mining operations

and conditions when the closed-circuit area is at its maximum for the Project

 closure (defined as pit lake release) (circa 2081), which represents the start of release

of flow from pit lakes to the receiving environment

 far future (defined as pit lake release + 100 years) (2181), which represents far future

equilibrium hydrologic conditions

These temporal snapshots were updated from the Integrated Application based on

updated mine development plan (see Volume 1, Section 4).

6.3.4 Key Indicators

To focus the hydrology assessment, key indicators were chosen and examined at the

appropriate scale, i.e., local and regional, for each key question. For each key indicator, at

least one measurable parameter was selected to provide a means of measuring and

assessing the effects of the Project. The key indicators and measurable parameters for

each key question and key issue are listed in Table 6-2.

Table 6-2 Key Indicators – Hydrology

Key Question Key Issue Key Indicator
Measureable

Parameter
Spatial

Consideration

H1: Could the Project
contribute to
cumulative changes in
flows and water levels
in receiving waters?

Changes in
flows and water
levels in
receiving
waters.

 Mean annual flows

 Mean open-water flow

 Mean ice-cover flow

 7-day average lowest
flow that occurs, on
average, once in every
10 years (7Q10)

 10-year flood flow

 Flow

 Water depth

 Water level

Aquatics LSA
and aquatics
RSA (when
appropriate)
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Table 6-2 Key Indicators – Hydrology (cont’d)

Key Question Key Issue Key Indicator
Measureable

Parameter
Spatial

Consideration

H2: Could the Project
contribute to
cumulative changes in
open-water areas?

Changes in
open-water
areas.

 Total open-water surface
area of watercourses at
bankfull discharges and
waterbodies at their
mean annual water
levels

 Open-water
surface area

Aquatics LSA
and aquatics
RSA (when
appropriate)

H3: Could the Project
contribute to
cumulative changes in
watershed sediment
yields and sediment
concentrations of
receiving waters?

Changes in
watershed
sediment yields
and sediment
concentrations
of receiving
waters.

 Mean annual watershed
sediment yield

 Mean annual stream flow
sediment concentrations

 Sediment
yield

 Sediment
concentration

Aquatics LSA
and aquatics
RSA (when
appropriate)

H4: Could the Project
contribute to
cumulative changes in
channel regimes of
receiving
watercourses?

Changes in
channel
regimes in
receiving
watercourses.

 10-year flood flow  Channel
cross-section
at bankfull
depth

Aquatics LSA
and aquatics
RSA (when
appropriate)

H5: Will the closure
landscape and
drainage systems for
the Project be
sustainable?

Closure
landscape and
drainage
system
sustainability.

 Reference condition
drainage systems

 Not applicable Aquatics LSA

Key indicators and measurable parameters for the updated hydrology assessment are the

same as those listed in the Integrated Application. The criteria used to select key

indicators and the methods used to evaluate effects of the Project are described in the

following sections:

 flows, water levels and open-water areas, see Section 6.4

 watershed sediment yields, sediment concentrations and channel regimes,

see Section 6.5

 closure landscape and drainage system sustainability, see Section 6.6

6.4 Flows, Water Levels and Open-Water Areas

6.4.1 Introduction

This section addresses key questions:

 H1: Could the Project contribute to cumulative changes in flows and water levels in

receiving waters?

 H2: Could the Project contribute to cumulative changes in open-water areas?

Various activities during construction and operation phases of the Project and other

developments will result in direct disturbance to natural watersheds, their runoff and

drainage conditions in the aquatics LSA. The disturbance will result in changes in flows
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and water levels in receiving waters in both the aquatics LSA and RSA. Activities over

the mine life that would affect hydrology include site clearing, muskeg drainage,

overburden dewatering and removal, watercourse diversion and closed-circuit operations.

Key indicators were used to characterize the changes in the flow and water level regimes

in the receiving waters. These include:

 mean annual discharge and flow depth

 mean open-water season (mid-April to mid-November) discharge, flow depth and

water levels

 mean ice-cover season (mid-November to mid-April) discharge, flow depth and

water levels

 7Q10 low-flow discharge and flow depth

 10-year flood peak discharge and flow depth

 daily mean water level exceedance statistics including 10th, 50th and 90th percentiles

The Project will also directly or indirectly change open-water areas. Construction and

operation of the Project will result in the permanent removal of some natural

watercourses and waterbodies from mine-pit development areas and placement of

external tailings disposal areas. At closure, new drainage systems will be created and will

consist of main drainage channels, secondary drainage ditches, shallow wetlands, shallow

lakes and pit lakes. This will cause a change in the surface areas of lakes, wetlands and

watercourses in the aquatics LSA. Open-water surface areas have relatively large

evaporative losses and provide storage to attenuate runoff. Therefore, the key indicator

(and measurable parameter) used to characterize changes in open-water areas in the

aquatics LSA is open-water surface areas of watercourses and waterbodies.

6.4.2 Methods

Methods used to determine flows, water levels, open water areas and operational and

closure channel length remain the same as in the Integrated Application.

The area of the PDA (about 290 km2) represents a very small percentage (0.2%) of the

drainage area of the lower Athabasca River at Fort McMurray (133,000 km2). In addition,

the proposed annual water withdrawal rates of the Project from the Athabasca River are

relatively small compared to the mean river flow or water yield (i.e., about 0.5% in the

first eight years and 0.31% for the remainder of the mine life). A spreadsheet-based water

balance approach was used to predict the potential changes in the Athabasca River flow.

A rating curve depicts the relationship between water levels or flow depths and

discharges in watercourses. The rating curve developed for the Athabasca River using

measured data at Regional Aquatics Monitoring Program (RAMP) station S24

(see Appendix 6A, Figure 6A-1) was used to calculate changes in water levels for the

Athabasca River at Node AR4. This rating curve has been updated since the Integrated

Application and includes additional flow and water level data collected from 2010 to

2013. As a result, the updated rating curve shows the hysteresis (i.e., two curves)
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normally expected for river flows: one curve related to rising water levels and a second

curve related to falling water levels.

During the operation phase, Redclay Creek and Big Creek will be diverted around the

mine development areas. Therefore, no rating curves for these watercourses were needed

to quantify changes in water depth or water level.

6.4.2.1 Data Sources

Although sources of climate and hydrologic information used in the assessment remain

the same as in the Integrated Application, this assessment includes data to 2013 collected

for the Project and through regional data sources (i.e., RAMP and Environmental

Canada’s Water Survey Division) (see Volume 2, Appendix 4A). Updated estimates of

muskeg drainage, overburden dewatering flows and other surface runoff from the mining

areas were also incorporated as model inputs to simulate flows in the watercourses.

6.4.2.2 Models and Assumptions

HSPF and Spreadsheet Models

As in the Integrated Application, the Hydrological Simulation Program – FORTRAN

(HSPF) model was used to generate simulated flow series for watercourses in natural,

disturbed and reclaimed areas in the aquatics LSA.

Flow statistics for the Athabasca River were derived based on recorded flows below

Fort McMurray. A spreadsheet model was used to assess changes in flows because of

water withdrawals from the Athabasca River.

Muskeg Drainage

Estimates of muskeg drainage water yield per unit area were based on drainable water

storage over a two-year period. Estimated water yield was 30% of the muskeg thickness

during the first year and 20% during the second year. In addition, 90 mm of runoff from

precipitation was assumed during the six-month open-water season.

Estimated runoff from precipitation was updated from the Integrated Application based

on the additional data (to 2013) included in the assessment update. It was assumed that

there is no water yield during the ice-cover season.

The water yield estimate from the muskeg drainage, once stockpiled, was 10% of the

muskeg thickness during the third year. These assumptions are based on professional

judgment and experience gained from field observations for other operating

developments. Similar assumptions have been applied to past environmental impact

assessments (EIAs) and regulatory applications (e.g., Shell 2007).

Muskeg drainage discharges for operating and approved developments were obtained

from the EIA reports for these developments.
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Overburden Dewatering

Overburden dewatering flows were estimated for the Project (see Volume 1, Section 7.8).

The overburden dewatering discharges for the planned development of the Pierre River

Mine (PRM) were obtained from that project’s application and EIA (Shell 2007).

6.4.3 Reference Conditions

Predevelopment and existing conditions are used as reference conditions from which to

assess changes in flows, water levels and open-water areas in watercourses and

waterbodies in both the aquatics LSA and RSA.

Hydrology data for predevelopment and existing conditions (including streamflows,

suspended sediment concentrations, basin sediment yields and watercourse geomorphic

conditions) are provided in Volume 2, Section 4. Existing conditions are expected to be

equivalent to predevelopment conditions for the watersheds in the aquatics LSA since

there are no existing developments.

Predevelopment and existing conditions for the Athabasca River are discussed below.

Tables reflect updated data to 2013.

6.4.3.1 Athabasca River

Flows have been recorded on the Athabasca River at Fort McMurray since 1957. Given

that industrial water withdrawals for oil sands operations are downstream of

Fort McMurray and do not influence the flow statistics of the Athabasca River at

Fort McMurray, any anthropogenic changes in flow would have been because of

industrial and municipal withdrawals upstream of Fort McMurray. These upstream

influences have increased over time since the start of the first pulp mill in Hinton in 1957,

with subsequent pulp mills built and operated in the 1980s and 1990s (five in total),

accompanied by increased agricultural and municipal growth during that same period.

Much of this water withdrawal; however, is returned to the river system. The current

average annualized net withdrawal rate for these upstream demands is less than 2.6 m3/s.

The change in flows because of these demands; therefore, would be negligible in the

Lower Athabasca River.

The predevelopment (pre-industrial or pre-1965) flows for the Athabasca River at

Fort McMurray were derived by adding the upstream withdrawal to data recorded

downstream of Fort McMurray at Environment Canada station 07DA001. A comparison

of flow statistics for predevelopment to existing conditions (see Table 6-3) indicates that

predevelopment Athabasca River flows have been largely unaffected by anthropogenic

influences, and it is reasonable to assume that negligible effects would have been

experienced upstream of Fort McMurray station up to now.
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Table 6-3 Streamflow Discharge for the Athabasca River at Fort McMurray

Hydrologic
Condition Season

Predevelopment (Pre-1965) Existing

Streamflow Discharge
(m

3
/s)

Streamflow Discharge
(m

3
/s)

Average year Winter 179 178

Spring 530 528

Summer 1,239 1,238

Fall 561 559

10-year dry Winter 121 120

Spring 257 255

Summer 1,040 1,037

Fall 438 436

10-year wet Winter 192 190

Spring 574 572

Summer 1,723 1,721

Fall 789 787

Water Licence Allocations

Current Alberta water licence allocations, return flows and projected annual allocations

of all existing oil sands developments and other non-oil sands users for surface water

withdrawals from the Athabasca River and its tributary watercourses are summarized in

Table 6-4. The list of existing oil sands developments has been updated to include the

Imperial Oil Kearl project, which began operation in 2013, following submission of the

Integrated Application.

The total annual water requirement from the Athabasca River for the non-oil sands users

is 188.7 million m3 (equivalent to 5.98 m3/s as an annual average rate). This amount is

assumed to be constant during operation and after closure of all oil sands mines.

The predicted maximum cumulative annual average water requirement is about

17.52 m3/s (about 552.5 million m3), which includes 5.98 m3/s for non-oil sands users and

11.54 m3/s for oil sands operations.

Potential changes to the Athabasca River flows were quantified using the Athabasca

River flow data recorded downstream of Fort McMurray at Environment Canada station

07DA001 and Steepbank flow data recorded at Environment Canada station 07DA006, as

recommended by the Phase I Water Management Framework (AENV and DFO 2007).

Reach 4, in which the Project is located, starts just downstream of the confluence of the

Athabasca River with the Steepbank River and ends just upstream of the confluence with

the Firebag River and was considered in the evaluation. Analysis of flow changes farther

downstream in the aquatics RSA was not considered because no withdrawal points occur

downstream of Reach 4.



Volume 3: Assessment Update

Section 6: Hydrology Frontier Oil Sands Mine Project Update

Page 6-16 June 2015

Table 6-4 Water Allocations from Athabasca River Watershed

Purpose

Existing Licences and Licence Applications for Water Allocations
(dam3)1

Peak
Instantaneous

Licence
Allocations

(m3/s)
Interim

Licences
WRLIC

Licences2
WRLIC

Licences3
Total

Withdrawals
Return
Flows

Net Water
Allocations

Water Licences for Non-Oil Sands Users

Agricultural 24 686 56 766 0 766 N/A

Commercial4 4,783 145,784 3,772 154,339 123,562 30,777 N/A

Dewatering 280 35,367 0 35,647 1,293 34,354 N/A

Habitat
enhancement

14 1,413 0 1,427 0 1,427 N/A

Non-oil-sands
industrial

4,517 36,547 53,507 94,571 2,772 91,799 N/A

Irrigation 37 2,773 858 3,668 1,381 2,287 N/A

Municipal 7,997 32,227 2,416 42,640 34,851 7,789 N/A

Water management 0 21,590 1 21,591 2,221 19,370 N/A

Other use 2 125 29 156 2 154 N/A

Subtotal 17,654 276,512 60,639 354,805 166,082 188,723 N/A

Water Licences for Oil Sands

Existing Developments

Syncrude5 0 61,675 0 61,675 0 61,675 4.17

Suncor6 0 62,825 0 62,825 38,655 24,170 3.79

Shell Muskeg River
Expansion Mine7

0 0 55,100 55,100 0 55,100 3.33

Canadian Natural
(CNRL) Horizon8

0 0 79,320 79,320 0 79,320 3.1

Shell Jackpine –
Phase 19

0 0 63,500 63,500 0 63,500 0.8410

Imperial Oil Kearl11 0 0 80,000 80,000 0 80,000 4.6

Subtotal 0 124,500 277,920 402,420 38,655 363,765 19.83

Totals (dam3) 17,654 401,012 338,559 757,225 204,737 552,488 19.83

NOTES:
1 1 dam3 = 1,000 m3

2 Water Resources Licences issued before 1999 under the Alberta Water Act
3 Water Resources Licences issued from 1999 under the Alberta Water Act
4 Except oil sands mines
5 Based on Alberta Environment License to Divert Water under Water Act: License No. 07695, October 20, 1986
6 Based on Alberta Environment License to Divert Water under Water Act: License No. 00199406-00-00, April 29, 2004
7 Based on Alberta Environment License to Divert Water under Water Act: License No. 0071821-01-00, April 11, 2008. Daily water

withdrawal is restricted to 1.8% of Athabasca River flow at Fort McMurray
8 Based on Alberta Environment License to Divert Water under Water Act: License No. 00186921-00-00, April 6, 2004
9 Based on Alberta Environment License to Divert Water under Water Act: License No. 00186157-00-00, June 23, 2004
10 Jackpine Mine – Phase 1 and Albian Intake is the same. The combined peak instantaneous of 4.17 m3/s was approved as part of

Jackpine Mine – Phase 1 application
11 Based on Alberta Environment License to Divert Water under Water Act: License No. 00222199-00-00, December 19, 2007

Some numbers are rounded for presentation purposes. Therefore, it might appear that totals do not equal the sum of the individual
values.

N/A = Not applicable

SOURCE: Information about Water Act authorizations and approvals from AENV (2014).
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The Athabasca River Phase I Water Management Framework sets maximum total oil

sands water withdrawals from Reach 4 to protect the downstream Athabasca River

ecosystem. The Phase I Water Management Framework specifies the cumulative

withdrawal limits that industry must meet in each flow category or ‘zone’ (red, yellow

and green) on a weekly basis. Therefore, changes in Athabasca River flow parameters

were evaluated based on the maximum allowable total withdrawal specified for each

week.

To properly determine the water management zone for each week, withdrawal volumes

must first be subtracted from natural river flows. If the flow in the river is in the yellow

zone, for example, and if water withdrawals would reduce flow to red zone levels, then

the red zone restrictions would come into force.

6.4.4 Base Case

The Base Case assessment evaluates the effects of operating and approved developments

on the hydrology in the aquatics LSA and RSA. There are no operating or approved mine

developments in the aquatics LSA at the time of this update.

The Base Case hydrologic conditions of watercourses and waterbodies in the aquatics

LSA are expected to be the same as the predevelopment and existing conditions.

Therefore, the Base Case assessment in this update is completed only for the

Athabasca River, which will be affected by water withdrawals from existing and

approved operations in the aquatics RSA.

Changes to the Base Case are presented here for one assessment node (AR4) in the

aquatics RSA.

Athabasca River in Reach 4 – Node AR4

Water Allocations

Current Alberta water licence allocations, return flows and projected annual allocations

of all the Base Case developments for surface water withdrawals from the Athabasca

River and its tributary watercourses are summarized in Table 6-5.

The total net water allocation for the Base Case (existing and approved) oil sands

developments will be about 443.0 million m3. This represents about 70% of the total net

water allocation of 631.8 million m3 that has been set aside for water users in the

Athabasca River basin. It represents less than 2.3% of the mean annual river water flow

volume of about 19.6 billion m3 (620 m3/s) estimated for the Athabasca River at

Fort McMurray. The predicted increase in total net water allocation for Base Case oil

sands developments will be about 2.51 m3/s on an annualized basis compared to existing

developments.



Volume 3: Assessment Update

Section 6: Hydrology Frontier Oil Sands Mine Project Update

Page 6-18 June 2015

Table 6-5 Athabasca River and Tributaries Water Allocations – Base Case

Purpose

Existing Licences and Licence Applications for Water Allocations
(dam3) 1

Peak
Instantaneous

Licence
Allocations

(m3/s)
Interim

Licences
WRLIC

Licences2
WRLIC

Licences3
Total

Withdrawals
Return
Flows

Net Water
Allocations

Non-oil
sands
subtotal4

17,654 276,512 60,639 354,805 166,082 188,723 N/A

Existing oil
sands
subtotal4

0 124,500 277,920 402,420 38,655 363,765 19.83

Approved Oil Sands

Fort Hills5 0 0 39,270 39,270 0 39,270 1.67

JME6 0 0 18,000 18,000 0 18,000 0.557

Joslyn North
Mine8

0 0 22,000 22,000 0 22,000 1.4

Subtotal 0 0 79,270 79,270 0 79,270 3.62

Totals
(dam3)

17,654 401,012 417,829 836,495 204,737 631,758 23.45

NOTES:
1 1 dam3 = 1,000 m3

2 Water Resources Licences issued before 1999 under the Alberta Water Act
3 Water Resources Licences issued since 1999 under the Alberta Water Act
4 Details provided in Section 6.4.3.1
5 Based on Alberta Environment License to Divert Water under Water Act: License No. 00190012-00-00, December 30, 2002
6 Based on EIA application documents submitted to Alberta Energy Resources Conservation Board (ERCB) by Shell for an

additional water withdrawal requirement for Jackpine Mine Expansion (JME) during Stage 2 operations (2024 to 2052)
7 Shell applied (as part of JME) to increase the combined peak instantaneous for Jackpine Mine – Phase 1, Muskeg River Mine

and Expansion, and JME from 4.17 m3/s to 4.72 m3/s.
8 Based on Alberta Environment License to Divert Water under Water Act: License No. 00228047-00-00, September 6, 2011

Some numbers are rounded for presentation purposes. Therefore, it might appear that the totals do not equal the sum of the
individual values.

N/A = Not applicable

SOURCE: Information about Water Act authorizations and approvals from AENV (2014).

Potential changes to Athabasca River flows were quantified using Athabasca River flow

data recorded below Fort McMurray at Environment Canada station 07DA001, in

combination with Steepbank River flow data from Environment Canada station 07DA006

as recommended by the Phase I Water Management Framework. Reach 4, which starts

downstream of the confluence with the Steepbank River and ends just upstream of the

confluence with the Firebag River, was considered in the assessment because it is also the

reach where the water intake for the Project is proposed to be located.

Recorded flows (1958 to 2013) were analyzed to assess hydrologic conditions in this

reach for the average, 10-year dry and 10-year wet hydrologic conditions. These flows

capture the effects of water withdrawals over the operational period of the existing and

approved oil sands developments.

Several hydrologic parameters were used to characterize potential flow and water level

changes in the Athabasca River:

 mean annual flows

 mean winter season flows and water levels (i.e., December to February)
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 mean spring season flows and water levels (i.e., March to May)

 mean summer season flows and water levels (i.e., June to August)

 mean fall season flows and water levels (i.e., September to November)

Changes in the selected parameters were quantified to evaluate potential changes in flows

and water levels in the Athabasca River under average, 10-year wet and 10-year dry

hydrologic conditions. Changes in water level are discussed in terms of changes at

representative watercourse channel cross-sections.

The Athabasca River Phase I Water Management Framework sets maximum oil sands

withdrawals from Reach 4 to protect the downstream Athabasca River ecosystem. All oil

sands operators will work together to share this resource within prescribed limits. The

Phase I Water Management Framework specifies the cumulative withdrawal limits

industries must meet in each flow zone (red, yellow and green) on a weekly basis.

Therefore, changes in Athabasca River flow parameters were evaluated based on

maximum allowable total withdrawal specified for each week by the Phase I Water

Management Framework.

The total peak withdrawal for Base Case oil sands developments is about 23.45 m3/s

(see Table 6-5). Although the Phase I Water Management Framework allows withdrawal

up to 15% of average weekly flows for the green zone, the peak withdrawal rate of

23.45 m3/s was used as an upper limit to assess predicted changes in Athabasca River

flow parameters. This is a conservative assessment as the analysis assumes all operators

are withdrawing at maximum capacity any time they are not constrained by the Phase I

Water Management Framework.

The reduction in mean seasonal Athabasca River flows because of cumulative

withdrawals ranges from 1.9% in the summer period to 13.1% in the winter period based

on average Athabasca River weekly flows with all flows being in green zone

(see Table 6-6). This is within the range specified in the Phase I Water Management

Framework for an average year.

Under 10-year dry hydrologic conditions, the percentage reduction in the seasonal flows

is higher in spring, summer and fall and lower in winter compared to average year

conditions. This is the case because the Phase I Water Management Framework winter

withdrawal limit comes into effect more often when flows are lower under dry hydrologic

conditions. This is a result of the intent of the Phase I Water Management Framework

(i.e., higher-level protection during the most sensitive periods). Under the 10-year wet

hydrologic conditions, the percentage reductions in the seasonal flows are lower than

average year conditions for all seasons.
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Table 6-6 Changes to Athabasca River Flows in Reach 4 – Base Case

Hydrologic
Condition Season

Predevelopment
Condition

Existing
Condition Base Case1

Streamflow
Discharge

(m3/s)

Streamflow
Discharge

(m3/s)

Streamflow
Discharge

(m3/s)

Change from
Existing

Condition
(m3/s)

Change from
Predevelopment

(m3/s)

Percent Change
from

Predevelopment
(%)

Average
year

Winter 179 178 156 -22.7 -23.4 -13.1

Spring 530 528 506 -22.3 -23.4 -4.4

Summer 1,239 1,238 1,215 -22.3 -23.4 -1.9

Fall 561 559 537 -22.3 -23.4 -4.2

10-year dry Winter 121 120 108 -11.5 -13.1 -10.8

Spring 257 255 240 -15.4 -17.8 -6.9

Summer 1,040 1,037 1,016 -21.1 -23.4 -2.3

Fall 438 436 415 -20.4 -22.7 -5.2

10-year wet Winter 192 190 171 -19.5 -20.9 -10.9

Spring 574 572 553 -18.8 -20.9 -3.6

Summer 1,723 1,721 1,700 -21.3 -23.4 -1.4

Fall 789 787 765 -21.3 -23.5 -3.0

NOTE:
1

Peak water withdrawals were used as an upper limit although the Phase I Water Management Framework allows withdrawal up to
15% of average weekly flows for the green zone.

The changes in water levels at Node AR4 were calculated based on the changes in flows

and using the discharge-water level rating curves for Node AR4. The predicted changes

in water levels at Node AR4 are less than 5 cm (see Table 6-7). Therefore, the Base Case

developments are expected to have negligible effects on the hydrologic regime of the

Athabasca River past Reach 4.

Table 6-7 Athabasca River Water Level Elevations at Node AR4 – Base Case

Hydrologic
Condition Season

Predevelopment
Condition Existing Condition Base Case

1

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Change from
Predevelopment

(m)

Average
year

Winter 225.84 225.84 225.80 -0.05

Spring 226.50 226.49 226.45 -0.04

Summer 227.66 227.66 227.63 -0.04

Fall 226.55 226.55 226.51 -0.04

10-year dry Winter 225.73 225.73 225.71 -0.03

Spring 225.99 225.99 225.96 -0.03

Summer 227.36 227.35 227.32 -0.04

Fall 226.33 226.33 226.29 -0.04

10-year wet Winter 225.87 225.87 225.83 -0.04

Spring 226.57 226.57 226.54 -0.04

Summer 228.35 228.34 228.32 -0.03

Fall 226.95 226.94 226.91 -0.04

NOTE:
1

Peak water withdrawals were used as an upper limit although the Phase I Water Management Framework allows
withdrawal up to 15% of average weekly flows for the green zone.
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6.4.5 Application Case

The Application Case assessment evaluates the effects of the Project together with the

Base Case developments (see Section 6.4.4) on hydrology in the aquatics LSA and RSA.

Activities for the Project will cause changes to the hydrologic conditions in the study

areas during all phases of the Project, including construction, operation and closure.

The updated mine development schedule for the Project is presented in Table 6-8.

Figures 6-2 to 6-5 show the Application Case development activities in the aquatics LSA

in 2024, 2050, 2066, 2081 and the far future.

Table 6-8 Mine Development Schedule for the Project

Development Phase Year

Start of construction 2020

Start of mining 2026

End of mining 2066

Closure 2081

6.4.5.1 Project Activities

The main Project activities that could affect hydrology are discussed below.

Muskeg Drainage and Overburden Dewatering

Surface ditching will result in release of stored water from muskeg-stripping operations

(see Volume 1, Section 7, Figure 7.7-2). Overburden (Quaternary deposits) also requires

dewatering before stripping. For areas near silt-clay overburden, dewatering is not

required before stripping. The muskeg will usually be stripped in winter, when surface

water runoff will be minimal.

Estimates of dewatering volumes from these activities are provided in the water

management plan (see Volume 1, Section 7.8).

Seepage of Process-Affected Water

Seepage flows include seepage from the external tailings areas (ETAs), the in-pit tailings

upward flux and the perimeter seepage away from in-pit tailings disposal areas.

Seepage water from the ETAs will be collected by perimeter ditches and interception

wells (see Volume 1, Section 7.8) and recycled during mining operations. At closure,

wetlands and lakes will be built at the downgradient end of the ETA perimeters, inside

the post closure seepage collection system, to provide bioremediation for water before it

is discharged to the Project’s fisheries offsetting areas and to Unnamed Creek 8

(see Volume 1, Section 13). Detailed mitigation measures for collecting and controlling

seepage from ETAs during mine operation and at closure are provided in Volume 1,

Section 7.9.
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Consolidation of tailings material will result in upward flux of tailings porewater to the

surface at in-pit tailings disposal areas. This upward flux of tailings porewater will be

contained on-site as part of the closed-circuit water system during mining operations.

Residual upward flux of tailings porewater will be drained to the pit lakes at closure and

will reduce to zero in the far future (see Section 5.6).

Perimeter seepage away from in-pit tailings disposal areas will be contained by placing

tailings deposits in mine pits with controls, such as low-permeability geologic materials

present on-site or engineered dykes.

Basal Water Sands Depressurization

During construction, mine operation and the post-closure period, local and regional

groundwater levels are affected by basal water sands depressurization (see Volume 1,

Section 7.8). Depressurization can influence seepage flux to watercourses and

waterbodies, which can change flows or water levels.

Drawdown of groundwater levels due to basal water sands aquifer depressurization will

be greater in the PDA relative to other parts of the aquatics LSA (see Section 5.4). Given

the confined nature of the basal aquifer and its extent, drawdown in the aquifer will

extend beyond the LSA boundary in some areas. The hydrogeological model considers

potential interference effects with other developments that are currently operating or

under construction, and activities approved but not yet constructed near the PDA. The

model estimates these interference effects to be negligible (see Section 5.4.6).

Closed-Circuit Areas

During operation, all water from the plant site and areas in contact with tailings will be

contained within the closed-circuit area. Closed-circuit operations are planned to start at

the beginning of the Project’s operational phase.

Watercourse Diversion

Several watercourse diversions will be required to facilitate muskeg drainage and

overburden dewatering, mine pit development and closed-circuit operations during the

preproduction, operation and pit lake filling periods. Diversion of watercourses around

the PDA might result in changes to flows in receiving waters. The Project’s proposed

diversion system will divert flows from:

 Unnamed Creeks 17 and 18 and Redclay Creek

 Big Creek and its tributaries (Unnamed Creek 2 tributaries and First Creek)

The diversions will return flows to their natural receiving watercourses and eventually to

Ronald Lake and the Athabasca River.

Seven main diversion channels are planned. The construction sequence of the diversion

system is staged according to the progression of the mining activities. For details on the

location and sequence of watercourse diversions required for the Project, see Volume 1,

Section 7.7.2.
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Mine Pit Development and ETA Interception Systems

Mine pit development will cause some drainage of overburden at the perimeter of the

pits. Additionally, the ETA interception well system will capture water in the overburden

from areas outside the ETA. The area of influence of the mine pits is estimated to range

from 2 km to 4 km from the edges of the mine pits and the ETA (see Section 5.4.5). The

loss of runoff from the area of influence was accounted for in the hydrologic flow

simulation by assuming that this area is part of the closed-circuit area.

The effects of mine pit development and the ETA interception system on hydrology have

been accounted for in the assessment update (by extending closed-circuit areas in the

PDA) and through mitigation (by releasing overburden dewatering flows to receiving

watercourses).

Projected Water Withdrawals from Athabasca River

The oil sands developments considered in the Application Case require water

withdrawals from the Athabasca River. The same is true for other industrial, agricultural,

commercial and municipal users. For the Project, water will be obtained from the

Athabasca River through a river intake and pumping system located on Dalkin Island

(see Volume 1, Section 2.1.7). The maximum annual river withdrawal volume of

98,000 dam3 in the first eight years (2025 to 2032), and 60,000 dam3 for the remainder of

the mine life (2033 to 2066), will be sufficient to meet the operational water supply

requirements for the Project (see Volume 1, Section 7). The peak instantaneous river

water withdrawal rate for all phases of the Project is estimated at 4.2 m3/s, which is the

same as in the Integrated Application.

Reclamation and Pit Lake Filling Period before Project Closure

During the reclamation and pit lake filling period, the mine development areas will

remain as a closed-circuit. Project activities during this period will include:

 drainage of ETA water and upward flux of porewater from in-pit tailings disposal

areas

 completion of reclamation for in-pit disposal areas and ETAs, construction of

drainage channels and wetlands, and construction of littoral zones along the pit lakes

shorelines

 filling pit lakes with water from local runoff and the Athabasca River

Closure Drainage Systems and Pit Lakes

The closure drainage systems will include well-defined drainage watercourses that will

differ from the drainage patterns prior to mine development in the aquatics LSA. The

watercourses will convey surface runoff through the reclaimed landscape to wetlands, pit

lakes, constructed reclamation lakes and other smaller lakes. The reclaimed topography

will have similar overland slopes to the reference conditions. The provision of wetlands,

constructed reclamation lakes and pit lakes will help attenuate flood flows in addition to

providing bioremediation of runoff and seepage from reclaimed areas. The pit lakes and
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small lakes will attenuate flows through the lakes so that flood flows will be reduced and

low flows will be increased.

Other Activities

Other activities in the aquatics LSA that will cause changes to surface water flows and

water levels include:

 construction of access roads causing redirection and ponding of surface flows

 ditching along roads causing drainage of adjacent terrain

 channelization of flows near the Project and along utility corridors that redirects and
concentrates surface runoff

6.4.5.2 Mitigation

Flows and Water Levels

Teck will implement mitigation measures throughout the Project’s life to reduce the

effects of the Project on flows and water levels. These mitigation measures are

summarized below by Project phase.

During Construction and Operation

The water management plan (see Volume 1, Section 7) describes mitigation measures,

design features and best management practices to achieve the following environmental

management objectives during construction and operation of the Project:

 reduce changes to flows in Ronald Lake by using a flow splitter on the Redclay
Creek diversion during operations

 reduce changes to flows and water levels in receiving waters by distributing muskeg
drainage operations through the mine life, thereby avoiding a large increase in flows
in the receiving waters

 reduce sediment loading to receiving waters by routing muskeg drainage and
overburden dewatering to polishing (sedimentation) ponds equipped with
oil-separation capability (where required) before release to the receiving waters

 reduce effects of closed-circuit operations on flows and water levels in receiving
waters by diverting natural watercourses that will not be disturbed by the mining
operations around the mining area to receiving watercourses

 reduce river-water withdrawal requirements from the Athabasca River by
maximizing closed-circuit recycling of surface and groundwater where practical, and
by storing sufficient amounts of water in an off-stream storage pond in the event of
extended withdrawal restrictions from the Athabasca River. These measures will help
maintain compliance with Phase 1 Water Management Framework.

 progressively construct and develop diversion systems, which helps limit the change
in open-water areas during construction and operation. These diversion systems will
provide new drainage channels to replace the loss of natural watercourses and
waterbodies.
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At Closure

Figure 6-5 shows the proposed conceptual closure drainage plan for the Project. The

conceptual closure drainage systems have been designed to be self-sustainable over the

long-term and have characteristics similar to natural drainage systems (see Volume 1,

Section 13). The closure drainage systems are designed to achieve the following

environmental objectives:

 reduce changes to flows and water levels in receiving waters by developing a

drainage layout that will limit the changes in the natural drainage areas contributing

flows to the receiving watercourses

 reduce sediment yields from reclaimed surfaces by developing appropriate final

topography and soil moisture conditions

 reduce gullying and channel erosion by developing robust and sustainable

reclamation drainage systems with built-in self-healing capability and robustness

similar to natural drainage systems

 design watercourses, waterbodies and wetlands during reclamation for attenuating

floods and for bioremediation of tailings porewater releases, groundwater seepage

and runoff from the reclaimed areas

The proposed closure drainage systems include the following:

 main channels to convey runoff from the reclaimed landscape and upstream

watershed to the pit lakes or natural receiving waters

 secondary drainage systems and vegetated waterways for conveying runoff from

reclaimed tailings and overburden storage areas

 pit lakes, constructed reclamation lakes, small lakes and shallow wetlands with

littoral zones to provide bioremediation of surface runoff and seepage from the

reclaimed landscape prior to release to the receiving environment

 conceptual fisheries offsetting measures

Open-Water Areas

Progressive construction and development of diversion systems provides an effective

means of minimizing the change in open-water areas during construction and operation

phases of the Project. These diversion systems will provide new drainage channels to

replace the loss of natural watercourses and waterbodies.

Some water storage capacity of the natural lowland area will be removed as part of

mining activities. At closure, the creation of pit lakes, constructed reclamation lakes and

wetlands will provide storage capacity to attenuate floods and continue to bioremediate

tailings porewater releases, groundwater seepage and runoff from the reclaimed areas.
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6.4.5.3 Effects Analysis

Flows and Water Levels

The hydrologic parameters used to characterize the changes in the flow and water level

regimes in the receiving waters are listed in Section 6.4.1.

The Application Case changes are presented below for five time snapshots (2024, 2050,

2066, 2081 and far future) and for six assessment nodes (UC19, BC, RC, RL, RCL and

AR4).

Unnamed Creek 19

Predicted changes to the flow parameters for Unnamed Creek 19 near the mouth are

shown in Table 6-9. Data used to calculate the effects of Application Case development

on outflow from Unnamed Creek 19 are presented in Appendix 6A.

The Project will have no effect on Unnamed Creek 19 in 2024. All flow parameters for

other snapshots are expected to decrease since a small portion of the head-watershed of

Unnamed Creek 19 will be diverted to the Redclay Creek diversion.

The expected changes in all flow parameters for all time snapshots are less than 10%

compared to Base Case flows.

Redclay Creek near the Mouth

Predicted changes to Redclay Creek flow parameters at the outflow to Athabasca River

are shown in Table 6-10. Data used to calculate the effects of Application Case

development on outflow from Redclay Creek are presented in Appendix 6A.

Muskeg drainage and runoff from cleared areas in 2024 will increase the expected mean

annual flow at the outlet of the Redclay Creek (Node RC) from a Base Case value of

0.397 m3/s to 0.481 m3/s (see Table 6-10). The seasonal flows will also increase but

10-year peak discharge will decrease slightly due to closed-circuit areas. The expected

mean annual flow for the Application Case will increase by about 21.2% compared to

predevelopment and existing conditions.

In 2045, the upper watershed of Redclay Creek and its tributaries will be diverted north to

the Redclay Creek operational diversion channel around the Project.

For the 2050 time snapshot, the expected mean annual flow will decrease from

0.397 m3/s to 0.355 m3/s, compared to the Base Case. The mean open-water, and the

10-year peak discharge will also decrease compared to the Base Case. However, the

mean ice covered flow and 7Q10 discharge will increase slightly due to overburden

dewatering flows and early snow melt from cleared areas contributing runoff to Redclay

Creek.

In 2066, the expected mean annual flow will decrease from 0.397 m3/s to 0.328 m3/s,

compared to the Base Case, The mean open-water, mean ice covered, and the 10-year

peak discharge will also decrease compared to the Base Case.
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Table 6-9 Unnamed Creek 19 Flows – Application Case

Year Parameter

Predevelopment
and Existing

Condition/Base
Case

2
Application Case

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Change Due to the
Project
(m

3
/s)

2024 Mean annual discharge 0.034 0.034 0.000

Mean open-water discharge
1

0.049 0.049 0.000

Mean ice-cover discharge
1

0.014 0.014 0.000

7Q10 low-flow discharge 0.000 0.000 0.000

10-year flood peak discharge 1.02 1.02 0.000

2050 Mean annual discharge 0.034 0.032 -0.003

Mean open-water discharge
1

0.049 0.045 -0.004

Mean ice-cover discharge
1

0.014 0.013 -0.001

7Q10 low-flow discharge 0.000 0.000 0.000

10-year flood peak discharge 1.02 0.952 -0.072

2066 Mean annual discharge 0.034 0.032 -0.003

Mean open-water discharge
1

0.049 0.045 -0.004

Mean ice-cover discharge
1

0.014 0.013 -0.001

7Q10 low-flow discharge 0.000 0.000 0.000

10-year flood peak discharge 1.02 0.952 -0.072

2081 and
far future

Mean annual discharge 0.034 0.034 0.000

Mean open-water
1

discharge
1

0.049 0.049 0.000

Mean ice-cover discharge
1

0.014 0.014 0.000

7Q10 low-flow discharge 0.000 0.000 0.000

10-year flood peak discharge 1.02 1.01 -0.010

NOTES:
1

The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from
mid-November to mid-April.

2
Predevelopment and existing condition and Base Case are the same for Unnamed Creek 19.
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Table 6-10 Redclay Creek Flows – Application Case

Year Parameter

Predevelopment and
Existing

Condition/Base Case
2

Application Case

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Change Due to
Project
(m

3
/s)

2024 Mean annual discharge 0.397 0.481 0.084

Mean open-water
1

discharge 0.646 0.774 0.128

Mean ice-cover
1

discharge 0.045 0.066 0.022

7Q10 low-flow discharge 0.000 0.001 0.001

10-year flood peak discharge 10.4 9.00 -1.43

2050 Mean annual discharge 0.397 0.355 -0.042

Mean open-water
1

discharge 0.646 0.568 -0.079

Mean ice-cover
1

discharge 0.045 0.054 0.009

7Q10 low-flow discharge 0.000 0.002 0.002

10-year flood peak discharge 10.4 7.63 -2.79

2066 Mean annual discharge 0.397 0.328 -0.069

Mean open-water
1

discharge 0.646 0.537 -0.109

Mean ice-cover
1

discharge 0.045 0.033 -0.012

7Q10 low-flow discharge 0.000 0.000 0.000

10-year flood peak discharge 10.4 7.62 -2.81

2081 and
far future

Mean annual discharge 0.397 0.486 0.089

Mean open-water
1

discharge 0.646 0.610 -0.036

Mean ice-cover
1

discharge 0.045 0.310 0.265

7Q10 low-flow discharge 0.000 0.007 0.007

10-year flood peak discharge 10.4 3.00 -7.42

NOTES:
1

The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from
mid-November to mid-April.

2
Predevelopment and existing condition and Base Case are the same for Redclay Creek.

After mine closure in 2081, Redclay Creek will be directed to the Project’s central pit

lake. The flow parameters will be affected by additional drainage areas from Unnamed

Creek 2 (which is tributary to Big Creek), reclaimed landscape and the storage effect of

the pit lakes. The expected mean annual flow will increase by 0.089 m3/s compared to the

Base Case. The expected mean open-water flow and the 10-year peak discharge will

decrease because of changes in the nature of the reclaimed surface and the attenuation

effect of the pit lakes. However, the mean ice-cover and 7Q10 flows will increase

because of the water storage capacity of the pit lakes.

Big Creek near the Mouth

Predicted changes to Big Creek flow parameters at the outflow to Athabasca River are

shown in Table 6-11. Data used to calculate the effects of Application Case development

on outflow from Big Creek 19 are presented in Appendix 6A.
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Table 6-11 Big Creek Flows – Application Case

Year Parameter

Predevelopment
and Existing

Condition/Base
Case

2
Application Case

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Change Due to
Project
(m

3
/s)

2024 Mean annual discharge 0.561 0.726 0.165

Mean open-water
1

discharge 0.901 1.11 0.207

Mean ice-cover
1

discharge 0.081 0.186 0.106

7Q10 low-flow discharge 0.000 0.004 0.004

10-year flood peak discharge 14.2 15.4 1.18

2050 Mean annual discharge 0.561 0.485 -0.076

Mean open-water
1

discharge 0.901 0.738 -0.163

Mean ice-cover
1

discharge 0.081 0.126 0.046

7Q10 low-flow discharge 0.000 0.005 0.005

10-year flood peak discharge 14.2 12.4 -1.80

2066 Mean annual discharge 0.561 0.472 -0.089

Mean open-water
1

discharge 0.901 0.718 -0.183

Mean ice-cover
1

discharge 0.081 0.124 0.044

7Q10 low-flow discharge 0.000 0.004 0.004

10-year flood peak discharge 14.2 12.4 -1.78

2081 and
far future

Mean annual discharge 0.561 0.405 -0.156

Mean open-water
1

discharge 0.901 0.518 -0.382

Mean ice-cover
1

discharge 0.081 0.243 0.163

7Q10 low-flow discharge 0.000 0.021 0.021

10-year flood peak discharge 14.2 5.92 -8.30

NOTES:
1

The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from
mid-November to mid-April.

2
Predevelopment and existing condition and Base Case are the same for Redclay Creek.

In 2020, the upper watershed of Big Creek and its tributaries will be diverted south to the

Big Creek operational diversion channel around the Project.

Muskeg drainage and runoff from cleared and active overburden areas in 2024 will

increase the expected mean annual flow at the outlet of the Big Creek (Node BC) from a

Base Case value of 0.561 m3/s to 0.726 m3/s (see Table 6-11). The seasonal flows and

10-year peak discharge will also increase. The expected mean annual flow for the

Application Case will increase by about 0.084 m3/s (i.e., about 29.5%) compared to the

predevelopment and existing conditions.

In 2050 and 2066, the expected mean annual flow, mean open-water and 10-year peak

discharge decreases because of closed-circuit areas compared to the Base Case. However,

the mean ice-covered flow and 7Q10 discharge will increase slightly because of early
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snow melt from cleared and active areas. This will contribute runoff to Big Creek and

overburden dewatering flows in 2050.

After the Project mine closure in 2081, Big Creek will be directed to the Project south pit

lake. The flow parameters will be affected by diversion of a tributary of Big Creek (i.e.,

Unnamed Creek 2) to central pit lake and the storage effect of the south pit lake. The

expected mean annual flow will decrease by 0.156 m3/s compared to the Base Case. The

expected mean open-water flow and the 10-year peak discharge will decrease because of

the attenuation effect of the pit lake. However, the mean ice-cover and 7Q10 flows will

increase because of the water storage capacity of the pit lake.

Runoff from the Aquatics LSA

During mine operation, reductions in the mean annual flow and mean open-water flow

from the aquatics LSA will be less than 20% at Application Case (see Table 6-12)

because of closed-circuit areas. After mine closure, reductions in mean annual flow will

be about 7% because of increased open-water areas resulting in increased evaporation

and decreased runoff from the aquatics LSA.

The reduction in mean annual flow of 7% at closure is less than the 10% reduction

presented in the Integrated Application. This difference results from the PDA and open-

water areas being smaller in the updated Project compared to the Integrated Application.

The mean ice-covered flow from the aquatics LSA will increase by about 0.428 m3/s

because of the water storage capacity of the pit lakes.

Table 6-12 Runoff from Aquatics LSA – Application Case

Year Parameter

Predevelopment and
Existing Condition/Base

Case
2

Application Case

Streamflow Discharge
(m

3
/s)

Streamflow
Discharge

(m
3
/s)

Change Due to
Project
(m

3
/s)

2024 Mean annual discharge 0.992 1.24 0.249

Mean open-water discharge
1

1.60 1.93 0.335

Mean ice-cover discharge
1

0.139 0.266 0.127

2050 Mean annual discharge 0.992 0.870 -0.122

Mean open-water discharge
1

1.60 1.35 -0.246

Mean ice-cover discharge
1

0.139 0.193 0.054

2066 Mean annual discharge 0.992 0.832 -0.160

Mean open-water discharge
1

1.60 1.30 -0.296

Mean ice-cover discharge
1

0.139 0.170 0.031

2081 and
far future

Mean annual discharge 0.992 0.925 -0.067

Mean open-water discharge
1

1.60 1.18 -0.419

Mean ice-cover discharge
1

0.139 0.567 0.428

NOTES:
1

The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from
mid-November to mid-April.

2
Predevelopment, existing condition and Base Case are the same for the aquatics LSA.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 6: Hydrology

June 2015 Page 6-35

Ronald Lake

Predicted changes to flow parameters for Ronald Lake at the outflow channel are

presented in Table 6-13. Data used to calculate the effects of Application Case

development on outflow from Ronald Lake are presented in Appendix 6A.

The Project will not cause changes to Ronald Lake in 2024.

During the operation of the Project (from 2045 to closure), flows from Redclay Creek

and Unnamed Creek 17 tributaries will be diverted around the mine pits at the foot of the

Birch Mountains. This will require a reapportionment of flows to the respective creeks

using a flow-splitting device. A diversion of Unnamed Creek 18 tributaries around the

northern portion of the North pit will also be constructed in 2056. Details about these

diversions are provided in the water management plan (see Volume 1, Section 7).

Table 6-13 Ronald Lake Outflows – Application Case

Year Parameter

Predevelopment and
Existing Condition/Base

Case
2

Application Case

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Change Due to
Project
(m

3
/s)

024 Mean annual discharge 0.434 0.434 0.000

Mean open-water
1

discharge 0.675 0.675 0.000

Mean ice-cover
1

discharge 0.092 0.092 0.000

7Q10 low-flow discharge 0.011 0.011 0.000

10-year flood peak discharge 9.39 9.39 0.000

2050 Mean annual discharge 0.434 0.432 -0.002

Mean open-water
1

discharge 0.675 0.676 0.001

Mean ice-cover
1

discharge 0.092 0.086 -0.006

7Q10 low-flow discharge 0.011 0.011 0.000

10-year flood peak discharge 9.39 9.29 -0.098

2066 Mean annual discharge 0.434 0.434 0.000

Mean open-water
1

discharge 0.675 0.665 -0.011

Mean ice-cover
1

discharge 0.092 0.106 0.015

7Q10 low-flow discharge 0.011 0.020 0.009

10-year flood peak discharge 9.39 9.06 -0.331

2081 and
far future

Mean annual discharge 0.434 0.433 -0.001

Mean open-water
1

discharge 0.675 0.650 -0.026

Mean ice-cover
1

discharge 0.092 0.126 0.035

7Q10 low-flow discharge 0.011 0.014 0.003

10-year flood peak discharge 9.39 7.01 -2.38

NOTES:
1

The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from
mid-November to mid-April.

2
Predevelopment, existing condition and Base Case are the same for Ronald Lake.
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The assessment of resulting flows to the downstream portion of Unnamed Creek 17 and

to the downstream portion of Redclay Creek is based on a proportional redistribution of

flows according to the respective original watershed areas. In addition, the proportion of

flow travelling north relative to those directed eastward will be increased through design

of the flow splitter. The objective is to cause no appreciable change in flows to Ronald

Lake during the open-water season relative to the reference conditions.

For the 2050 snapshot, the expected mean annual and 10-year flood flows would decrease

by less than 1%, and the expected mean ice-cover flow would decrease by about 7%

compared to the Base Case flows.

For conditions at the 2066 time snapshot, the expected mean annual flow is the same as

Base Case flow. Mean open-water and 10-year flood flows at Node RL would be reduced

by less than 4% from the Base Case values. The reductions in flows are because of

closed-circuit operations for the Project. Mean ice-cover flow and 7Q10 will increase due

to early snow melt runoff expected from cleared and active areas.

At closure, the expected mean annual flow at Node RL will be reduced slightly from the

Base Case value of 0.434 m3/s to 0.433 m3/s (a decrease of about 0.2%) because of

increased evaporative losses from increased open-water areas. The expected mean open-

water flow will also be reduced from 0.675 m3/s to 0.650 m3/s (a decrease of about

3.8%), but the expected mean ice-cover flow will increase by 37.9% from 0.092 m3/s

Base Case value to 0.126 m3/s. The expected 10-year flood flow will decrease from

9.39 m3/s to 7.01 m3/s. The mean ice-cover flow will increase because of the storage

capacity of the pit lake. At closure, the changes in flows will be affected by more

evaporation from pit lake surface and flood attenuation by the pit lake.

The following lake water level parameters are used to characterize the changes in the lake

water level:

 mean lake water levels during the open-water and ice-cover seasons

 daily mean water level exceedance statistics including 10th, 50th and 90th percentiles

Predicted changes in Ronald Lake water levels for the Application Case are presented in

Table 6-14 for all temporal snapshots. The predicted changes in the median, mean

open-water, and mean ice-cover lake levels are less than 0.01 m compared to Base Case

water levels. Changes in extreme lake water levels are 0.01 m for mean ice-cover and

median condition in the far future. These changes are negligible compared to the normal

seasonal variation in Ronald Lake water level, which is estimated to be about 1.0 m based

on values reported in the baseline update for hydrology (see Volume 2, Section 4.2.3).
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Table 6-14 Ronald Lake Water Levels – Application Case

Year

Predevelopment and Existing
Condition/Base Case Application Case

M
e

a
n

O
p

e
n

-W
a

te
r

1

M
e

a
n

Ic
e

-C
o

v
e

r
1

1
0

th
P

e
rc

e
n

tile

M
e

d
ia

n

9
0

th
P

e
rc

e
n

tile

Mean Open-
Water

1
Mean Ice-Cover

1
10th Percentile Median 90th Percentile

W
a
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r
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(m
amsl)
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amsl)

(m
amsl)

(m
amsl)

(m
amsl)

(m
amsl)

(m) (m
amsl)

(m) (m
amsl)

(m) (m
amsl)

(m) (m
amsl)

(m)

2024 259.14 259.07 259.03 259.10 259.23 259.14 0.00 259.07 0.00 259.03 0.00 259.10 0.00 259.23 0.00

2050 259.14 259.07 259.03 259.10 259.23 259.14 0.00 259.07 0.00 259.03 0.00 259.10 0.00 259.23 0.00

2066 259.14 259.07 259.03 259.10 259.23 259.15 0.01 259.08 0.01 259.04 0.01 259.11 0.01 259.23 0.00

2081
and far
future

259.14 259.07 259.03 259.10 259.23 259.14 0.00 259.08 0.01 259.03 0.00 259.11 0.01 259.23 0.00

NOTES:

Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the individual values.
1 The “open water” season is the period from mid-April to mid-November; the “ice-cover” season is the period from mid-November to mid-April.
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Athabasca River

Water Allocations

A summary of current Alberta water licence allocations, return flows and projected

annual allocations of all the Application Case developments for surface water

withdrawals from the Athabasca River and its tributary watercourses is provided in

Table 6-15.

Table 6-15 Water Allocations from Athabasca River – Application Case

Purpose

Existing Licences and Licence Applications for Water Allocations
(dam

3
)
1

Peak
Instantaneous

Licence
Allocations

(m
3
/s)

Interim
Licences

WRLIC
Licences

2
WRLIC

Licences
3

Total
Withdrawals

Return
Flows

Net Water
Allocations

Non-oil
sands
subtotal

4

17,654 276,512 60,639 354,805 166,082 188,723 N/A

Base Case
oil sands
subtotal

4

0 124,500 357,190 481,690 38,655 443,035 23.45

Application Case

Frontier
Project

5
0 0 98,000 98,000 0 98,000 4.20

Totals
(dam

3
)

17,654 401,012 515,829 934,495 204,737 729,758 27.65

NOTES:
1

1 dam
3

= 1,000 m
3

2
Water Resources Licences issued before 1999 under the Alberta Water Act

3
Water Resources Licences issued since 1999 under the Alberta Water Act

4
Details provided in Sections 6.5.4 and 6.5.5

5
Based on the Water Act application submitted as part of the Project Update. A maximum annual river withdrawal
volume of 98,000 dam

3
in the first 8 years, and 60,000 dam

3
for the remainder of the mine life.

Note that some numbers are rounded for presentation purposes. Therefore, it might appear that the totals do not
equal the sum of the individual values.

N/A = Not applicable

The total net water allocation for the Application Case oil sands developments will be

about 541 million m3. This represents about 74% of the total net water allocation

(729.8 million m3) designated as available for water users from the Athabasca River

basin. It also represents less than 2.8% of the mean annual river water flow volume of

about 19.6 billion m3 (620 m3/s) estimated for the Athabasca River at Fort McMurray.

A maximum annual river withdrawal volume of 98,000 dam3 in the first eight years, and

60,000 dam3 for the remainder of the mine life, with a maximum instantaneous

withdrawal rate of 4.2 m3/s, will be required to meet the water supply requirements for

the Project.

The total peak water withdrawal for Base Case oil sands developments and the Project is

about 27.65 m3/s (see Table 6-15). Although the Phase I Water Management Framework

allows withdrawal up to 15% of average weekly flows for the green zone, the peak
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withdrawal rate of 27.65 m3/s was used as an upper limit to assess the predicted changes

in Athabasca River flow parameters. This is a conservative evaluation as the analysis

assumes all operators are withdrawing at maximum capacity any time they are not

constrained by the Phase I Water Management Framework.

Based on average annual Athabasca River weekly flows, with all flows being in the green

zone, the reduction in mean seasonal flows because of cumulative withdrawals in the

Application Case ranges from 2.3% in the summer to 14.4% in the winter

(see Table 6-16). This is within the range specified in the Phase I Water Management

Framework for an average year. The incremental contribution from the Project ranges

from 0.3% (summer) to 1.5% (winter).

Under the 10-year dry hydrologic conditions, the percentage reduction in seasonal flows

is higher in the spring, summer and fall, and lower in the winter compared to

average-year conditions. This is because the Phase I Water Management Framework

winter withdrawal limit comes into effect more often when flows are lower under

dry-year hydrologic conditions. The limits result from the constraints imposed by the

Phase I Water Management Framework, which provides a higher level of protection

during the most sensitive time periods. Under the 10-year wet hydrologic conditions, the

percent reductions in the seasonal flows are lower than average-year conditions for all

seasons.

Because of red zone flow restrictions and the associated absolute cumulative maximum

withdrawal of 8 m3/s during an extreme dry year, regional and Project-specific strategies

have been developed.

Water from the Project’s 90-day to 120-day off-stream storage pond will be used for

operations when withdrawal from the Athabasca River is limited because of restrictions

imposed by Phase I Water Management Framework.

Implementation of the Athabasca River Phase I Water Management Framework

(including subsequent revisions or updates) is intended to limit cumulative changes from

water withdrawals on Athabasca River flows.

Predicted changes in water levels at Node AR4, calculated based on the changes to

inflows and the discharge-water level rating curves for RAMP station S24, are provided

in Table 6-17. The predicted changes in water levels at Node AR4 are no more than 5 cm.

Therefore, the Project in combination with other developments is not expected to exert an

appreciable influence on the hydrologic regime of the Athabasca River past Reach 4. The

implications of the minor flow changes to the Peace-Athabasca Delta are discussed in

Volume 8, Section 7 of the Integrated Application.
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Table 6-16 Changes to Athabasca River Flows in Reach 4 – Application Case

Hydrologic
Condition Season

Predevelopment
Existing

Condition Base Case
1

Application Case
1

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Change from
Base Case

(m
3
/s)

Change from
Predevelopment

(m
3
/s)

Percent Change
from

Predevelopment
(%)

Average year Winter 179 178 156 153 -2.8 -25.8 -14.4

Spring 530 528 506 503 -2.9 -26.9 -5.1

Summer 1239 1238 1215 1211 -4.0 -28.0 -2.3

Fall 561 559 537 533 -4.1 -28.1 -5.0

10-year dry Winter 121 120 108 108 0.2 -12.8 -10.6

Spring 257 255 240 239 -1.4 -18.4 -7.1

Summer 1040 1037 1016 1012 -4.1 -28.1 -2.7

Fall 438 436 415 412 -3.2 -26.2 -6.0

10-year wet Winter 192 190 171 169 -2.0 -23.0 -12.0

Spring 574 572 553 550 -2.7 -23.7 -4.1

Summer 1723 1721 1700 1696 -4.2 -27.2 -1.6

Fall 789 787 765 761 -4.0 -28.0 -3.5

NOTE:
1

Peak water withdrawals were used as an upper limit although the Phase I Water Management Framework allows withdrawal up to 15% of average weekly flows
for the green zone.
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Table 6-17 Athabasca River Water Level Elevations at Node AR4 – Application Case

Hydrologic
Condition Season

Predevelopment Existing Condition Base Case
1

Application Case
1

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Change from
Base Case

(m)

Change From
Predevelopment

(m)

Average
year

Winter 225.84 225.84 225.80 225.79 -0.01 -0.05

Spring 226.50 226.49 226.45 226.45 0.00 -0.05

Summer 227.66 227.66 227.63 227.62 -0.01 -0.04

Fall 226.55 226.55 226.51 226.50 -0.01 -0.05

10-year dry Winter 225.73 225.73 225.71 225.71 0.00 -0.02

Spring 225.99 225.99 225.96 225.96 0.00 -0.03

Summer 227.36 227.35 227.32 227.31 -0.01 -0.05

Fall 226.33 226.33 226.29 226.28 -0.01 -0.05

10-year wet Winter 225.87 225.87 225.83 225.83 0.00 -0.04

Spring 226.57 226.57 226.54 226.53 -0.01 -0.04

Summer 228.35 228.34 228.32 228.31 -0.01 -0.04

Fall 226.95 226.94 226.91 226.90 -0.01 -0.05

NOTE:
1

Peak water withdrawals were used as an upper limit although the Phase I Water Management Framework allows withdrawal up to 15% of average weekly flows
for the green zone.
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Closed-Circuit Operations and Reclaimed Areas (Non-water Withdrawal)

The Project, together with Base Case developments, will cause changes to Athabasca

River flows during specific Project phases. During mine operation, muskeg drainage and

overburden dewatering will increase the flows to the Athabasca River, while

closed-circuit operations will reduce flows. After closure, reclaimed surfaces will have

different runoff characteristics than the natural basin and will increase runoff to the

Athabasca River.

The total mine development area for operating and approved developments and the

Project is less than 1% of the Athabasca River basin area at Node AR4. The Project

represents less than 0.2% of the Athabasca River basin area at Node AR4. During Project

operation, the predicted maximum decrease in the mean annual flows at Node AR4

because of closed-circuit operations of the Project in combination with other

developments will be less than 0.2 m3/s relative to Athabasca River predevelopment and

existing flows.

After Project closure, the predicted increase in the mean annual Athabasca River flow at

Node AR4 for the Application Case will be less than 3.0 m3/s.

Open-Water Areas

Changes in open-water areas are summarized in Table 6-18. The predevelopment and

existing condition open-water area is 14.2 km2. The Project will reduce the open-water

area by a maximum of 0.1 km2 from Base Case values in 2066. In 2081 and the far

future, the open-water area will increase by 47.6 km2 from the Base Case value of

14.2 km2 to an Application Case value of 61.8 km2.

An increase in open-water areas will result in increased flow attenuation, an increase in

evaporation, and an associated decrease in runoff from the aquatics LSA. The expected

decrease in runoff from the aquatics LSA because of an increase in open-water areas was

considered in the flow analyses.

Table 6-18 Changes in Open-Water Areas – Application Case

Year

Predevelopment or Base Case Application Case

Change From
Base Case

(km2)

Area
(km2)

Area
(km2)

Watercourses Waterbodies Total Watercourses Waterbodies Total

2024 2.54 11.7 14.2 2.95 11.4 14.4 0.2

2050 2.54 11.7 14.2 2.74 11.4 14.2 0.0

2066 2.54 11.7 14.2 2.63 11.4 14.1 -0.1

2081 and
far future

2.54 11.7 14.2 2.51 59.3 61.8 47.6
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6.4.6 Planned Development Case

The PDC evaluates the effects of the Project together with operating, approved and

planned developments, on the hydrology of the aquatics LSA and RSA. The PDC

includes the following planned developments in the aquatics LSA and RSA:

 an update to the 2007 PRM fish habitat compensation lake (i.e., the south portion of

Redclay Lake) that was developed as part of the draft No Net Loss Plan submitted to

the Jackpine Mine Expansion Joint Review Panel on September 19, 2012 (Shell

2012)

 an update to the 2007 Shell compensation lake (i.e., the north portion of Redclay

Lake) proposed as part of future fish habitat offsetting measures for Shell

developments

 planned development of the PRM in the aquatics LSA and RSA that will affect the

surface water hydrology assessment for Big Creek and the Athabasca River

The assessment nodes and temporal snapshots are described in Section 6.3.1. The mine

plan for the Project at PDC and the assessment nodes within the aquatics LSA are shown

in Figures 6-6 to 6-9.

6.4.6.1 Effects Analysis

Planned developments in the aquatics LSA do not affect the watersheds that contribute

runoff to Unnamed Creek 19 (Node UNC 19), Redclay Creek (Node RC) and

Ronald Lake (Node RL). Therefore, the PDC at these assessment nodes is the same as the

Application Case.

Big Creek near the Mouth

Predicted changes to Big Creek flow parameters at the outflow to South Redclay Lake are

shown in Table 6-19.

In 2024, runoff at the outlet of the Big Creek (Node BC) will decrease because of

increased closed-circuit areas due to the PRM development. The expected mean annual

flow will decrease from an Application Case value of 0.726 m3/s to 0.685 m3/s (5.6%;

see Table 6-19). The open-water seasonal flow and 10-year peak discharge will also

decrease.

After 2050, the expected mean annual flow, mean open-water and mean ice-covered

flows increases because of runoff from reclaimed areas compared to the Base Case.

However, the 10-year peak discharge will decrease slightly.
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Table 6-19 Big Creek Flows – PDC

Year Parameter

Predevelopment
and Existing

Condition/Base

Case
2

Application
Case PDC

Streamflow
Discharge

(m3/s)

Streamflow
Discharge

(m3/s)

Streamflow
Discharge

(m3/s)

Change from
Application Case

(m3/s)

2024 Mean annual discharge 0.561 0.726 0.685 -0.042

Mean open-water1 discharge 0.901 1.11 1.05 -0.060

Mean ice-cover1 discharge 0.081 0.186 0.171 -0.016

7Q10 low-flow discharge 0.000 0.004 0.004 0.000

10-year flood peak discharge 14.2 15.4 14.7 -0.658

2050 Mean annual discharge 0.561 0.485 0.496 0.011

Mean open-water1 discharge 0.901 0.738 0.743 0.005

Mean ice-cover1 discharge 0.081 0.126 0.146 0.019

7Q10 low-flow discharge 0.000 0.005 0.005 0.000

10-year flood peak discharge 14.2 12.4 12.4 -0.060

2066 Mean annual discharge 0.561 0.472 0.483 0.011

Mean open-water1 discharge 0.901 0.718 0.723 0.005

Mean ice-cover1 discharge 0.081 0.124 0.144 0.019

7Q10 low-flow discharge 0.000 0.004 0.005 0.001

10-year flood peak discharge 14.2 12.4 12.3 -0.110

2081
and far
future

Mean annual discharge 0.561 0.405 0.406 0.001

Mean open-water1 discharge 0.901 0.518 0.513 -0.005

Mean ice-cover1 discharge 0.081 0.243 0.254 0.011

7Q10 low-flow discharge 0.000 0.021 0.021 0.000

10-year flood peak discharge 14.2 5.92 6.37 0.454

NOTES:
1 The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from mid-November

to mid-April.
2

Predevelopment, existing condition and Base Case are the same for Big Creek.

Runoff from Aquatics LSA

In 2024, additional reductions in the mean annual flow and mean open-water flow from

the aquatics LSA due to planned developments will be about 8% (see Table 6-20). These

reductions are attributed to closed-circuit areas for the planned developments. The mean

annual flow for the PDC will increase by about 17% compared to predevelopment

conditions because of muskeg drainage flows and runoff from cleared areas.

After 2050 (i.e., after closure of the PRM in 2049), additional reductions in mean annual

flow due to planned development will be about 4% because of increased open-water

areas resulting in increased evaporation and decreased runoff from the aquatics LSA. The

mean annual flow at PDC will decrease by about 11% after Project closure in 2081.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 6: Hydrology

June 2015 Page 6-49

Table 6-20 Runoff from Aquatics LSA – PDC

Year Parameter

Predevelopment
and Existing

Condition/Base
Case

2
Application

Case PDC

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Change from
Application

Case
(m

3
/s)

2024 Mean annual discharge 0.992 1.24 1.17 -0.076

Mean open-water discharge
1

1.60 1.93 1.82 -0.113

Mean ice-cover discharge
1

0.139 0.266 0.243 -0.023

2050 Mean annual discharge 0.992 0.871 0.837 -0.034

Mean open-water discharge
1

1.60 1.35 1.29 -0.063

Mean ice-cover discharge
1

0.139 0.193 0.200 0.007

2066 Mean annual discharge 0.992 0.832 0.798 -0.034

Mean open-water discharge
1

1.60 1.30 1.23 -0.067

Mean ice-cover discharge
1

0.139 0.170 0.183 0.013

2081 and
far future

Mean annual discharge 0.992 0.925 0.881 -0.044

Mean open-water discharge
1

1.60 1.18 1.14 -0.042

Mean ice-cover discharge
1

0.139 0.567 0.521 -0.046

NOTES:
1 The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from mid-November

to mid-April.
2

Predevelopment, existing condition and Base Case are the same for the aquatics LSA.

Shell Compensation Lake

The upper watershed of Unnamed Creek 19, Redclay Creek and Big Creek will be

diverted to the Shell compensation lake after 2018 based on the 2012 draft No Net Loss

Plan developed by Shell (2012). The outlet from the compensation lake will be a new

outlet channel. Flow statistics from this new outlet channel are compared here to

combined predevelopment flow statistics for Unnamed Creek 19, Redclay Creek and Big

Creek near the mouth to assess changes in flows resulting from the Project and planned

PRM development in the aquatics LSA. Data used to calculate the effects of PDC

developments on outflow from the Shell compensation lake are provided in

Appendix 6A.

During the operational period, all flow parameters will decrease because of closed-circuit

operations of the PRM development. The expected mean annual flow at the outlet of the

Shell compensation lake (Node RCL) from Application Case value of 1.24 m3/s to

1.17 m3/s (see Table 6-21). The seasonal flows and 10-year peak discharge will also

decrease. The expected mean annual flow for the PDC will decrease by about 7.7%

compared to the Application Case.
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Table 6-21 Shell Compensation Lake Outflows – PDC

Year Parameter

Predevelopment
and Existing

Condition/Base
Case

Application
Case2 PDC

Streamflow
Discharge

(m3/s)

Streamflow
Discharge

(m3/s)

Streamflow
Discharge

(m3/s)

Change from
Application Case

(m3/s)

2024 Mean annual discharge 0.992 1.24 1.17 -0.076

Mean open-water1 discharge 1.60 1.93 1.82 -0.113

Mean ice-cover1 discharge 0.139 0.266 0.243 -0.023

7Q10 low-flow discharge 0.000 0.006 0.041 0.035

10-year flood peak discharge 24.8 25.2 12.7 -12.500

2050 Mean annual discharge 0.992 0.871 0.783 -0.088

Mean open-water1 discharge 1.60 1.35 1.21 -0.137

Mean ice-cover1 discharge 0.139 0.193 0.175 -0.018

7Q10 low-flow discharge 0.000 0.009 0.037 0.028

10-year flood peak discharge 24.8 20.1 8.94 -11.1

2066 Mean annual discharge 0.992 0.832 0.744 -0.088

Mean open-water1 discharge 1.60 1.30 1.16 -0.141

Mean ice-cover1 discharge 0.139 0.170 0.158 -0.012

7Q10 low-flow discharge 0.000 0.006 0.030 0.024

10-year flood peak discharge 24.8 19.7 8.69 -11.0

2081
and
far
future

Mean annual discharge 0.992 0.925 0.812 -0.114

Mean open-water1 discharge 1.60 1.178 1.04 -0.139

Mean ice-cover1 discharge 0.139 0.567 0.490 -0.077

7Q10 low-flow discharge 0.000 0.033 0.047 0.015

10-year flood peak discharge 24.8 8.33 4.35 -3.98

NOTES:
1 The "open-water" season is the period from mid-April to mid-November; the "ice-cover" season is the period from mid-November

to mid-April.
2 Application Case flow represents the sum of flows from Unnamed Creek 19, Redclay Creek and Big Creek at the mouth.

Following Project closure in 2081, the mean annual, mean open-water and 10-year peak

flows will decrease because of changes in the nature of the reclaimed surface and the

attenuation effect of the pit lakes. However, the mean ice-cover flow will increase

because of the water storage capacity of the pit lakes.

Water Allocations for the Planned Development Case

Table 6-22 summarizes the current Alberta water licence allocations, return flows and

projected annual allocations of all PDC developments for surface water withdrawals from

the Athabasca River and its tributary watercourses.
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Table 6-22 Water Allocations from Athabasca River – PDC

Purpose

Existing Licences and Licence Applications for Water Allocations
(dam

3
)
1

Peak
Instantaneous

Licence
Allocations

(m
3
/s)

Interim
Licences

WRLIC
Licences

2
WRLIC

Licences
3

Total
Withdrawals

Return
Flows

Net Water
Allocations

Non-oil
sands
subtotal

4

17,654 276,512 60,639 354,805 166,082 188,723 N/A

Application
Case oil
sands
subtotal

4

0 124,500 455,190 579,690 38,655 541,035 27.65

Planned Development Case

PRM
5

0 0 55,000 55,000 0 55,000 4.17

Totals
(dam

3
)

17,654 401,012 570,829 989,495 204,737 784,758 31.82

NOTES:
1

1 dam
3

= 1,000 m
3

2
Water Resources Licences issued before 1999 under the Alberta Water Act

3
Water Resources Licences issued since 1999 under the Alberta Water Act

4
Details provided in Sections 6.4.3 and 6.4.4

5
Based on EIA application documents submitted to the Alberta Energy Resources Conservation Board (now Alberta
Energy Regulator). For Stage 2 (2029 to 2039), the mean annual water requirement will be 45 million m

3
.

Some numbers are rounded for presentation purposes. Therefore, it might appear that the totals do not equal the
sum of the individual values.

N/A = Not applicable

The total net water allocation for the PDC oil sands developments will be about

596 million m3. This represents about 76% of the total net water allocation of

784.8 million m3 that has been designated as available for water users for PDC from the

Athabasca River basin. It also represents less than 3.0% of the mean annual river water

flow volume of about 19.6 billion m3 (620 m3/s) estimated for the Athabasca River at

Fort McMurray.

The total peak withdrawal for the PDC is about 31.82 m3/s (see Table 6-22). Although

the Phase I Water Management Framework allows withdrawal up to 15% of average

weekly flows for the green zone, the peak withdrawal rate of 31.82 m3/s was used as an

upper limit to assess the predicted changes in Athabasca River flow parameters. This is a

conservative evaluation as the analysis assumes all operators are withdrawing at

maximum capacity any time they are not constrained by the Phase I Water Management

Framework.

The reduction in mean seasonal Athabasca River flows from cumulative withdrawals in

the PDC ranges from 2.6% in summer to 14.8% in winter (see Table 6-23). This is within

the range specified in the Phase I Water Management Framework for an average year.

Under the 10-year dry hydrologic conditions, the percentage reduction in seasonal flows

is higher in the spring, summer and fall, and lower in the winter compared to

average-year conditions.
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The incremental water level reductions because of planned developments in the

Athabasca River water levels are less than 1 cm in the mean seasonal flow depths

(see Table 6-24). Therefore, PDC developments are not expected to exert an appreciable

influence on the hydrologic regime of the Athabasca River past Reach 4. Implications of

the minor flow changes to the Peace-Athabasca Delta are discussed in Volume 8,

Section 7 of the Integrated Application.

Open-Water Areas

Changes in open-water areas are presented in Table 6-25. The open-water area under

predevelopment and existing conditions is 14.2 km2. For the PDC, the planned PRM will

increase the open-water area by a maximum of 9.7 km2 from Application Case values in

2066. In 2081 and the far future, the open-water area will increase by 56.0 km2 from the

Base Case value of 14.2 km2 to a PDC value of 70.2 km2. An increase in open-water

areas will result in an increase in evaporation and decrease in runoff from the aquatics

LSA. The decrease in runoff from the aquatics LSA because of an increase in open-water

areas was considered as part of the flow analyses.
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Table 6-23 Changes to Athabasca River Flows in Reach 4 – All Assessment Cases

Hydrologic
Condition Season

Predevelopment
Existing

Condition Base Case
1

Application
Case

1
Planned Development Case

1

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Streamflow
Discharge

(m
3
/s)

Change
from

Application
Case
(m

3
/s)

Change from
Predevelopment

(m
3
/s)

Percent Change
from

Predevelopment
(%)

Average year Winter 179 178 156 153 152 -0.6 -26.6 -14.8

Spring 530 528 506 503 501 -2.5 -29.5 -5.6

Summer 1,239 1,238 1,215 1,211 1,207 -4.2 -32.2 -2.6

Fall 561 559 537 533 529 -4.3 -32.3 -5.7

10-year dry Winter 121 120 108 108 108 0.2 -12.8 -10.6

Spring 257 255 240 239 238 -0.9 -18.9 -7.4

Summer 1,040 1,037 1,016 1,012 1,008 -4.3 -32.3 -3.1

Fall 438 436 415 412 409 -3.4 -29.4 -6.7

10-year wet Winter 192 190 171 169 167 -1.6 -24.6 -12.8

Spring 574 572 553 550 548 -1.9 -25.9 -4.5

Summer 1,723 1,721 1,700 1,696 1,692 -4.3 -31.3 -1.8

Fall 789 787 765 761 757 -4.1 -32.1 -4.1

NOTE:
1

Peak water withdrawals were used as an upper limit although the Phase I Water Management Framework allows withdrawal up to 15% of average weekly flows
for the green zone.
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Table 6-24 Athabasca River Water Level Elevations at Node AR4 – PDC

Hydrologic
Condition Season

Predevelopment
Existing

Condition Base Case
1

Application
Case

1
Planned Development Case

1

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Water Level
Elevation
(m amsl)

Change from
Application

Case
(m)

Change From
Predevelopment

(m)

Average year Winter 225.84 225.84 225.80 225.79 225.79 <0.005 -0.05

Spring 226.50 226.49 226.45 226.45 226.44 0.01 -0.06

Summer 227.66 227.66 227.63 227.62 227.62 <0.005 -0.04

Fall 226.55 226.55 226.51 226.50 226.49 0.01 -0.06

10-year dry Winter 225.73 225.73 225.71 225.71 225.71 <0.005 -0.02

Spring 225.99 225.99 225.96 225.96 225.96 <0.005 -0.03

Summer 227.36 227.35 227.32 227.31 227.31 <0.005 -0.05

Fall 226.33 226.33 226.29 226.28 226.28 <0.005 -0.05

10-year wet Winter 225.87 225.87 225.83 225.83 225.82 -0.01 -0.05

Spring 226.57 226.57 226.54 226.53 226.53 <0.005 -0.04

Summer 228.35 228.34 228.32 228.31 228.30 -0.01 -0.05

Fall 226.95 226.94 226.91 226.90 226.89 -0.01 -0.06

NOTE:
1

Peak water withdrawals were used as an upper limit although the Phase I Water Management Framework allows withdrawal up to 15% of average weekly flows
for the green zone.
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Table 6-25 Changes in Open-Water Areas – PDC

Year

Predevelopment/Base Case Application Case PDC

Change From
Base Case

(km2)

Area
(km2)

Area
(km2)

Area
(km2)

Watercourses Waterbodies Total Watercourses Waterbodies Total Watercourses Waterbodies Total

2024 2.54 11.7 14.2 2.95 11.4 14.4 2.80 17.5 20.3 6.1

2050 2.54 11.7 14.2 2.74 11.4 14.2 2.79 19.8 22.6 8.4

2066 2.54 11.7 14.2 2.63 11.4 14.1 3.93 19.8 23.8 9.6

2081 and
far future

2.54 11.7 14.2 2.51 59.3 61.8 2.55 67.6 70.2 56.0
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6.4.7 Prediction Confidence

Prediction confidence for changes to flows and water levels is influenced by the quality

and quantity of baseline information, understanding of hydrologic processes, confidence

in measurements or analytic techniques, and potential climate change effects.

Prediction confidence related to baseline information, measurements, and uncertainty

associated with hydrologic modelling and climate change is described in Volume 5,

Section 3.5.7 of the Integrated Application. Uncertainty associated with climate change is

discussed further in response to ESRD/CEAA Round 2 SIR 28a, Appendix 28a.1.

Baseline hydrologic and climate data that are available for model calibration, validation

and application were considered adequate in terms of record length, spatial coverage and

temporal resolution. Data on flows and water levels used in the analysis have been

subject to standard quality control procedures.

Results of the modelling uncertainty analysis showed that the HSPF model, based on the

Test Case parameters, produces robust prediction results that are not sensitive to assumed

levels of uncertainties in the model parameters.

Under the simulated climate change scenarios, the Project-related decrease in flows could

be offset by increases resulting from other climate change effects. Climate changes are

expected to occur gradually, thereby facilitating the implementation of adaptive

management measures if observed changes are outside expected variability based on

assumed climate change scenarios.

6.4.8 Responses to Aboriginal Community Concerns

Aboriginal community concerns have been documented during the course of

consultations for the Project. Specific concern has been expressed about:

 the maintenance of water balance (including flows, outflows and water levels) of

Ronald Lake

 reduced water levels in the Athabasca River and associated effects

 the long-term effects of climate change and the changes in flows in the Athabasca

River that may occur

 navigation of the Athabasca River and traditionally used watercourses and

waterbodies

Additionally, watercourses and waterbodies identified as important in terms of traditional

value and land use include Ronald Lake, Redclay Creek, Big Creek, Athabasca River,

Lake Claire and the Peace-Athabasca Delta.
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Flows, Water Level and Open-Water Areas

Together, the Project and PRM will cause changes in the mean annual flow of Redclay

Creek and Big Creek relative to predevelopment conditions. Activities such as muskeg

drainage and overburden dewatering during mine construction and operation will result in

increased flows to receiving watercourses. Reductions in drainage area due to

closed-circuit operations and the creation of pit lakes at closure will reduce flood flows to

receiving waters. Effects will be limited with the implementation of mitigation measures

discussed in Section 6.4.5.2.

Flows to Ronald Lake will not be affected by the Project until Year 2050. The assessed

changes to the Ronald Lake flows would be negligible since the proportion of flows

travelling north relative to those directed eastward were differentially increased by the

flow splitter. The objective is to achieve no appreciable change in flows during the

open-water season relative to predevelopment conditions. Because effects on Ronald

Lake will be small, no adverse effects on the unnamed tributary of Buckton Creek,

Lake Claire or the Peace-Athabasca Delta are anticipated.

At closure, mean annual outflows from Ronald Lake are expected to decrease by about

0.2%, and, the mean open-water flow is expected to decrease by about 3.8%. However,

the reduction in flows during the open-water period will be offset through the advantages

offered by the pit lake. The pit lake is expected to result in less sediment reaching

Ronald Lake, increased flood flow attenuation, increased ice-cover flow, and increased

fish habitat potential (see Section 8). Consistent with the Integrated Application, the pit

lake and surrounding watershed will not contain tailings materials.

During operation, the Project will cause a slight decrease in the total open-water area in

the aquatics LSA compared to predevelopment conditions. At closure, the Project will

increase the total open-water area from 14.2 km2 for predevelopment to 61.8 km2 for the

Application Case.

Teck will adopt an adaptive management strategy to manage the potential effects

associated with the predicted flow changes in the receiving watercourses. This strategy

will involve continuing hydrologic and geomorphic monitoring to update policy and

practices.

Athabasca River Withdrawals

The total net water allocation for the PDC oil sands developments represents less than

3.0% of the mean annual river water flow volume, estimated for the Athabasca River at

Fort McMurray to be about 19.6 billion m3 (620 m3/s).

The Athabasca River Phase I Water Management Framework restricts water withdrawals

during the most sensitive time periods and comes into effect more often when flows are

lower (i.e., under dry-year hydrologic or climate change conditions).

Water from the Project’s 90-day to 120-day off-stream storage pond will be used during

operations when water withdrawals from the Athabasca River are limited because of

restrictions imposed by Phase I Water Management Framework or any subsequent water

management framework.
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Navigation

Changes in Athabasca River water levels due to water withdrawals are predicted to be

negligible in Reach 4. Therefore, the Project in conjunction with other developments is

not expected to have an appreciable influence on the hydrologic regime of the

Athabasca River past Reach 4. As a result, the Project in conjunction with other oil sands

developments will not affect navigation to the Athabasca River. The implications of the

minor flow changes to the Peace-Athabasca Delta are further discussed in Volume 8,

Section 7 of the Integrated Application; however, these changes are not expected to

reduce water levels in Lake Athabasca, restrict navigation or affect flooding of the

Peace-Athabasca Delta.

Interviews done by Candler et al. (2010) with Athabasca Chipewyan First Nation

(ACFN) and Mikisew Cree First Nation (MCFN) community members identified ACFN

and MCFN navigational requirements. For example, for a fully loaded boat (as would

typically be the case after a successful hunt or when outfitting a trapper’s cabin) with an

outboard motor, the safe navigational depth (including start-up) was determined to be

about 4 feet (1.2 m). Based on this traditional knowledge, the Project will not adversely

affect ACFN and MCFN navigation.

Regarding boat access, Aboriginal communities have expressed concern about water

quantity (e.g., flow) of the Athabasca River, which could affect access to traditional lands

by boat. The Project is not expected to produce an appreciable effect on the flow of the

Athabasca River, so effects on boat access are expected to be negligible. In addition,

extreme low-flow periods typically occur in winter when boat access is unlikely.

The assessment update for hydrology considered the following influences: overall water

withdrawals, water diversion and natural river fluctuation. The effects of sand movement

and dredging have been taken into account in an indirect way since recorded hydrologic

data (i.e., flows and water levels) were used to analyze the effects of the Project on river

levels. Sediment movement in the Athabasca River is directly related to river hydrology

(and hydraulics) with larger volumes of sediment moving during higher flows. Water

levels at different flow rates in the river have not changed appreciably over time because

the river naturally redistributes sediment within its channel. River users familiar with the

Athabasca River recognize that the riverbed and sandbars change after each freshet. No

channel dredging has occurred in the Athabasca River since 1996 when the Canada Coast

Guard stopped maintaining a navigation channel for commercial traffic. This change

likely affected traditional and recreational use as well as commercial traffic.

6.4.9 Management and Monitoring

Teck will adopt an adaptive management strategy to manage the potential effects

associated with the predicted flow changes in the receiving watercourses. This strategy

will involve continuing hydrologic and geomorphic monitoring. Should the monitoring

data indicate unacceptable hydrologic effects (e.g., increased channel erosion), mitigation

options (e.g., reduced flow releases) will be considered and implemented as appropriate.
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6.4.9.1 Regional

Teck is currently participating in several monitoring and research initiatives developed by

Canada’s Oil Sands Innovation Alliance (COSIA). COSIA includes several working

groups that manage the completion of research projects focused on oil sands

developments. Teck also participates in other regional initiatives such as the JOSM

program. Through these regional initiatives, management systems and management

objectives will be established, where needed, for hydrology in the region.

An existing network of flow and water level monitoring stations is supported by Teck and

provides good monitoring coverage in the region. Operation of these stations is expected

to continue throughout the life of the Project.

6.4.9.2 Project-Specific

The existing network of flow and water level monitoring stations in the aquatics LSA

provides good monitoring coverage of the major watercourses. Operation of these

stations will continue through the life of the Project including the closure management

period, except where a station is moved because of a watercourse diversion.

The flow monitoring program will be continued in conjunction with a climate monitoring

program, to monitor the areal variation of precipitation in the aquatics LSA. This is

necessary to correlate with and interpret the hydrologic monitoring results and to provide

a sound basis for designing water management facilities for operation and closure.

6.4.10 Summary

Flows and Water Levels

Developments in the aquatics LSA and RSA will cause changes to surface hydrology in

receiving waters during construction, operation and closure phases of the developments.

Activities such as muskeg drainage, overburden dewatering during construction and

operation, closed-circuit operation, diversion of watercourses, and reclaiming of mined

areas will change hydrology and geomorphology of the aquatics LSA and RSA.

The predicated changes on hydrology have been assessed at key locations to represent

specific watercourses and waterbodies in the aquatics LSA and RSA. The key issues and

associated key indicators were evaluated in the context of predevelopment and existing

conditions, Base Case, Application Case and PDC, to represent developments and

activities at various periods.

Predicted changes in key hydrology indicators are summarized below for each

assessment case and at specific time snapshots in the receiving waters.

There are no operating or approved mine developments in the aquatics LSA at the time of

this update. The Base Case hydrologic conditions of watercourses and waterbodies in the

aquatics LSA are expected to be the same as the predevelopment and existing conditions.
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Flows from the Aquatics LSA

The predicted reduction in flows from the aquatics LSA is less than 11% for mean annual

flows and a maximum of 28% for mean open-water flows.

In 2024, mean annual runoff from the aquatics LSA will increase by about 17%

compared to predevelopment conditions for the PDC. The increase is expected due to

muskeg drainage flows and runoff from cleared areas.

After mine closure, mean annual runoff will decrease by about 7% because of increased

open-water areas, which result in increased evaporation and decreased runoff from the

aquatics LSA. The mean ice-covered flows will increase because of flows from pit lakes

during the winter months.

The reduction in mean annual runoff of about 7% at closure is less than the 10%

reduction estimated in the Integrated Application. This difference results from the PDA

and the open-water areas being smaller in the updated Project.

Unnamed Creek 19 – Node UC19

For the Application Case, the Project will not result in changes to Unnamed Creek 19

until 2044. Runoff from a small portion of the upper watershed of Unnamed Creek 19

will be diverted permanently to Redclay Creek in 2044. As a result, the expected

reduction in mean annual flow for all time snapshots will be about 10% compared to

predevelopment conditions. These estimates are the same as predicted in the Integrated

Application.

Redclay Creek near the Mouth – Node RC

During construction and operation, the head watershed of Redclay Creek will be diverted

around the ETAs in 2022 and around the development areas in 2044. At closure, runoff

from the head watershed of Redclay Creek will be directed to the central pit lake.

For the Application Case, the expected mean annual flow at Node RC will increase by

about 21% compared to predevelopment conditions for the 2024 time snapshot due to

muskeg drainage and runoff from cleared areas. The expected mean annual flow will

decrease by a maximum of about 17.4% at end of mine compared to predevelopment

conditions. At closure of the Project, the mean annual flow is expected to increase about

22% compared to predevelopment conditions due to additional drainage areas from

Unnamed Creek 2.

Redclay Creek flow will not be affected by the PRM planned development. Therefore,

the expected cumulative change for the PDC is the same as the Application Case.

Big Creek near the Mouth – Node BC

The upper watershed of Big Creek and its tributary (Unnamed Creek 2) will be diverted

around the development areas in 2021 and 2036. At closure of the Project (2081), runoff

from the head watershed of Big Creek and its tributaries will be directed to the south pit

lake. At closure of the PRM project (2049), runoff from First Creek (tributary of

Big Creek) and the PRM external tailings area will be directed to the PRM treatment
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lake, which will be a raw water storage pond for the PRM project during its operation

period.

For the Application Case, the expected mean annual flow at Node BC will increase by

about 29% compared to predevelopment conditions for 2024 time snapshot due to

muskeg drainage and runoff from cleared areas. The expected mean annual flow will

decrease by a maximum of about 15.9% at end of mine compared to predevelopment

conditions. At closure of the Project, the predicted change to expected mean annual flow

will be a decrease of about 27.8% compared to predevelopment conditions since drainage

areas from Unnamed Creek 2, which is tributary creek to Big Creek, will be diverted to

the central pit lake.

The mean annual flow is expected to decrease to 0.685 m3/s in the PDC compared to an

Application Case flow of 0.726 m3/s for 2024 snapshot. At closure of the PRM project

(2049), the mean annual flow is expected to increase by about 2% for 2050 and 2066

snapshots and by 0.2% in 2081 for the PDC compared to the Application Case values.

Shell Compensation Lake (North and South Redclay Creek Lake) – Node RCL

In Year 2018, runoff from Unnamed Creek 19, Redclay Creek and Big Creek will be

directed to the Shell compensation lake as part of the PDC (i.e., for the PRM). Outflow

from the Shell compensation lake will be through a new outlet channel.

The mean annual flow at Node RCL is expected to decrease by about 7.7% in the PDC

(2024) compared to Application Case. However, the mean annual flow is expected to

increase compared to predevelopment condition due to muskeg drainage flows and runoff

from cleared areas.

A reduction in drainage area because of closed-circuit operations will reduce the mean

annual flow by about 8.8% in 2050 and 2066 for PDC (i.e., a decrease of about

0.088 m3/s) compared to Application Case flows.

At closure of the Project (i.e., 2081), the mean annual flow will be further reduced to

0.821 m3/s for the PDC. The additional reduction would not affect the sustainability of

the Shell compensation lake since the drainage area contributing runoff to these lakes is

large relative to the size of the lakes.

Ronald Lake – Node RL

There are no Base Case developments in the aquatics LSA and hence the Base Case

flows and water levels for Ronald Lake are the same as predevelopment conditions.

For the Application Case, there will be no effect of the Project on Ronald Lake until

2045. The expected mean annual flow will decrease by about 0.5% for 2050 snapshot and

the same as predevelopment for 2066 time snapshot. At closure, the expected mean

annual flow will be reduced from the Base Case value of 0.434 m3/s to 0.433 m3/s (a

decrease of about 0.2%).

The maximum predicted reduction in the Ronald lake water levels for the Application

Case is about 1 cm compared to the Base Case, a value that is negligible compared to the

natural seasonal fluctuation of the lake level.
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Athabasca River

The incremental reduction in seasonal flows because of the Project is less than 4.2 m3/s.

Combined reductions in seasonal flows in Reach 4 are less than 15% for the average year.

The predicted combined changes in flow depths at Node AR4 are less than 6 cm.

Open-Water Areas

During mine operation, the open-water areas will increase by a maximum of about

0.2 km2 for Application Case compared to predevelopment conditions. The increase will

be to a maximum of 9.5 km2 for the PDC when compared to the Application Case.

At closure, the open-water area will increase from 14.2 km2 for predevelopment

conditions to 61.8 km2 for Application Case and to 70.2 km2 for PDC.

6.5 Sediment Yields, Concentrations and Channel Regimes

6.5.1 Introduction

This section addresses key questions:

 H3: Could the Project contribute to cumulative changes in watershed sediment yields

and sediment concentrations of receiving waters?

 H4: Could the Project contribute to cumulative changes in channel regimes of

receiving watercourses?

During construction and operation phases of the Project and other developments in the

aquatics LSA, various activities will directly disturb the natural watersheds, their runoff

and drainage conditions in the aquatics LSA. The disturbance will result in changes in

watershed sediment yields, sediment concentrations and channel regimes of receiving

waters in the aquatics LSA and aquatics RSA. Activities that affect sediment yields,

sediment concentrations and channel regimes of receiving watercourses are as follows:

 Runoff from cleared and construction areas will carry flows with higher sediment

concentration than the receiving watercourses.

 Construction and maintenance of muskeg drainage and overburden dewatering

structures will increase sediment loadings to the receiving watercourses.

 A prolonged, large change in flows in the receiving watercourse can cause a change

in its channel regime, as the channel attempts to adjust its regime or geomorphic

conditions to suit the new flow conditions.

 At closure, the drainage pattern and runoff characteristics of the reclaimed areas will

be different from the natural drainage system, resulting in changes to flows and water

levels in the receiving watercourses.
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6.5.2 Methods

Methods used to determine sediment yields and concentrations and channel regimes

remain the same as described in the Integrated Application.

Average annual basin sediment yield was selected as the measureable parameter for

quantifying changes in basin sediment yield. Changes in total suspended solids (TSS)

levels in receiving waters, which correspond to mean annual runoff and 10-year flood,

provided a measureable parameter from which to quantify streamflow sediment transport.

The 10-year flood peak discharge was selected as the hydrologic parameter for

quantifying flow increases on channel regime. The 10-year flood peak discharge is

generally assumed to be the channel-forming discharge and provides a more reliable

indicator for assessing the changes in the morphology of natural receiving watercourses

than other parameters (e.g., erosion depth or enlargement of channel width) (Pickup and

Warner 1976; Williams 1978).

6.5.2.1 Data Sources

Sources of climate, hydrologic, geomorphic and sediment yield information used in the

assessment update for hydrology are the same those used in the Integrated Application.

However, this update incorporates data collected for the Project and through regional data

sources (i.e., RAMP and Environmental Canada’s Water Survey Division) to 2013

(see Volume 2, Section 2 and Section 4).

Total suspended solid concentrations presented here includes data presented in the

Integrated Application and regional and local TSS data collected for the aquatics LSA

from 2010 to 2013 (see Volume 2, Section 4). An updated rating curve (see Figure 6A-2,

Appendix 6A) showing TSS concentrations plotted against discharge was derived for the

receiving watercourses in the aquatics LSA.

6.5.3 Reference Conditions

Predevelopment and existing conditions for hydrology, including TSS concentrations,

basin sediment yields and watercourse geomorphic conditions remain the same as

presented in the Integrated Application, but have been updated to reflect data collected

for the Project to 2013 (see Volume 2, Section 2 and Section 4).

6.5.4 Base Case

There are no operating or approved mine developments in the aquatics LSA at the time of

this update. Therefore, TSS and channel regimes in the aquatics LSA at Base Case are

expected to be the same as the predevelopment and existing conditions.
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6.5.5 Application Cases

6.5.5.1 Mitigation

The water management plan includes management of closed-circuit operations, provision

of polishing ponds as well as routing of flows with increased sediment loads through the

ponds before releasing the flows to the receiving watercourses (see Volume 1, Section 7).

All Project facilities except the intake structure for the river water intake will be located

greater than 2 km west of the Athabasca River. This places all the facilities except the

bridge piers and intake outside of the 100-year flood risk limit of the river. Erosion

protection measures will be provided to limit erosion of the embankments and the water

storage facilities (e.g., polishing ponds, pit lakes) during floods.

Teck will follow relevant regulatory guidelines, standards and best management practices

during construction and operation. These mitigation measures will reduce the risk of

increased sediment loadings to receiving watercourses.

For a short period of time after their construction, the new diversion channels required for

the Project are expected to be a source of sediment to receiving watercourses. Sediment

generation in these channels will be reduced by revegetation of streambanks, overbank

areas and berms as soon as possible after construction and by the use of channel armour

(riprap), where required.

The new diversion channels will be, for the most part, constructed in an area with

relatively flat natural ground topography. As such, flow velocities in the channel will be

low. During the post-construction “conditioning” period, some erosion of the new

channels is expected. The conditioning period could range from several days to several

weeks. Reduction of TSS concentrations through the use of sediment ponds is considered

impractical because of the size of pond required. However, for Redclay Creek, a

polishing pond is designed upstream of the fish habitat compensation lake to reduce

sediment discharge during Project operations.

6.5.5.2 Effects Analysis

Sediment Yields and Concentrations

With the implementation of the operational water management plan discussed in

Volume 1, Section 7, it is expected that the Project will cause only small changes to

watershed sediment yield. The increased sediment inputs to Athabasca River from the

Project are expected to be small during construction and operation.

Based on the sediment yield estimates in the Integrated Application (see Volume 5,

Section 3, Table 3-37), the mean annual sediment yields from reclaimed areas to pit lakes

are provided in Table 6-26. At this rate, it will take over 246,000 years to fill any of the

Project pit lakes. The pit lakes will settle virtually all inflowing sediment. Therefore,

sediment concentrations in outflowing waters will be similar to the natural sediment

concentrations in the lower reaches of receiving watercourses that currently are filtered

when the creeks pass through low-lying muskeg areas (see Section 6.6.3).
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Table 6-26 Sediment Volumes from Natural and Reclaimed Surfaces

Type of Surface
Area
(km

2
)

Annual
Sediment
Volume

(m
3
)

Receiving Pit
Lake

Years for
Sediment to Fill

Pit Lake

Natural upland 25.4 76.2 North pit lake 818,800

Natural lowland – –

Lake area 3.63 –

Reclaimed overburden 3.05 36.6

Total 32.1 113

Natural upland 84.2 253 Central pit lake 246,900

Natural lowland 21.9 0.66

Lake area 31.5 –

Reclaimed overburden 44.0 528

Reclaimed sand cap on tailings 53.9 2,156

Total 235.4 2,937

Natural upland 35.8 108 South pit lake 319,000

Natural lowland 24.8 0.75

Lake area 11.4 –

Reclaimed overburden 21.2 254

Reclaimed sand cap on tailings 13.7 549

Total 107.0 911

Changes to sediment loading in the receiving watercourses were evaluated for the inflow

to Ronald Lake (see Table 6-27). Results show that the mean annual TSS concentrations

and flows in the Application Case closely approximate those for predevelopment and

existing conditions.

Table 6-27 Sediment Concentrations – Inflow to Ronald Lake

Year

Predevelopment and
Existing Condition Base Case Application Case

Flow
(m

3
/s)

TSS
(mg/L)

Flow
(m

3
/s)

TSS
(mg/L)

Flow
(m

3
/s)

TSS
(mg/L)

Percent Change
Due to Project

(%)

2024 0.434 2,836 0.434 2,836 0.434 2,836 0.0

2050 0.434 2,836 0.434 2,836 0.432 2,823 -13

2066 0.434 2,836 0.434 2,836 0.434 2,836 0.0

2081 and far future 0.434 2,836 0.434 2,836 0.433 2,829 -7
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Channel Regimes

The simulated Base Case and Application Case flows were analyzed to determine the

10-year flood peak discharges for inflow to Ronald Lake. The values for the Base Case

and Application Case were then compared to the reference condition to quantify the

relative changes in the 10-year flood peak discharges.

The estimated 10-year flood discharge under predevelopment and existing conditions and

Base Case will be the same since there is no Base Case development in the aquatics LSA.

For the 2050 operational snapshot, the estimated 10-year flood discharge for the

predevelopment and existing condition is about 9.39 m3/s and about 9.29 m3/s for the

Application Case. Flows in some periods during mine operations are therefore lower than

under predevelopment and existing conditions. Additional erosion due to the Project is

therefore unlikely, though sediment deposition is a possibility.

The 10-year flood discharge at closure is estimated to be 7.01 m3/s, which is slightly less

than under operational conditions and predevelopment and existing conditions. The

10-year flood peak discharge will be reduced by 2.5% compared to predevelopment and

existing conditions because of flow attenuation by the north pit lake developed as part of

the Project. Additional erosion due to the Project is therefore unlikely, though sediment

deposition is possible.

After closure, all the runoff from the upper watershed and reclaimed areas will pass

through pit lakes and virtually all sediment will settle in the pit lakes. However, relatively

clean water discharge from pit lakes might result in some erosion immediately

downstream of the pit lakes outlets and sediment deposition in the transition zone. The

downstream reach of the outlet channels from pit lakes have relatively steep slopes

(channel slope varying from 0.10% to 0.6%) and may have less deposition of sediment as

a result.

Operational channels will be designed and constructed to be non-erodible during the

10-year flood event. The erosion rates of the operational channels during high-flood

events are expected to be similar to or lower than the natural receiving watercourses. The

closure diversion systems will be designed and constructed to have similar erosion

characteristics as natural drainage systems. Therefore, Project drainage area discharges

will cause negligible changes to Athabasca River flows and to changes in Athabasca

River regime upon closure.

6.5.6 Planned Development Case

The PDC considers the Project together with all operating, approved and planned

developments in the aquatics LSA. Currently, the PRM is the only planned development

in the aquatics LSA. The PRM development, if built, will have no effect on tributaries of

Ronald Lake, Unnamed Creek 19 and Redclay Creek.

The external tailings facility associated with the PRM is the only facility that will affect

flows in the Big Creek in the aquatics LSA. Change in Big Creek flows, including

10-year flood peak discharge due to PRM development, if built, is very small

(see Section 6.4.6.1).
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As such, planned developments in the aquatics LSA will not result in changes in basin

sediment yield, sediment concentrations in receiving watercourses and channel regimes.

6.5.7 Prediction Confidence

Prediction confidence in the effects on sediment transport is influenced by the quality and

quantity of baseline information, understanding of hydrologic processes, confidence in

measurements or analytical techniques, effectiveness of mitigation and climate change.

The available data originating from Environment Canada (Water Survey Branch) are of

good quality, but from a limited number of sites. Data required at assessment nodes are

extrapolated and are subject to uncertainty.

There is good understanding of the sediment regimes for the aquatics LSA and low

probability of error propagation for the standard computations and analysis conducted for

sediment.

The mitigation measures proposed for reducing effects on sediment concentration and

yield rely on common or proven engineering concepts and construction techniques used

in the region. The probability of success of mitigation measures is high.

The mean annual flow was used to assess the effects on sediment yield and concentration.

It is expected that the predicted changes in flows because of climate change will not have

noticeable effects on the assessment predictions because of the proposed mitigation

measures and the sediment-settling effects of the pit lakes.

Data from the monitoring plans will be used to evaluate the assessment predictions and

possible effects of climate change on sediment yield and concentration. Mitigation

measures may be modified and incorporated in an adaptive management plan to manage

future changes in sediment yield and concentration.

Although bank and bed erosion is not likely given the predicted reduced peak flows, Teck

will inspect watercourses with altered flow regimes such as Redclay Creek after

significant flood events that, for example, reach or exceed bankfull depth. The

inspections will occur during the operational period and for a few years while

reclamation is in progress. Incidences of bank slumping, severe gullying or erosion, and

bed scouring will be assessed during low-flow periods following the flood events.

The key principle in preventing or reducing erosion along creeks is to maintain good

vegetative ground cover over the surface of the banks. The roots of vegetation growing

along and on top of the bank help to reinforce the soil and reduce the erosion rate, while

vegetation growing within the creek channel can also slow water flow and trap sediment.

Teck will manage incidences of erosion by recording which watercourse reaches appear

to be stable (likely have good vegetative cover) and which reaches appear to be

predisposed to erosion (likely reaches with mainly or entirely bare soil on the banks and

bed) during operational period. Teck will then attempt to establish good riparian

vegetation cover using a mixture of native species (trees, shrubs, and grasses) to protect

the bank and channel reaches that seem to be susceptible to erosion.
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Measures such as riprap armouring or vegetation matting might also be considered as an

interim measure during operational period if it appears that riparian vegetation requires

more time to establish. Teck will monitor these reaches for a few years after closure to

confirm that they become stable over time.

6.5.8 Responses to Aboriginal Community Concerns

No specific issues or concerns relative to sediment yields, concentrations and channel

regimes were raised during Aboriginal consultations undertaken for the Project.

However, Aboriginal community members have previously expressed concern about

whether the clarity of water would be affected by erosion and sedimentation as well as

ecological sustainability of the closure landscape.

Although the Project will result in small effects on basin sediment yield and negligible

changes in the TSS concentrations of receiving watercourses, the use of closed-circuit

operations and polishing ponds, and adherence to relevant regulatory guidelines,

standards and best management practices will reduce sediment loading to receiving

waters during operation including the Athabasca River.

Teck will construct a closure landscape and drainage system that is stable, robust and

self-sustainable with the same levels of robustness and sediment yield characteristics as

the current landscape.

6.5.9 Management and Monitoring

6.5.9.1 Regional

Environment Canada and Alberta Environment and Sustainable Resource Development,

currently operate sediment sampling programs in the region at various locations,

including the Athabasca River. These programs are expected to continue over the life of

the Project.

6.5.9.2 Project-Specific

The existing sediment sampling program in the aquatics LSA will continue throughout

the life of the Project. Data will be used to define the sediment yield characteristics of

small, undisturbed areas.

6.5.10 Summary

The Project will result in small effects on basin sediment yield and negligible changes in

the TSS concentrations in the receiving watercourses. Marginal changes in the channel

regimes of receiving watercourses are expected since the developments will reduce flood

flows.

The Project’s water management plan includes mitigation such as management of closed-

circuit operations and routing discharges through polishing ponds. Relevant regulatory

guidelines, standards and best management practices will be followed. Mitigation

measures will reduce sediment loading to receiving watercourses.
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6.6 Closure Landscape and Drainage System Sustainability

6.6.1 Introduction

This section addresses key question:

 H5: Will the closure landscape and drainage systems for the Project be sustainable?

6.6.2 Methods

Methods used to determine sustainability of the closure landscape and drainage systems

are the same as described in the Integrated Application. A pit lake shoreline assessment is

also included.

Pit Lakes Shoreline Assessment

The effects of closure shoreline erosion for the Project Update were assessed to confirm

the long-term closure stability of the landscape. Shoreline erosion modelling for the three

pit lakes (north, central and south) was completed to evaluate shoreline erosion over a

period of up to 1,000 years. Erosion of offshore berms (that protect the littoral zones) was

also assessed using an approach similar to the shoreline erosion assessment.

A shoreline erosion model that relates wave energy to the volume of erosion through an

erodibility coefficient (Penner 1993) was used to determine the extent of predicted

shoreline erosion for the pit lakes. The erodibility coefficient is a physical property of the

shoreline material that relates wave energy to the volume of material eroded per metre of

shoreline. The method of assessment is based on empirical evidence of erosion on lakes

across Canada. These lakes have shoreline materials that vary between soft till and hard

till, and typical erodibility coefficients that range from 0.0002 m2/tonne/annum to

0.00004 m2/tonne/annum for these materials (Penner 1993). The shoreline erosion

predictions using these two materials (i.e., soft till and hard till) represent lower and

upper estimates.

The standard method of determining wave conditions for waterbodies where no wave

measurements are available is to conduct a wave hindcast analysis using available wind

data. Wave hindcast analysis was conducted using representative wind data recorded at

Fort McMurray Airport over the past 60 years. The significant wave height and period for

the 10, 50, 100, 200, and 1,000 year return periods were calculated based on frequency

analysis of wind data and fetch length at each shoreline section. Results were calculated

using the Coastal Engineering Design and Analysis System wave model (U.S. Army

Corps of Engineers 2001).

Typically, pit lake shorelines exhibit relatively low erodibility because of the cohesive

material used in their construction. The modelling approach for pit lake shoreline erosion

is based on direct observations of cohesive shoreline erosion behaviour, and this

approach is expected to provide a suitable basis for estimating shoreline erosion.
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6.6.3 Application Case

6.6.3.1 Effects Analysis

Closure Landscape

The closure landscape and drainage systems proposed for the Project have been designed

to achieve surface sediment yield characteristics similar to natural landscapes and

channel erosion rates similar to natural drainage channels. All main drainage channels

will be built “in regime” by replicating the geomorphic relationships exhibited by natural

watercourses. Floodplains will be designed to accommodate extreme flood events. All the

reclaimed surfaces will be designed to include drainage networks with drainage densities

characteristic of the various types of reclaimed surfaces. Shallow wetlands and pit lakes

will help attenuate flood peak discharges to the downstream channels, limit flow

velocities and channel erosion, and attenuate the sediment load from the Birch

Mountains.

Pit Lakes Shoreline Assessment

Results of the shoreline erosion assessment are summarized in Table 6-28. The maximum

wave heights (1,000-year return period) are estimated to be 0.8 m for the north pit lake,

1 m for the central pit lake and 0.9 m for the south pit lake. The highest wave height is

expected to occur at the central pit lake because it is the largest pit lake and has the

longest fetch (about 6 km from north to south). The prevailing wind direction is primarily

westerly during the open-water season (May to October), which corresponds to smaller

fetches (less than 3 km).

The shoreline erosion distances range from 5 m (Year 10) to 85 m (at a return period of

1,000 years) for soft till material (upper estimate of erodibility). The range reflects

differences in shoreline erosion on different shoreline exposures. For example, the

highest winds are from the north, so the highest waves and wave-related erosion will be

on the south shorelines and material types previously discussed. Erosion distances for

wetland areas are much smaller because of to the attenuation effect of the constructed

offshore berm and wetland vegetation. These distances are estimated to be 1 m to 15 m.

The extent of shoreline erosion is limited by possible maximum erosion distance, which

is reached when the beach has developed to a point where the wave run-up on the beach

cannot further erode the slope. This mimics the development of natural beaches. The

beach development is assumed to be on a 1-degree (about 2%) slope (typical beach

slope), as shown in Figure 6A-3, Appendix 6A. This slope is appropriate for materials

between soft till and hard till.

The result of the pit lakes shoreline erosion assessment indicates that the design concept

used for the Project Update is feasible and the volume of sediment eroded is negligible

compared to the volume of the pit lakes (i.e., expected maximum volume of sediment

eroded from shoreline is about 0.83% for the north pit lake for 1000-year return period).

The effects of small amounts of shoreline erosion over an extended timeframe are

negligible in terms of overall lake surface area and sedimentation.
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The pit lake shoreline will be monitored to determine pit lake cross-sections over time.

Table 6-28 Prediction of Wind Waves and Erosion Distance

Pit Lake

Return
Period
(Years)

Erosion Distance
(m)

Maximum Volume of Sediment
Eroded

(Soft Till)

Lower
Estimate
(Hard Till)

Upper
Estimate
(Soft Till) Wetlands (million m

3
)

(% of Pit Lake
Volume)

North pit
lake

10 1–10 5–15 1 0.04 0.04

50 5–15 15–35 1 0.15 0.16

100 10–25 20–50 1 0.27 0.29

200 15–30 30–70 1 0.50 0.54

1,000 25–70 60–70 1 0.76 0.83

Central pit
lake

10 5–15 15–25 1 0.12 0.02

50 10–25 40–50 1–5 0.49 0.07

100 25–45 55–75 1–5 0.90 0.12

200 35–85 80–85 1–5 1.40 0.19

1,000 80–85 80–85 1–15 1.57 0.22

South pit
lake

10 1–5 10 1 0.05 0.02

50 1–10 25 1 0.19 0.07

100 5–15 35 1 0.36 0.12

200 10–25 50 1 0.69 0.24

1,000 40–70 80 2 0.80 0.28

Far Future

The closure, conservation and reclamation (CC&R) plan for the Project (see Volume 1,

Section 13) includes plans for a self-sustainable reclamation landscape that is capable of

accommodating evolutionary, dynamic equilibrium changes without accelerated surface

gullying. Such dynamic systems have robust drainage landscapes with several lines of

defence and self-healing capabilities so that the reclaimed landscape is stable, safe, robust

and self-sustainable.

The reclaimed in-pit tailings cells will be configured with undulating topography

including drainage swales and grassed waterways rather than uniform slopes and a beach

profile. In addition, the closure landscape is designed to provide a biologically productive

and well-vegetated landscape with wetlands, lakes and floodplains. These features will

reduce surface erosion and enhance the physical longevity and self-sustainability of the

systems, by attenuating flood peak discharges, as well as the biological self-sustainability

of the closure landscape by bioremediation of surface runoff originating from the

reclaimed surfaces.

The design of the self-sustaining drainage system for the Project includes the following:

 Reclaimed surfaces will be designed and constructed with channels having

characteristics of mature drainage networks.
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 Main closure drainage channels will be built “in regime” by replicating geomorphic

relationships exhibited by natural watercourses, including channel and floodplain

cross-sectional shape, channel depth, channel slope and meander pattern, channel bed

material and valley gradient. Floodplains will be provided, as in natural systems, to

accommodate extreme flood events.

 Shallow wetlands, pit lakes and constructed reclamation lakes will help attenuate

flood peak discharges to downstream channels and help reduce flow velocities and

channel erosion. Shoreline erosion protection will be provided, where required, to

protect the littoral zone areas and enhance biological productivity and to reduce wave

erosion.

By providing these mitigation measures to reduce gully and channel erosion, the

self-sustainability of the closure drainage system is maximized.

6.6.4 Planned Development Case

The PDC considers the Project together with all operating, approved and planned

developments in the aquatics LSA. Currently, the PRM is the only planned development

in the aquatics LSA.

The external tailings facility associated with PRM development is the only closure

landscape and drainage systems in the aquatics LSA in addition to the Project. As such,

there are no significant planned developments in the aquatics LSA that could potentially

affect the sustainability of closure landscape and drainage systems.

6.6.5 Prediction Confidence

The characteristics of the natural watersheds, upon which the design of the closure

landscape and drainage systems are based, have been derived from topographic maps and

field surveys. The baseline information is considered adequate for the design of the

closure landscape and drainage systems.

The design of closure drainage systems are based on regional data, extensive literature

review, and recent geomorphic studies completed for the region. Geomorphic parameters

are considered representative of long-term conditions. The closure landscape and

drainage systems are expected to be stable, safe, robust and self-sustainable and to have

the same levels of robustness and sediment yield characteristics as similar natural

landscape and drainage systems.

The closure landscape and drainage system has been designed to be capable of

accommodating changes without accelerated surface gullying and channel erosion.

Therefore, potential effects due to climate change, for example, could be accommodated

by the closure systems.
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6.6.6 Responses to Aboriginal Community Concerns

Aboriginal community members have expressed concerns about:

 changes in predevelopment landscapes

 timelines for closure systems to reach ecological sustainability

 the ability of developers to heal the earth and reclaim the landscape in a sustainable

manner

A closure landscape and drainage system will be constructed that is stable, robust and

self-sustainable with the same levels of robustness and sediment yield characteristics as

similar natural landscapes and drainage systems. The Project’s closure landscape and

drainage systems have been designed to achieve channel erosion rates similar to natural

drainage channels and to do so by replicating the characteristics of natural watercourses.

Floodplains, shallow wetlands, pit lakes and constructed reclamation lakes will help

attenuate flood discharges to downstream channels and limit channel erosion. The pit

lakes will also reduce the naturally high sediment load from the Birch Mountains.

Teck has committed to co-create Reclamation Working Group(s) with potentially

affected Aboriginal communities to guide more detailed reclamation planning and

monitoring, including refinement of the closure landscape and drainage system.

6.6.7 Management and Monitoring

At closure, pit lakes will account for most of the open-surface water areas. COSIA’s

Pit Lake Subgroup is working to develop guidelines and criteria for the establishment of

pit lakes. As member of COSIA, Teck will participate in its working task groups as

appropriate to benefit from regional initiatives and experiences.

6.6.8 Summary

The closure landscape and drainage systems of the Project have been designed to achieve

surface sediment yield characteristics similar to natural landscapes and channel erosion

rates similar to natural drainage channels. All main drainage channels will be built “in

regime” by replicating the geomorphic relationships exhibited by natural watercourses.

Floodplains will be designed to accommodate extreme flood events. All the reclaimed

surfaces will be designed for drainage networks with drainage densities characteristic of

the various types of the reclaimed surfaces. Shallow wetlands, pit lakes and constructed

reclamation lakes will help attenuate flood peak discharges to the downstream channels

and limit flow velocities and channel erosion. The pit lakes will also attenuate the

naturally high sediment load from the Birch Mountains.

The closure landscape and drainage system are therefore expected to be stable, safe,

robust and self-sustainable over very long timeframes (i.e., greater than 1,000 years) and

to have the same levels of robustness and sediment yield characteristics as similar natural

landscapes and drainage systems.
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6.7 Conclusions

6.7.1 Flows, Water Levels and Open-Water Areas

Results of the updated hydrology assessment differ from those presented in the Integrated

Application regarding changes in flows, water levels and open-water areas for

watercourses and waterbodies in the aquatics LSA. These changes largely reflect

differences in the PDA and open-water areas for the updated Project, which is smaller

than the Project as defined in the Integrated Application). Overall, however, predicted

changes for the updated Project are comparable to the results presented in the Integrated

Application.

Together, the Project and PRM will cause changes in the mean annual flow of Redclay

Creek and Big Creek relative to predevelopment conditions. Activities such as muskeg

drainage and overburden dewatering during mine construction and operation will result in

increased flows to receiving watercourses. Reductions in drainage area because of

closed-circuit operation and the creation of pit lakes at closure will reduce flood flows to

receiving waters.

At Application Case, the predicted changes in flows in receiving watercourses are as

follows:

 Redclay Creek – Mean annual flows will decrease by a maximum of about 17.4%

during mine operations (except for the 2024 snapshot) and decrease about 22.4% at

closure compared to predevelopment levels.

 Big Creek – Mean annual flows will decrease by a maximum of about 15.9% during

mine operations (except for the 2024 snapshot) and decrease about 27.8% at closure

compared to predevelopment levels.

 Outflow from the Shell compensation lake (i.e., combined flow from Unnamed

Creek 19, Redclay Creek and Big Creek) – Mean annual flows will decrease by a

maximum of about 8.9% during mine operation and decrease about 11.5% at closure

compared to predevelopment conditions.

Flows to Ronald Lake will not be affected by the Project until Year 2045. A reduction in

drainage area because of closed-circuit operation from Year 2050 to 2088 will result in a

maximum reduction of about 0.5% in outflows from Ronald Lake. The changes in water

levels are less than 1 cm. During operation, it was assumed that Ronald Lake flows

would be differentially increased eastward through the design of the flow splitter. The

objective is for no net change in flows during the open-water season relative to

predevelopment.

At closure, the small reduction in outflows from Ronald Lake of about 0.2% will be

offset through the advantages offered by the pit lake resulting in less sediment reaching

Ronald Lake, increased flood flow attenuation, increased ice-cover flow and increased

fish habitat potential. Consistent with the Integrated Application, the pit lake and

surrounding watershed will not contain tailings materials.
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The incremental reduction in Athabasca River seasonal flows because of the Project is

less than 4.2 m3/s. For PDC, the combined reductions in Athabasca River seasonal flows

in Reach 4 are less than 15% for the average year. The predicted cumulative changes in

flow depths at Node AR4 are less than 6 cm. Overall, these results for the updated Project

are comparable to changes presented in the Integrated Application.

During operation (in 2050) the Project will cause a decrease in the total open-water area

in the aquatics LSA by up to 0.1 km2 compared to the Base Case. At closure, the Project

will result in an increase in the total open-water area in the aquatics LSA by up to

47.6 km2 compared to the Base Case. The open-water area will increase from 14.2 km2

for predevelopment to 61.8 km2 for Application Case and to 70.2 km2 for PDC.

Although the updated water management plan for the Project that was considered in the

hydrology assessment is designed to comply with the Phase 1 Athabasca River Water

Management Framework, Teck has reviewed the Surface Water Quantity Management

Framework for the Lower Athabasca River (SWQMF) (GOA 2015) that was released as

the Project Update was being completed. The Project’s water management plan aligns

with the SWQMF’s requirement to halt river withdrawals during low-flow periods. The

Project will be designed to have adequate off-stream storage capacity in consideration of

the SWQMF’s water-sharing provisions.

The updated hydrology assessment considered the PRM project in the PDC based on the

schedule disclosed in Shell’s regulatory application. However, Shell withdrew their

application in February 2015 stating that the PRM remains in their very long term plans

(Shell 2015). From this perspective, including the PRM in the PDC at the publically

disclosed schedule introduces an additional level of conservativeness to the assessment.

Similarly, Total’s Joslyn North mine project has been indefinitely delayed by Total but

remains in the Base Case based on the publically disclosed schedule.

6.7.2 Sediment Yields Concentrations and Channel Regimes

Similar to the Integrated Application, the updated Project will result in negligible changes

in basin sediment yields and TSS concentrations in the receiving watercourses.

During operation and at closure, downstream reaches of Redclay Creek and Big Creek

will be affected by mine development and will be diverted to the Athabasca River

through new diversion channels. The new operational channels will be designed and

constructed to be non-erodible during the 10-year flood event. The erosion rates of the

operational channel during high flood events are expected to be similar to or lower than

the natural receiving watercourses. The closure diversion systems will be designed and

constructed to have erosion characteristics similar to natural drainage systems. As a

result, the Project drainage will cause negligible changes to channel regimes.
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6.7.3 Closure Landscape and Drainage System Sustainability

The closure landscape and drainage systems of the Project have been designed to achieve

surface sediment yield characteristics similar to natural landscapes and channel erosion

rates similar to natural drainage channels. All main drainage channels will be built “in

regime” by replicating geomorphic relationship exhibited by natural watercourses.

Floodplains will be designed to accommodate extreme flood events. All the reclaimed

surfaces will be designed for drainage networks with drainage densities characteristics of

the various types of reclaimed surfaces. Shallow wetlands and pit lakes will help

attenuate flood peak discharges to the downstream channels, limit flow velocities and

channel erosion, and attenuate the sediment load from the Birch Mountains.

The closure landscape and the drainage system of the Project are therefore expected to be

stable, safe, robust and sustainable over very long timeframes (i.e., greater than

1,000 years).
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7 Surface Water Quality

7.1 Introduction

This section provides an updated surface water quality, sediment quality and aquatic

health assessment, hereafter referred to as the surface water quality assessment, for the

Frontier Oil Sands Mine Project (the Project). The assessment reflects changes to the

Project that are summarized in Volume 1, Section 2 and detailed in the remainder of

Volume 1. When updating the assessment, Teck has considered and incorporated

additional information, where applicable, including:

 baseline data obtained since 2008 (see Volume 2)

 advances in science and research

 changes to regulations and guidance documents

 four rounds of supplemental information requests (SIRs)

 input provided by Aboriginal communities and third-party technical reviewers

 input obtained through stakeholder consultation

The assessment update for surface water quality:

 describes mitigation to reduce Project effects on surface water quality, sediment

quality and aquatic health

 assesses potential effects of the Project on surface water quality, sediment quality and

aquatic health during construction, operation and closure (including

decommissioning)

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

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

(AOSR)

 considers updated temporal snapshots based on the revised mine schedule

The assessment approach is largely consistent with that presented in Volume 3, Section 1

of the Integrated Application. Key changes reflected in the Project Update for surface

water quality include the following:

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

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

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

these changes. As a result, the Eymundson Creek and Pierre River watersheds are

entirely outside the PDA and are therefore no longer included in the aquatics LSA.
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 This assessment incorporates information collected since filing the Integrated

Application, including:

 water quality data collected: (a) by Teck, as part of supplemental monitoring

programs since 2011; (b) by Shell, in support of Pierre River Mine (PRM); (c)

from the Regional Aquatics Monitoring Program ([RAMP] 2014); and (d) from

Alberta Environment and Sustainable Resource Development (ESRD) Water

Database System (WDS) (2014a)

 information on current Alberta water licence allocations and withdrawals (to

2013)

 additional information about traditional land use and Aboriginal community

concerns provided through consultation, traditional use studies, third-party

technical reviews and statements of concern (SOCs)

Assessment Summary

As in the Integrated Application, the Project, in combination with other oil sands

developments, is predicted to have negligible effects on acute and chronic toxicity, and

tainting potential concentrations in all receiving waters in the aquatics LSA and RSA.

The Project, in combination with other oil sands developments, is predicted to have

negligible effects on aquatic health in Ronald Lake, Redclay and Big creeks and the

Athabasca River. The Project pit lakes are expected to be able to support a viable aquatic

ecosystem without treatment of inflows by the time they begin discharging to the

surrounding environment and into the far future.

7.2 Scoping the Assessment

The scope of the surface water quality assessment has not changed since the Integrated

Application and complies with the terms of reference (TOR) for the Project (AENV

2009a).

Since filing the Integrated Application in 2011, Teck has continued to seek input from

regulators, stakeholders and Aboriginal communities as part of the regulatory review and

consultation process. These inputs have helped identify and refine key issues of concern

and define the key questions that are the focus of this assessment.

The updated assessment for surface water quality, sediment quality and aquatic health

considered the same provincial and federal regulations, acts and policies related to oil

sands mining developments and water quality that were considered in the Integrated

Application (see Volume 5, Section 4.2.2.1), with two updates:

 The Lower Athabasca Regional Plan (LARP) (2012 to 2022) was approved on

August 22, 2012 and came into effect on September 1, 2012 (GOA 2012). The

framework establishes targets and limits for managing cumulative effects in the

Athabasca River.
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 The End Pit Lakes Guidance Document (CEMA 2012) has been considered in mine

reclamation and planning, as per the direction given by ESRD in its letter to the

Cumulative Environmental Management Association (CEMA) dated February 13,

2013 (Woodworth 2013).

Reference guidelines and criteria have been updated since the Integrated Application (see

Volume 5, Section 4.2.2.2) was filed and now include:

 Environmental Quality Guidelines for Alberta Surface Waters (ESRD 2014b)

 Canadian Council of Ministers of the Environment Canadian Environmental Quality

Guidelines (CCME 1999a)

 A Protocol for the Derivation of Water Quality Guidelines for the Protection of

Aquatic Life (CCME 2007)

 National Recommended Water Quality Criteria (United States Environmental

Protection Agency [U.S. EPA] 2002, 2013)

 Technical Support Document for Water Quality-Based Toxics Control (U.S. EPA

1991)

 Summary of Guidelines for Canadian Drinking Water Quality (Health Canada 2014)

 Approved Water Quality Guidelines 2015 Edition (British Columbia Ministry of

Environment [BC MOE] 2015)

Chronic effects benchmarks (CEBs) developed for the Integrated Application have also

been updated since the application was filed (see Section 7.11). Chronic effects

benchmarks are site-specific guidelines that consider the regional characteristics of water

quality, including toxicity-modifying factors such as hardness, pH and dissolved organic

carbon (DOC). Chronic effects benchmarks are in place to protect the majority of aquatic

species at the site and account for local conditions; the benchmarks are consistent with

federal guidance for guideline development. The CEBs applied for the Project have been

applied in recent aquatic health assessments for other oil sands developments. The

derivation of CEBs has undergone refinement over time, as new information has become

available in literature, or as additional effort has been invested in the evaluation of

specific substances on a Project-specific basis.

Since the Integrated Application was filed, two regional initiatives were founded:

 Canada’s Oil Sands Innovation Alliance (COSIA)

 the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring (JOSM)

These initiatives were considered when identifying key water quality questions for

assessing the potential cumulative effects of the Project and other developments.



Volume 3: Assessment Update

Section 7: Surface Water Quality Frontier Oil Sands Mine Project Update

Page 7-4 June 2015

7.2.1 Aboriginal Community Concerns

In preparing the assessment update, Teck reviewed Aboriginal-led traditional use studies,

third-party technical reviews, SOCs, and input received from ongoing consultation.

Based on these inputs, Teck has documented Aboriginal community concerns related to

surface water quality and has considered these concerns as part of the updated surface

water quality assessment.

The following traditional use studies were considered in preparing this update:

Athabasca Chipewyan First Nation:

 Candler, C. and the Firelight Group Research Cooperative. 2013a. Athabasca

Chipewyan First Nation Knowledge and Use Report and Assessment for Teck

Resources Limited Proposed Frontier Oil Sands Mine Project.

Mikisew Cree First Nation:

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

Nation Indigenous Knowledge and Use Report and Assessment for Teck Resources

Limited’s Proposed Frontier Oil Sands Mine Project.

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

Proposed Teck Resources and SilverBirch Energy Frontier Oil Sands Project.

Fort McKay First Nation and Métis Community:

 Fort McKay Sustainability Department and Integral Ecology Group. 2011.

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

Métis Local 1935:

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

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

During consultations since Project disclosure, Aboriginal communities have expressed

the following concerns related to surface water quality:

 effects on surface water quality as a result of the development, during operation and

post-closure, including potential contamination of receiving waters

 cumulative downstream effects of oil sands developments

 cumulative effects of oil sands development compared to reference conditions

 tailing ponds seeping into groundwater and surface water, especially into the

Athabasca River

 quality of water discharged from pit lakes to the receiving environment, including the

long-term recovery of water quality in pit lakes before it is discharged

 wastewater disposal
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 effects on the watershed and the loss of creeks as important sources of drinking water

 potential for acid rain and effects of emissions on aquatic ecosystems

 concerns about health of aquatic life and tainting

 aerial deposition of substances to snowpack, runoff and surface waters

 model accuracy to predict effects

 the linkage between changes to surface water quality and potential effects on aquatic

health

Teck has provided responses to these concerns following the assessment of each key

issue.

7.2.2 Key Issues

Based on input gathered from regulators and consultations with potentially affected

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

the surface water quality assessment (see Table 7-1). These key issues are the same as

those listed in the Integrated Application, with the exception that operation of the fish

habitat compensation lake (FHCL) is now explicitly included as an effect pathway.

Although the FHCL was included in the small streams model, its operation was not

explicitly identified as an effect pathway in the Integrated Application.

Table 7-1 Key Issues – Surface Water Quality

Project Phase Key Issue Relevance to Project

Construction, operation,
closure and far future

Change in water quality in
receiving waters

 watercourse diversions

 closed-circuiting of mine areas

 muskeg drainage and overburden dewatering
flows

 basal water sands depressurization

 pit lake releases

 process-affected seepages from backfilled mine
pits and tailings disposal areas

 operation of FHCL

Construction, operation,
closure and far future

Change in thermal regimes
in receiving waters

 watercourse diversions

 closed-circuiting of mine areas

 muskeg drainage and overburden dewatering
flows

 pit lake releases

 operation of FHCL

Construction, operation,
closure and far future

Change in dissolved oxygen
(DO) levels in receiving
waters

 watercourse diversions

 closed-circuiting of mine areas

 muskeg drainage and overburden dewatering
flows

 pit lake releases

 operation of FHCL
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Table 7-1 Key Issues – Surface Water Quality (cont’d)

Project Phase Key Issue Relevance to Project

Construction, operation,
closure and far future

Change in sediment quality
of receiving waters

 watercourse diversions

 removal of muskeg

 changes in water quality

 construction of pit lakes

 operation of FHCL

Operation Acid deposition  emissions of nitrogen and sulphur oxides

 acidification of waterbodies and watercourses

 loss of fish species, benthic fauna and changes in
the taxonomic composition of phytoplankton

Operation Aerial deposition of metals
and polycyclic aromatic
hydrocarbons (PAHs)

 emissions from upgraders, stationary sources,
fleet emissions and fugitive dust

 deposition and accumulation on snowpack and
transport to surface waters

Closure and far future Pit lakes water quality at
time of release

 drainage from reclaimed mine site

 process-affected water remaining at the end of
mining

 process-affected seepages from backfilled mine
pits and tailings disposal areas

 groundwater seepages

 inflows from the Athabasca River

Construction, operation,
closure and far future

Health of aquatic organisms
in receiving waters,
including:

 changes in water
quality

 changes in fish tissue
chemistry

 change in fish tainting

 watercourse diversions

 closed-circuiting of mine areas

 muskeg drainage and overburden dewatering
flows

 basal water sands depressurization

 pit lake releases

 process-affected seepages from backfilled mine
pits and tailings disposal areas

Other parts of the assessment update also identify surface water quality-related issues,

For the details of related assessments, see:

 groundwater – Section 5

 hydrology – Section 6

 fish and fish habitat – Section 8

 human health risk assessment – Section 12

 wildlife health – Section 13

 resource use – Section 15

 traditional land use – Section 17

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

 the cultural impact assessments – Volume 4
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7.3 Approach

The overall approach for the updated surface water quality assessment is the same as

described in the Integrated Application. Where applicable, Teck has incorporated changes

to address SIRs from regulators and concerns and recommendations from potentially

affected Aboriginal communities. A concordance table for SIRs (Rounds 1 to 4) is

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

summarizing the evolution of the surface water quality assessment through the regulatory

process, see Section 2, Figure 2-7.

7.3.1 Study Areas

Study areas for the surface water quality assessment were selected on local and regional

scales. This allows for examination of the potential cumulative changes resulting to

receiving waters from the Project in conjunction with operating, approved and planned

developments.

7.3.1.1 Local Study Area

The aquatics LSA (see Figure 7-1) represents the spatial extent of surface water resources

that might be directly or indirectly affected by the Project in combination with other

developments. The aquatics LSA has been revised from the Integrated Application to

reflect the removal of the south development area (SDA). Removal of the SDA reduces

the size of the PDA. As a result, the Eymundson Creek and Pierre River watersheds are

now entirely outside of the PDA and LSA.

The updated aquatics LSA includes the following watercourses and waterbodies:

 Ronald Lake (includes Unnamed Creek 18, Unnamed Creek 17 and Unnamed Creek

16 as contributing watercourses), which discharges to an unnamed tributary of

Buckton Creek

 Unnamed Creek 19, Redclay Creek and Big Creek (which includes Unnamed

Creek 5, Unnamed Creek 7, Unnamed Creek 2, Unnamed Creek 6 and First Creek),

which discharge into the Athabasca River

 numerous small unnamed waterbodies, including Unnamed Lake 1 and Unnamed

Lake 2

 the reach of the Athabasca River from its confluence with Big Creek to a location

downstream of the confluence with Redclay Creek

7.3.1.2 Regional Study Area

The aquatics regional study area (RSA) represents the spatial extent of surface water

resources potentially affected by the Project in combination with other regional

developments within individual tributary subwatersheds of the Athabasca River. The

aquatics RSA includes the aquatics LSA and a reach of the Athabasca River from Fort

McMurray to Embarras Portage (see Figure 7-2) and is the same as in the Integrated

Application. The reach to Embarras Portage is included to allow the assessment of
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potential cumulative upstream and downstream effects of operating, approved and

planned developments on the Athabasca River.

Because the Project, combined with other regional developments, is expected to have

negligible effects on the hydrologic regime and water quality of the Athabasca River, the

study area was not extended to include the Peace-Athabasca Delta (PAD). A separate,

discipline-integrated study area and evaluation for the PAD was completed for the

Integrated Application (see Volume 8, Section 7.6).

7.3.1.3 Potential Acid Input Study Area

As acidification of waterbodies and watercourses is an issue in the AOSR, a separate

study area (the potential acid input [PAI] study area) was used to assess effects of

acidifying emissions on surface water quality. The PAI study area corresponds to the air

modelling domain (as described in Section 4.2.1) and was derived to capture potential

far-reaching effects of emissions from the Project in conjunction with operating,

approved and planned developments. For a map of the PAI study area, which is the same

as in the Integrated Application, see Figure 7-2.

7.3.2 Water Quality Assessment Nodes

Assessment nodes were selected at key locations in the aquatics LSA and RSA to

quantify changes in flows, water levels, and water and sediment quality in watercourses

and waterbodies.

The assessment nodes (see Figures 7-2 and 7-3) are the same as for the Integrated

Application, expect where noted:

 RL: Ronald Lake

 RC: Redclay Creek, near the mouth during predevelopment and in the Project FHCL

during operations and closure

 RCL: proposed PRM compensation lake

 BC: Big Creek, near the mouth

 NPL: north pit lake

 CPL: central pit lake (modified from Integrated Application)

 SPL: south pit lake (new for Integrated Application)

 AR1: Athabasca River, downstream of the Project

 AR2: Athabasca River, near Embarras

Assessment nodes, with the exception of those in the pit lakes, are downstream of

mining, processing and waste disposal activities to capture potential cumulative changes

related to the Project during construction, operation and at closure along with other

operating, approved or planned developments.
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7.3.3 Assessment Cases

Surface water quality key issues and associated key indicators were evaluated in the

context of the following development scenarios:

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

construction, and activities approved but not yet constructed

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

the Project added

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

disclosed or applied for, but not yet approved

The development scenarios are the same as the revised assessment included with the

Round 2 SIR responses; however, the Base Case is different than what was considered in

the Integrated Application. Specifically, the Base Case for the Project Update does not

include developments that are likely to be approved in the near future.

The Project Update considers cumulative effects of developments in the assessment cases

based on the configuration and schedules for developments as disclosed in the public

domain. However, the Joslyn North Mine (JNM) and PRM have been delayed

indefinitely. These changes add to the conservative nature of the assessment because the

assessment update includes effects from these developments, and these effects may not

be realized. For more details on the assessment cases and the developments and activities

included in each case, see Section 2, Appendix 2A.

7.3.4 Temporal Considerations

7.3.4.1 Reference Conditions

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

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

Aboriginal communities and stakeholders to provide perspective on change from

undisturbed conditions. For the updated surface water quality assessment, reference

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

 predevelopment (pre-1965) for surface water quality models

 existing conditions (2013) for aerial deposition of metals and PAHs

The watershed characteristics in the aquatics LSA under existing conditions are expected

to be similar to predevelopment conditions, because there are no existing developments

in the aquatics LSA. A detailed description of the methods and results of the water

quality baseline study are provided in Volume 2, Section 5.

With respect to water quality modelling for the Athabasca River, the assessment relied on

data from present-day and historical monitoring at points located upstream from oil sands

developments to represent predevelopment conditions. It is acknowledged that

predevelopment water quality conditions in the Athabasca River are different from

existing conditions because of industrial and municipal water withdrawals and releases
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upstream from Fort McMurray. For the Athabasca River, predevelopment water quality

conditions were represented by modelling long-term substance concentrations in the

Lower Athabasca River, while accounting for background concentrations in the

Clearwater and Athabasca rivers upstream of Fort McMurray, as well as input from

natural tributaries. Thus, the predevelopment water quality conditions represented by the

model include post-1965 contributions from developments upstream of Fort McMurray,

including nonpoint source releases, pulp mills and sewage treatment plants. Pulp mill and

sewage releases contribute different substances than those of oil sands operations, so

present-day upstream concentrations are representative of predevelopment concentrations

for substances relevant to this assessment.

7.3.4.2 Snapshots

The following temporal snapshots were used to evaluate changes to surface water quality

because of the Project, in combination with other developments:

 construction (Year -2) (2024), which represents the start of major construction, and

maximum drainage and overburden dewatering

 peak operating capacity (both Phases) for air emissions (Years 23 to 37) (2048 to

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

 major watercourse diversion (Year 25) (2050), which represents conditions after a

major watercourse diversion for the Project

 maximum build-out (Year 41) (2066), which represents the end of mining operations

and conditions when the closed-circuit area is at its maximum for the Project

 closure (defined as pit lake release) (circa 2081), which represents the start of release

of flow from pit lakes to the receiving environment

 far future (defined as pit lake release + 100 years) (circa 2181), which represents far

future equilibrium hydrologic conditions

These snapshots are the same as the Integrated Application; however, the timing has been

changed to reflect the updated mine development plan (see Volume 1, Section 4 and

Section 7).

Because of watercourse diversions for the Project and construction of fisheries offsetting

habitat in the aquatics LSA, some surface water node locations varied with time.

For all cases and snapshots, Ronald Lake was assessed in the waterbody itself. Under

reference conditions, Redclay Creek was assessed at the mouth, just upstream of the

confluence with the Athabasca River. For all remaining snapshots after construction of

the FHCL for the Project, Redclay Creek was assessed in the FHCL.

Under reference conditions and Application Case snapshots, Big Creek was assessed at

the mouth, just upstream of the confluence with the Athabasca River. Under PDC

snapshots, Big Creek was assessed just upstream of the proposed PRM compensation

lake.
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7.3.5 Key Indicators

The key indicators chosen for each key question to focus the surface water quality

assessment are the same as those selected in the Integrated Application (see Volume 5,

Section 4.3.4). These key indicators are examined at the appropriate scale (e.g., local or

regional) for each key question. For each key indicator, at least one measurable parameter

was selected to provide a means of measuring and assessing effects of the Project.

The key indicators and measurable parameters are listed in Table 7-2.

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

Project are described in the following sections:

 surface water quality (see Section 7.4)

 thermal regimes (see Section 7.5)

 dissolved oxygen (see Section 7.6)

 sediment quality (see Section 7.7)

 acid deposition (see Section 7.8)

 deposition of aerial emissions (see Section 7.9)

 pit lake water quality (see Section 7.10)

 aquatic health (see Section 7.11)
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Table 7-2 Key Indicators – Surface Water Quality

Key Question Key Issue Key Indicator Measureable Parameter
Spatial

Consideration

WQ1: Could the Project contribute to
cumulative changes in surface water quality
in receiving waters?

Change in surface water
quality in receiving waters

 water quality
substances (see
Table 7-3)

 concentrations of water
quality substances (see
Table 7-3)

Aquatics LSA and
aquatics RSA
(when appropriate)

WQ2: Could the Project contribute to
cumulative changes in thermal regimes in
receiving waters?

Change in thermal regimes
in receiving waters

 temperature  temperature Aquatics LSA and
aquatics RSA
(when appropriate)

WQ3: Could the Project contribute to
cumulative changes in dissolved oxygen
levels in receiving waters?

Change in DO levels in
receiving waters

 dissolved oxygen

 biochemical oxygen
demand

 dissolved oxygen
concentrations

Aquatics LSA and
aquatics RSA
(when appropriate)

WQ4: Could the Project contribute to
changes in sediment quality in receiving
waters?

Change in sediment quality
of receiving waters

 sediment quality
substances (see
Table 7-5)

 concentrations of
sediment quality
substances
(see Table 7-5)

Aquatics LSA and
aquatics RSA
(when appropriate)

WQ5: Could the Project contribute to
cumulative changes in surface waters from
acid deposition?

Acid deposition  critical loads of acidity

 potential acid input

 alkalinity and acid
neutralizing capacity, pH

PAI Study Area

WQ6: Could the Project contribute to
cumulative changes in surface water quality
because of aerial deposition of metals and
PAHs?

Aerial deposition of metals
and PAHs

 aerial deposition
substances

 concentrations of aerial
deposition substances

Aquatics LSA

WQ7: Will the water quality of pit lakes
constructed for the Project be acceptable
for aquatic health?

Pit lakes water quality at
time of release

 water quality
substances (see
Table 7-3)

 concentrations of water
quality substances (see
Table 7-3)

Aquatics LSA

WQ8: Could the Project contribute to
cumulative changes in aquatic health
because of changes in surface water
quality?

Health of aquatic organisms
in receiving waters

 surface water and
sediment quality
substances and fish
tissue

 concentrations of surface
water and sediment
quality substances and
fish tissue

Aquatics LSA and
aquatics RSA
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7.3.5.1 Assessed Substances – Water Quality

Since the Integrated Application was filed, the list of substances that were assessed was

expanded to align with LARP (GOA 2012). The additions include calcium, lithium,

nitrate, thallium and uranium (Table 7-3).

Substances with a water quality limit under the LARP were included in the modelling.

For individual substances in PAH groups, see Table 7-4. Substances assessed for

sediment quality (Table 7-5) have not changed since the Integrated Application.

Naphthenic acids, tainting potential, acute and chronic toxicity and total dissolved solids

(TDS) are considered key indicators of surface water quality and are the same as those

considered in Volume 5, Section 4.3.4.2 of the Integrated Application.

Table 7-3 Assessed Substances – Surface Water Quality

Assessed Substances
1,2

Aluminum

Ammonia

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium*

Chloride

Chromium

Copper

Iron

Lead

Lithium*

Manganese

Mercury

Molybdenum

Naphthenic acids – labile

Naphthenic acids – refractory

Naphthenic acids – total

Nickel

Nitrate*

PAH Group 1

PAH Group 2

PAH Group 3

PAH Group 4

PAH Group 5

PAH Group 6

PAH Group 7

PAH Group 8

PAH Group 9

Selenium

Silver

Strontium

Sulphate

Sulphide

Tainting potential

Thallium*

Total dissolved solids

Total nitrogen

Total phenolics

Total phosphorus

Toxicity – acute

Toxicity – chronic

Vanadium

Uranium*

Zinc

NOTES:
1

All listed metals are considered to be total metals.
2

For a list of individual substances in PAH groups, see Table 7-4.

* Added since the Integrated Application as a result of the LARP.

Substances considered key indicators for surface water quality are shown in bold text.
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Table 7-4 Substances Included in PAH Groups

PAH Group Substance

1 dibenzo(a,h)anthracene; benzo(a)pyrene; C1 substituted benzo(b&k) fluoranthene/ benzo(a)pyrene;
C2 substituted benzo(b&k) fluoranthene/benzo(a)pyrene

2 benzo(a)anthracene; benzo(b)fluoranthene; benzo(a)anthracene/chrysene; C1 substituted
benzo(a)anthracene/chrysene; C2 substituted benzo(a)anthracene/chrysene;
benzo(b&j)fluoranthene; benzo(b&k)fluoranthene; Indeno(c,d-123)pyrene;methyl
benzo(a)anthracene/chrysene

3 benzo(g,h,i)perylene; chrysene; carbazole; C1 substituted carbazole; C2 substituted carbazole;
benzo(j)fluoranthene; benzo(k)fluoranthene

4 acenaphthene; C1 substituted acenaphthene; acenaphthylene

5 anthracene; phenanthrene; C1 substituted phenanthrene/anthracene; C2 substituted
phenanthrene/anthracene; C3 substituted phenanthrene/anthracene; C4 substituted
phenanthrene/anthracene; 1-methyl-7-isopropyl-phenanthrene (retene)

6 biphenyl; C1 substituted biphenyl; C2 substituted biphenyl; C3 substituted biphenyl

7 fluoranthene; fluorene; C1 substituted fluorene; C2 substituted fluorene; C3 substituted fluorene;
dibenzothiophene; C1 substituted dibenzothiophene; C2 substituted dibenzothiophene; C3 substituted
dibenzothiophene; C4 substituted dibenzothiophene; methyl dibenzothiophene

8 naphthalene; C1 substituted naphthalenes; C2 substituted naphthalenes; C3 substituted
naphthalenes; C4 substituted naphthalenes

9 C1 substituted fluoranthene/pyrene; C2 substituted fluoranthene/pyrene; C3 substituted
fluoranthene/pyrene; pyrene

7.3.5.2 Assessed Substances – Sediment Quality

Substances considered in the sediment quality assessment (see Table 7-5) are the same as

in the Integrated Application (Volume 5, Section 4.3.4.4) and include all metals and

PAHs for which interim sediment quality guidelines (ISQG) have been defined by the

U.S. EPA 2014b. The guidelines for sediment quality substances are described in

Section 7.7 (see Table 7-19).

7.3.5.3 Substances Not Modelled

As in the Integrated Application, polyacrylamide and benzene, toluene, ethylbenzene and

xylene are excluded from the surface water quality assessment. For further information

on polyacrylamide, see Volume 1, Section 14.10.1. For further information regarding

other substances, see Volume 5, Section 4.3.4.3 of the Integrated Application.
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Table 7-5 Assessed Substances – Sediment Quality

Metals PAHs

Arsenic Acenaphthene

Cadmium Acenaphthylene

Chromium Anthracene

Copper Benzo[a]anthracene

Lead Benzo[a]pyrene

Mercury Chrysene

Zinc Dibenz[a,h]anthracene

Fluoranthene

Fluorene

Naphthalene

C1 substituted naphthalenes

Phenanthrene

Pyrene

7.3.6 Effects Classification

Potential effects of water quality changes on aquatic health in watercourses in the LSA,

the Athabasca River and the pit lakes are assessed and classified in Section 7.11. See

Section 7.11.2.3 for the assessment methods and Table 7-34 for the effects description

criteria.

Effects on aquatic health includes a receptor-based assessment that considers the results

of model predictions and screening described in:

 Section 7.4 (surface water quality) for watercourses and waterbodies

 Section 7.7 (sediment quality)

 Section 7.10 for pit lakes

 Section 7.11 for tissue concentrations

The screening procedure for determining which substances were carried forward to the

receptor-based assessment is discussed in the water quality effects analysis

(Section 7.4.5.3). Quantitative predictions of change in water and sediment quality are

presented and are considered as lines of evidence in the evaluation of ecological

relevance. Effects on aquatic health (Section 7.11) presents final conclusions for the

water quality and aquatic health assessment.

7.3.7 Environmental Consequence

The effects classification findings for aquatic health are integrated to determine overall

environmental consequence of predicted changes, according to the methods described in

Section 7.11.2.3 and Table 7-35.
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7.3.8 Prediction Confidence

7.3.8.1 Rationale

The evaluation of uncertainty around predictions is the same as in the Integrated

Application. Assessment confidence was determined by considering:

 quality and quantity of baseline data used in the assessment (see Volume 2,

Section 5)

 confidence in measurements and analytical techniques

 confidence in the success of Project-specific mitigation measures

 potential changes in future environmental conditions (including climate change, as

assessed in the Integrated Application [Volume 5, Appendix 4A, Section 4A.5])

7.4 Surface Water Quality

7.4.1 Introduction

This section addresses key question WQ1: Could the Project contribute to cumulative

changes in surface water quality in receiving waters?

Mining activities in the aquatics LSA and RSA will result in the release of some water

with substances (e.g., metals and nutrients) at concentrations above natural levels.

Development activities will also change flows in natural watercourses and water budgets

in waterbodies. These changes could affect the assimilative capacity of watercourses and

waterbodies, which is the natural capacity of a waterbody to dilute and absorb pollutants

and prevent harmful effects on aquatic life or humans. Potential changes in surface water

quality are important for determining aquatic health and assessing development effects on

fish, wildlife and human health.

7.4.2 Methods

In general, the methods used to assess potential changes in surface water quality are

consistent with those described in Volume 5, Section 4.5.2 of the Integrated Application.

Exceptions include:

 updated approach to modelling degradation of naphthenic acids

 updated approach to modelling the release of process-affected seepages to receiving

waters

 inclusion of polishing ponds in the small streams model

 improvement in calibration of the Athabasca River Model (ARM)

These methods were updated in response to SIRs and to align with recent publications.
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Naphthenic acids degradation: For the updated assessment, in line with the

recommendations in the End Pit Lake Guidance Document (CEMA 2012), the findings of

Scott et al. (2005) and Han et al. (2009) were adapted to derive kinetic rate constants for

modelling the degradation of naphthenic acids. New rates were calculated that account

for the degradation rates observed in both of these studies. To apply the results of these

studies to predictions of naphthenic acids concentrations, the following approach was

used:

 For all process-affected inflow sources, such as direct inputs of oil sands process

water or groundwater inflows from tailings areas, 25% of total naphthenic acids were

assumed to be labile, with a half-life of 0.22 years.

 For all process-affected inflow sources, 75% of total naphthenic acids were assumed

to be refractory, with a half-life of 23 years (which yields a 50% decline in total

naphthenic acids at 13 years).

 For all natural sources, 100% of total naphthenic acids were assumed to be refractory,

with a half-life of 23 years.

 Total naphthenic acids were calculated as the sum of labile and refractory naphthenic

acids.

To address the uncertainty in predicting degradation beyond 13 years, a separate

constituent, “inert naphthenic acids”, was simulated, which assumes no degradation. For

all sources, 50% of total naphthenic acids were assumed to be inert. If the predicted inert

naphthenic acids concentration was higher than the predicted total naphthenic acids

concentration, the two predictions were presented as lower and upper bounds. The lower

bound indicates concentrations that might occur if degradation continues at the rates

measured by Han et al. (2009) beyond 13 years. The upper bound indicates

concentrations that might occur if naphthenic acids do not degrade at all beyond 13 years.

At present, the database of process-affected waters used to derive source concentrations

comprises samples that were analyzed for naphthenic acids using Fourier transform

infrared spectroscopy. The historical term “naphthenic acids” is applied to the results of

these analyses, even though the use of Fourier transform infrared spectroscopy will result

in other acid extractable organics being reported that do not fit the formula CnH2n+ZO2

(Grewer et al. 2010). It is acknowledged that more sensitive analytical methods have

recently become commercially available. As part of regional initiatives, Teck continues

to track this rapidly evolving science and will employ the best commercially available

analytical technology to establish an updated dataset of naphthenic acids in subsequent

monitoring programs.

Process-affected seepages: The approach to modelling the release of process-affected

seepages to receiving waters has been updated since the Integrated Application. During

operations, pumping wells are planned around the north, east and south perimeter of the

external tailings areas (ETAs) to limit migration of process-affected waters to

downstream receptors. This mitigation is standard at oil sands mining operations, and it

has been verified through an independent, peer-reviewed study to effectively manage
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operational seepages (Yasuda et al. 2010). It has also been shown to maintain water

quality in receiving waters, even in an intensively developed watershed (AENV 2011).

During closure and far future, steady-state groundwater seepage rates were applied at

surface water nodes (Appendix 7A). These seepage rates correspond to a closure head

boundary condition in the tailings areas that is anticipated to occur approximately

15 years after the end of mining. For the duration of this 15-year period, iterative

modelling suggested that unmitigated seepages could cause adverse effects in receiving

waters. Therefore, as an additional mitigation, active groundwater pumping that will be in

place during operations will continue until this steady-state head boundary is predicted to

occur in 2081 (i.e., coincident with closure when the pit lakes are fully integrated with the

surrounding receiving waters). The total volume of seepage that will be captured during

this period, as predicted by the groundwater model, was added to the central pit lake

model, as updated in Section 7.10, to assess potential effects on the water quality of that

pit lake and downstream watercourses. Post closure, seepage from the ETAs will be

managed by a passive seepage control system that will direct seepage to reclamation

lakes for treatment prior to be discharged to downstream watercourses (see Volume 1,

Section 7). The volume of seepage that will be diverted and treated during the post

closure period, as predicted by the groundwater model, was included in flow sources

reporting to the reclamation lakes in the small streams model.

In the Integrated Application, the water quality assessment conservatively assumed that

solute concentrations in groundwater discharging to surface water receptors

downgradient of tailings areas occurs at the full-strength process water quality assumed

in the porewater of the tailings. For the updated assessment, solute transport modelling,

which considered natural attenuation processes (e.g., flushing, adsorption and decay)

along the groundwater flow pathways, was conducted. This approach is consistent with

that used in the revised assessment completed for Round 2 SIR responses. The water

quality models for watercourses and Athabasca River were then updated to include

attenuation factors for all substances. For further details about the solute transport

modelling, see Volume 1, Section 13.6.5.

Polishing ponds: Consistent with the Integrated Application, before being released to

surface waters, muskeg drainage and overburden dewatering waters will pass through

polishing ponds, where a settling of sediment-associated substances and chemical,

biological or photo degradation of some substances will occur. For a description of

polishing ponds included in the Project, see the water management plan (Volume 1,

Section 7). For the updated assessment, polishing ponds were included in the small

streams model so that degradation of substances, including PAHs, in muskeg drainage

and overburden dewatering waters would be included in the modelling. The decay rates

used in the updated assessment are provided in Appendix 7A and are the same as those

used in the Integrated Application (see Volume 5, Section 4, Appendix 4A), with the

exception of naphthenic acids, as discussed above.

Athabasca River model calibration: To improve ARM calibration and better

understand the contribution of natural saline groundwater to the Lower Athabasca River,

a saline groundwater input was added to the ARM, and the model was iteratively

calibrated to observed sodium and chloride concentrations in the Athabasca River near
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Embarras, in part based on a groundwater loading study by Jasechko et al. (2012). A

loading source was also added for background substances that were underpredicted near

Embarras. Additional details regarding the ARM calibration, including inputs and results,

are provided in Appendix 7A.

7.4.2.1 Data Sources

Data used to assess potential changes in surface water quality are the same as in the

Integrated Application, with some additional data collected from 2011 to 2014. The data

sources include:

 baseline water quality (see Volume 2, Section 5)

 predicted chemistry and toxicity for Project release waters

 predicted streamflow, groundwater seepage and mine-related wastewater release rates

Baseline water quality: Water quality data for major watercourses and waterbodies from

historical records and literature were used to characterize reference conditions in

receiving waters. Historical sources include stations monitored by the following

government departments, industry and programs:

 ESRD’s WDS

 RAMP

 field programs conducted by oil sands operators to support previous applications for

developments and mine operations

 specific water quality field programs to support the application for the Project (see

Volume 2, Section 5)

In the Integrated Application, concentrations of PAHs under reference conditions were

assumed to be less than detection in the small streams model, because samples were

mainly analyzed using methods with high detection limits. Only recently have analytical

techniques improved to subnanogram-per-liter resolution on a commercial scale, which

allows for a more accurate representation of references conditions. A special study

conducted by RAMP (2012) reported total PAH concentrations of 0.1 μg/L in Big Creek 

and about 0.001 μg/L in Redclay Creek. In both the Project baseline study (see Volume 2, 

Section 5) and the RAMP special study, the source of PAHs in the aquatics LSA was

thought to occur naturally from erosion of exposed McMurray Formation in the upper

reaches of the watersheds. For the updated assessment, concentrations of PAHs under

reference conditions were updated using more recently collected data (see Appendix 7A).

Project release waters: Chemistry and toxicity data of different water sources associated

with the Project were estimated using measured data from the pilot plant and from

existing oil sands mining operations. For the updated assessment, the water quality

distributions for cadmium, chromium, lead and selenium in oil sands process water were

updated. For sources and details of the chemistries of the potential release waters, see

Appendix 7A.
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Streamflow, groundwater seepage and mine-related water releases: Information on

streamflow, groundwater seepage and mine-related water releases were obtained from the

groundwater and hydrology assessments (see Sections 5 and 6, respectively).

7.4.2.2 Models and Assumptions

As outlined in Volume 5, Section 4.5.2.2 of the Integrated Application, different surface

water quality models and approaches were used for each specific issue or key question

and the corresponding watercourse or waterbody. The following two models were used to

predict surface water quality:

 small streams model

 ARM

Details regarding the small streams and ARM model, including assumptions and inputs,

are provided in Appendix 7A.

7.4.3 Reference Conditions

Water quality under reference conditions was modelled for three assessment nodes in the

aquatics LSA (Ronald Lake, Redclay Creek and Big Creek) and two assessment nodes in

the aquatics RSA (AR1 and AR2). As discussed, some surface water node locations

varied with time. For node locations, see Figures 7-1 and 7-2.

Ronald Lake

Under reference conditions, median concentrations of aluminum, iron and total

phosphorus, as well as peak concentrations of chromium and PAH Groups 1, 5 and 7 are

predicted to be higher than chronic guidelines for the protection of aquatic life. These

concentrations are the result of natural erosional processes in the watershed (Dufresne et

al. 1996).

Redclay Creek

Median concentrations of iron, PAH Group 5, sulphide and total phosphorus and peak

concentrations of aluminum, chromium, PAH Groups 1, 2, 7 and 9, selenium, total

nitrogen, total phenolics, and zinc are predicted to be higher than guidelines for the

protection of aquatic life. Many of the high concentrations are associated with naturally

occurring high total suspended solids (TSS) associated with erosion of the polymetallic

black shales that outcrop on the Birch Mountains west of the Project (Dufresne et al.

1996).

Big Creek

Median concentrations of chromium, iron, PAH Group 5, sulphide and total phosphorus

and peak concentrations of aluminum, arsenic, cadmium, copper, lead, mercury, PAH

Groups 1, 2, 7 and 9, selenium, total nitrogen, total phenolics, and zinc are predicted to be

higher than guidelines for the protection of aquatic life. Similar to Redclay Creek, many
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of the high concentrations are thought to be associated with naturally occurring high TSS

west of the Project (Dufresne et al. 1996).

Athabasca River

In the Athabasca River, median concentrations of aluminum, chromium, iron and total

phosphorus as well as peak concentrations of cadmium, copper, lead, mercury, PAH

Groups 5, 7 and 9, silver, sulphide, total nitrogen, total phenolics and zinc are predicted

to be higher than chronic guidelines for the protection of aquatic life. The high

background levels are generally associated with the naturally occurring high TSS

upstream of Fort McMurray and occur mostly during spring (Glozier et al. 2009). Peak

concentrations of PAHs and other organic substances are associated with erosion of the

McMurray formation, as documented by Hall et al. (2012).

7.4.4 Base Case

Unlike in the Integrated Application, which included PRM, there are no operating or

approved developments in the Ronald Lake, Redclay Creek or Big Creek watersheds;

therefore, Base Case snapshots are the same as reference conditions for these watersheds.

For a list of operating and approved developments in the aquatics RSA, see Section 2,

Appendix 2A. Under Base Case conditions, five temporal snapshots were used to assess

the effects of operating and approved developments on water quality in the Athabasca

River as described in Sections 7.3.3 and 7.3.4. Water quality under Base Case conditions

in the aquatics RSA was predicted for the Athabasca River downstream of the Project

(node AR1) and at Embarras (node AR2). For predicted results, see Tables 7-6 to 7-7.

Athabasca River

Predicted water quality in the lower Athabasca River (nodes AR1 and AR2) shows that

operating and approved developments in the AOSR will result in relatively small changes

in substance concentrations in the watercourse (see Tables 7-6 and 7-7). The results for

both assessment nodes typically fall within the range of reference conditions at the

corresponding location. Several substances, including ammonia, boron, lithium,

molybdenum, labile and refractory naphthenic acids, sulphide and chronic toxicity are

predicted to increase relative to reference conditions because of existing and approved

developments in the AOSR.

In the Athabasca River, levels of acute and chronic toxicity and tainting potential are

predicted to be below guidelines under Base Case conditions. Model results indicate that

median concentrations of aluminum, chromium, iron, sulphide (for AR2) and total

phosphorus, as well as peak concentrations of cadmium, copper, lead, mercury, PAH

Groups 5, 7 and 9, silver, sulphide, total nitrogen, total phenolics and zinc are predicted

to be higher than chronic guidelines for the protection of aquatic life in at least one

snapshot. Substances that are predicted to be higher than guidelines under Base Case

snapshots are also predicted to be higher than guidelines under reference conditions.
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Table 7-6 Predicted Concentrations in the Athabasca River – Downstream (Node AR1) – Base Case

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in
the Athabasca River at AR1

(4)

Reference Conditions

Base Case

Median Concentration Peak Concentration

Acute Chronic
Median Concen-

tration
Peak Concen-

tration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.89 (0.02 - 21) n = 152 1.2 12 1.2 1.2 1.2 1.2 1.2 12 12 12 12 12

Ammonia mg-N/L 5.62 1.48 1.27 0.05 (0.004 - 1.8) n = 121 0.043 0.17 0.05 0.053 0.054 0.054 0.053 0.21 0.25 0.28 0.28 0.28

Antimony mg/L - - 0.157 0.000065 (0.000032 - 0.001) n =
140

0.00008 0.00026 0.00009 0.00009 0.00009 0.00009 0.00009 0.0002 0.0002 0.0002 0.0002 0.0002

Arsenic mg/L 0.34 0.005 0.025 0.00087 (0.0003 - 0.01) n = 185 0.0011 0.004 0.0012 0.0012 0.0012 0.0012 0.0012 0.004 0.004 0.004 0.004 0.004

Barium mg/L - - 5.8 0.064 (0.042 - 0.53) n = 178 0.074 0.13 0.075 0.074 0.074 0.074 0.074 0.13 0.13 0.13 0.13 0.13

Beryllium mg/L - - 0.0053 0.000088 (<0.000003 - 0.01) n =
152

0.00007 0.0019 0.00008 0.00008 0.00008 0.00008 0.00008 0.0019 0.0019 0.0019 0.0019 0.0019

Boron mg/L 29 1.5 1.5 0.03 (0.015 - 0.056) n = 151 0.041 0.095 0.049 0.053 0.053 0.054 0.051 0.15 0.16 0.17 0.17 0.15

Cadmium mg/L 0.0025 0.00018 0.0002 0.000033 (<0.000002 - 0.004) n =
150

0.000065 0.00026 0.00009 0.00009 0.00009 0.0001 0.0001 0.00028 0.00029 0.00029 0.00029 0.00028

Calcium mg/L - - - 31 (19 - 60) n = 228 33 55 33 33 33 33 33 56 56 55 55 55

Chloride mg/L 640 120 170 10 (1.3 - 54) n = 226 14 54 15 15 15 15 15 56 56 57 57 56

Chromium mg/L 0.016 0.001 0.0089 0.0019 (<0.00003 - 0.16) n = 187 0.0043 0.013 0.0043 0.0043 0.0043 0.0043 0.0043 0.013 0.013 0.013 0.013 0.013

Copper mg/L 0.019 0.007 0.0218 0.0016 (0.00046 - 0.029) n = 187 0.0045 0.014 0.0045 0.0045 0.0045 0.0045 0.0045 0.014 0.014 0.014 0.014 0.014

Iron mg/L - 0.3 1.5 0.79 (0.066 - 17) n = 162 1.7 11.0 1.7 1.7 1.7 1.7 1.7 11.0 11.0 11.0 11.0 11.0

Lead mg/L 0.103 0.004 0.0061 0.00054 (0.000052 - 0.034) n =
156

0.0023 0.03 0.0024 0.0024 0.0024 0.0024 0.0024 0.03 0.03 0.03 0.03 0.03

Lithium mg/L - - - 0.0078 (0.002 - 0.028) n = 150 0.010 0.021 0.010 0.011 0.011 0.011 0.011 0.029 0.034 0.034 0.032 0.038

Manganese mg/L - - 1.46 0.045 (0.0045 - 0.5) n = 188 0.063 0.29 0.067 0.067 0.067 0.067 0.065 0.3 0.3 0.3 0.3 0.29

Mercury mg/L 0.000013 0.000005 - 0.0000014 (<0.000000035 -
0.0015) n = 157

0.0000014 0.000016 0.0000019 0.0000021 0.0000021 0.0000021 0.0000024 0.000016 0.000016 0.000016 0.000016 0.000016

Molybdenum mg/L - 0.073 38.7 0.00067 (0.00014 - 0.015) n = 180 0.001 0.0062 0.0017 0.0024 0.0026 0.0026 0.0023 0.0062 0.017 0.017 0.017 0.014

Naphthenic acids -
labile

mg/L - - 1 - 0 0 0.03 0.039 0.038 0.04 0.039 0.16 0.2 0.2 0.21 0.19

Naphthenic acids -
refractory

mg/L - - 7.1 <1 (<0.004 - 3) n = 129 0.16 0.49 0.23 0.26 0.28 0.28 0.27 0.58 0.83 0.87 0.88 0.74

Naphthenic acids -
total

mg/L - - - <1 (<0.004 - 3) n = 129 0.16 0.49 0.27 0.3 0.32 0.32 0.31 0.7 0.99 1.0 1.0 0.89

Nickel mg/L 0.547 0.061 0.08 0.0018 (0.00003 - 0.062) n = 187 0.0035 0.017 0.0037 0.0037 0.0037 0.0037 0.0037 0.017 0.017 0.017 0.017 0.017

Nitrate mg-N/L 124 2.93 - 0.1 (<0.001 - 0.6) n = 234 0.07 0.54 0.08 0.08 0.09 0.09 0.081 0.55 0.55 0.55 0.56 0.55

PAH group 1 µg/L - 0.015 0.281 <0.01 (<0.00014 - <0.02) n = 44 0.00042 0.0091 0 0 0 0 0 0.0091 0.009 0.009 0.009 0.0089

PAH group 2 µg/L - 0.018 0.278 <0.01 (0.00014 - <1) n = 50 0.0031 0.016 0.0038 0.0038 0.0038 0.0038 0.0033 0.016 0.016 0.016 0.016 0.015

PAH group 3 µg/L - - 0.99 0.01 (<0.0003 - 0.048) n = 44 0.00086 0.023 0 0 0 0 0 0.023 0.023 0.023 0.023 0.023

PAH group 4 µg/L - 5.8 41.5 <0.01 (<0.00037 - <0.04) n = 44 0.00028 0.0066 0 0 0 0 0 0.0069 0.0069 0.0068 0.0069 0.0065

PAH group 5 µg/L - 0.012 5.6 0.01 (0.00012 - 0.17) n = 44 0.0078 0.037 0.012 0.012 0.012 0.012 0.0083 0.039 0.038 0.038 0.038 0.037

PAH group 6 µg/L - - 64 0.013 (<0.00096 - <0.04) n = 27 0.0039 0.023 0 0 0 0 0 0.023 0.022 0.022 0.022 0.022

PAH group 7 µg/L - 0.04 5.9 <0.01 (0.00043 - 0.029) n = 44 0.0057 0.056 0.0084 0.0086 0.0086 0.0086 0.007 0.057 0.057 0.057 0.057 0.056

PAH group 8 µg/L - 1.1 32 <0.011 (0.0088 - 0.2) n = 44 0.0065 0.1 0.011 0.012 0.012 0.012 0.0071 0.11 0.11 0.11 0.11 0.1

PAH group 9 µg/L - 0.025 2.3 <0.01 (<0.00053 - 0.021) n = 44 0.0039 0.026 0.0048 0.0048 0.0048 0.0048 0.0041 0.026 0.026 0.026 0.026 0.025
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Table 7-6 Predicted Concentrations in the Athabasca River – Downstream (Node AR1) – Base Case (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in
the Athabasca River at AR1

(4)

Reference Conditions

Base Case

Median Concentration Peak Concentration

Acute Chronic
Median Concen-

tration
Peak Concen-

tration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Selenium mg/L - 0.001 - 0.0003 (0.000079 - 0.0014) n =
179

0.00023 0.00082 0.00024 0.00025 0.00025 0.00025 0.00024 0.00082 0.00082 0.00082 0.00082 0.00082

Silver mg/L 0.0056 0.0001 0.00022 0.00001 (<0.0000005 - 0.00019) n
= 145

0.0000073 0.00013 0.0000084 0.0000088 0.0000088 0.0000089 0.0000091 0.00013 0.00013 0.00013 0.00013 0.00013

Strontium mg/L - - 10.7 0.21 (0.078 - 0.39) n = 151 0.25 0.45 0.26 0.26 0.26 0.26 0.26 0.45 0.45 0.45 0.45 0.45

Sulphate mg/L - 309 429 24 (4 - 67) n = 224 28 61 30 31 31 31 30 65 66 66 66 62

Sulphide mg/L - 0.014 0.002 0.0038 (<0.001 - 0.22) n = 134 0.0018 0.006 0.0019 0.0019 0.0019 0.0019 0.0017 0.008 0.008 0.008 0.008 0.007

Tainting potential TPU - 1 - - 0 0 0.034 0.046 0.048 0.051 0.051 0.42 0.54 0.54 0.55 0.51

Thallium mg/L - 0.0008 - 0.000038 (0.0000023 - 0.00037) n
= 143

0.000032 0.00022 0.000033 0.000033 0.000033 0.000033 0.000033 0.00022 0.00022 0.00022 0.00021 0.00021

Total dissolved
solids

mg/L - - 1000 171 (90 - 560) n = 224 194 321 201 204 204 204 202 339 343 342 343 336

Total nitrogen mg/L - 1 - 0.6 (0.24 - 3.5) n = 188 0.7 1.8 0.76 0.78 0.79 0.79 0.78 1.8 1.8 1.8 1.8 1.8

Total phenolics mg/L - 0.004 0.01 0.003 (<0.001 - 0.05) n = 189 0.0027 0.0086 0.0027 0.0027 0.0027 0.0027 0.0027 0.0085 0.0085 0.0085 0.0085 0.0085

Total phosphorus mg/L - 0.05 - 0.042 (0.015 - 1.8) n = 223 0.058 0.51 0.059 0.06 0.06 0.06 0.06 0.5 0.5 0.5 0.5 0.5

Toxicity- acute TUa 0.3 0.3 - - 0.018 0.12 0.02 0.021 0.021 0.021 0.02 0.13 0.13 0.13 0.13 0.13

Toxicity- chronic TUc - 1 - - 0.008 0.053 0.039 0.041 0.041 0.041 0.018 0.24 0.25 0.25 0.26 0.1

Uranium mg/L 0.033 0.015 - 0.0004 (0.0002 - 0.0022) n = 147 0.00053 0.00091 0.00054 0.00054 0.00054 0.00055 0.00056 0.00092 0.00092 0.00092 0.00093 0.00093

Vanadium mg/L - - 0.12 0.0021 (0.00014 - 0.031) n = 211 0.0022 0.03 0.0026 0.0026 0.0026 0.0026 0.0023 0.031 0.031 0.031 0.031 0.031

Zinc mg/L 0.14 0.03 0.138 0.0054 (0.00088 - 0.13) n = 184 0.01 0.043 0.01 0.01 0.01 0.01 0.01 0.043 0.043 0.042 0.042 0.042

NOTES:
1

- = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 8, temperature of 10
o
C and hardness of 120 mg/L (which are reflective of average conditions in the Athabasca River).

3
The derivation of CEBs is described in Section 7.11.

4
Based on information from Golder (2000, 2001, 2002), RAMP (2005) and from ESRD WDS stations: AB07DA0820\0850\0860\0870\0970\0980\1550 (ESRD 2014a); median (minimum - maximum) sample number.

5
Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-7 Predicted Concentrations in the Athabasca River at Embarras (Node AR2) – Base Case

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in the
Athabasca River at AR2

(4)

Reference Conditions

Base Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median Concen-

tration
Peak Concen-

tration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.36 (0.0022 - 8.2) n = 252 1.2 11 1.2 1.2 1.2 1.2 1.2 11 11 11 11 11

Ammonia mg-N/L 5.62 0.858 0.858 0.043 (0.001 - 1) n = 527 0.043 0.19 0.049 0.05 0.052 0.052 0.052 0.18 0.21 0.24 0.24 0.24

Antimony mg/L - - 0.157 0.000074 (0.000023 - <0.0008) n = 143 0.00013 0.0028 0.00013 0.00013 0.00013 0.00013 0.00013 0.0029 0.0029 0.0029 0.0029 0.0028

Arsenic mg/L 0.34 0.005 0.025 0.00072 (<0.0001 - 0.018) n = 198 0.0011 0.0039 0.0011 0.0011 0.0011 0.0012 0.0011 0.0039 0.0039 0.0039 0.0039 0.0039

Barium mg/L - - 5.8 0.066 (<0.001 - 0.27) n = 300 0.071 0.12 0.071 0.071 0.071 0.071 0.071 0.12 0.12 0.12 0.12 0.12

Beryllium mg/L - - 0.0053 0.00005 (0.000001 - 0.0012) n = 225 0.000073 0.0018 0.000078 0.000078 0.000082 0.000082 0.000079 0.0018 0.0018 0.0018 0.0018 0.0018

Boron mg/L 29 1.5 1.5 0.028 (0.0048 - 0.85) n = 152 0.039 0.081 0.046 0.049 0.052 0.053 0.05 0.11 0.12 0.13 0.13 0.12

Cadmium mg/L 0.0025 0.00018 0.00018 0.0001 (0.000006 - 0.0026) n = 255 0.000066 0.00025 0.000083 0.000088 0.000089 0.00009 0.000091 0.00026 0.00026 0.00026 0.00026 0.00026

Calcium mg/L - - - 33 (<1 - 106) n = 531 32 54 32 32 32 32 32 54 54 54 54 54

Chloride mg/L 640 120 170 15 (<0.5 - 150) n = 530 14 54 14 14 15 15 15 55 55 55 55 56

Chromium mg/L 0.016 0.001 0.0083 0.0014 (0.000041 - 0.021) n = 293 0.0042 0.013 0.0043 0.0043 0.0043 0.0043 0.0043 0.013 0.013 0.013 0.013 0.013

Copper mg/L 0.019 0.007 0.0218 0.002 (<0.0002 - 0.019) n = 335 0.0044 0.013 0.0045 0.0045 0.0045 0.0045 0.0045 0.013 0.013 0.013 0.013 0.013

Iron mg/L - 0.3 1.5 0.83 (<0.001 - 14) n = 265 1.7 10 1.7 1.7 1.7 1.7 1.7 10 10 10 10 10

Lead mg/L 0.103 0.004 0.004 0.0007 (0.000041 - 0.086) n = 289 0.0023 0.029 0.0023 0.0023 0.0023 0.0023 0.0023 0.028 0.028 0.028 0.028 0.028

Lithium mg/L - - - 0.0087 (0.0021 - 0.054) n = 212 0.0095 0.018 0.0098 0.010 0.01 0.01 0.01 0.022 0.025 0.024 0.023 0.027

Manganese mg/L - - 1.46 0.047 (0.00031 - 0.59) n = 293 0.066 0.3 0.068 0.068 0.068 0.068 0.067 0.28 0.28 0.28 0.28 0.28

Mercury mg/L 0.000013 0.000005 - <0.00005 (0.00000034 - 0.0008) n = 179 0.0000014 0.000016 0.0000018 0.0000019 0.000002 0.000002 0.0000022 0.000015 0.000015 0.000015 0.000015 0.000016

Molybdenum mg/L - 0.073 38.7 0.0007 (<0.0001 - 0.4) n = 259 0.00094 0.0059 0.0016 0.0022 0.003 0.003 0.0026 0.0059 0.012 0.014 0.015 0.011

Naphthenic acids -
labile

mg/L - - 1 - 0 0 0.023 0.031 0.038 0.039 0.04 0.13 0.17 0.2 0.21 0.21

Naphthenic acids -
refractory

mg/L - - 7.1 0.1 (<0.02 - <1) n = 38 0.19 0.55 0.24 0.27 0.34 0.34 0.31 0.6 0.7 0.88 0.88 0.78

Naphthenic acids -
total

mg/L - - - 0.1 (<0.02 - <1) n = 38 0.19 0.55 0.28 0.31 0.38 0.38 0.36 0.68 0.83 1.0 1.0 0.94

Nickel mg/L 0.55 0.061 0.061 0.002 (0.0000064 - 0.04) n = 304 0.0034 0.016 0.0036 0.0036 0.0036 0.0036 0.0035 0.016 0.016 0.016 0.016 0.016

Nitrate mg-N/L 124 2.93 - 0.049 (<0.001 - 0.63) n = 538 0.069 0.5 0.076 0.078 0.079 0.084 0.077 0.5 0.51 0.51 0.51 0.5

PAH group 1 µg/L - 0.015 0.281 <0.01 (<0.01 - <0.1) n = 55 0.00044 0.0093 0.00078 0.00081 0.00085 0.00086 0.00067 0.0094 0.0093 0.0092 0.0092 0.0092

PAH group 2 µg/L - 0.018 0.278 <0.01 (<0.01 - <1) n = 77 0.0033 0.016 0.0038 0.0038 0.004 0.004 0.0036 0.016 0.016 0.016 0.016 0.016

PAH group 3 µg/L - - 0.99 <0.01 (0.003 - <0.2) n = 55 0.001 0.022 0.0012 0.0012 0.0012 0.0012 0.001 0.022 0.022 0.022 0.022 0.022

PAH group 4 µg/L - 5.8 41.5 <0.01 (<0.0065 - <0.1) n = 55 0.00033 0.0061 0.0013 0.0013 0.0013 0.0013 0.00058 0.0065 0.0064 0.0064 0.0064 0.0062

PAH group 5 µg/L - 0.012 5.6 <0.01 (0.0019 - <0.1) n = 55 0.0075 0.034 0.01 0.011 0.011 0.011 0.008 0.035 0.035 0.035 0.035 0.034

PAH group 6 µg/L - - 64 <0.04 n = 1 0.0046 0.027 0.0047 0.0047 0.0049 0.0049 0.0049 0.027 0.027 0.027 0.027 0.027

PAH group 7 µg/L - 0.04 5.9 <0.01 (0.0012 - <0.1) n = 55 0.0056 0.044 0.0076 0.0078 0.008 0.0081 0.0069 0.044 0.044 0.044 0.044 0.044

PAH group 8 µg/L - 1.1 32 <0.01 (0.0017 - 0.19) n = 55 0.0064 0.099 0.011 0.011 0.011 0.011 0.0072 0.11 0.1 0.1 0.1 0.096

PAH group 9 µg/L - 0.025 2.3 <0.01 (0.0017 - <0.1) n = 55 0.0048 0.029 0.0055 0.0055 0.0056 0.0056 0.0051 0.029 0.029 0.029 0.029 0.028

Selenium mg/L - 0.001 - 0.0002 (<0.00005 - 0.0009) n = 197 0.00023 0.0008 0.00024 0.00024 0.00025 0.00025 0.00024 0.0008 0.0008 0.0008 0.0008 0.0008

Silver mg/L 0.0056 0.0001 0.00022 0.000013 (<0.0000005 - 0.0034) n = 173 0.000011 0.00013 0.000012 0.000012 0.000013 0.000013 0.000012 0.00013 0.00013 0.00013 0.00013 0.00013

Strontium mg/L - - 10.7 0.21 (0.11 - 0.54) n = 212 0.24 0.43 0.24 0.24 0.24 0.24 0.24 0.44 0.44 0.44 0.44 0.44

Sulphate mg/L - 309 429 25 (<0.5 - 186) n = 530 26 58 27 28 28 28 27 61 61 62 62 59
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Table 7-7 Predicted Concentrations in the Athabasca River at Embarras (Node AR2) – Base Case (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in the
Athabasca River at AR2

(4)

Reference Conditions

Base Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median Concen-

tration
Peak Concen-

tration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Sulphide mg/L - 0.002 0.014 <0.01 (<0.001 - 0.02) n = 97 0.0021 0.006 0.0023 0.0023 0.0023 0.0023 0.002 0.012 0.012 0.012 0.012 0.006

Tainting potential TPU - 1 - - 0 0 0.027 0.038 0.048 0.05 0.054 0.34 0.44 0.57 0.58 0.54

Thallium mg/L - 0.0008 - 0.000022 (<0.0000003 - 0.00027) n =
144

0.000034 0.00021 0.000035 0.000035 0.000035 0.000035 0.000034 0.00021 0.00021 0.00021 0.00021 0.00021

Total dissolved
solids

mg/L - - 1000 174 (16 - 722) n = 523 187 314 192 195 196 196 194 326 329 330 331 325

Total nitrogen mg/L - 1 - 0.63 (0.09 - 3) n = 267 0.7 1.8 0.74 0.76 0.78 0.78 0.76 1.8 1.8 1.8 1.8 1.8

Total phenolics mg/L - 0.004 0.01 <0.001 (<0.0001 - 0.042) n = 212 0.0027 0.0084 0.0027 0.0027 0.0027 0.0027 0.0027 0.0083 0.0083 0.0082 0.0082 0.0083

Total phosphorus mg/L - 0.05 - 0.045 (0.004 - 0.75) n = 517 0.057 0.49 0.059 0.059 0.059 0.059 0.059 0.49 0.49 0.49 0.49 0.49

Toxicity- acute TUa 0.3 0.3 - - 0.018 0.12 0.02 0.02 0.02 0.02 0.02 0.13 0.13 0.13 0.13 0.13

Toxicity- chronic TUc - 1 - - 0.0077 0.053 0.032 0.035 0.036 0.036 0.018 0.2 0.21 0.22 0.22 0.1

Uranium mg/L 0.033 0.015 - 0.0004 (<0.0001 - 0.003) n = 155 0.0005 0.00089 0.00051 0.00051 0.00051 0.00052 0.00052 0.0009 0.0009 0.0009 0.0009 0.0009

Vanadium mg/L - - 0.12 0.0017 (0.00026 - 0.021) n = 354 0.0022 0.029 0.0025 0.0025 0.0025 0.0025 0.0023 0.029 0.029 0.029 0.029 0.029

Zinc mg/L 0.14 0.03 0.138 0.006 (0.00053 - 0.054) n = 321 0.011 0.043 0.011 0.011 0.011 0.011 0.011 0.043 0.043 0.042 0.042 0.043

NOTES:
1

- = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 8, temperature of 10
o
C and hardness of 120 mg/L (which are reflective of average conditions in the Athabasca River).

3
The derivation of CEBs is described in Section 7.11.

4
Based on information from Golder (2000, 2001, 2002), RAMP (2005) and from ESRD WDS stations: AB07DA0010\0040\0060\0080\0105\0200\0250 (ESRD 2014a); median (minimum - maximum) sample number.

5
Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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7.4.5 Application Case

7.4.5.1 Mitigation

The mitigation measures incorporated into all phases of the Project to reduce the effects

of substance releases and reclamation waters on Ronald Lake, Redclay and Big creeks

and the Athabasca River are the same as those considered in Volume 5, Section 4.5.5.1 of

the Integrated Application. These mitigation plans include:

 recycling of process-affected waters and runoff within the PDA in a closed-circuit

system during operation

 using a perimeter ditch and wells to capture and pump back seepages and runoff from

the ETAs back into the tailings areas during operation

 directing muskeg and overburden drainage waters to polishing ponds equipped with

oil-separation capability

 designing the closure drainage system to capture seepage and runoff from ETAs,

EDAs and plant sites and directing it to wetlands, pit lakes or constructed reclamation

lakes during the mine closure management phase

 using wetlands, constructed reclamation lakes and pit lakes during and after the

closure management phase to provide biological remediation and settling of

particulate materials in reclamation waters before discharge

 using controls (e.g., low-permeability natural formations or engineered dykes) when

placing tailings in mine pits. These controls will contain tailings porewaters and

reduce flow of process-affected water into receiving waters.

 excluding tailings from pit lakes (ETA 1 cap water is transferred to the central pit

lake at closure)

For the updated assessment, it is assumed that the passive seepage control system to limit

seepage of process-affected waters from the ETAs will be installed at the completion of

mining. For the Integrated Application, it was assumed that the system was installed early

in the mine life.

Project activities will follow safety protocols designed to limit accidents and reduce

effects if an accident should occur (see Volume 1, Section 14.2). In the unlikely event of

a pipeline rupture or vehicle accident, any spilled material will be contained using best

management practices. Surface water and groundwater monitoring and a response plan

will be implemented to determine effects promptly and to initiate remedial action.

A self-sustaining closure landscape and drainage system will be constructed and will

have similar characteristics as natural systems in terms of dynamic stability, robustness,

longevity and self-sustaining capability (see Volume 1, Section 13.6.4). To reduce water

quality effects on receiving waters, the reclamation drainage will be designed and

constructed to have characteristics that limit channel erosion to that typical of natural

systems. The drainage system will direct all seepages and runoff after closure to

wetlands, pit lakes or constructed reclamation lakes. The volume of reclamation water

captured in the closure drainage system in wetlands, pit lakes and constructed
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reclamation lakes will be maximized through the design of the closure landscape. The

landscape will be designed to encourage effective drainage and flushing of substances

from reclaimed areas to avoid salt accumulation on the reclaimed surfaces and potential

deterioration of runoff water quality.

The success of mitigation outlined in this section is achieved by engineering design and

construction practices to control seepage of process-affected waters into receiving waters.

Also, the water quality treatment efficiency of wetlands, pit lakes and constructed

reclamation lakes is important for minimizing changes to water quality in receiving

waters. These measures will reduce the concentration of substances of concern and limit

the changes in surface water quality of receiving waters because of water and substance

releases from the Project.

7.4.5.2 Linkage Analysis

Spatial and temporal changes in surface flowrates and substance loading to surface waters

will occur from Project-related development activities. Pathways with potential linkages

between Project activities or water releases and substance concentrations in receiving

waters are:

 divert flows from the headwaters of Unnamed Creeks 16, 17 and 18 (tributaries to

Ronald Lake), Redclay Creek and its tributaries, and Big Creek and its tributaries

 operate the FHCL

 closed-circuiting of areas within the Ronald Lake, Redclay and Big Creek watersheds

 dewater muskeg and overburden and releases of these waters into Redclay and Big

creeks and the Athabasca River

 surface runoff, seepage and flux water flow from the ETAs, in-pit tailings deposits,

overburden dumps and reclaimed pit surfaces

 seepage gain or losses from overburden to Ronald Lake and Redclay and Big creeks

 creation of the Project north pit lake that will discharge to Ronald Lake, the central

pit lake that will discharge to Redclay Creek and the south pit lake that will discharge

to Big Creek

Flow changes will alter the assimilative capacity of the receiving waters, including

Ronald Lake and Redclay and Big creeks during the operational and closure management

phases of the Project. In addition, these watercourses might receive seepage from

overburden or process-affected areas. Project activities will eliminate portions of these

watersheds during the operational phase. Natural flows from undisturbed areas will be

diverted around the mine site during the operational phase of the Project via diversion

channels (see Volume 1, Section 7.7.2).

At closure, the north pit lake will be fed by runoff from a watershed in the Birch

Mountains and will discharge to Unnamed Creek 18 and flow northward to Ronald Lake.

Redclay Creek and its tributaries will be rerouted through the central pit lake before

discharging into the FHCL and ultimately to the Athabasca River. The existing Big Creek
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will be routed through a closure channel to the south pit lake before discharging to Big

Creek and ultimately to the Athabasca River.

Process-affected waters in the PDA originate from backfilled mine pits and ETAs. At

closure, process-affected waters will be transported through wetlands, constructed pit

lakes and constructed reclamation lakes before reaching natural watercourses and

waterbodies. The expected performance of the pit lakes is evaluated in Section 7.10. In

addition, muskeg drainage and overburden dewatering flows will be released during

operation to Redclay and Big creeks and the Athabasca River during initial clearing of

the mine site. All types of waters will be channelled through polishing ponds, as

described in Volume 1, Section 7.7.

For a list of mine-related water releases and associated flowrates during different

assessment snapshots, see Appendix 7A. Figures 7-4 to 7-7 show release points and

flowrates for the assessment snapshots. For a figure showing Project components, see

Volume 1, Section 1.3, Figure 1.3-1.

The characteristics of the mine-related water releases and the potential effect on

substance concentrations are:

 During construction and operation (snapshots 2024, 2050 and 2066), muskeg

drainage and overburden dewatering releases, seepage from the surficial deposits and

seepage and runoff from overburden dumps might contain higher concentrations of

organic compounds (i.e., PAHs and total phenolics) and other substances compared

with concentrations in receiving waters.

 At closure (circa 2081 and beyond), process-affected waters from seepages and flux

waters from backfilled mine pits and ETAs will contain water-soluble forms of some

metals, dissolved ions and salts, organic substances such as naphthenic acids, PAHs,

total phenolics and associated acute and chronic toxicity and tainting potential.

 At closure (circa 2081 and beyond), seepage from overburden might contain higher

levels of some dissolved salts, organics and other substances relative to the

corresponding concentrations in receiving waters.

Because of varying water chemistry and flowrates of mine-related water releases and

natural flows from undisturbed areas, substance concentrations in receiving waters might

be affected. Therefore, this linkage is valid for effects on water quality in Ronald Lake

and Redclay and Big creeks.
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7.4.5.3 Effects Analysis

Consistent with the Integrated Application, potential changes to surface water quality

because of the Project were assessed by determining if mine-related water releases are

predicted to cause noncompliance with benchmarks or appreciable increases in substance

concentrations. Benchmarks have been updated, where possible since the Integrated

Application, and consist of water quality guidelines (ESRD 2014b; CCME 1999a; U.S.

EPA 2002, 2013; BC MOE 2015) as detailed in Appendix 7A, and CEBs that were

derived for this assessment, as detailed in Section 7.11. For detailed prediction results for

all modelled substances at all assessments nodes and snapshots, see Tables 7-8 to 7-12.

In this section, the assessment focused on key substances and changes in surface water

quality resulting from the Project compared with reference conditions and Base Case

snapshots. The key substances are naphthenic acids, tainting potential, TDS and acute

and chronic toxicity (see Section 7.3.5.1). Concentrations of key substances were

evaluated at each node regardless of change from reference conditions and Base Case

snapshots because they are primary indicators of surface water quality.

Other substances were assessed based on change in concentration relative to reference

conditions and Base Case snapshot concentrations. Thus, the assessment focused on

changes that were attributable to the Project. As in the Integrated Application (see

Volume 5, Section 4.5.5.3), modelling results for other substances were passed through a

screening procedure to identify substances of potential concern (SOPC). The screening

procedure involved a multistep process, as shown in Figures 7-8 and 7-9.

The first step was to determine which of the 48 modelled substances have the potential to

adversely affect aquatic health. Major ions for which water quality guidelines for the

protection of freshwater aquatic life have not been established (i.e., calcium) were not

assessed individually; rather, their combined effect was considered through the

assessment of TDS. All remaining substances were passed through the rest of the

screening process.

The next step was to screen predicted concentrations for change from reference

conditions and against threshold levels. Substances were carried forward to the aquatic

health assessment if they met all of the following screening criteria (Figures 7-8 and 7-9):

 The predicted median or peak concentration for the Application Case was higher than

the predicted median or peak concentration under reference conditions and Base Case

during the corresponding snapshot by more than 10%.

 The substance had no guideline or the peak concentration was higher than the chronic

or acute guideline.

 The substance had no CEB or the peak concentration was higher than the CEB.

The screening recognizes that concentrations under reference conditions might also be

higher than water quality guidelines; these substances were carried forward for

assessment regardless of naturally elevated concentrations.
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An increase of 10% was set as a screening level to detect meaningful change. A screening

level is necessary for interpreting the results of stochastic modelling, which will result in

small increases or decreases to predicted concentrations from scenario to scenario

because of the randomly generated input distributions (see Appendix 7A). A screening

level of 10% is conservative and was selected based on the following:

 A change of 10% is commonly applied as a screening level in environmental impact

assessments (EIAs) conducted in the AOSR and elsewhere.

 A change of less than 10% is within the analytical precision of most laboratory

analyses and flow measurements upon which the modelling results were based.

 A change of 20% was defined as surpassing antidegradation expectations for a

watershed in the AOSR (AENV 2008).

The screening involved a comparison to water quality guidelines to determine whether

substances with peak or median concentrations in excess of those predicted under

reference conditions have the potential to affect aquatic health. Substances that were

predicted to be less than guidelines were not considered further in the assessment because

water quality guidelines represent levels that, if met in any surface water in Canada, will

provide a high level of protection to aquatic life. Most guidelines in the assessment are

Environmental Quality Guidelines for Alberta Surface Waters (ESRD 2014b), which are

intended to provide complete protection to all aquatic life, all of the time.

The final step was to compile a summary of substance concentrations that were identified

using the screening listed above for receptor-based assessments. For potential effects of

predicted surface water quality on biological receptors, including aquatic, human and

wildlife, see Section 7.11, and Sections 12 and 13. The sections on biological receptors

provide risk assessments based on water quality and other Project-related changes and

also provide an effects classification.

Surface water quality predictions for the receiving waters in the aquatics LSA and RSA

follow. For each receiving water, the predicted changes to key substance concentrations

are discussed first, followed by a discussion of other substances based on the screening

procedure listed above.
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Table 7-8 Predicted Concentrations in Ronald Lake (Node RL) – Application Case

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural Variation in
Ronald Lake

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.011 (0.007 - 0.013) n = 3 0.22 1.2 0.22 0.22 0.22 0.43 0.3 1.2 1.3 1.3 1.4 1.3

Ammonia mg-N/L 9.64 1.08 1.08 - 0.003 0.036 0.003 0.0029 0.0035 0.0025 0.0025 0.036 0.034 0.035 0.033 0.033

Antimony mg/L - - 0.157 <0.0002 (<0.0002 - <0.0002) n = 3 0.00063 0.00075 0.00063 0.00064 0.00064 0.00056 0.00067 0.00075 0.00077 0.00077 0.0007 0.00079

Arsenic mg/L 0.34 0.005 0.025 0.0004 (0.0003 - 0.0006) n = 3 0.00034 0.00044 0.00034 0.00035 0.00037 0.00044 0.00038 0.00044 0.00046 0.00047 0.00053 0.00047

Barium mg/L - - 5.8 0.07 (0.07 - 0.08) n = 3 0.039 0.049 0.039 0.041 0.042 0.046 0.044 0.049 0.051 0.052 0.056 0.054

Beryllium mg/L - - 0.0053 <0.001 (<0.001 - <0.001) n = 3 0.00048 0.00056 0.00048 0.0005 0.00052 0.00046 0.00054 0.00056 0.00059 0.00061 0.00057 0.00065

Boron mg/L 29 1.5 1.5 0.09 (0.09 - 0.1) n = 3 0.11 0.13 0.11 0.11 0.12 0.1 0.12 0.13 0.14 0.14 0.13 0.14

Cadmium mg/L 0.0048 0.00031 0.00031 <0.000005 (<0.000005 -
0.000067) n = 3

0.000098 0.00012 0.000098 0.0001 0.00011 0.000094 0.00011 0.00012 0.00012 0.00013 0.00011 0.00013

Calcium mg/L - - - 41 (40 - 57) n = 3 42 53 42 42 42 42 45 53 52 53 53 56

Chloride mg/L 640 120 170 15 (15 - 17) n = 3 2.9 3.7 2.9 2.9 3 5.8 3.2 3.7 3.7 3.8 6.6 4

Chromium mg/L 0.016 0.001 0.0083 <0.001 (<0.001 - <0.001) n = 3 0.001 0.0013 0.001 0.0011 0.0012 0.0012 0.0012 0.0013 0.0014 0.0015 0.0015 0.0014

Copper mg/L 0.035 0.007 0.0218 0.0002 (<0.0002 - 0.0006) n = 3 0.00077 0.00097 0.00077 0.00081 0.00086 0.00095 0.00087 0.00097 0.001 0.0011 0.0012 0.0011

Iron mg/L - 0.3 1.5 0.17 (0.16 - 0.32) n = 3 1.4 2.2 1.4 1.4 1.5 1.5 1.6 2.2 2.3 2.4 2.5 2.5

Lead mg/L 0.228 0.007 0.007 <0.0002 (<0.0002 - <0.0002) n = 3 0.00021 0.00034 0.00021 0.00021 0.00023 0.00031 0.00026 0.00034 0.00034 0.00036 0.00043 0.00037

Lithium mg/L - - - - 0.041 0.054 0.041 0.042 0.043 0.037 0.043 0.054 0.055 0.057 0.05 0.056

Manganese mg/L - - 1.46 0.12 (0.12 - 0.22) n = 3 0.4 1.1 0.4 0.39 0.48 0.39 0.46 1.1 1 1.2 1 1.1

Mercury mg/L 0.000013 0.000005 - <0.0000006 (<0.0000006 -
<0.0000006) n = 3

0.0000005 0.0000007 0.0000005 0.0000005 0.0000005 0.0000009 0.0000006 0.0000007 0.0000007 0.0000008 0.0000011 0.0000008

Molybdenum mg/L - 0.073 38.7 <0.0002 (<0.0002 - <0.0002) n = 3 0.00011 0.00013 0.00011 0.00012 0.00012 0.00021 0.00013 0.00013 0.00013 0.00014 0.00024 0.00015

Naphthenic Acids -
Labile

mg/L - - 1 - 0 0 0 0 0 0 0 0 0 0 0 0

Naphthenic Acids -
Refractory

mg/L - - 7.1 - 0.61 0.71 0.61 0.61 0.65 0.6 0.66 0.71 0.73 0.76 0.69 0.73

Naphthenic Acids -
Total (Upper)

mg/L - - - <1(<1 - <1) n = 2 0.61 0.71 0.61 0.61 0.65 0.6 0.66 0.71 0.73 0.76 0.69 0.73

Naphthenic Acids -
Total (Lower)

mg/L - - - <1(<1 - <1) n =2 0.34 0.45 0.34 0.34 0.38 0.33 0.33 0.45 0.47 0.5 0.41 0.41

Nickel mg/L 0.93 0.103 0.103 <0.0005 (<0.0005 - 0.0006) n = 3 0.0012 0.0015 0.0012 0.0012 0.0013 0.0013 0.0013 0.0015 0.0015 0.0016 0.0016 0.0016

Nitrate mg-N/L 124 2.93 - - 0.03 0.049 0.03 0.03 0.031 0.043 0.035 0.049 0.053 0.052 0.057 0.049

PAH group 1 µg/L - 0.015 0.281 - 0.0055 0.02 0.0055 0.0055 0.0053 0.0045 0.0045 0.02 0.02 0.02 0.016 0.016

PAH group 2 µg/L - 0.018 0.278 - 0.0062 0.018 0.0062 0.0063 0.0061 0.0054 0.0054 0.018 0.018 0.017 0.015 0.015

PAH group 3 µg/L - - 0.99 - 0.0021 0.0052 0.0021 0.002 0.002 0.0018 0.0017 0.0052 0.0051 0.005 0.0044 0.0043

PAH group 4 µg/L - 5.8 41.5 - 0.0002 0.0013 0.0002 0.0002 0.0002 0.0001 0.0001 0.0013 0.0012 0.0012 0.001 0.001

PAH group 5 µg/L - 0.012 5.6 - 0.0049 0.022 0.0049 0.0049 0.0048 0.0037 0.0037 0.022 0.022 0.022 0.02 0.02

PAH group 6 µg/L - - 64 - 0.028 0.041 0.028 0.028 0.028 0.022 0.023 0.041 0.041 0.04 0.033 0.034

PAH group 7 µg/L - 0.04 5.9 - 0.016 0.051 0.016 0.016 0.016 0.012 0.012 0.051 0.051 0.049 0.041 0.041

PAH group 8 µg/L - 1.1 32 - 0.025 0.047 0.025 0.025 0.025 0.02 0.02 0.047 0.045 0.045 0.04 0.04

PAH group 9 µg/L - 0.025 2.3 - 0.0061 0.016 0.0061 0.0061 0.0061 0.0048 0.0048 0.016 0.016 0.015 0.012 0.012
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Table 7-8 Predicted Concentrations in Ronald Lake (Node RL) – Application Case (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural Variation in
Ronald Lake

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Selenium mg/L - 0.001 - <0.0002 (<0.0002 - <0.0002) n = 3 0.00026 0.00034 0.00026 0.00026 0.00027 0.00028 0.00028 0.00034 0.00034 0.00035 0.00036 0.00036

Silver mg/L 0.0106 0.0001 0.00022 0.0000044 (0.000002 - 0.000006)
n = 3

0.0000094 0.000011 0.0000094 0.0000094 0.0000099 0.000011 0.000011 0.000011 0.000012 0.000012 0.000013 0.000013

Strontium mg/L - - 10.7 0.21 (0.2 - 0.25) n = 3 0.28 0.34 0.28 0.28 0.29 0.29 0.31 0.34 0.35 0.35 0.36 0.38

Sulphate mg/L - 309 429 46 (44 - 55) n = 3 92 113 92 91 92 82 95 113 113 113 103 115

Sulphide mg/L - 0.002 0.011 (<0.002 - 0.005) n = 2 <0.002 0.0017 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Tainting potential TPU - 1 - - 0 0 0 0 0 0 0 0 0 0 0 0

Thallium mg/L - 0.0008 - <0.0002 (<0.0002 - <0.0002) n = 3 0.000033 0.000069 0.000033 0.000033 0.000033 0.000037 0.000039 0.000069 0.00007 0.000072 0.000073 0.000076

Total dissolved
solids

mg/L - - 1000 250 (222 - 262) n = 3 291 344 291 293 293 282 307 344 342 344 337 358

Total nitrogen mg/L - 1 - - 0.76 0.92 0.76 0.76 0.77 0.77 0.81 0.92 0.92 0.92 0.94 0.98

Total phenolics mg/L - 0.004 0.01 (<0.002 - 0.003) n = 2 <0.001 0.0014 <0.001 <0.001 <0.001 <0.001 <0.001 0.0014 0.0014 0.0014 0.0011 0.0011

Total phosphorus mg/L - 0.05 - 0.073 (0.012 - 0.21) n = 3 0.09 0.11 0.09 0.087 0.09 0.09 0.097 0.11 0.11 0.11 0.11 0.12

Toxicity - acute TUa 0.3 0.3 - - 0 0 0 0 0 0 0 0 0 0 0 0

Toxicity - chronic TUc - 1 - - 0 0 0 0 0 0 0 0 0 0 0 0

Uranium mg/L 0.033 0.015 - - 0.00002 0.00004 0.00002 0.00002 0.00002 0.00008 0.00002 0.00004 0.00004 0.00004 0.0001 0.00004

Vanadium mg/L - - 0.12 <0.001 (<0.001 - 0.001) n = 3 0.00064 0.0011 0.00064 0.00067 0.00071 0.0011 0.00078 0.0011 0.0011 0.0011 0.0014 0.0011

Zinc mg/L 0.193 0.03 0.138 0.004 (<0.003 - 0.004) n = 3 0.019 0.03 0.019 0.019 0.021 0.019 0.022 0.03 0.03 0.032 0.028 0.03

NOTES
1

– = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 7.9, temperature of 10°C and hardness of 224 mg/L (reflective of on-site conditions).
3

The derivation of CEBs is described in Section 7.11.
4

Observed natural variation from 1976 to 2014, based on information from ESRD (2014a), Shell (2007a) and the surface water quality baseline (Volume 2, Section 5); median (minimum - maximum) sample number.
5

Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-9 Predicted Concentrations in Redclay Creek (Node RC) – Application Case

Substance Units

Water Quality Guidelines
(1,2)

CEBs
(3)

Observed Natural Variation in
Redclay Creek

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak
Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.033 (0.006 - 0.62) n = 39 0.037 2 1.3 0.085 0.086 2.6 0.92 3.5 0.85 0.88 3.5 2.1

Ammonia mg-N/L 6.77 1.47 1.47 0.05 (<0.05 - 0.46) n = 40 0.046 0.85 0.013 0.011 0.009 0.026 0.026 0.071 0.06 0.046 0.091 0.09

Antimony mg/L - - 0.157 0.0006 (<0.00005 - 0.0015) n =
40

0.00058 0.0012 0.00058 0.00065 0.00065 0.001 0.00093 0.00079 0.00081 0.00081 0.0012 0.001

Arsenic mg/L 0.34 0.005 0.025 <0.0004 (0.00014 - 0.0012) n =
40

0.00024 0.00098 0.00032 0.00033 0.00033 0.0023 0.00098 0.00049 0.00047 0.00048 0.0029 0.0012

Barium mg/L - - 5.8 0.038 (0.018 - 0.089) n = 40 0.039 0.087 0.035 0.037 0.037 0.076 0.06 0.049 0.05 0.049 0.093 0.072

Beryllium mg/L - - 0.0053 <0.001 (<0.0001 - <0.001) n =
40

0.0005 0.00069 0.00046 0.00046 0.00046 0.00023 0.00054 0.00054 0.00056 0.00055 0.00032 0.00062

Boron mg/L 29 1.5 1.5 0.12 (0.05 - 0.17) n = 40 0.11 0.16 0.1 0.11 0.11 0.51 0.46 0.26 0.15 0.14 1 1

Cadmium mg/L 0.0048 0.00031 0.00031 <0.0002 (<0.000005 - <0.0002)
n = 40

0.000088 0.00014 0.000069 0.0001 0.0001 0.00015 0.00021 0.00019 0.00013 0.00013 0.0002 0.00025

Calcium mg/L - - - 62 (36 - 78) n = 40 42 100 43 40 39 42 60 57 51 49 62 69

Chloride mg/L 640 120 170 2 (0.9 - 4.6) n = 40 2.6 9.1 3 2.9 2.8 72 31 4.1 3.7 3.6 85 42

Chromium mg/L 0.016 0.001 0.0083 <0.0008 (0.0003 - 0.0034) n =
40

0.00066 0.0025 0.00084 0.00082 0.00082 0.0028 0.0017 0.0012 0.0012 0.0013 0.0035 0.0026

Copper mg/L 0.035 0.007 0.0218 <0.001 (0.0002 - 0.0026) n = 40 0.0006 0.0017 0.00067 0.00074 0.00074 0.0058 0.002 0.00088 0.00097 0.001 0.0075 0.0025

Iron mg/L - 0.3 1.5 1.8 (0.18 - 11) n = 40 1.1 8.8 1.8 1.1 1 1.9 2.2 4.1 2.5 2.3 3.2 3.4

Lead mg/L 0.231 0.007 0.007 0.0001 (<0.0001 - 0.0012) n =
40

0.0001 0.00071 0.00029 0.00016 0.00015 0.001 0.00045 0.00076 0.00027 0.00028 0.0013 0.00066

Lithium mg/L - - - 0.05 (0.02 - 0.079) n = 40 0.049 0.076 0.039 0.046 0.044 0.037 0.072 0.052 0.059 0.059 0.1 0.11

Manganese mg/L - - 1.46 0.42 (0.066 - 2.8) n = 40 0.28 3.6 0.45 0.37 0.33 0.22 0.69 1.4 1.3 1 0.69 0.88

Mercury mg/L 0.000013 0.000005 - <0.0000006 (<0.0000006 -
0.0000034) n = 40

0.0000003 0.0000014 0.0000007 0.0000004 0.0000004 0.0000021 0.000001 0.0000016 0.0000006 0.0000006 0.0000027 0.0000013

Molybdenum mg/L - 0.073 38.7 0.00012 (<0.0001 - 0.00056) n
= 40

0.000097 0.00048 0.000094 0.00011 0.0001 0.04 0.03 0.00016 0.00014 0.00014 0.052 0.038

Naphthenic Acids -
Labile

mg/L - - 1 - 0 0 0 0 0 0.018 0.003 0 0 0 0.04 0.0067

Naphthenic Acids -
Refractory

mg/L - - 7.1 - 0.52 1.1 0.55 0.58 0.56 3.8 2.7 0.85 0.86 0.86 5.4 5.3

Naphthenic Acids -
Total (Upper)

mg/L - - - <1 (<0.02 - 1) n = 40 0.52 1.1 0.55 0.58 0.56 4.2 2.7 0.85 0.86 0.86 9.2 9.0

Naphthenic Acids -
Total (Lower)

mg/L - - - <1 (<0.02 - 1) n = 40 0.26 0.76 0.29 0.31 0.3 3.8 2.0 0.58 0.59 0.6 5.4 5.3

Nickel mg/L 0.935 0.104 0.104 0.0011 (<0.0001 - 0.0028) n =
40

0.00083 0.0024 0.0014 0.0011 0.0011 0.0077 0.0034 0.0023 0.0015 0.0015 0.0097 0.004

Nitrate mg-N/L 124 2.93 - 0.05 (<0.01 - 0.15) n = 13 0.015 0.16 0.018 0.023 0.021 0.086 0.066 0.065 0.067 0.068 0.1 0.099

PAH group 1 µg/L - 0.015 0.281 <0.0022 (<0.00023 - <0.3) n =
20

0.002 0.12 0.0042 0.0058 0.0049 0.002 0.001 0.037 0.036 0.035 0.0084 0.0074

PAH group 2 µg/L - 0.018 0.278 <0.00074 (<0.00014 - <0.3) n =
20

0.0033 0.1 0.0044 0.0075 0.0051 0.012 0.002 0.037 0.036 0.037 0.018 0.0099

PAH group 3 µg/L - - 0.99 <0.00084 (<0.00012 - <0.3) n =
20

0.00082 0.031 0.0017 0.0027 0.002 0.0014 0.0005 0.0085 0.0083 0.0081 0.0028 0.002



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 7: Surface Water Quality

June 2015 Page 7-41

Table 7-9 Predicted Concentrations in Redclay Creek (Node RC) – Application Case (cont’d)

Substance Units

Water Quality Guidelines
(1,2)

CEBs
(3)

Observed Natural Variation in
Redclay Creek

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak
Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

PAH group 4 µg/L - 5.8 41.5 <0.0022 (<0.00032 - <0.3) n =
20

0.00085 0.0052 0.0005 0.0005 0.0004 0.0002 0.0001 0.0023 0.0022 0.0022 0.00055 0.00045

PAH group 5 µg/L - 0.012 5.6 0.0038 (<0.0017 - <0.3) n = 20 0.017 0.17 0.012 0.02 0.011 0.002 0.0018 0.046 0.047 0.043 0.016 0.015

PAH group 6 µg/L - - 64 0.016 (0.00096 - <0.3) n = 20 0.027 0.084 0.032 0.031 0.031 0.0062 0.0069 0.053 0.052 0.052 0.013 0.013

PAH group 7 µg/L - 0.04 5.9 0.0016 (<0.00045 - <0.3) n = 20 0.026 0.21 0.026 0.038 0.025 0.0062 0.0052 0.085 0.095 0.086 0.017 0.016

PAH group 8 µg/L - 1.1 32 0.04 (<0.014 - 0.41) n = 20 0.03 0.16 0.034 0.036 0.034 0.011 0.0076 0.067 0.065 0.065 0.023 0.02

PAH group 9 µg/L - 0.025 2.3 <0.00071 (<0.0002 - <0.3) n =
20

0.0061 0.14 0.0071 0.011 0.0074 0.0018 0.0011 0.032 0.032 0.03 0.0069 0.0063

Selenium mg/L - 0.001 - <0.0004 (<0.0002 - 0.0025) n =
40

0.0002 0.0014 0.0002 0.00023 0.00023 0.00056 0.00049 0.00034 0.00035 0.00035 0.00072 0.00067

Silver mg/L 0.0168 0.0001 0.00022 0.00001 (0.0000016 -
0.000099) n = 40

0.0000089 0.000049 0.0000088 0.0000078 0.0000076 0.000052 0.000035 0.000016 0.000012 0.000012 0.000061 0.000057

Strontium mg/L - - 10.7 0.26 (0.16 - 0.39) n = 40 0.25 0.52 0.35 0.24 0.24 0.4 0.41 0.49 0.32 0.32 0.43 0.45

Sulphate mg/L - 309 429 83 (29 - 209) n = 40 82 200 66 95 93 54 96 104 117 116 62 109

Sulphide mg/L - 0.002 0.011 0.006 (<0.002 - 0.054) n = 40 0.006 0.032 <0.002 <0.002 <0.002 <0.002 <0.002 0.0037 0.0032 0.0031 0.0021 0.0021

Tainting potential TPU - 1 - - 0 0 0 0 0 0.04 0.0068 0 0 0 0.081 0.014

Thallium mg/L - 0.0008 - <0.0001 (<0.0001 - <0.0002) n
= 40

0.000013 0.00011 0.00009 0.000016 0.000017 0.000055 0.000058 0.0002 0.000048 0.00005 0.00014 0.00014

Total dissolved
solids

mg/L - - 1000 330 (200 - 690) n = 40 299 660 292 299 297 526 548 336 353 343 687 691

Total nitrogen mg/L - 1 - 0.6 (0.3 - 1.2) n = 39 0.7 2.1 0.73 0.75 0.74 2.5 1.5 1 0.9 0.9 2.8 1.8

Total phenolics mg/L - 0.004 0.01 0.003 (<0.001 - 0.014) n = 36 0.0031 0.022 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 0.0038 0.0038 <0.001 <0.001

Total phosphorus mg/L - 0.05 - 0.093 (0.007 - 0.71) n = 37 0.07 0.37 0.081 0.08 0.078 0.1 0.11 0.13 0.12 0.12 0.12 0.12

Toxicity.- acute TUa 0.3 0.3 - - 0 0 0 0 0 0.0058 0.001 0 0 0 0.011 0.0091

Toxicity.- chronic TUc - 1 - - 0 0 0 0 0 0.012 0.0022 0 0 0 0.029 0.025

Uranium mg/L 0.033 0.015 - <0.0001 (<0.0001 - 0.00041) n
= 40

0.00001 0.000074 0.000045 0.00001 0.00001 0.00082 0.00067 0.0001 0.00003 0.00003 0.0021 0.0021

Vanadium mg/L - - 0.12 0.00045 (0.0001 - 0.0075) n =
40

0.00025 0.0024 0.00046 0.00048 0.00048 0.011 0.0036 0.0012 0.0012 0.0013 0.014 0.0069

Zinc mg/L 0.241 0.03 0.138 0.007 (0.00058 - 0.12) n = 40 0.008 0.076 0.0089 0.012 0.012 0.026 0.017 0.032 0.036 0.036 0.044 0.036

NOTES
1

– = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 7.9, temperature of 6°C and hardness of 226 mg/L (reflective of on-site conditions).
3

The derivation of CEBs is described in Section 7.11.
4

Observed natural variation from 1976 to 2014, based on information from ESRD (2014a), Shell (2007a) and the surface water quality baseline (Volume 2, Section 5); median (minimum - maximum) sample number.
5

Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-10 Predicted Concentrations in Big Creek (Node BC) – Application Case

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural Variation in
Big Creek

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.12 (0.018 - 9) n = 70 0.1 3 0.19 0.12 0.12 1.1 0.33 3.2 2.4 2.4 5.9 5.7

Ammonia mg-N/L 6.77 1.37 1.37 0.05 (0.01 - 1.4) n = 86 0.031 0.72 0.036 0.04 0.036 0.08 0.08 0.8 1.4 1.4 2.4 2.4

Antimony mg/L - - 0.157 0.0007 (0.000051 - 0.0018) n = 70 0.00077 0.0013 0.00078 0.00077 0.00077 0.00031 0.00091 0.0012 0.0012 0.0013 0.001 0.0011

Arsenic mg/L 0.34 0.005 0.025 0.0008 (<0.0004 - 0.041) n = 70 0.0014 0.01 0.0015 0.0017 0.0018 0.0012 0.0022 0.0093 0.0085 0.0087 0.0098 0.0099

Barium mg/L - - 5.8 0.067 (0.013 - 0.54) n = 70 0.065 0.4 0.07 0.071 0.074 0.074 0.096 0.36 0.34 0.34 0.38 0.38

Beryllium mg/L - - 0.0053 <0.001 (<0.0001 - <0.001) n = 70 0.00021 0.00059 0.0002 0.00027 0.00029 0.00016 0.00029 0.00064 0.0011 0.0012 0.00035 0.00038

Boron mg/L 29 1.5 1.5 0.07 (0.03 - 0.14) n = 70 0.079 0.37 0.092 0.11 0.11 0.18 0.27 0.6 0.65 0.67 1.2 1.2

Cadmium mg/L 0.0036 0.00024 0.00024 <0.0002 (<0.000005 - 0.0004) n =
70

0.000066 0.00028 0.000067 0.000059 0.000058 0.00011 0.0002 0.00042 0.00033 0.00033 0.00041 0.00042

Calcium mg/L - - - 48 (18 - 92) n = 89 45 77 47 48 48 40 56 78 82 83 71 72

Chloride mg/L 640 120 170 1.3 (<0.1 - 3) n = 89 2.3 4.9 2.4 2.9 3 46 13 5.1 7.6 7.6 52 43

Chromium mg/L 0.016 0.001 0.0083 0.00086 (<0.0003 - 0.039) n = 70 0.0013 0.023 0.0016 0.0016 0.0016 0.0018 0.0021 0.02 0.02 0.02 0.023 0.023

Copper mg/L 0.026 0.007 0.0218 0.001 (0.0004 - 0.019) n = 70 0.0014 0.018 0.0016 0.0019 0.002 0.0019 0.0024 0.017 0.027 0.031 0.013 0.013

Iron mg/L - 0.3 1.5 1.3 (0.073 - 26) n = 69 1.9 16 2.3 2.3 2.3 1.5 2.7 15 15 16 16 17

Lead mg/L 0.16 0.0061 0.0061 0.00019 (<0.0001 - 0.0095) n = 70 0.00037 0.0066 0.00036 0.00031 0.00031 0.00073 0.00058 0.0056 0.0076 0.0082 0.0052 0.0052

Lithium mg/L - - - 0.03 (0.006 - 0.063) n = 70 0.032 0.072 0.038 0.036 0.034 0.031 0.048 0.069 0.082 0.083 0.26 0.26

Manganese mg/L - - 1.46 0.24 (0.032 - 30) n = 70 0.3 2.1 0.36 0.35 0.35 0.13 0.43 4.1 7.5 8 1.1 1.1

Mercury mg/L 0.000013 0.000005 - <0.0000006 (<0.0000006 -
0.00001) n = 71

0.0000004 0.000014 0.0000004 0.0000004 0.00000038 0.0000026 0.0000013 0.000011 0.000013 0.000013 0.0000034 0.000003

Molybdenum mg/L - 0.073 38.7 0.00038 (<0.0001 - 0.002) n = 70 0.00062 0.0029 0.00062 0.00074 0.0007 0.013 0.028 0.002 0.0024 0.0025 0.015 0.032

Naphthenic Acids -
Labile

mg/L - - 1 - 0 0 0 0 0 0.02 0.02 0 0 0 0.024 0.024

Naphthenic Acids -
Refractory

mg/L - - 7.1 - 0.52 1.3 0.69 0.76 0.77 0.87 1.4 2.4 3.9 4 1.4 1.6

Naphthenic Acids -
Total (Upper)

mg/L - - - <1 (0.05 - 3) n = 70 0.52 1.3 0.69 0.76 0.77 0.89 1.42 2.4 3.9 4 11 11

Naphthenic Acids -
Total (Lower)

mg/L - - - <1 (0.05 - 3) n = 70 0.26 0.77 0.37 0.4 0.41 0.89 0.97 1.5 2.2 2.3 1.4 1.6

Nickel mg/L 0.72 0.08 0.08 0.0034 (<0.0002 - 0.029) n = 70 0.0045 0.018 0.0053 0.0061 0.0061 0.0029 0.0063 0.063 0.025 0.021 0.053 0.053

Nitrate mg-N/L 124 2.93 - 0.05 (<0.01 - 0.39) n = 21 0.035 0.24 0.044 0.043 0.04 0.094 0.056 0.25 0.22 0.22 0.26 0.26

PAH group 1 µg/L - 0.015 0.281 <0.022 (<0.00022 - <0.04) n = 26 0.0021 0.11 0.002 0.0039 0.0021 0.0016 0.0011 0.099 0.1 0.1 0.07 0.07

PAH group 2 µg/L - 0.018 0.278 <0.0059 (0.0001 - <0.01) n = 26 0.0034 0.1 0.0034 0.0062 0.0034 0.0047 0.0035 0.094 0.097 0.095 0.057 0.057

PAH group 3 µg/L - - 0.99 <0.0087 (0.00022 - <0.01) n = 26 0.00075 0.03 0.00065 0.0023 0.00065 0.0015 0.00037 0.026 0.027 0.027 0.018 0.018

PAH group 4 µg/L - 5.8 41.5 <0.021 (<0.00032 - <0.04) n = 26 0.00078 0.0051 0.0007 0.0013 0.0007 0.00022 0.00022 0.0046 0.0048 0.0047 0.0029 0.0029

PAH group 5 µg/L - 0.012 5.6 0.01 (0.0013 - 0.03) n = 26 0.016 0.16 0.016 0.038 0.016 0.0028 0.0028 0.13 0.43 0.14 0.099 0.099

PAH group 6 µg/L - - 64 <0.031 (<0.00096 - <0.04) n = 26 0.027 0.078 0.026 0.026 0.026 0.0052 0.0093 0.074 0.076 0.076 0.061 0.061

PAH group 7 µg/L - 0.04 5.9 0.0064 (0.00026 - 0.01) n = 26 0.026 0.2 0.025 0.046 0.025 0.0054 0.0058 0.17 0.56 0.17 0.11 0.11

PAH group 8 µg/L - 1.1 32 0.04 (0.0044 - 0.15) n = 26 0.029 0.15 0.027 0.033 0.027 0.0082 0.0079 0.14 0.14 0.14 0.11 0.11

PAH group 9 µg/L - 0.025 2.3 <0.0062 (<0.00023 - <0.01) n = 26 0.0061 0.12 0.0059 0.011 0.006 0.0017 0.0016 0.11 0.11 0.11 0.06 0.06
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Table 7-10 Predicted Concentrations in Big Creek (Node BC) – Application Case (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural Variation in
Big Creek

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Selenium mg/L - 0.001 - 0.0004 (<0.0002 - 0.008) n = 70 0.00041 0.0021 0.0005 0.0005 0.00051 0.00046 0.00077 0.002 0.0018 0.0018 0.0021 0.0022

Silver mg/L 0.01 0.0001 0.00022 0.00001 (0.0000009 - <0.0004) n =
71

0.000015 0.000087 0.000018 0.000017 0.000017 0.00003 0.000028 0.000072 0.000077 0.000078 0.000071 0.000071

Strontium mg/L - - 10.7 0.17 (0.085 - 0.44) n = 70 0.17 0.35 0.19 0.19 0.19 0.27 0.25 0.4 0.51 0.53 0.36 0.36

Sulphate mg/L - 309 429 35 (<0.5 - 170) n = 89 47 107 54 75 80 39 59 155 272 299 68 72

Sulphide mg/L - 0.002 0.011 0.01 (<0.002 - 0.41) n = 76 0.0062 0.03 0.006 0.0048 0.0043 0.0011 0.0011 0.099 0.025 0.025 0.034 0.034

Tainting potential TPU - 1 - - 0 0 0 0 0 0.039 0.039 0 0 0 0.046 0.046

Thallium mg/L - 0.0008 - <0.0001 (<0.0001 - 0.0002) n = 70 0.000036 0.00027 0.000045 0.000046 0.000045 0.000044 0.000048 0.00028 0.00029 0.00032 0.00024 0.00024

Total dissolved solids mg/L - - 1000 258 (140 - 470) n = 88 258 414 265 285 287 335 375 478 779 796 580 580

Total nitrogen mg/L - 1 - 0.89 (0.3 - 4.4) n = 81 0.68 2.6 0.76 0.8 0.8 0.84 1 2.2 3.3 3.4 2.1 2.1

Total phenolics mg/L - 0.004 0.01 0.003 (<0.001 - 0.022) n = 82 0.004 0.024 0.0052 0.006 0.0056 0.00048 0.00048 0.029 0.046 0.049 0.022 0.022

Total phosphorus mg/L - 0.05 - 0.085 (0.024 - 4.7) n = 84 0.07 0.69 0.079 0.071 0.071 0.079 0.12 0.56 0.64 0.65 0.52 0.52

Toxicity.- acute TUa 0.3 0.3 - - 0 0 0 0 0 0.0037 0.0035 0 0 0 0.0043 0.0041

Toxicity.- chronic TUc - 1 - - 0 0 0 0 0 0.0099 0.0098 0 0 0 0.012 0.012

Uranium mg/L 0.033 0.015 - 0.00019 (<0.0001 - 0.0014) n = 70 0.00033 0.0021 0.00025 0.00032 0.00018 0.00059 0.00067 0.0018 0.002 0.002 0.0042 0.0042

Vanadium mg/L - - 0.12 0.001 (<0.0002 - 0.042) n = 70 0.0019 0.038 0.0021 0.0021 0.0022 0.0039 0.0046 0.033 0.034 0.034 0.037 0.037

Zinc mg/L 0.188 0.03 0.138 0.006 (0.0018 - 0.17) n = 69 0.014 0.084 0.017 0.017 0.016 0.01 0.017 0.071 0.077 0.077 0.12 0.12

NOTES
1

– = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 7.9, temperature of 6.9°C and hardness of 167 mg/L (reflective of on-site conditions).
3

The derivation of CEBs is described in Section 7.11.
4

Observed natural variation from 1976 to 2014, based on information from ESRD (2014a), Shell (2007a) and the surface water quality baseline (Volume 2, Section 5); median (minimum - maximum) sample number.
5

Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-11 Predicted Concentrations in Athabasca River – Downstream (Node AR1) – Application Case

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in
the Athabasca River at AR1

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.89 (0.02 - 21) n = 152 1.2 12 1.2 1.2 1.2 1.2 1.2 12 12 12 12 12

Ammonia mg-N/L 5.62 1.48 1.27 0.05 (0.004 - 1.8) n = 121 0.043 0.17 0.05 0.053 0.054 0.055 0.054 0.21 0.25 0.27 0.28 0.27

Antimony mg/L - - 0.157 0.000065 (0.000032 - 0.001) n =
140

0.00008 0.00026 0.00009 0.00009 0.00009 0.00011 0.0001 0.0002 0.0002 0.0002 0.0003 0.0003

Arsenic mg/L 0.34 0.005 0.025 0.00087 (0.0003 - 0.01) n = 185 0.0011 0.004 0.0012 0.0012 0.0012 0.0012 0.0012 0.004 0.004 0.004 0.004 0.004

Barium mg/L - - 5.8 0.064 (0.042 - 0.53) n = 178 0.074 0.13 0.075 0.074 0.074 0.075 0.075 0.13 0.13 0.13 0.13 0.13

Beryllium mg/L - - 0.0053 0.000088 (<0.000003 - 0.01) n =
152

0.00007 0.0019 0.00008 0.00008 0.00008 0.00008 0.00008 0.0019 0.0019 0.0019 0.0019 0.0019

Boron mg/L 29 1.5 1.5 0.03 (0.015 - 0.056) n = 151 0.041 0.095 0.05 0.053 0.053 0.058 0.055 0.15 0.18 0.18 0.22 0.19

Cadmium mg/L 0.0025 0.00018 0.0002 0.000033 (<0.000002 - 0.004) n =
150

0.000065 0.00026 0.00009 0.00009 0.00009 0.0001 0.0001 0.00028 0.00029 0.00028 0.00029 0.00028

Calcium mg/L - - - 31 (19 - 60) n = 228 33 55 33 33 33 33 33 56 56 55 55 55

Chloride mg/L 640 120 170 10 (1.3 - 54) n = 226 14 54 15 15 15 15 15 56 56 57 57 56

Chromium mg/L 0.016 0.001 0.0089 0.0019 (<0.00003 - 0.16) n = 187 0.0043 0.013 0.0043 0.0043 0.0043 0.0043 0.0043 0.013 0.013 0.013 0.013 0.013

Copper mg/L 0.019 0.007 0.0218 0.0016 (0.00046 - 0.029) n = 187 0.0045 0.014 0.0045 0.0045 0.0045 0.0046 0.0045 0.014 0.014 0.014 0.014 0.014

Iron mg/L - 0.3 1.5 0.79 (0.066 - 17) n = 162 1.7 11.0 1.7 1.7 1.7 1.7 1.7 11.0 11.0 11.0 11.0 11.0

Lead mg/L 0.103 0.004 0.0061 0.00054 (0.000052 - 0.034) n =
156

0.0023 0.03 0.0024 0.0024 0.0024 0.0024 0.0024 0.03 0.03 0.03 0.029 0.029

Lithium mg/L - - - 0.0078 (0.002 - 0.028) n = 150 0.010 0.021 0.010 0.011 0.011 0.011 0.011 0.029 0.035 0.034 0.032 0.038

Manganese mg/L - - 1.46 0.045 (0.0045 - 0.5) n = 188 0.063 0.29 0.069 0.069 0.069 0.068 0.073 0.29 0.29 0.29 0.29 0.29

Mercury mg/L 0.000013 0.000005 - 0.0000014 (<0.000000035 -
0.0015) n = 157

0.0000014 0.000016 0.0000019 0.0000021 0.0000021 0.0000022 0.0000024 0.000016 0.000016 0.000016 0.000016 0.000016

Molybdenum mg/L - 0.073 38.7 0.00067 (0.00014 - 0.015) n = 180 0.001 0.0062 0.0017 0.0024 0.0026 0.003 0.0025 0.0062 0.017 0.017 0.02 0.016

Naphthenic acids -
labile

mg/L - - 1 - 0 0 0.03 0.039 0.038 0.044 0.042 0.16 0.21 0.2 0.23 0.2

Naphthenic acids -
refractory

mg/L - - 7.1 <1 (<0.004 - 3) n = 129 0.16 0.49 0.23 0.26 0.28 0.31 0.29 0.58 0.89 0.91 1.2 1.0

Naphthenic acids -
total

mg/L - - - <1 (<0.004 - 3) n = 129 0.16 0.49 0.27 0.3 0.32 0.35 0.33 0.7 1.0 1.1 1.4 1.1

Nickel mg/L 0.547 0.061 0.08 0.0018 (0.00003 - 0.062) n = 187 0.0035 0.017 0.0037 0.0037 0.0037 0.0038 0.0037 0.017 0.017 0.017 0.017 0.017

Nitrate mg-N/L 124 2.93 - 0.1 (<0.001 - 0.6) n = 234 0.07 0.54 0.08 0.08 0.09 0.09 0.082 0.55 0.55 0.55 0.56 0.55

PAH group 1 µg/L - 0.015 0.281 <0.01 (<0.00014 - <0.02) n = 44 0.00042 0.0091 0 0 0 0 0 0.0091 0.009 0.009 0.009 0.0089

PAH group 2 µg/L - 0.018 0.278 <0.01 (0.00014 - <1) n = 50 0.0031 0.016 0.0038 0.0038 0.0038 0.0039 0.0033 0.016 0.016 0.016 0.016 0.015

PAH group 3 µg/L - - 0.99 0.01 (<0.0003 - 0.048) n = 44 0.00086 0.023 0 0 0 0 0 0.023 0.023 0.023 0.023 0.023

PAH group 4 µg/L - 5.8 41.5 <0.01 (<0.00037 - <0.04) n = 44 0.00028 0.0066 0 0 0 0 0 0.0069 0.0068 0.0068 0.0068 0.0065

PAH group 5 µg/L - 0.012 5.6 0.01 (0.00012 - 0.17) n = 44 0.0078 0.037 0.012 0.012 0.012 0.012 0.0083 0.039 0.039 0.039 0.038 0.037

PAH group 6 µg/L - - 64 0.013 (<0.00096 - <0.04) n = 27 0.0039 0.023 0 0 0 0 0 0.023 0.022 0.022 0.022 0.022

PAH group 7 µg/L - 0.04 5.9 <0.01 (0.00043 - 0.029) n = 44 0.0057 0.056 0.0085 0.0088 0.0087 0.0088 0.0071 0.059 0.059 0.058 0.057 0.056

PAH group 8 µg/L - 1.1 32 <0.011 (0.0088 - 0.2) n = 44 0.0065 0.1 0.012 0.012 0.012 0.012 0.0072 0.11 0.11 0.11 0.11 0.1

PAH group 9 µg/L - 0.025 2.3 <0.01 (<0.00053 - 0.021) n = 44 0.0039 0.026 0.0048 0.0048 0.0048 0.0048 0.0041 0.027 0.026 0.026 0.026 0.025
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Table 7-11 Predicted Concentrations in Athabasca River – Downstream (Node AR1) – Application Case
(cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in
the Athabasca River at AR1

(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Selenium mg/L - 0.001 - 0.0003 (0.000079 - 0.0014) n =
179

0.00023 0.00082 0.00024 0.00025 0.00025 0.00025 0.00024 0.00082 0.00082 0.00082 0.00082 0.00082

Silver mg/L 0.0056 0.0001 0.00022 0.00001 (<0.0000005 - 0.00019) n
= 145

0.0000073 0.00013 0.0000085 0.0000088 0.0000088 0.0000097 0.0000096 0.00013 0.00013 0.00013 0.00013 0.00013

Strontium mg/L - - 10.7 0.21 (0.078 - 0.39) n = 151 0.25 0.45 0.26 0.26 0.26 0.26 0.26 0.45 0.45 0.45 0.45 0.45

Sulphate mg/L - 309 429 24 (4 - 67) n = 224 28 61 30 31 31 31 30 65 66 66 66 63

Sulphide mg/L - 0.014 0.002 0.0038 (<0.001 - 0.22) n = 134 0.0018 0.006 0.0019 0.0019 0.0019 0.0019 0.0017 0.008 0.008 0.008 0.008 0.007

Tainting potential TPU - 1 - - 0 0 0.034 0.046 0.048 0.056 0.056 0.42 0.54 0.54 0.6 0.54

Thallium mg/L - 0.0008 - 0.000038 (0.0000023 - 0.00037) n
= 143

0.000032 0.00022 0.000033 0.000033 0.000033 0.000033 0.000033 0.00022 0.00022 0.00021 0.00021 0.00021

Total dissolved
solids

mg/L - - 1000 171 (90 - 560) n = 224 194 321 201 204 204 207 205 339 344 344 350 341

Total nitrogen mg/L - 1 - 0.6 (0.24 - 3.5) n = 188 0.7 1.8 0.76 0.78 0.79 0.81 0.79 1.8 1.8 1.8 1.8 1.8

Total phenolics mg/L - 0.004 0.01 0.003 (<0.001 - 0.05) n = 189 0.0027 0.0086 0.0027 0.0027 0.0027 0.0027 0.0027 0.0085 0.0085 0.0085 0.0085 0.0085

Total phosphorus mg/L - 0.05 - 0.042 (0.015 - 1.8) n = 223 0.058 0.51 0.059 0.059 0.06 0.06 0.06 0.5 0.5 0.5 0.5 0.5

Toxicity.- acute TUa 0.3 0.3 - - 0.018 0.12 0.02 0.021 0.021 0.021 0.02 0.13 0.13 0.13 0.13 0.13

Toxicity.- chronic TUc - 1 - - 0.008 0.053 0.039 0.041 0.041 0.043 0.019 0.24 0.25 0.25 0.26 0.1

Uranium mg/L 0.033 0.015 - 0.0004 (0.0002 - 0.0022) n = 147 0.00053 0.00091 0.00054 0.00054 0.00054 0.00056 0.00056 0.00092 0.00092 0.00092 0.00093 0.00093

Vanadium mg/L - - 0.12 0.0021 (0.00014 - 0.031) n = 211 0.0022 0.03 0.0026 0.0026 0.0026 0.0027 0.0023 0.031 0.031 0.031 0.031 0.031

Zinc mg/L 0.14 0.03 0.138 0.0054 (0.00088 - 0.13) n = 184 0.01 0.043 0.01 0.01 0.01 0.011 0.011 0.042 0.043 0.042 0.042 0.042

NOTES:
1

- = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 8, temperature of 10
o
C and hardness of 120 mg/L (which are reflective of average conditions in the Athabasca River).

3
The derivation of CEBs is described in Section 7.11.

4
Based on information from Golder (2000, 2001, 2002), RAMP (2005) and from ESRD WDS stations: AB07DA0820\0850\0860\0870\0970\0980\1550 (ESRD 2014a); median (minimum - maximum) sample number.

5
Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions/Base Case snapshots (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-12 Predicted Concentrations in Athabasca River at Embarras (Node AR2) – Application Case

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation
Observed in the

Athabasca River at AR2
(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.36 (0.0022 - 8.2) n = 252 1.2 11 1.2 1.2 1.2 1.2 1.2 12 12 12 12 12

Ammonia mg-N/L 5.62 0.858 0.858 0.043 (0.001 - 1) n = 527 0.043 0.19 0.049 0.051 0.052 0.053 0.052 0.18 0.21 0.24 0.24 0.24

Antimony mg/L - - 0.157 0.000074 (0.000023 -
<0.0008) n = 143

0.00013 0.0028 0.00013 0.00013 0.00013 0.00013 0.00013 0.0029 0.0029 0.0029 0.0029 0.0028

Arsenic mg/L 0.34 0.005 0.025 0.00072 (<0.0001 - 0.018) n
= 198

0.0011 0.0039 0.0011 0.0011 0.0011 0.0012 0.0011 0.0039 0.0039 0.0039 0.0039 0.0039

Barium mg/L - - 5.8 0.066 (<0.001 - 0.27) n =
300

0.071 0.12 0.071 0.071 0.071 0.071 0.071 0.12 0.12 0.12 0.12 0.12

Beryllium mg/L - - 0.0053 0.00005 (0.000001 -
0.0012) n = 225

0.000073 0.0018 0.000078 0.000078 0.000082 0.000082 0.000079 0.0018 0.0018 0.0018 0.0018 0.0018

Boron mg/L 29 1.5 1.5 0.028 (0.0048 - 0.85) n =
152

0.039 0.081 0.046 0.049 0.052 0.053 0.05 0.11 0.13 0.14 0.15 0.13

Cadmium mg/L 0.0025 0.00018 0.00018 0.0001 (0.000006 - 0.0026)
n = 255

0.000066 0.00025 0.000083 0.000088 0.000089 0.000091 0.000091 0.00026 0.00026 0.00026 0.00026 0.00026

Calcium mg/L - - - 33 (<1 - 106) n = 531 32 54 32 32 32 32 32 54 54 54 54 54

Chloride mg/L 640 120 170 15 (<0.5 - 150) n = 530 14 54 14 14 15 15 15 55 54 55 56 56

Chromium mg/L 0.016 0.001 0.0083 0.0014 (0.000041 - 0.021) n
= 293

0.0042 0.013 0.0043 0.0043 0.0043 0.0043 0.0043 0.013 0.013 0.013 0.013 0.013

Copper mg/L 0.019 0.007 0.0218 0.002 (<0.0002 - 0.019) n =
335

0.0044 0.013 0.0045 0.0045 0.0045 0.0045 0.0045 0.013 0.013 0.013 0.013 0.013

Iron mg/L - 0.3 1.5 0.83 (<0.001 - 14) n = 265 1.7 10 1.7 1.7 1.7 1.7 1.7 10 10 10 10 10

Lead mg/L 0.103 0.004 0.004 0.0007 (0.000041 - 0.086) n
= 289

0.0023 0.029 0.0023 0.0023 0.0023 0.0023 0.0023 0.028 0.028 0.028 0.028 0.028

Lithium mg/L - - - 0.0087 (0.0021 - 0.054) n =
212

0.0095 0.018 0.0098 0.010 0.01 0.01 0.01 0.022 0.025 0.024 0.023 0.027

Manganese mg/L - - 1.46 0.047 (0.00031 - 0.59) n =
293

0.066 0.3 0.069 0.069 0.069 0.068 0.067 0.28 0.28 0.28 0.28 0.28

Mercury mg/L 0.000013 0.000005 - <0.00005 (0.00000034 -
0.0008) n = 179

0.0000014 0.000016 0.0000018 0.0000019 0.000002 0.000002 0.0000022 0.000015 0.000016 0.000016 0.000016 0.000016

Molybdenum mg/L - 0.073 38.7 0.0007 (<0.0001 - 0.4) n =
259

0.00094 0.0059 0.0016 0.0022 0.003 0.003 0.0026 0.0059 0.012 0.014 0.015 0.012

Naphthenic acids -
labile

mg/L - - 1 - 0 0 0.023 0.031 0.038 0.04 0.041 0.13 0.17 0.21 0.22 0.21

Naphthenic acids -
refractory

mg/L - - 7.1 0.1 (<0.02 - <1) n = 38 0.19 0.55 0.24 0.27 0.34 0.34 0.32 0.6 0.72 0.88 0.91 0.79

Naphthenic acids -
total

mg/L - - - 0.1 (<0.02 - <1) n = 38 0.19 0.55 0.28 0.31 0.38 0.38 0.36 0.68 0.85 1.0 1.1 0.95

Nickel mg/L 0.55 0.061 0.061 0.002 (0.0000064 - 0.04) n
= 304

0.0034 0.016 0.0036 0.0036 0.0036 0.0036 0.0036 0.016 0.016 0.016 0.016 0.016

Nitrate mg-N/L 124 2.93 - 0.049 (<0.001 - 0.63) n =
538

0.069 0.5 0.076 0.078 0.079 0.083 0.077 0.5 0.51 0.51 0.51 0.5

PAH group 1 µg/L - 0.015 0.281 <0.01 (<0.01 - <0.1) n = 55 0.00044 0.0093 0.0008 0.00083 0.00086 0.00087 0.00068 0.0094 0.0093 0.0092 0.0092 0.0092

PAH group 2 µg/L - 0.018 0.278 <0.01 (<0.01 - <1) n = 77 0.0033 0.016 0.0038 0.0038 0.004 0.004 0.0036 0.016 0.016 0.016 0.016 0.016

PAH group 3 µg/L - - 0.99 <0.01 (0.003 - <0.2) n = 55 0.001 0.022 0.0012 0.0012 0.0012 0.0012 0.001 0.022 0.022 0.022 0.022 0.022
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Table 7-12 Predicted Concentrations in Athabasca River at Embarras (Node AR2) – Application Case (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation
Observed in the

Athabasca River at AR2
(4)

Reference Conditions

Application Case

Median Concentration Peak Concentration
(5)

Acute Chronic

Median
Concen-
tration

Peak Concen-
tration

(5)
2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

PAH group 4 µg/L - 5.8 41.5 <0.01 (<0.0065 - <0.1) n =
55

0.00033 0.0061 0.0013 0.0013 0.0013 0.0013 0.00058 0.0065 0.0064 0.0064 0.0064 0.0061

PAH group 5 µg/L - 0.012 5.6 <0.01 (0.0019 - <0.1) n = 55 0.0075 0.034 0.011 0.011 0.011 0.011 0.008 0.035 0.035 0.035 0.035 0.034

PAH group 6 µg/L - - 64 <0.04 n = 1 0.0046 0.027 0.0047 0.0047 0.0049 0.0049 0.0049 0.027 0.027 0.027 0.027 0.027

PAH group 7 µg/L - 0.04 5.9 <0.01 (0.0012 - <0.1) n = 55 0.0056 0.044 0.0076 0.0079 0.0081 0.0081 0.007 0.044 0.044 0.044 0.044 0.044

PAH group 8 µg/L - 1.1 32 <0.01 (0.0017 - 0.19) n = 55 0.0064 0.099 0.011 0.011 0.011 0.011 0.0072 0.11 0.1 0.1 0.1 0.095

PAH group 9 µg/L - 0.025 2.3 <0.01 (0.0017 - <0.1) n = 55 0.0048 0.029 0.0055 0.0055 0.0056 0.0056 0.0051 0.029 0.029 0.029 0.029 0.028

Selenium mg/L - 0.001 - 0.0002 (<0.00005 - 0.0009)
n = 197

0.00023 0.0008 0.00024 0.00024 0.00025 0.00025 0.00024 0.0008 0.0008 0.0008 0.0008 0.0008

Silver mg/L 0.0056 0.0001 0.00022 0.000013 (<0.0000005 -
0.0034) n = 173

0.000011 0.00013 0.000012 0.000012 0.000013 0.000013 0.000012 0.00013 0.00013 0.00013 0.00013 0.00013

Strontium mg/L - - 10.7 0.21 (0.11 - 0.54) n = 212 0.24 0.43 0.24 0.24 0.24 0.25 0.24 0.44 0.44 0.44 0.44 0.44

Sulphate mg/L - 309 429 25 (<0.5 - 186) n = 530 26 58 27 28 28 28 27 61 61 62 62 59

Sulphide mg/L - 0.002 0.014 <0.01 (<0.001 - 0.02) n = 97 0.0021 0.006 0.0023 0.0023 0.0023 0.0023 0.002 0.012 0.012 0.012 0.012 0.006

Tainting potential TPU - 1 - - 0.0 0.0 0.027 0.038 0.048 0.052 0.056 0.34 0.44 0.57 0.61 0.55

Thallium mg/L - 0.0008 - 0.000022 (<0.0000003 -
0.00027) n = 144

0.000034 0.00021 0.000035 0.000035 0.000035 0.000035 0.000034 0.00021 0.00021 0.00021 0.00021 0.00021

Total dissolved
solids

mg/L - - 1000 174 (16 - 722) n = 523 187 314 193 195 196 197 195 326 329 330 331 326

Total nitrogen mg/L - 1 - 0.63 (0.09 - 3) n = 267 0.7 1.8 0.75 0.76 0.78 0.78 0.76 1.8 1.8 1.8 1.8 1.8

Total phenolics mg/L - 0.004 0.01 <0.001 (<0.0001 - 0.042) n
= 212

0.0027 0.0084 0.0027 0.0027 0.0027 0.0027 0.0027 0.0083 0.0083 0.0082 0.0082 0.0082

Total phosphorus mg/L - 0.05 - 0.045 (0.004 - 0.75) n = 517 0.057 0.49 0.059 0.059 0.059 0.059 0.059 0.49 0.49 0.49 0.49 0.49

Toxicity.- acute TUa 0.3 0.3 - - 0.018 0.12 0.02 0.02 0.02 0.021 0.02 0.13 0.13 0.13 0.13 0.13

Toxicity.- chronic TUc - 1 - - 0.0077 0.053 0.032 0.035 0.036 0.036 0.018 0.2 0.21 0.22 0.22 0.1

Uranium mg/L 0.033 0.015 - 0.0004 (<0.0001 - 0.003) n
= 155

0.0005 0.00089 0.00051 0.00051 0.00051 0.00052 0.00052 0.00089 0.0009 0.0009 0.0009 0.0009

Vanadium mg/L - - 0.12 0.0017 (0.00026 - 0.021) n
= 354

0.0022 0.029 0.0025 0.0025 0.0025 0.0025 0.0023 0.029 0.029 0.029 0.029 0.029

Zinc mg/L 0.14 0.03 0.138 0.006 (0.00053 - 0.054) n =
321

0.011 0.043 0.011 0.011 0.011 0.011 0.011 0.043 0.043 0.042 0.042 0.043

NOTES:
1

- = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 8, temperature of 10
o
C and hardness of 120 mg/L (which are reflective of average conditions in the Athabasca River).

3
The derivation of CEBs is described in Section 7.11.

4
Based on information from Golder (2000, 2001, 2002), RAMP (2005) and from ESRD WDS stations: AB07DA0010\0040\0060\0080\0105\0200\0250 (ESRD 2014a); median (minimum - maximum) sample number.

5
Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions/Base Case snapshots (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Ronald Lake

During all snapshots, concentrations of most substances in Ronald Lake are predicted to

remain within the range of concentrations predicted under reference conditions

(Table 7-8).

Ronald Lake is predicted to have no acute or chronic toxicity, tainting potential or labile

naphthenic acids because process-affected water from the Project will not reach Ronald

Lake or its tributaries (Table 7-8). Concentrations of TDS, and refractory and total

naphthenic acids are predicted to remain within the range of concentrations predicted

under reference conditions; therefore, they are not considered further in the assessment.

In 2024 and 2050, the concentrations of all other substances in Ronald Lake are predicted

to remain within the range of concentrations predicted under reference conditions;

therefore, no other substances for Ronald Lake for 2024 and 2050 are considered further

in the assessment.

In 2066, diversion of upstream reaches and closed-circuiting of land areas is predicted to

increase some substance concentrations in Ronald Lake by more than 10% under

Application Case snapshots compared to reference conditions. These substances include

median concentrations of chromium and manganese, and peak concentrations of

chromium. Although these substance concentrations are predicted to increase by more

than 10% relative to reference conditions, they are predicted to remain below CEBs;

therefore, they are not considered further in the assessment.

In 2081, median and peak concentrations of aluminum, barium and chromium and the

peak concentration of iron are predicted to increase by more than 10% relative to

reference conditions. Because median and peak concentrations of barium and chromium

are predicted to remain below CEBs, they are not considered further in the assessment.

Median and peak concentrations of aluminum and the peak concentration of iron are

predicted to be greater than all screening criteria and are considered further in the aquatic

health assessment (see Section 7.11). These elevated substance concentrations are

because of evaporation that will occur in the north pit lake (see Section 7.10), which will

concentrate solutes.

In 2181, median concentrations of aluminum, barium, beryllium, chromium, iron,

manganese and strontium and peak concentrations of barium, beryllium, iron and

strontium are predicted to increase by more than 10% relative to reference conditions.

Because median concentrations of barium, beryllium, chromium, manganese and

strontium and peak concentrations of barium, beryllium and strontium are predicted to

remain below CEBs, they are not considered further in the assessment. Median

concentrations of aluminum and iron, and the peak concentration of iron are predicted to

be greater than all screening criteria and are considered further in the aquatic health

assessment (see Section 7.11). These elevated substance concentrations are because of

evaporation that will occur and concentrate solutes in the north pit lake (see

Section 7.10).
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In Ronald Lake, the substances that passed through the screening process and are

identified as SOPC include:

 aluminum (2081 and 2181)

 iron (2081 and 2181)

These substances are considered further in the aquatic health assessment (see

Section 7.11).

Redclay Creek

In Redclay Creek, levels of acute and chronic toxicity and tainting potential are predicted

to be below guidelines under Application Case snapshots (Table 7-9).

During operations, concentrations of TDS and labile, refractory and total naphthenic

acids are predicted to remain within the range of concentrations predicted under reference

conditions. In 2081 and 2181, median concentrations of TDS, and median and peak

concentrations of labile, refractory and total naphthenic acids are predicted to increase by

more than 10% relative to reference conditions because of discharge from the central pit

lake. However, because concentrations are predicted to remain below the CEBs, they are

not considered further in the assessment.

In 2024, discharge of muskeg drainage is predicted to increase some substance

concentrations in Redclay Creek by more than 10% relative to reference conditions.

These substances include median concentrations of aluminum, iron, manganese, PAH

Groups 3 and 6, strontium and total phosphorus, and the peak concentration of aluminum.

Because median concentrations of manganese, PAH Groups 3 and 6, and strontium are

predicted to remain below CEBs, they are not considered further in the assessment.

However, median concentrations of aluminum, iron and total phosphorus, and the peak

concentration of aluminum are predicted to be greater than all screening criteria and are

considered further in the aquatic health assessment (see Section 7.11).

In 2050, closed-circuiting of land areas is predicted to increase some substance

concentrations in Redclay Creek by more than 10% relative to reference conditions.

These substances include median concentrations of antimony, manganese, PAH Groups

3, 5 and 6, and total phosphorus. Because median concentrations of antimony, manganese

and PAH Groups 3, 5 and 6 are predicted to remain below CEBs, they are not considered

further in the assessment. The median concentration of total phosphorus is predicted to be

greater than all screening criteria and is considered further in the aquatic health

assessment (see Section 7.11). In 2050, overburden dewatering is also planned in the

Redclay Creek watershed; however, dewatering rates are small (see Appendix 7A) and

are not predicted to cause measureable changes to instream concentrations.

In 2066, closed-circuiting of land areas is predicted to increase some substance

concentrations in Redclay Creek by more than 10% relative to reference conditions.

These substances include median concentrations of antimony, manganese, PAH Groups 3

and 6, and total phosphorus. Because median concentrations of antimony, manganese and

PAH Groups 3 and 6 are predicted to remain below CEBs, they are not considered further

in the assessment. The median concentration of total phosphorus is predicted to be greater
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than all screening criteria and is considered further in the aquatic health assessment (see

Section 7.11).

In 2081, median concentrations of antimony, barium, chromium, PAH Group 3 and

strontium and peak concentrations of chromium and copper are predicted to increase by

more than 10% relative to reference conditions, but remain below CEBs. As such, these

substances are not considered further in the assessment. Median concentrations of

aluminum, iron, total nitrogen and total phosphorus, and peak concentrations of

aluminum, lithium and total nitrogen are predicted to be greater than all screening

criteria; they are considered further in the aquatic health assessment (see Section 7.11).

The predicted increases in concentrations are because of discharge from the central pit

lake, and seepage from the ETA and in-pit tailings.

In 2181, median concentrations of antimony, barium, chromium, manganese and

strontium are predicted to increase by more than 10% relative to reference conditions, but

remain below CEBs. As such, these substances are not considered further in the

assessment. Median concentrations of aluminum, iron, lithium, total nitrogen and total

phosphorus, and peak concentrations of lithium are predicted to be greater than all

screening criteria and are considered further in the aquatic health assessment (see

Section 7.11). The predicted increases in concentrations are because of discharge from

the central pit lake and seepage from the ETA and in-pit tailings.

In Redclay Creek, the substances that passed through the screening process and are

identified as SOPC include:

 aluminum (2024, 2081 and 2181)

 iron (2024, 2081 and 2181)

 lithium (2081 and 2181)

 total nitrogen (2081 and 2181)

 total phosphorus (2024, 2050, 2066, 2081 and 2181)

These substances were considered further in the aquatic health assessment (see

Section 7.11).

Because of the conceptual nature of plans for the FHCL, detailed water quality modelling

for the FHCL and downstream receiving waters has not yet been conducted. The FHCL

was included in the model so that its potential effects on Redclay Creek were reflected in

the results at the RC node. Details regarding mitigation, monitoring and adaptive

management of the FHCL are provided in Section 7.4.9.2.

Big Creek

In Big Creek, levels of acute and chronic toxicity and tainting potential are predicted to

be below guidelines under Application Case snapshots (see Table 7-10).

In 2024, median and peak TDS concentrations are predicted to remain within the range of

reference conditions. In 2024, the peak concentration of TDS is predicted to increase by

more than 10% relative to reference conditions because of discharge of muskeg drainage.
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In 2050, 2066, 2081 and 2181, median and peak TDS concentrations are predicted to

increase by more than 10% relative to reference conditions because of closed-circuiting

of land areas and discharge from the south pit lake. However, because concentrations are

predicted to remain below the CEB in all snapshots, they are not considered further in the

assessment.

During operations, Big Creek is predicted to have no labile naphthenic acids because

process affected water from the Project will not reach Big Creek or its tributaries. In 2081

and 2181, concentrations are predicted to increase by more than 10% relative to reference

conditions because of discharge from the south pit lake. However, because concentrations

are predicted to remain below the CEB of 1 mg/L, they are not considered further in the

assessment. Under Application Case snapshots, concentrations of refractory and total

naphthenic acids are predicted to increase by more than 10% relative to reference

conditions. The increases are primarily because of inputs from muskeg drainage and

overburden dewatering, closed-circuiting of land areas and discharge from the south pit

lake. Like labile naphthenic acids, concentrations are predicted to remain below the CEB

and are not considered further in the assessment.

In 2024, diversion of upstream reaches and discharge of muskeg drainage are predicted to

increase some substance concentrations in Big Creek by more than 10% relative to

reference conditions. These substances include median concentrations of aluminum,

chromium, iron, lithium, manganese, strontium, total phenolics and total phosphorus, and

peak concentrations of cadmium, manganese, strontium, sulphide and total phenolics.

Because median concentrations of chromium, manganese, strontium and total phenolics,

and the peak concentration of strontium are predicted to remain below CEBs, they are not

considered further in the assessment. However, median concentrations of aluminum, iron,

lithium and total phosphorus, and peak concentrations of cadmium, manganese, sulphide

and total phenolics are predicted to be greater than all screening criteria and are

considered further in the aquatic health assessment (see Section 7.11).

In 2050, diversion of upstream reaches, closed-circuiting of land areas and discharge of

muskeg drainage and overburden dewatering are predicted to increase some substance

concentrations in Big Creek by more than 10% relative to reference conditions. These

substances include median concentrations of aluminum, beryllium, chromium, iron,

lithium, manganese, PAH Groups 3, 5 and 7, strontium, and total phenolics, and peak

concentrations of ammonia, beryllium, cadmium, copper, lead, lithium, manganese, PAH

Groups 5 and 7, strontium, total nitrogen, and total phenolics. Because median

concentrations of beryllium, chromium, manganese, PAH Groups 3, 5 and 7, strontium,

and total phenolics, and peak concentrations of beryllium, PAH Groups 5 and 7, and

strontium are predicted to remain below CEBs, they are not considered further in the

assessment. However, median concentrations of aluminum, iron and lithium, and peak

concentrations of ammonia, cadmium, copper, lead, lithium, manganese, total nitrogen

and total phenolics are predicted to be greater than all screening criteria and are

considered further in the aquatic health assessment (see Section 7.11).

In 2066, diversion of upstream reaches and closed-circuiting of land areas are predicted

to increase some substance concentrations in Big Creek by more than 10% relative to

reference conditions. These substances include median concentrations of aluminum,
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barium, beryllium, chromium, iron, manganese, strontium and total phenolics, and peak

concentrations of ammonia, beryllium, cadmium, copper, lead, lithium, manganese,

strontium, total nitrogen and total phenolics. Because median concentrations of barium,

beryllium, chromium, manganese, strontium and total phenolics, and peak concentrations

of beryllium and strontium are predicted to remain below CEBs, they are not considered

further in the assessment. However, median concentrations of aluminum and iron, and

peak concentrations of ammonia, cadmium, copper, lead, lithium, manganese, total

nitrogen and total phenolics are predicted to be greater than all screening criteria and are

considered further in the aquatic health assessment (see Section 7.11).

In 2081, substance concentrations that are predicted to increase by more than 10%

relative to reference conditions in Big Creek include median concentrations of aluminum,

barium, chromium, PAH Group 3, strontium and total phosphorus, and peak

concentrations of aluminum, ammonia, cadmium, lithium, sulphide and zinc. Because

median concentrations of barium, chromium, PAH Group 3 and strontium, and the peak

concentration of zinc are predicted to remain below CEBs, they are not considered further

in the assessment. However, median concentrations of aluminum and total phosphorus,

and peak concentrations of aluminum, ammonia, cadmium, lithium and sulphide are

predicted to be greater than all screening criteria and are considered further in the aquatic

health assessment (see Section 7.11). The predicted increases in median concentrations of

aluminum, barium, chromium, PAH Group 3, strontium and total phosphorus are because

of discharge from the south pit lake. The predicted increases in peak concentrations of

aluminum, ammonia, cadmium, lithium, sulphide and zinc are because of a combination

of seepage from in-pit tailings and the ETA and overburden seepage, which influences

water quality at times when there is no outflow from the south pit lake.

In 2181, substance concentrations that are predicted to increase by more than 10%

relative to reference conditions in Big Creek include median concentrations of aluminum,

antimony, barium, beryllium, chromium, iron, lithium, manganese, strontium and total

phosphorus, and peak concentrations of aluminum, ammonia, cadmium, lithium, sulphide

and zinc. Median concentrations of antimony, barium, beryllium, chromium, manganese

and strontium, and the peak concentration of zinc are not considered further in the

assessment, because concentrations are predicted to remain below CEBs. Median

concentrations of aluminum, iron, lithium and total phosphorus, and peak concentrations

of aluminum, ammonia, cadmium, lithium and sulphide are predicted to be greater than

all screening criteria and are considered further in the aquatic health assessment (see

Section 7.11). The predicted increases in median concentrations are because of discharge

from the south pit lake and seepage from in-pit tailings and the ETA. The increases in

peak concentrations are because of overburden seepage, which influences water quality at

times when there is no outflow from the south pit lake.

In Big Creek, the substances that passed through the screening process and are identified

as SOPC include:

 aluminum (2024, 2050, 2066, 2081 and 2181)

 ammonia (2050, 2066, 2081 and 2181)

 cadmium (2024, 2050, 2066, 2081 and 2181)
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 copper (2050, 2066)

 iron (2024, 2050, 2066 and 2181)

 lead (2050, 2066)

 lithium (2024, 2050, 2066, 2081 and 2181)

 manganese (2024, 2050 and 2066)

 sulphide (2024, 2081 and 2181)

 total nitrogen (2050, 2066)

 total phenolics (2024, 2050 and 2066)

 total phosphorus (2024, 2081 and 2181)

These substances were considered further in the aquatic health assessment (see

Section 7.11).

Athabasca River

In the Athabasca River just downstream of the Project and at Embarras, levels of acute

and chronic toxicity and tainting potential are predicted to be lower than guideline values

for the Application Case (see Tables 7-11 and 7-12). The Project is not expected to

change the predicted levels of these substances from the Base Case. Concentrations of

TDS are predicted to remain within the range of concentrations predicted under Base

Case snapshots. Concentrations of TDS are predicted to remain below the CEB in all

snapshots and are not considered further in the assessment.

Under Application Case snapshots, concentrations of labile naphthenic acids are

predicted to remain within the range of concentrations predicted under Base Case

snapshots and are not considered further in the assessment. Like labile naphthenic acids,

concentrations of refractory naphthenic acids are also predicted to remain within the

range of concentrations predicted under Base Case snapshots. In 2081 and 2181,

concentrations are predicted to increase by more than 10% relative to Base Case

snapshots in the Athabasca River downstream of the Project. However, in all snapshots,

concentrations of refractory naphthenic acids are predicted to remain below the CEB;

therefore, refractory naphthenic acids is not considered further in the assessment.

During operations, the concentrations of all other substances in the Athabasca River just

downstream of the Project and at Embarras are predicted to remain within the range of

concentrations predicted under Base Case snapshots. Therefore, no other substances are

considered further in the assessment.

In the Athabasca River just downstream of the Project, median concentrations of

antimony in 2081 and 2181, and manganese in 2181 are predicted to increase by more

than 10% relative to Base Case snapshots because of pit lake discharges. Because

antimony and manganese concentrations are predicted to remain below CEBs, they are

not considered further in the assessment. In 2081 and 2181, the concentrations of all other

substances in the Athabasca River at Embarras are predicted to remain within the range
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of concentrations predicted under Base Case snapshots. Therefore, no other substances

are considered further in the assessment.

For Application Case snapshots, no substances are considered further in the aquatic

health assessment for the Project. Because the Project is predicted to have negligible

effects on the surface water quality of the Athabasca River at Embarras, the Project is

also predicted to have negligible effects on the surface water quality downstream of this

point.

Summary

For Application Case, the following substances are identified as SOPC in the aquatics

LSA and are considered further in the aquatic health assessment for the Project (see

Section 7.11):

 aluminum (Ronald Lake, Redclay Creek, and Big Creek)

 ammonia (Big Creek)

 cadmium (Big Creek)

 copper (Big Creek)

 iron (Ronald Lake, Redclay Creek, and Big Creek)

 lithium (Redclay Creek and Big Creek)

 lead (Big Creek)

 manganese (Big Creek)

 sulphide (Big Creek)

 total nitrogen (Redclay Creek and Big Creek)

 total phenolics (Big Creek)

 total phosphorus (Redclay Creek and Big Creek)

In the aquatics RSA, no substances are identified as SOPC; therefore, no substances are

considered further in the aquatic health assessment.

7.4.6 Planned Development Case

The PDC includes developments in the AOSR that are currently operating (existing) or

approved and those planned for construction and operation, including the proposed

Project. In the Ronald Lake and Redclay Creek watersheds, there are no other

developments planned, so the surface water quality assessment is expected to be the same

as that reported for the Application Case. In the Big Creek watershed, one additional

development has been disclosed: the withdrawn PRM. For the Athabasca River, planned

developments are listed in Section 2, Appendix 2A.
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7.4.6.1 Linkage Analysis

Planned developments in the AOSR will influence surface water quality in the aquatics

LSA and RSA because of:

 releases of muskeg and overburden dewatering flows

 closed-circuit development areas

 discharges of pit lake outflows

 seepage of process-affected water

 seepage or release of basal water

During mine development, muskeg drainage and overburden dewatering flows will be

released from other planned developments directly or through smaller watercourses into

the Athabasca River. Also, during various stages of operation of these planned

developments, part of the mine footprints will be in closed-circuit. The closed-circuit

areas will reduce runoff into receiving surface waters and the capacity of these waters to

dilute concentrations of substances released into them. Pit lakes created by the planned

developments discharge directly into the Athabasca River or its tributaries. Basal and

overburden seepage, process-affected waters and pit lake water from developments in the

aquatics LSA and RSA will also flow directly into Big Creek and the Athabasca River or

enter the river via local watercourses. The process-affected waters include seepage from

backfilled mine pits, ETAs and porewater from tailings sand capping in reclaimed land

areas. Mine-related water releases and surficial and basal water sands seepages have

substance concentrations that are often higher than the corresponding background surface

water concentrations in Big Creek and the Athabasca River. Mine-related water releases

from planned developments might cause or contribute to increases in substance

concentrations in Big Creek and the Athabasca River; therefore, this linkage is valid. For

a schematic of mine-related water releases, see Figures 7-10 to 7-13 and Appendix 7A.

7.4.6.2 Effects Analysis

Surface water quality predictions for the aquatics LSA and RSA were completed for the

PDC using the same water quality models used to assess the Application Case. Model

predictions were developed for all substances listed in Tables 7-3 and 7-4. Five temporal

snapshots were used to assess the effects of operating, approved and planned

developments on water quality in the aquatics LSA and RSA as described in

Section 7.3.3. Water quality in the aquatics LSA was predicted for two assessment nodes:

Big Creek, just upstream of the proposed PRM compensation lake (node BC) and in the

proposed PRM compensation lake (node RCL). Throughout operation and closure, water

quality in the proposed PRM compensation lake will be protected through the use of ETA

seepage collection system between the Project and the lake. For the predicted results, see

Tables 7-13 to 7-17.
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Table 7-13 Predicted Concentrations in Big Creek (Node BC) – PDC

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural
Variation in Big Creek

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median

Concen-tration
Peak Concen-

tration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.12 (0.018 - 9) n = 70 0.1 3 0.28 0.1 0.1 1.1 0.33 0.63 2 2 6.1 5.9

Ammonia mg-N/L 6.77 1.37 1.37 0.05 (0.01 - 1.4) n = 86 0.031 0.72 0.014 0.041 0.037 0.079 0.079 0.12 1.4 1.5 3 3

Antimony mg/L - - 0.157 0.0007 (0.000051 - 0.0018)
n = 70

0.00077 0.0013 0.0007 0.00078 0.00078 0.00029 0.00092 0.00091 0.0013 0.0013 0.00096 0.001

Arsenic mg/L 0.34 0.005 0.025 0.0008 (<0.0004 - 0.041) n =
70

0.0014 0.01 0.0014 0.0018 0.0018 0.0012 0.0023 0.0029 0.007 0.0072 0.0086 0.0089

Barium mg/L - - 5.8 0.067 (0.013 - 0.54) n = 70 0.065 0.4 0.06 0.073 0.076 0.075 0.097 0.12 0.29 0.3 0.37 0.37

Beryllium mg/L - - 0.0053 <0.001 (<0.0001 - <0.001) n
= 70

0.00021 0.00059 0.00016 0.00029 0.00032 0.00016 0.00029 0.00035 0.0012 0.0013 0.00031 0.00032

Boron mg/L 29 1.5 1.5 0.07 (0.03 - 0.14) n = 70 0.079 0.37 0.1 0.11 0.12 0.18 0.28 0.32 0.67 0.69 1.3 1.3

Cadmium mg/L 0.0036 0.00024 0.00024 <0.0002 (<0.000005 -
0.0004) n = 70

0.000066 0.00028 0.000066 0.000058 0.000057 0.00011 0.00021 0.0002 0.0003 0.00031 0.00041 0.00042

Calcium mg/L - - - 48 (18 - 92) n = 89 45 77 43 48 48 40 57 54 83 85 71 71

Chloride mg/L 640 120 170 1.3 (<0.1 - 3) n = 89 2.3 4.9 2.1 3.1 3.2 49 13 3 7.8 7.8 52 43

Chromium mg/L 0.016 0.001 0.0083 0.00086 (<0.0003 - 0.039) n
= 70

0.0013 0.023 0.0014 0.0016 0.0016 0.0018 0.0021 0.0051 0.017 0.017 0.021 0.021

Copper mg/L 0.026 0.007 0.0218 0.001 (0.0004 - 0.019) n =
70

0.0014 0.018 0.0021 0.0019 0.0019 0.0019 0.0025 0.0085 0.033 0.039 0.0095 0.0097

Iron mg/L - 0.3 1.5 1.3 (0.073 - 26) n = 69 1.9 16 1.9 2.3 2.3 1.5 2.7 4.3 14 15 14 14

Lead mg/L 0.16 0.0061 0.0061 0.00019 (<0.0001 - 0.0095)
n = 70

0.00037 0.0066 0.00038 0.0003 0.0003 0.00074 0.00058 0.002 0.0088 0.0097 0.0048 0.0047

Lithium mg/L - - - 0.03 (0.006 - 0.063) n = 70 0.032 0.072 0.032 0.036 0.034 0.031 0.048 0.04 0.085 0.086 0.53 0.53

Manganese mg/L - - 1.46 0.24 (0.032 - 30) n = 70 0.3 2.1 0.33 0.35 0.34 0.12 0.43 1.1 7.9 8.2 1.1 1.1

Mercury mg/L 0.000013 0.000005 - <0.0000006 (<0.0000006 -
0.00001) n = 71

0.0000004 0.000014 0.0000009 0.0000004 0.00000038 0.0000027 0.0000013 0.0000055 0.000014 0.000014 0.0000034 0.0000031

Molybdenum mg/L - 0.073 38.7 0.00038 (<0.0001 - 0.002) n
= 70

0.00062 0.0029 0.00058 0.00077 0.00072 0.014 0.029 0.0011 0.0027 0.0029 0.015 0.033

Naphthenic Acids -
Labile

mg/L - - 1 - 0 0 0 0 0 0.022 0.021 0 0 0 0.024 0.024

Naphthenic Acids -
Refractory

mg/L - - 7.1 - 0.52 1.3 0.64 0.8 0.81 0.88 1.4 1 4 4.3 1.2 1.5

Naphthenic Acids -
Total (Upper)

mg/L - - - <1 (0.05 - 3) n = 70 0.52 1.3 0.64 0.8 0.81 0.92 1.421 1 4 4.3 13 13

Naphthenic Acids -
Total (Lower)

mg/L - - - <1 (0.05 - 3) n = 70 0.26 0.77 0.34 0.42 0.43 0.9 1.0 0.62 2.3 2.4 1.2 1.5

Nickel mg/L 0.72 0.08 0.08 0.0034 (<0.0002 - 0.029) n =
70

0.0045 0.018 0.0079 0.0061 0.0061 0.0028 0.0063 0.013 0.026 0.023 0.057 0.058

Nitrate mg-N/L 124 2.93 - 0.05 (<0.01 - 0.39) n = 21 0.035 0.24 0.034 0.041 0.039 0.095 0.056 0.069 0.22 0.22 0.53 0.53

PAH group 1 µg/L - 0.015 0.281 <0.022 (<0.00022 - <0.04) n
= 26

0.0021 0.11 0.004 0.004 0.0021 0.0016 0.0011 0.039 0.099 0.099 0.044 0.044

PAH group 2 µg/L - 0.018 0.278 <0.0059 (0.0001 - <0.01) n =
26

0.0034 0.1 0.0043 0.0064 0.0034 0.0047 0.0036 0.035 0.092 0.089 0.036 0.036

PAH group 3 µg/L - - 0.99 <0.0087 (0.00022 - <0.01) n
= 26

0.00075 0.03 0.0016 0.0024 0.00065 0.0015 0.00032 0.0085 0.027 0.026 0.013 0.013
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Table 7-13 Predicted Concentrations in Big Creek (Node BC) – PDC (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural
Variation in Big Creek

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median

Concen-tration
Peak Concen-

tration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

PAH group 4 µg/L - 5.8 41.5 <0.021 (<0.00032 - <0.04) n
= 26

0.00078 0.0051 0.0005 0.0013 0.0007 0.0002 0.00018 0.0023 0.0048 0.0047 0.0027 0.0027

PAH group 5 µg/L - 0.012 5.6 0.01 (0.0013 - 0.03) n = 26 0.016 0.16 0.012 0.039 0.016 0.0017 0.0017 0.046 0.46 0.14 0.085 0.085

PAH group 6 µg/L - - 64 <0.031 (<0.00096 - <0.04) n
= 26

0.027 0.078 0.031 0.026 0.026 0.0042 0.0087 0.054 0.075 0.075 0.057 0.057

PAH group 7 µg/L - 0.04 5.9 0.0064 (0.00026 - 0.01) n =
26

0.026 0.2 0.025 0.047 0.025 0.004 0.0043 0.079 0.6 0.17 0.088 0.088

PAH group 8 µg/L - 1.1 32 0.04 (0.0044 - 0.15) n = 26 0.029 0.15 0.033 0.034 0.027 0.0069 0.0065 0.067 0.14 0.14 0.075 0.074

PAH group 9 µg/L - 0.025 2.3 <0.0062 (<0.00023 - <0.01)
n = 26

0.0061 0.12 0.007 0.012 0.0059 0.0014 0.0012 0.033 0.12 0.1 0.043 0.043

Selenium mg/L - 0.001 - 0.0004 (<0.0002 - 0.008) n =
70

0.00041 0.0021 0.0004 0.00051 0.00052 0.00046 0.00078 0.00072 0.0016 0.0018 0.002 0.0021

Silver mg/L 0.01 0.0001 0.00022 0.00001 (0.0000009 -
<0.0004) n = 71

0.000015 0.000087 0.000017 0.000016 0.000016 0.00003 0.000028 0.000031 0.000077 0.000076 0.000072 0.000071

Strontium mg/L - - 10.7 0.17 (0.085 - 0.44) n = 70 0.17 0.35 0.17 0.19 0.19 0.28 0.25 0.22 0.53 0.55 0.36 0.35

Sulphate mg/L - 309 429 35 (<0.5 - 170) n = 89 47 107 51 79 84 38 60 73 293 318 70 71

Sulphide mg/L - 0.002 0.011 0.01 (<0.002 - 0.41) n = 76 0.0062 0.03 0.0002 0.004 0.0036 0.00065 0.00065 0.0038 0.024 0.024 0.03 0.03

Tainting potential TPU - 1 - - 0 0 0 0 0 0.042 0.042 0 0 0 0.047 0.047

Thallium mg/L - 0.0008 - <0.0001 (<0.0001 - 0.0002)
n = 70

0.000036 0.00027 0.000049 0.000045 0.000044 0.000044 0.000048 0.000086 0.0003 0.00032 0.00022 0.00023

Total dissolved solids mg/L - - 1000 258 (140 - 470) n = 88 258 414 235 291 293 337 380 281 829 850 580 580

Total nitrogen mg/L - 1 - 0.89 (0.3 - 4.4) n = 81 0.68 2.6 0.58 0.82 0.83 0.84 1 1.1 3.6 3.8 2.7 2.7

Total phenolics mg/L - 0.004 0.01 0.003 (<0.001 - 0.022) n =
82

0.004 0.024 0.0003 0.0058 0.0055 0.00028 0.00028 0.0039 0.049 0.051 0.021 0.021

Total phosphorus mg/L - 0.05 - 0.085 (0.024 - 4.7) n = 84 0.07 0.69 0.1 0.067 0.067 0.078 0.12 0.25 0.67 0.68 0.53 0.53

Toxicity.- acute TUa 0.3 0.3 - - 0 0 0 0 0 0.0039 0.0038 0 0 0 0.0044 0.0042

Toxicity.- chronic TUc - 1 - - 0 0 0 0 0 0.011 0.01 0 0 0 0.012 0.012

Uranium mg/L 0.033 0.015 - 0.00019 (<0.0001 - 0.0014)
n = 70

0.00033 0.0021 0.00031 0.00033 0.00019 0.00061 0.00069 0.00068 0.0021 0.0021 0.0046 0.0046

Vanadium mg/L - - 0.12 0.001 (<0.0002 - 0.042) n =
70

0.0019 0.038 0.0028 0.002 0.002 0.0039 0.0046 0.01 0.033 0.031 0.034 0.035

Zinc mg/L 0.188 0.03 0.138 0.006 (0.0018 - 0.17) n = 69 0.014 0.084 0.013 0.017 0.017 0.01 0.017 0.043 0.08 0.079 0.12 0.12

NOTES
1

– = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 7.9, temperature of 6.9°C and hardness of 167 mg/L (reflective of on-site conditions).
3

The derivation of CEBs is described in Section 7.11.
4

Observed natural variation from 1976 to 2014, based on information from ESRD (2014a), Shell (2007a) and the surface water quality baseline (Volume 2, Section 5); median (minimum - maximum) sample number.
5

Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-14 Predicted Concentrations in the Proposed PRM Compensation Lake (Node RCL) – PDC

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural Variation in
Redclay Creek and Big Creek

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median

Concentration
Peak

Concentration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.084 (0.006 - 9) n = 109 0.037 - 0.1 2 - 3 0.72 0.27 0.27 2.1 0.82 1.2 0.93 0.93 2.8 1.6

Ammonia mg-N/L 6.77 1.37 1.37 0.05 (0.01 - 1.4) n = 126 0.031 - 0.046 0.72 - 0.85 0.0017 0.0039 0.0039 0.0033 0.0032 0.018 0.026 0.028 0.018 0.018

Antimony mg/L - - 0.157 0.00065 (<0.00005 - 0.0018) n = 110 0.00058 - 0.00077 0.0012 - 0.0013 0.00064 0.00067 0.00068 0.00079 0.00091 0.00074 0.00077 0.00078 0.00086 0.00099

Arsenic mg/L 0.34 0.005 0.025 0.0005 (0.00014 - 0.041) n = 110 0.00024 - 0.0014 0.00098 - 0.01 0.00095 0.00097 0.00099 0.0019 0.0014 0.0016 0.0013 0.0013 0.0022 0.0017

Barium mg/L - - 5.8 0.052 (0.013 - 0.54) n = 110 0.039 - 0.065 0.087 - 0.4 0.051 0.054 0.054 0.076 0.073 0.07 0.067 0.068 0.089 0.087

Beryllium mg/L - - 0.0053 <0.001 (<0.0001 - <0.001) n = 110 0.00021 - 0.0005 0.00059 - 0.00069 0.00032 0.00035 0.00035 0.00024 0.00046 0.00037 0.00041 0.00041 0.0003 0.00051

Boron mg/L 29 1.5 1.5 0.09 (0.03 - 0.17) n = 110 0.079 - 0.11 0.16 - 0.37 0.12 0.13 0.14 0.37 0.37 0.16 0.18 0.19 0.54 0.56

Cadmium mg/L 0.0036 0.00024 0.00024 <0.0002 (<0.000005 - 0.0004) n = 110 0.000066 -
0.000088

0.00014 - 0.00028 0.000081 0.000089 0.00009 0.00014 0.0002 0.00011 0.00011 0.00012 0.00017 0.00023

Calcium mg/L - - - 54 (18 - 92) n = 129 42 - 45 77 - 100 43 42 43 44 60 53 52 52 63 74

Chloride mg/L 640 120 170 1.8 (<0.1 - 4.6) n = 129 2.3 - 2.6 4.9 - 9.1 2.5 2.8 2.8 57 22 3.1 3.4 3.4 65 26

Chromium mg/L 0.016 0.001 0.0083 0.0008 (<0.0003 - 0.039) n = 110 0.00066 - 0.0013 0.0025 - 0.023 0.0014 0.0013 0.0014 0.0025 0.0019 0.0024 0.0024 0.0024 0.003 0.0024

Copper mg/L 0.026 0.007 0.0218 0.001 (0.0002 - 0.019) n = 110 0.0006 - 0.0014 0.0017 - 0.018 0.0018 0.0019 0.002 0.0044 0.0023 0.0028 0.0038 0.0042 0.005 0.0026

Iron mg/L - 0.3 1.5 1.4 (0.073 - 26) n = 109 1.1 - 1.9 8.8 - 16 1.9 1.8 1.8 2.1 2.6 3.2 2.8 2.8 2.9 3.4

Lead mg/L 0.16 0.0061 0.0061 0.00014 (<0.0001 - 0.0095) n = 110 0.0001 - 0.00037 0.00071 - 0.0066 0.00045 0.00042 0.00043 0.00094 0.00054 0.00084 0.00084 0.00088 0.0011 0.0007

Lithium mg/L - - - 0.038 (0.006 - 0.079) n = 110 0.032 - 0.049 0.072 - 0.076 0.034 0.035 0.035 0.034 0.061 0.041 0.044 0.043 0.065 0.082

Manganese mg/L - - 1.46 0.26 (0.032 - 30) n = 110 0.28 - 0.3 2.1 - 3.6 0.39 0.46 0.48 0.23 0.61 0.8 0.89 0.89 0.51 0.79

Mercury mg/L 0.000013 0.000005 - <0.0000006 (<0.0000006 - 0.00001) n
= 111

0.0000003 -
0.0000004

0.0000014 -
0.000014

0.000001 0.0000009 0.000001 0.0000022 0.0000011 0.000002 0.000002 0.000002 0.0000025 0.0000013

Molybdenum mg/L - 0.073 38.7 0.0002 (<0.0001 - 0.002) n = 110 0.000097 -
0.00062

0.00048 - 0.0029 0.00038 0.00042 0.00044 0.028 0.027 0.0006 0.00055 0.00056 0.034 0.031

Naphthenic Acids -
Labile

mg/L - - 1 - 0 - 0 0 - 0 0 0 0 0.0033 0.0016 0 0 0 0.013 0.0055

Naphthenic Acids -
Refractory

mg/L - - 7.1 - 0.52 - 0.52 1.1 - 1.3 0.63 0.7 0.7 2.5 2 0.73 0.81 0.83 2.7 2.6

Naphthenic Acids -
Total (Upper)

mg/L - - - <1 (<0.02 - 3) n = 110 0.52 - 0.52 1.1 - 1.3 0.63 0.7 0.7 2.7 2.0 0.7 0.81 0.83 4.2 3.6

Naphthenic Acids -
Total (Lower)

mg/L - - - <1 (<0.02 - 3) n = 110 0.26 - 0.26 0.76 - 0.77 0.36 0.4 0.4 2.5 1.4 0.5 0.51 0.53 2.7 2.6

Nickel mg/L 0.72 0.08 0.08 0.0018 (<0.0001 - 0.029) n = 110 0.00083 - 0.0045 0.0024 - 0.018 0.0048 0.0036 0.0037 0.0065 0.0051 0.0062 0.0044 0.0044 0.0078 0.0069

Nitrate mg-N/L 124 2.93 - 0.05 (<0.01 - 0.39) n = 34 0.015 - 0.035 0.16 - 0.24 0.03 0.03 0.029 0.085 0.061 0.044 0.04 0.039 0.11 0.086

PAH group 1 µg/L - 0.015 0.281 <0.0029 (<0.00022 - <0.3) n = 46 0.002 - 0.0021 0.11 - 0.12 0.0051 0.0054 0.0051 0.002 0.0015 0.018 0.018 0.017 0.0058 0.0053

PAH group 2 µg/L - 0.018 0.278 <0.00052 (0.0001 - <0.3) n = 46 0.0033 - 0.0034 0.1 - 0.1 0.0058 0.007 0.006 0.0082 0.0028 0.016 0.016 0.015 0.013 0.0076

PAH group 3 µg/L - - 0.99 <0.0016 (<0.00012 - <0.3) n = 46 0.00075 - 0.00082 0.03 - 0.031 0.0018 0.0023 0.0018 0.0013 0.0006 0.0048 0.0047 0.0045 0.0023 0.0015

PAH group 4 µg/L - 5.8 41.5 <0.0031 (<0.00032 - <0.3) n = 46 0.00078 - 0.00085 0.0051 - 0.0052 0.00018 0.0002 0.0002 0.0001 0 0.0011 0.001 0.001 0.0003 0.0003

PAH group 5 µg/L - 0.012 5.6 0.0092 (0.0013 - <0.3) n = 46 0.016 - 0.017 0.16 - 0.17 0.0045 0.006 0.0045 0.0011 0.0011 0.02 0.02 0.018 0.0093 0.0092

PAH group 6 µg/L - - 64 <0.021 (<0.00096 - <0.3) n = 46 0.027 - 0.027 0.078 - 0.084 0.028 0.027 0.027 0.0084 0.0098 0.04 0.038 0.038 0.013 0.014

PAH group 7 µg/L - 0.04 5.9 0.002 (0.00026 - <0.3) n = 46 0.026 - 0.026 0.2 - 0.21 0.016 0.019 0.015 0.0044 0.0041 0.048 0.05 0.045 0.015 0.014

PAH group 8 µg/L - 1.1 32 0.04 (0.0044 - 0.41) n = 46 0.029 - 0.03 0.15 - 0.16 0.026 0.026 0.025 0.0088 0.0074 0.042 0.04 0.04 0.017 0.016
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Table 7-14 Predicted Concentrations in the Proposed PRM Compensation Lake (Node RCL) – PDC (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Observed Natural Variation in
Redclay Creek and Big Creek

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median

Concentration
Peak

Concentration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

PAH group 9 µg/L - 0.025 2.3 <0.0009 (<0.0002 - <0.3) n = 46 0.0061 - 0.0061 0.12 - 0.14 0.0062 0.0071 0.006 0.0019 0.0016 0.015 0.016 0.014 0.0051 0.0048

Selenium mg/L - 0.001 - <0.0004 (<0.0002 - 0.008) n = 110 0.0002 - 0.00041 0.0014 - 0.0021 0.00032 0.00032 0.00032 0.00053 0.00059 0.00045 0.00043 0.00043 0.00063 0.0007

Silver mg/L 0.01 0.0001 0.00022 0.00001 (0.0000009 - <0.0004) n = 111 0.0000089 -
0.000015

0.000049 -
0.000087

0.000014 0.000013 0.000013 0.000042 0.000031 0.000017 0.000016 0.000016 0.000048 0.000043

Strontium mg/L - - 10.7 0.19 (0.085 - 0.44) n = 110 0.17 - 0.25 0.35 - 0.52 0.25 0.23 0.23 0.37 0.38 0.32 0.28 0.28 0.43 0.43

Sulphate mg/L - 309 429 55 (<0.5 - 209) n = 129 47 - 82 107 - 200 63 80 80 47 78 71 95 96 55 85

Sulphide mg/L - 0.002 0.011 0.008 (<0.002 - 0.41) n = 116 0.006 - 0.0062 0.03 - 0.032 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Tainting potential TPU - 1 - - 0 - 0 0 - 0 0 0 0 0.0093 0.0042 0 0 0 0.031 0.012

Thallium mg/L - 0.0008 - <0.0001 (<0.0001 - 0.0002) n = 110 0.000013 -
0.000036

0.00011 - 0.00027 0.000066 0.000044 0.000046 0.000062 0.000066 0.000096 0.000071 0.000072 0.00011 0.00011

Total dissolved solids mg/L - - 1000 270 (140 - 690) n = 128 258 - 299 414 - 660 267 290 292 441 468 296 331 332 535 556

Total nitrogen mg/L - 1 - 0.7 (0.3 - 4.4) n = 120 0.68 - 0.7 2.1 - 2.6 0.74 0.78 0.78 1.8 1.3 0.84 0.92 0.93 2 1.6

Total phenolics mg/L - 0.004 0.01 0.003 (<0.001 - 0.022) n = 118 0.0031 - 0.004 0.022 - 0.024 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Total phosphorus mg/L - 0.05 - 0.085 (0.007 - 4.7) n = 121 0.07 - 0.07 0.37 - 0.69 0.1 0.099 0.099 0.1 0.11 0.12 0.13 0.13 0.13 0.14

Toxicity.- acute TUa 0.3 0.3 - - 0 - 0 0 - 0 0 0 0 0.0024 0.0009 0 0 0 0.0046 0.0033

Toxicity.- chronic TUc - 1 - - 0 - 0 0 - 0 0 0 0 0.0033 0.0014 0 0 0 0.0091 0.0054

Uranium mg/L 0.033 0.015 - 0.0001 (<0.0001 - 0.0014) n = 110 0.00001 - 0.00033 0.000074 - 0.0021 0.00019 0.0002 0.00019 0.00066 0.00059 0.0003 0.0003 0.0003 0.0012 0.0011

Vanadium mg/L - - 0.12 0.0007 (0.0001 - 0.042) n = 110 0.00025 - 0.0019 0.0024 - 0.038 0.0022 0.0021 0.0022 0.0084 0.0043 0.0037 0.0033 0.0033 0.0097 0.0051

Zinc mg/L 0.188 0.03 0.138 0.0069 (0.00058 - 0.17) n = 109 0.008 - 0.014 0.076 - 0.084 0.015 0.015 0.015 0.021 0.018 0.024 0.025 0.025 0.025 0.022

NOTES:
1

– = No guideline/No data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 7.9, temperature of 6.9°C and hardness of 167 mg/L (reflective of conditions in Big Creek).
3

The derivation of CEBs is described in Section 7.11.
4

Observed natural variation from 1976 to 2014, based on information from ESRD (2014a), Shell (2007a) and the surface water quality baseline (Volume 2, Section 5); median (minimum - maximum) sample number.
5

Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-15 Predicted Concentrations(5) in the Athabasca River – Downstream (Node AR1) – PDC

Substance Units

Water Quality Guidelines
(1,2)

CEBs
(3)

Natural Variation
Observed in the

Athabasca River at
AR1

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration

Acute Chronic
Median

Concentration
Peak

Concentration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.89 (0.02 - 21) n = 152 1.2 12 1.2 1.2 1.2 1.2 1.2 12 12 12 12 12

Ammonia mg-N/L 5.62 1.48 1.27 0.05 (0.004 - 1.8) n = 121 0.043 0.17 0.05 0.052 0.053 0.055 0.054 0.21 0.24 0.27 0.28 0.27

Antimony mg/L - - 0.157 0.000065 (0.000032 -
0.001) n = 140

0.00008 0.00026 0.00009 0.0001 0.0001 0.00012 0.00012 0.0002 0.0002 0.0002 0.0003 0.0003

Arsenic mg/L 0.34 0.005 0.025 0.00087 (0.0003 - 0.01) n
= 185

0.0011 0.004 0.0012 0.0012 0.0012 0.0012 0.0012 0.004 0.004 0.004 0.004 0.004

Barium mg/L - - 5.8 0.064 (0.042 - 0.53) n =
178

0.074 0.13 0.074 0.074 0.074 0.075 0.075 0.13 0.13 0.13 0.13 0.13

Beryllium mg/L - - 0.0053 0.000088 (<0.000003 -
0.01) n = 152

0.00007 0.0019 0.00008 0.00008 0.00008 0.00008 0.00008 0.0019 0.0019 0.0019 0.0019 0.0019

Boron mg/L 29 1.5 1.5 0.03 (0.015 - 0.056) n =
151

0.041 0.095 0.05 0.055 0.055 0.063 0.06 0.15 0.16 0.16 0.2 0.17

Cadmium mg/L 0.0025 0.00018 0.0002 0.000033 (<0.000002 -
0.004) n = 150

0.000065 0.00026 0.00009 0.0001 0.0001 0.00011 0.0001 0.00028 0.00029 0.00029 0.00029 0.00029

Calcium mg/L - - - 31 (19 - 60) n = 228 33 55 33 33 33 33 34 55 55 55 55 55

Chloride mg/L 640 120 170 10 (1.3 - 54) n = 226 14 54 15 15 15 15 15 56 56 57 57 56

Chromium mg/L 0.016 0.001 0.0089 0.0019 (<0.00003 - 0.16)
n = 187

0.0043 0.013 0.0043 0.0043 0.0043 0.0043 0.0043 0.013 0.013 0.013 0.013 0.013

Copper mg/L 0.019 0.007 0.0218 0.0016 (0.00046 - 0.029)
n = 187

0.0045 0.014 0.0045 0.0045 0.0045 0.0046 0.0045 0.014 0.014 0.014 0.014 0.014

Iron mg/L - 0.3 1.5 0.79 (0.066 - 17) n = 162 1.7 11.0 1.7 1.7 1.7 1.7 1.7 11.0 11.0 11.0 11.0 11.0

Lead mg/L 0.103 0.004 0.0061 0.00054 (0.000052 -
0.034) n = 156

0.0023 0.03 0.0024 0.0024 0.0024 0.0024 0.0024 0.03 0.029 0.029 0.029 0.029

Lithium mg/L - - - 0.0078 (0.002 - 0.028) n
= 150

0.010 0.021 0.011 0.011 0.011 0.011 0.012 0.029 0.035 0.034 0.032 0.038

Manganese mg/L - - 1.46 0.045 (0.0045 - 0.5) n =
188

0.063 0.29 0.07 0.069 0.068 0.07 0.076 0.29 0.29 0.29 0.29 0.29

Mercury mg/L 0.000013 0.000005 - 0.0000014
(<0.000000035 - 0.0015)
n = 157

0.0000014 0.000016 0.0000019 0.0000021 0.0000021 0.0000023 0.0000025 0.000016 0.000016 0.000016 0.000016 0.000016

Molybdenum mg/L - 0.073 38.7 0.00067 (0.00014 -
0.015) n = 180

0.001 0.0062 0.0017 0.0027 0.0028 0.0039 0.0033 0.0062 0.017 0.018 0.023 0.018

Naphthenic acids -
labile

mg/L - - 1 - 0 0 0.03 0.039 0.038 0.052 0.048 0.16 0.21 0.2 0.27 0.22

Naphthenic acids -
refractory

mg/L - - 7.1 <1 (<0.004 - 3) n = 129 0.16 0.49 0.24 0.29 0.3 0.36 0.32 0.58 0.95 0.96 1.2 1.0

Naphthenic acids -
total

mg/L - - - <1 (<0.004 - 3) n = 129 0.16 0.49 0.27 0.33 0.34 0.41 0.37 0.7 1.1 1.1 1.4 1.2

Nickel mg/L 0.547 0.061 0.08 0.0018 (0.00003 - 0.062)
n = 187

0.0035 0.017 0.0037 0.0037 0.0038 0.0038 0.0037 0.017 0.017 0.017 0.017 0.017

Nitrate mg-N/L 124 2.93 - 0.1 (<0.001 - 0.6) n = 234 0.07 0.54 0.08 0.08 0.09 0.09 0.082 0.55 0.55 0.55 0.56 0.55

PAH group 1 µg/L - 0.015 0.281 <0.01 (<0.00014 - <0.02)
n = 44

0.00042 0.0091 0 0 0 0 0 0.0091 0.009 0.009 0.009 0.0089

PAH group 2 µg/L - 0.018 0.278 <0.01 (0.00014 - <1) n =
50

0.0031 0.016 0.0038 0.0039 0.0039 0.0041 0.0034 0.016 0.016 0.016 0.016 0.015

PAH group 3 µg/L - - 0.99 0.01 (<0.0003 - 0.048) n
= 44

0.00086 0.023 0 0 0 0 0 0.023 0.023 0.023 0.023 0.023
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Table 7-15 Predicted Concentrations(5) in the Athabasca River – Downstream (Node AR1) – PDC (cont’d)

Substance Units

Water Quality Guidelines
(1,2)

CEBs
(3)

Natural Variation
Observed in the

Athabasca River at
AR1

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration

Acute Chronic
Median

Concentration
Peak

Concentration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

PAH group 4 µg/L - 5.8 41.5 <0.01 (<0.00037 - <0.04)
n = 44

0.00028 0.0066 0 0 0 0 0 0.0069 0.0068 0.0068 0.0068 0.0065

PAH group 5 µg/L - 0.012 5.6 0.01 (0.00012 - 0.17) n =
44

0.0078 0.037 0.012 0.012 0.012 0.012 0.0083 0.039 0.038 0.038 0.038 0.037

PAH group 6 µg/L - - 64 0.013 (<0.00096 - <0.04)
n = 27

0.0039 0.023 0 0 0 0 0 0.023 0.022 0.022 0.022 0.022

PAH group 7 µg/L - 0.04 5.9 <0.01 (0.00043 - 0.029) n
= 44

0.0057 0.056 0.0085 0.0087 0.0087 0.009 0.0072 0.058 0.058 0.057 0.057 0.056

PAH group 8 µg/L - 1.1 32 <0.011 (0.0088 - 0.2) n =
44

0.0065 0.1 0.012 0.012 0.012 0.012 0.0073 0.11 0.11 0.11 0.11 0.1

PAH group 9 µg/L - 0.025 2.3 <0.01 (<0.00053 - 0.021)
n = 44

0.0039 0.026 0.0048 0.0048 0.0048 0.0049 0.0041 0.026 0.026 0.026 0.026 0.025

Selenium mg/L - 0.001 - 0.0003 (0.000079 -
0.0014) n = 179

0.00023 0.00082 0.00024 0.00025 0.00025 0.00025 0.00025 0.00082 0.00082 0.00082 0.00082 0.00082

Silver mg/L 0.0056 0.0001 0.00022 0.00001 (<0.0000005 -
0.00019) n = 145

0.0000073 0.00013 0.0000085 0.0000089 0.000009 0.00001 0.000010 0.00013 0.00013 0.00013 0.00013 0.00013

Strontium mg/L - - 10.7 0.21 (0.078 - 0.39) n =
151

0.25 0.45 0.26 0.26 0.26 0.26 0.26 0.45 0.45 0.45 0.45 0.45

Sulphate mg/L - 309 429 24 (4 - 67) n = 224 28 61 31 31 31 31 30 65 66 66 67 63

Sulphide mg/L - 0.014 0.002 0.0038 (<0.001 - 0.22) n
= 134

0.0018 0.006 0.0019 0.0019 0.0019 0.0019 0.0017 0.008 0.008 0.008 0.008 0.007

Tainting potential TPU - 1 - - 0 0 0.034 0.046 0.048 0.065 0.062 0.42 0.54 0.54 0.7 0.56

Thallium mg/L - 0.0008 - 0.000038 (0.0000023 -
0.00037) n = 143

0.000032 0.00022 0.000033 0.000033 0.000033 0.000033 0.000033 0.00022 0.00022 0.00022 0.00021 0.00021

Total dissolved solids mg/L - - 1000 171 (90 - 560) n = 224 194 321 202 205 205 210 208 339 344 344 355 344

Total nitrogen mg/L - 1 - 0.6 (0.24 - 3.5) n = 188 0.7 1.8 0.76 0.78 0.79 0.83 0.8 1.8 1.8 1.8 1.8 1.8

Total phenolics mg/L - 0.004 0.01 0.003 (<0.001 - 0.05) n =
189

0.0027 0.0086 0.0027 0.0027 0.0027 0.0027 0.0027 0.0085 0.0085 0.0085 0.0085 0.0085

Total phosphorus mg/L - 0.05 - 0.042 (0.015 - 1.8) n =
223

0.058 0.51 0.059 0.06 0.06 0.06 0.06 0.5 0.5 0.5 0.5 0.5

Toxicity.- acute TUa 0.3 0.3 - - 0.018 0.12 0.02 0.021 0.021 0.022 0.021 0.13 0.13 0.13 0.13 0.13

Toxicity.- chronic TUc - 1 - - 0.008 0.053 0.039 0.041 0.041 0.045 0.02 0.24 0.25 0.25 0.27 0.11

Uranium mg/L 0.033 0.015 - 0.0004 (0.0002 - 0.0022)
n = 147

0.00053 0.00091 0.00054 0.00054 0.00054 0.00056 0.00056 0.00092 0.00092 0.00092 0.00093 0.00093

Vanadium mg/L - - 0.12 0.0021 (0.00014 - 0.031)
n = 211

0.0022 0.03 0.0026 0.0026 0.0026 0.0028 0.0024 0.031 0.031 0.031 0.031 0.031

Zinc mg/L 0.14 0.03 0.138 0.0054 (0.00088 - 0.13) n
= 184

0.01 0.043 0.01 0.01 0.01 0.011 0.011 0.043 0.043 0.042 0.042 0.042

NOTES:
1

- = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 8, temperature of 10
o
C and hardness of 120 mg/L (which are reflective of average conditions in the Athabasca River).

3
The derivation of CEBs is described in Section 7.11.

4
Based on information from Golder (2000, 2001, 2002), RAMP (2005) and from ESRD WDS stations: AB07DA0820\0850\0860\0870\0970\0980\1550 (ESRD 2014a); median (minimum - maximum) sample number.

5
Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions/Base Case snapshots (+10%), but is less than the CEB.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-16 Predicted Concentrations in the Athabasca River at Embarras (Node AR2) – PDC

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in the
Athabasca River at AR2

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median

Concentration
Peak

Concentration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Aluminum mg/L 0.75 0.1 0.1 0.36 (0.0022 - 8.2) n = 252 1.2 11 1.2 1.2 1.2 1.2 1.2 12 12 12 12 12

Ammonia mg-N/L 5.62 0.858 0.858 0.043 (0.001 - 1) n = 527 0.043 0.19 0.049 0.05 0.052 0.053 0.052 0.18 0.21 0.24 0.24 0.24

Antimony mg/L - - 0.157 0.000074 (0.000023 - <0.0008) n = 143 0.00013 0.0028 0.00013 0.00013 0.00013 0.00014 0.00014 0.003 0.0029 0.0029 0.0029 0.0028

Arsenic mg/L 0.34 0.005 0.025 0.00072 (<0.0001 - 0.018) n = 198 0.0011 0.0039 0.0011 0.0011 0.0011 0.0012 0.0012 0.0039 0.0039 0.0039 0.0039 0.0039

Barium mg/L - - 5.8 0.066 (<0.001 - 0.27) n = 300 0.071 0.12 0.071 0.071 0.071 0.071 0.071 0.12 0.12 0.12 0.12 0.12

Beryllium mg/L - - 0.0053 0.00005 (0.000001 - 0.0012) n = 225 0.000073 0.0018 0.000078 0.000078 0.000082 0.000084 0.000081 0.0018 0.0018 0.0018 0.0018 0.0018

Boron mg/L 29 1.5 1.5 0.028 (0.0048 - 0.85) n = 152 0.039 0.081 0.046 0.05 0.053 0.056 0.052 0.11 0.12 0.13 0.15 0.12

Cadmium mg/L 0.0025 0.00018 0.00018 0.0001 (0.000006 - 0.0026) n = 255 0.000066 0.00025 0.000083 0.000088 0.00009 0.000098 0.000096 0.00026 0.00026 0.00026 0.00026 0.00026

Calcium mg/L - - - 33 (<1 - 106) n = 531 32 54 32 32 32 32 32 54 54 54 54 54

Chloride mg/L 640 120 170 15 (<0.5 - 150) n = 530 14 54 14 14 15 15 15 55 54 55 56 56

Chromium mg/L 0.016 0.001 0.0083 0.0014 (0.000041 - 0.021) n = 293 0.0042 0.013 0.0043 0.0043 0.0043 0.0043 0.0043 0.013 0.013 0.013 0.013 0.013

Copper mg/L 0.019 0.007 0.0218 0.002 (<0.0002 - 0.019) n = 335 0.0044 0.013 0.0045 0.0045 0.0045 0.0045 0.0045 0.013 0.013 0.013 0.013 0.013

Iron mg/L - 0.3 1.5 0.83 (<0.001 - 14) n = 265 1.7 10 1.7 1.7 1.7 1.7 1.7 10 10 10 10 10

Lead mg/L 0.103 0.004 0.004 0.0007 (0.000041 - 0.086) n = 289 0.0023 0.029 0.0023 0.0023 0.0023 0.0023 0.0023 0.028 0.028 0.028 0.027 0.028

Lithium mg/L - - - 0.0087 (0.0021 - 0.054) n = 212 0.0095 0.018 0.0098 0.01 0.01 0.01 0.01 0.022 0.025 0.024 0.023 0.027

Manganese mg/L - - 1.46 0.047 (0.00031 - 0.59) n = 293 0.066 0.3 0.069 0.068 0.068 0.068 0.068 0.28 0.28 0.28 0.28 0.28

Mercury mg/L 0.000013 0.000005 - <0.00005 (0.00000034 - 0.0008) n =
179

0.0000014 0.000016 0.0000018 0.0000019 0.000002 0.0000021 0.0000022 0.000015 0.000016 0.000016 0.000016 0.000016

Molybdenum mg/L - 0.073 38.7 0.0007 (<0.0001 - 0.4) n = 259 0.00094 0.0059 0.0016 0.0023 0.0031 0.0034 0.0029 0.0059 0.013 0.015 0.017 0.013

Naphthenic acids -
labile

mg/L - - 1 - 0 0 0.023 0.032 0.039 0.043 0.043 0.13 0.17 0.21 0.23 0.21

Naphthenic acids -
refractory

mg/L - - 7.1 0.1 (<0.02 - <1) n = 38 0.19 0.55 0.24 0.28 0.34 0.36 0.33 0.6 0.74 0.89 0.96 0.82

Naphthenic acids -
total

mg/L - - - 0.1 (<0.02 - <1) n = 38 0.19 0.55 0.28 0.32 0.38 0.4 0.38 0.68 0.86 1.1 1.1 0.99

Nickel mg/L 0.55 0.061 0.061 0.002 (0.0000064 - 0.04) n = 304 0.0034 0.016 0.0036 0.0036 0.0036 0.0037 0.0036 0.016 0.016 0.016 0.016 0.016

Nitrate mg-N/L 124 2.93 - 0.049 (<0.001 - 0.63) n = 538 0.069 0.5 0.076 0.078 0.08 0.084 0.077 0.5 0.51 0.51 0.51 0.5

PAH group 1 µg/L - 0.015 0.281 <0.01 (<0.01 - <0.1) n = 55 0.00044 0.0093 0.00079 0.00083 0.00086 0.00091 0.00069 0.0094 0.0093 0.0092 0.0092 0.0092

PAH group 2 µg/L - 0.018 0.278 <0.01 (<0.01 - <1) n = 77 0.0033 0.016 0.0038 0.0039 0.004 0.0041 0.0036 0.016 0.016 0.016 0.016 0.016

PAH group 3 µg/L - - 0.99 <0.01 (0.003 - <0.2) n = 55 0.001 0.022 0.0012 0.0012 0.0012 0.0012 0.001 0.022 0.022 0.022 0.022 0.021

PAH group 4 µg/L - 5.8 41.5 <0.01 (<0.0065 - <0.1) n = 55 0.00033 0.0061 0.0013 0.0013 0.0013 0.0013 0.00059 0.0065 0.0064 0.0064 0.0064 0.0061

PAH group 5 µg/L - 0.012 5.6 <0.01 (0.0019 - <0.1) n = 55 0.0075 0.034 0.01 0.011 0.011 0.011 0.008 0.035 0.035 0.035 0.035 0.034

PAH group 6 µg/L - - 64 <0.04 n = 1 0.0046 0.027 0.0047 0.0047 0.0049 0.005 0.0049 0.027 0.027 0.027 0.027 0.027

PAH group 7 µg/L - 0.04 5.9 <0.01 (0.0012 - <0.1) n = 55 0.0056 0.044 0.0076 0.0078 0.008 0.0082 0.007 0.044 0.044 0.044 0.044 0.044

PAH group 8 µg/L - 1.1 32 <0.01 (0.0017 - 0.19) n = 55 0.0064 0.099 0.011 0.011 0.011 0.011 0.0073 0.11 0.1 0.1 0.1 0.095

PAH group 9 µg/L - 0.025 2.3 <0.01 (0.0017 - <0.1) n = 55 0.0048 0.029 0.0055 0.0055 0.0056 0.0056 0.0051 0.029 0.029 0.029 0.029 0.028

Selenium mg/L - 0.001 - 0.0002 (<0.00005 - 0.0009) n = 197 0.00023 0.0008 0.00024 0.00024 0.00025 0.00025 0.00024 0.0008 0.0008 0.0008 0.0008 0.0008

Silver mg/L 0.0056 0.0001 0.00022 0.000013 (<0.0000005 - 0.0034) n =
173

0.000011 0.00013 0.000012 0.000012 0.000013 0.000013 0.000012 0.00013 0.00013 0.00013 0.00013 0.00013

Strontium mg/L - - 10.7 0.21 (0.11 - 0.54) n = 212 0.24 0.43 0.24 0.24 0.25 0.25 0.24 0.44 0.44 0.44 0.44 0.44

Sulphate mg/L - 309 429 25 (<0.5 - 186) n = 530 26 58 27 28 28 28 27 61 61 62 62 60
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Table 7-16 Predicted Concentrations in the Athabasca River at Embarras (Node AR2) – PDC (cont’d)

Substance Units

Water Quality
Guidelines

(1,2)

CEBs
(3)

Natural Variation Observed in the
Athabasca River at AR2

(4)

Reference Conditions

Planned Development Case

Median Concentration Peak Concentration
(5)

Acute Chronic
Median

Concentration
Peak

Concentration
(5)

2024 2050 2066 2081 2181 2024 2050 2066 2081 2181

Sulphide mg/L - 0.002 0.014 <0.01 (<0.001 - 0.02) n = 97 0.0021 0.006 0.0023 0.0023 0.0023 0.0023 0.002 0.012 0.012 0.012 0.012 0.006

Tainting potential TPU - 1 - - 0.0 0.0 0.027 0.038 0.049 0.056 0.059 0.34 0.44 0.58 0.64 0.55

Thallium mg/L - 0.0008 - 0.000022 (<0.0000003 - 0.00027) n =
144

0.000034 0.00021 0.000035 0.000035 0.000035 0.000035 0.000034 0.00021 0.00021 0.00021 0.00021 0.00021

Total dissolved solids mg/L - - 1000 174 (16 - 722) n = 523 187 314 193 195 196 198 196 326 328 329 335 329

Total nitrogen mg/L - 1 - 0.63 (0.09 - 3) n = 267 0.7 1.8 0.75 0.76 0.78 0.8 0.77 1.8 1.8 1.8 1.8 1.8

Total phenolics mg/L - 0.004 0.01 <0.001 (<0.0001 - 0.042) n = 212 0.0027 0.0084 0.0027 0.0027 0.0027 0.0027 0.0027 0.0083 0.0083 0.0082 0.0082 0.0082

Total phosphorus mg/L - 0.05 - 0.045 (0.004 - 0.75) n = 517 0.057 0.49 0.059 0.059 0.059 0.059 0.059 0.49 0.49 0.49 0.49 0.49

Toxicity.- acute TUa 0.3 0.3 - - 0.018 0.12 0.02 0.02 0.02 0.021 0.02 0.13 0.13 0.13 0.13 0.13

Toxicity.- chronic TUc - 1 - - 0.0077 0.053 0.032 0.035 0.036 0.038 0.019 0.2 0.21 0.22 0.22 0.1

Uranium mg/L 0.033 0.015 - 0.0004 (<0.0001 - 0.003) n = 155 0.0005 0.00089 0.0005 0.00051 0.00051 0.00052 0.00052 0.00089 0.0009 0.00089 0.0009 0.0009

Vanadium mg/L - - 0.12 0.0017 (0.00026 - 0.021) n = 354 0.0022 0.029 0.0025 0.0025 0.0025 0.0026 0.0023 0.029 0.029 0.029 0.029 0.029

Zinc mg/L 0.14 0.03 0.138 0.006 (0.00053 - 0.054) n = 321 0.011 0.043 0.011 0.011 0.011 0.011 0.011 0.043 0.043 0.042 0.042 0.042

NOTES:
1

- = No guideline / no data.
2

From U.S.EPA (2002, 2013), CCME (1999a), ESRD (2014b) and BC MOE (2015), assuming a pH of 8, temperature of 10
o
C and hardness of 120 mg/L (which are reflective of average conditions in the Athabasca River).

3
The derivation of CEBs is described in Section 7.11.

4
Based on information from Golder (2000, 2001, 2002), RAMP (2005) and from ESRD WDS stations: AB07DA0010\0040\0060\0080\0105\0200\0250 (ESRD 2014a); median (minimum - maximum) sample number.

5
Peak concentrations represent 99.91 percentile values calculated from a model dataset containing more than 16,000 datapoints; with the exception of acute toxicity, which is a daily peak, concentrations are shown as four-day average concentrations.

Bold font indicates concentration is higher than chronic guideline.

Underlined font indicates concentration is higher than reference conditions/Base Case snapshots (+10%), but is less than the CEB.

Grey shading indicates concentration is higher than all screening criteria; substance is identified as a substance of potential concern.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit
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Table 7-17 Predicted Concentrations in Athabasca River at Old Fort – PDC

Substance Units
Surface Water
Quality Limits

Reference Conditions Planned Development Case 2081

Median

95th

Median

95th

Percentile Percentile

Aluminum mg/L 0.1 1.2 11 1.2 12

Ammonia mg-N/L 2.8 0.043 0.19 0.053 0.18

Antimony mg/L 0.006 0.00013 0.0028 0.00014 0.003

Arsenic mg/L 0.005 0.0011 0.0039 0.0012 0.0039

Barium mg/L 1.0 0.071 0.12 0.071 0.12

Beryllium mg/L 0.1 0.000073 0.0018 0.000084 0.0018

Boron mg/L 0.5 0.039 0.081 0.056 0.081

Cadmium mg/L 0.000039 0.000066 0.00025 0.000098 0.00015

Calcium mg/L 1000 32 54 32 48

Chloride mg/L 100 14 54 15 40

Chromium mg/L 0.05 0.0042 0.013 0.0043 0.0068

Copper mg/L 0.007 0.0044 0.013 0.0045 0.0078

Iron mg/L 0.3 1.7 10 1.7 5.3

Lead mg/L 0.004 0.0023 0.029 0.0023 0.0063

Lithium mg/L 2.5 0.0095 0.018 0.01 0.013

Manganese mg/L 0.05 0.066 0.3 0.068 0.15

Mercury mg/L 0.000005 0.0000014 0.000016 0.0000021 0.0000084

Molybdenum mg/L 0.01 0.00094 0.0059 0.0034 0.0067

Naphthenic acids - labile mg/L - 0.000000014 0.000000068 0.043 0.16

Naphthenic acids -
refractory

mg/L - 0.19 0.55 0.36 0.61

Naphthenic acids - total mg/L - 0.19 0.55 0.4 0.76

Nickel mg/L 0.061 0.0034 0.016 0.0037 0.0089

Nitrate mg-N/L 2.9 0.069 0.5 0.084 0.25

PAH group 1 µg/L - 0.00044 0.0093 0.00091 0.0046

PAH group 2 µg/L - 0.0033 0.016 0.0041 0.0091

PAH group 3 µg/L - 0.001 0.022 0.0012 0.0096

PAH group 4 µg/L - 0.00033 0.0061 0.0013 0.0031

PAH group 5 µg/L - 0.0075 0.034 0.011 0.02

PAH group 6 µg/L - 0.0046 0.027 0.005 0.012

PAH group 7 µg/L - 0.0056 0.044 0.0082 0.022

PAH group 8 µg/L - 0.0064 0.099 0.011 0.028

PAH group 9 µg/L - 0.0048 0.029 0.0056 0.013

Selenium mg/L 0.001 0.00023 0.0008 0.00025 0.00041

Silver mg/L 0.0001 0.000011 0.00013 0.000013 0.000057

Strontium mg/L - 0.24 0.43 0.25 0.39

Sulphate mg/L 500 26 58 28 48

Sulphide mg/L - 0.0021 0.006 0.0023 0.0035

Tainting potential TPU - 0.0 0.0 0.056 0.27

Thallium mg/L 0.0008 0.000034 0.00021 0.000035 0.00012

Total dissolved solids mg/L - 187 314 198 297

Total nitrogen mg-N/L 1.0 0.7 1.8 0.8 1.1

Total phenolics mg/L - 0.0027 0.0084 0.0027 0.005

Total phosphorus mg/L 0.05 0.057 0.49 0.059 0.21

Toxicity.- acute TUa - 0.018 0.12 0.021 0.081

Toxicity.- chronic TUc - 0.0077 0.053 0.038 0.071

Uranium mg/L 0.01 0.0005 0.00089 0.00052 0.00068

Vanadium mg/L 0.1 0.0022 0.029 0.0026 0.011

Zinc mg/L 0.03 0.011 0.043 0.011 0.024
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Big Creek

In Big Creek, levels of acute and chronic toxicity and tainting potential are predicted to

be below guideline values under PDC snapshots (Table 7-13).

In 2024, concentrations of TDS are predicted to decrease relative to reference conditions

and are not considered further in the assessment. In 2050, 2066, 2081 and 2181,

concentrations of TDS are predicted to increase by more than 10% relative to reference

conditions, but remain below the CEB. Therefore, TDS is not considered further in the

assessment.

During operations, Big Creek is predicted to have no labile naphthenic acids because

process-affected waters will not reach Big Creek or its tributaries. In 2081 and 2181,

concentrations are predicted to increase by more than 10% relative to reference

conditions. However, because concentrations are predicted to remain below the CEB,

labile naphthenic acids is not considered further in the assessment. Under PDC snapshots,

concentrations of refractory and total naphthenic acids are predicted to increase by more

than 10% relative to reference conditions. Like labile naphthenic acids, concentrations

are predicted to remain below the CEB and are not considered further in the assessment.

Under PDC snapshots, the substances that passed through the screening process and were

identified as SOPC in Big Creek are listed below. They are the same substances that were

identified as SOPC in Big Creek under Application Case snapshots.

 aluminum (2024, 2081 and 2181)

 ammonia (2050, 2066, 2081 and 2181)

 cadmium (2066, 2081 and 2181)

 copper (2050, 2066)

 iron (2050, 2066 and 2181)

 lead (2050, 2066)

 lithium (2050, 2066, 2081 and 2181)

 manganese (2050 and 2066)

 total nitrogen (2050, 2066)

 total phenolics (2050 and 2066)

 total phosphorus (2024, 2081 and 2181)

These substances are considered further in the aquatic health assessment (see

Section 7.11).

Proposed PRM Compensation Lake

In the PDC, the proposed PRM compensation lake (if constructed), would receive inflows

from Redclay and Big creeks. Water quality in the lake would therefore be similar to the

water quality of Redclay and Big creeks, as described above and in Section 7.4.5, with

slightly elevated median concentrations from evapoconcentration and reduced peaks
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because of the dampening effect of the residence time in the lake. Throughout operation

and closure, water quality in the proposed PRM compensation lake will be protected at

closure through the use of ETA seepage collection system between the Project and the

lake.

In the proposed PRM compensation lake, levels of acute and chronic toxicity and tainting

potential are predicted to be below guideline values under PDC snapshots (Table 7-14).

In all snapshots, concentrations of TDS are predicted to increase by more than 10%

relative to reference conditions, but remain below the CEB; therefore, it is not considered

further in the assessment.

During operations, the proposed PRM compensation lake is predicted to have no labile

naphthenic acids because process-affected waters will not reach the proposed PRM

compensation lake or its tributaries. In 2081 and 2181, concentrations are predicted to

increase by more than 10% relative to reference conditions. However, because

concentrations are predicted to remain below the CEB, labile naphthenic acids is not

considered further in the assessment. Under PDC snapshots, concentrations of refractory

and total naphthenic acids are predicted to increase by more than 10% relative to

reference conditions. Like labile naphthenic acids, concentrations are predicted to remain

below the CEB and are not considered further in the assessment.

Under PDC snapshots, the substances that passed through the screening process and are

identified as SOPC in the proposed PRM compensation lake are listed below:

 aluminum (2024, 2050, 2066, 2081 and 2181)

 iron (2024, 2050, 2066, 2081 and 2181)

 lithium (2024, 2050, 2066, 2081 and 2181)

 total nitrogen (2081 and 2181)

 total phosphorus (2024, 2050, 2066, 2081 and 2181)

These substances are considered further in the aquatic health assessment (see

Section 7.11).

Athabasca River

In the Athabasca River just downstream of the Project and at Embarras, levels of acute

and chronic toxicity and tainting potential are predicted to be lower than guideline values

for the PDC (see Tables 7-15 and 7-16). Similar to the Application Case, concentrations

of TDS are predicted to increase by less than 10% relative to Base Case snapshots and

remain below the CEB. Therefore, concentrations of TDS are not considered further in

the assessment. Concentrations of labile and refractory naphthenic acids are predicted to

remain below CEBs in all snapshots and are not considered further in the assessment.

In the Athabasca River just downstream of the Project and at Embarras, the

concentrations of all other substances are predicted to either remain within the range of

concentrations predicted under Base Case snapshots or increase by more than 10%

relative to Base Case snapshots, but remain below CEBs. Therefore, no other substances

are considered further in the assessment.
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The Alberta Government released the Lower Athabasca Region Surface Water Quality

Management Framework (GOA 2015) to manage cumulative changes in the Athabasca

River. The Framework has triggers that indicate change in water quality and limits that

indicate effects on water uses. To assess compliance with the draft Framework, predicted

mean and 95th percentile concentrations in the Athabasca River at Old Fort were

compared with the water quality limits in the draft Framework using data for the 2081

PDC snapshot, which represents worst-case predictions for the cumulative assessment.

All predicted concentrations were below the water quality limits outlined in the

Framework (see Table 7-17).

Summary

For PDC snapshots, the following substances are identified as SOPC in the aquatics LSA

and are considered further in the aquatic health assessment for the Project (see Section

7.11):

 aluminum (Ronald Lake, Redclay Creek, Big Creek and the proposed PRM

compensation lake)

 ammonia (Big Creek)

 cadmium (Big Creek)

 copper (Big Creek)

 iron (Ronald Lake, Redclay Creek, Big Creek and the proposed PRM compensation

lake)

 lithium (Redclay Creek, Big Creek and the proposed PRM compensation lake)

 lead (Big Creek)

 manganese (Big Creek)

 sulphide (Big Creek)

 total nitrogen (Redclay Creek, Big Creek and the proposed PRM compensation lake)

 total phenolics (Big Creek)

 total phosphorus (Redclay Creek, Big Creek and the proposed PRM compensation

lake)

In the aquatics RSA, no substances are identified as SOPC; therefore, no substances are

considered further in the aquatic health assessment.
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7.4.7 Prediction Confidence

Similar to the Integrated Application and under the same set of conservative assumptions,

there is a high prediction confidence that concentrations predicted for watercourses,

including the Athabasca River, will not be underpredicted (i.e., that predictions generated

herein will err on the side of environmental protection). Since regional developments

were identified for the updated assessment in late 2014, the development schedules for

the JNM Expansion and PRM have been delayed indefinitely. The outcome of these

delays in relation to assessment is:

 The aquatics RSA considers cumulative effects from the JNM as approved for all

assessment predictions.

 The aquatics LSA and RSA PDC considers cumulative effects from PRM as

approved for all assessment predictions.

 The aquatics RSA PDC considers cumulative effects from JNM Expansion as

approved for all assessment predictions.

These changes add to the conservative nature of the assessment because although the

assessment update includes effects from these developments, these effects may not be

realized.

7.4.8 Responses to Aboriginal Community Concerns

Potentially affected Aboriginal communities have expressed concerns regarding potential

changes in water quality of surface waters in the aquatics LSA and RSA as a result of the

Project as well as ongoing oil sands development. These changes were assessed by

modelling concentrations of 48 constituents including ions, metals, organics and nutrients

in waterbodies and watercourses in the aquatics LSA and RSA. Predicted concentrations

were compared to regulatory criteria and aquatic health benchmarks (see Section 7.11)

and were further assessed for effects on human and wildlife health (see Sections 12 and

13, respectively).

The implementation of Project mitigation measures for all Project phases

(see Section 7.4.5.1) will reduce the concentration of substances of concern and limit the

changes in surface water quality of receiving waters. The success of Project mitigation

will be achieved by engineering design and best management practices to control seepage

of process-affected waters into receiving waters. In addition, water quality treatment

efficiency of wetlands and pit lakes is important for minimizing changes to water quality

in receiving waters. Concentrations of several substances are predicted to increase above

reference conditions, but remain below guidelines or CEBs (see Section 7.4.5.3).

Concentrations that were predicted to be higher than guidelines and CEBs were carried

forward to an aquatic health assessment for further evaluation
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A specific concern brought up by members of Métis communities (Métis Local 1935 and

Métis Local 214) is the management and disposal of wastewater. Specific mitigation

measures (see Section 7.4.5.1) were incorporated into Project design to manage and

dispose of wastewater, including:

 recycling of process-affected waters and runoff within the PDA in a closed-circuit

system during operation

 responding to spills using best management practices. Project activities will follow

safety protocols designed to limit accidents and reduce effects if an accident should

occur

 implementing a surface water and groundwater monitoring and response plan to

promptly determine the effects of spills and initiate required remedial action

Concerns expressed by Athabasca Chipewyan First Nation (ACFN) and Mikisew Cree

First Nation (MCFN), and their technical specialists (MSES), flagged the need to

understand model accuracy. As part of the quality assurance/quality control (QA/QC)

process and effort to improve prediction confidence, accuracy of calculations and

modelling results used to draw conclusions in the Integrated Application are considered

in the context of:

 a rigorous QA/QC program for all monitoring and modelling tasks

 an uncertainty analysis that was completed as part of the Integrated Application (see

Section 4.5.7 and Appendix 4A)

Members of the ACFN, MCFN and Métis Local 125 also expressed concern about the

contamination of groundwater and surface water travelling north to the PAD by seepage

or release of process-affected or tailing areas water. During Project construction and

operation, mitigation measures have been incorporated into the Project design that will

retain and recycle water in the PDA, thereby minimizing any effect on downstream

receiving waters (see Volume 1, Section 7.6.3).

At closure, a self-sustaining drainage system will be constructed to have similar

characteristics as natural systems in terms of dynamic stability, robustness, longevity and

self-sustaining capability (see Volume 1, Section 13.7.3). To reduce effects on the quality

of receiving waters, the reclamation drainage will be designed and constructed to have

characteristics that limit channel erosion. The drainage system will direct all seepages

and runoff after closure to wetlands, constructed reclamation lakes and pit lakes with

sufficient residence times to reduce changes to surface water quality. Teck is committed

to engaging and consulting with potentially affected Aboriginal communities on its

CC&R plan as well as its fisheries offsetting works throughout the life of the Project and

at closure.
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7.4.9 Management and Monitoring

7.4.9.1 Regional

JOSM was announced in February 2012 as a phased environmental monitoring program

to be implemented in the AOSR over three years (2012 through 2014). The Alberta

Environmental Monitoring, Evaluation and Reporting Agency (AEMERA) assumed

provincial responsibility for JOSM upon the proclamation of the Protecting Alberta’s

Environment Act on April 28, 2014. The new environmental monitoring program will

build upon existing programs by ESRD, RAMP and Environment Canada, and will

include an integrated water quality, quantity and aquatic ecosystem health monitoring

component. In the past, monitoring programs and networks were set up independently of

each other to meet specific needs. This cumulative effects management approach will

enhance, improve and integrate relevant parts of existing monitoring efforts to give

government and industry the scientific foundation necessary to ensure the

environmentally sustainable development of the oil sands. This is consistent with the

Government of Alberta’s plans for a province-wide environmental monitoring system.

Teck is also actively participating in COSIA to identify, document and formalize best

practices for monitoring of snow, surface waters and groundwater for the oil sands

industry. These best practices will be followed by Teck as part of individual or industry-

shared monitoring programs for the Project.

7.4.9.2 Project-Specific

The surface water quality management and monitoring plans for the Project are the same

as presented in Volume 5, Section 4.5.9.2 of the Integrated Application. Ongoing

monitoring of water quality in the receiving waters will be conducted to confirm the

surface water quality predictions presented herein. In the event that surface water quality

does not meet required standards, additional mitigation measures will be implemented at

appropriate locations to adaptively manage effects on the receiving waters. These

measures may include enlarging polishing ponds to increase their residence times,

additional recycling of runoff and seepage flows and expansion of wetlands or

constructed reclamation lakes. Also, initial reclamation waters in wetlands, including

tailings flux, process-affected seepages and runoff from the reclaimed landscape could be

used as process water. Water in pit lakes could be treated to promote biological

productivity or chemical activity and to enhance precipitation, settling and removal of

substances.

Mitigation to address potential changes in substances in the FHCL has not been

specifically assessed. However, potential mitigation measures have been identified to

reduce adverse effects of methyl mercury accumulation in fish and other aquatic biota.

These measures include:

 intensive and selective fishing

 manipulate growth and food web

 prohibit recreational and consumption uses of fish during the first years of

impoundment
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 excavate the potential FHCL site instead of flooding a vegetated area

 increase the pH of water

This plan will be developed in consultation with Fisheries and Oceans Canada (DFO),

potentially affected Aboriginal communities and stakeholders before the start of

operations of the fisheries offsetting works.

Potential challenges in accurately modelling methylmercury concentrations may be

addressed by gathering specific data about the location of the impoundment, including its

chemical, physical and geomorphological characteristics, the resident vegetation and its

water sources. Teck will periodically monitor surface water quality and fish tissue for

several constituents of concern in the FHCL, including methylmercury. These data will

be compared with data used to develop predictions, and used, where applicable, to refine

modelling results for the Project. Teck will then evaluate the refined modelling results to

determine appropriate actions to achieve management targets. The effectiveness of the

mitigation strategies would then be evaluated through monitoring and refined modelling,

as required. Teck is committed to developing a formal adaptive management plan for the

methylmercury concentrations in the FHCL prior to its construction and during its

operation.

7.4.10 Summary

Water quality models were developed to simulate potential Project effects at key

locations and temporal snapshots. The model predictions indicate that the Project will

exert a negligible to low change on most substance concentrations in waterbodies and

watercourses. It is predicted that the Project will have negligible effects on acute and

chronic toxicity and tainting potential concentrations in all receiving waters in the

aquatics LSA and RSA.

The proposed mitigation measures are designed to maintain acute and chronic toxicity

and tainting potential at levels appreciably lower than the corresponding guideline or

threshold values. Concentrations of several substances are predicted to increase above

reference conditions, but remain below guidelines or CEBs. Concentrations that were

higher than guidelines and CEBs were carried forward to an aquatic health assessment for

further evaluation with respect to environmental consequence (see Section 7.11).

Concentrations of all substances were also carried forward to the human and wildlife

health risk assessments for further evaluation (see Sections 12 and 13, respectively).
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7.5 Thermal Regimes

7.5.1 Introduction

This section addresses key question WQ2: Could the Project contribute to cumulative

changes in thermal regime in receiving waters?

Changes in the magnitude and seasonal variability of water temperature could affect

aquatic resources in waterbodies and watercourses. Although there will be no thermal

discharges from the Project, seasonal changes in flow and the creation of ponds, wetlands

and waterbodies could alter the temperature of receiving waters.

The Project will release muskeg drainage and overburden dewatering flows into polishing

ponds, the outflows of which will be directed to Redclay and Big creeks and the

Athabasca River. The outflow has the potential to change the water temperature of

receiving watercourses, but thermal equilibrium will be restored downstream.

Management of muskeg drainage and overburden dewatering is described in the water

management plan (see Volume 1, Section 7).

7.5.2 Methods

Similar to the Integrated Application (see Volume 5, Section 4.6.2), water temperatures

were predicted for watercourses that will receive dewatering releases during operations

and will be diverted through pit lakes at closure. Predictions were generated for Big

Creek near the mouth and Redclay Creek near the mouth (see Figure 7-1). Water

temperatures were predicted using the HSPF model , consistent with the small streams

water quality model described in Appendix 7A.

7.5.3 Reference Conditions

Ronald Lake and Redclay and Big creeks are the main watercourses and waterbodies in

the aquatics LSA. There are also several small, unnamed waterbodies in the aquatics

LSA.

In general, the thermal regime of these watercourses and waterbodies conforms to the

seasonal variation, with the lowest temperatures in winter, followed by fall, spring and

summer (see Volume 2, Section 5.3.1). Currently, there are no water releases in the

aquatics LSA into any of these watercourses or waterbodies that would modify their

natural thermal regime.

7.5.4 Base Case

There are no operating or approved developments in the Ronald Lake, Redclay Creek or

Big Creek watersheds; therefore, Base Case snapshots are the same as reference

conditions for these watersheds.
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7.5.5 Application Case

7.5.5.1 Mitigation

Mitigation measures designed to limit the potential thermal effects of water releases from

the Project on receiving waters are the same as in the Integrated Application. Potential

thermal effects of muskeg drainage and overburden dewatering will be reduced by

passing these waters though polishing ponds and drainage ditches before ultimate

discharge to receiving waters. Thus, potential effects of the Project on water temperatures

in these receiving waters will be reduced. As with other oil sands operations, discharge

monitoring and reporting criteria for all releases from the Project is anticipated under an

Alberta Environmental Protection and Enhancement Act (EPEA) approval.

7.5.5.2 Linkage Analysis

Dewatering of muskeg and overburden during the construction and operation phases of

the Project can potentially result in changes in flows and the thermal regime of the

receiving waters (e.g., Redclay and Big creeks). Because direct discharges of muskeg

drainage and overburden dewatering will occur during the life of the Project, this linkage

is valid for Redclay and Big creeks during the operational period.

Warmer pond water temperatures potentially occur during late fall when bottom heat flux

from the shallow polishing ponds and episodic high solar radiation and air temperatures

can affect the pond water temperature.

Due to their size (e.g., large and deep), the pit lakes will have a different thermal regime

than natural watercourses, therefore, water release (at closure) could alter the thermal

regime in receiving waters. Pit lakes outflow in the Application Case include outflow

from:

 the north pit lake into Unnamed Creek 18

 the central pit lake into Redclay Creek

 south pit lake into Big Creek

Therefore, this linkage is valid for Unnamed Creek 18, Redclay Creek and Big Creek at

closure. For the Athabasca River, no measurable thermal effects will result from the

Project and other potential developments because of the small volume of dewatering

release waters relative to the streamflow of the watercourse (less than 1% of annual

lowest 7-day consecutive flow that occurs, on average, once every 10 years (7Q10) for

the Athabasca River). Therefore, the linkage is invalid for the Athabasca River.

7.5.5.3 Effects Analysis

Water temperatures in Big Creek are predicted to change, because of inputs from

polishing ponds and pit lakes (Table 7-18). The 2024 snapshot includes an input from the

Project's largest polishing pond release, whereas the 2081 snapshot includes discharge

from the south pit lake. For the 2024 snapshot, mean monthly temperatures are predicted

to be 1 to 1.5°C lower than reference temperatures from June to August, whereas for the
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other months the difference is generally less than 1°C. For the 2081 snapshot, mean

monthly temperatures are predicted to be within 1°C of reference temperatures.

Water temperatures in Redclay Creek are also predicted to change, because of inputs

from polishing ponds, pit lakes and the FHCL (Figures 7-4 to 7-7). The 2024 snapshot

includes an input from one of the Project's polishing ponds and the FHCL, whereas the

2081 snapshot includes discharge from the largest pit lake, central pit lake, as well as the

FHCL. For the 2024 snapshot, mean monthly temperatures are predicted to be within 1°C

of reference temperatures. For the 2081 snapshot, mean monthly temperatures are

predicted to be 1 to 1.7°C higher than reference temperatures from May to September and

within 1°C of reference temperatures in other months.

Table 7-18 Predicted Temperatures (°C) in Big Creek and Redclay Creek

Snapshot Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Big Creek

Reference conditions 0.1 0.2 0.6 2.0 6.0 12.0 14.5 13.4 8.0 2.7 0.3 0.1

Application Case 2024 0.1 0.2 0.4 1.6 5.8 11.0 13.2 12.2 7.1 2.3 0.2 0.1

Application Case 2081 0.1 0.1 0.2 1.7 6.3 11.3 13.7 13.1 8.3 3.0 0.2 0.1

Redclay Creek

Reference conditions 0.1 0.2 0.6 2.0 5.1 11.4 13.8 13.0 7.8 2.7 0.4 0.1

Application Case 2024 0.1 0.2 0.6 1.7 5.9 11.4 14.2 13.2 8.1 2.5 0.2 0.1

Application Case 2081 0.1 0.1 0.2 1.5 6.8 12.3 14.9 14.1 8.8 3.0 0.2 0.1

Results indicate that small changes in water temperature may occur in receiving waters in

some months and snapshots. However, these changes of temperature are in compliance

with the water quality guideline used in Alberta for the protection of freshwater aquatic

life (ESRD 2014b), which specifies that instream water temperature is “not to be

increased by more than 3°C above ambient water temperature.” Therefore, effects on the

thermal regime because of the Project are expected to be negligible.

7.5.6 Planned Development Case

7.5.6.1 Linkage Analysis

The PRM is a disclosed development within the Big Creek watershed, but it is not

anticipated to release muskeg drainage, overburden dewatering flows or pit lake outflows

to Big Creek. Therefore, this linkage is invalid in the aquatics LSA. Likewise, there are

no planned developments with sufficiently large discharges that could reasonably be

expected to affect the thermal regime of the Athabasca River. Therefore, this linkage is

invalid in the aquatics RSA.

7.5.7 Prediction Confidence

The baseline information available for this assessment was adequate for characterizing

reference conditions, including seasonal trends of water temperature in aquatics LSA

watercourses (see Volume 2, Section 5.3.1). Data were available at several points along

all major watercourses during all seasons.
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Temperature modelling was based on the HSPF temperature calibration in the aquatics

LSA, in which instantaneous measurements were recorded whenever a water quality

sample was collected. Continuous measurements of temperature in the aquatics LSA

were unavailable. The temperature model was calibrated with data from Redclay Creek

and Big Creek. On average, predicted temperatures were generally within 0.5ºC to 1.5ºC

of observed temperatures. Given the limited dataset used to calibrate the model

(i.e., instantaneous as opposed to continuous measurements), confidence in predictions

was assessed as moderate.

7.5.8 Surface Water Thermal Regimes

Water temperature in receiving waters will respond quickly to solar radiation and air

temperature, especially during periods of low flow when thermal effects of releases from

polishing ponds and pit lakes could be highest. During operation, the ponds will be

monitored frequently as per the anticipated EPEA approval conditions, and modifications

can be made to the ponds if deemed necessary. Modifications could include making the

ponds deeper to reduce thermal absorption, or constructing longer drainage ditches to

allow adequate travel times for the released waters to establish thermal equilibrium and

approach ambient water temperatures. Therefore, there is high confidence in the success

of mitigation.

7.5.9 Responses to Aboriginal Community Concerns.

While no specific concerns were raised by Aboriginal communities related to changes in

surface water thermal regimes, concerns did arise in hearings for other projects about

how potential changes in the thermal regime of waters downstream of the PDA would

represent an effect on local watersheds. Concern was expressed about the effects of the

Project on local watersheds and loss of creeks as important source of drinking water. As

discussed, polishing ponds will be used to mitigate changes to thermal regimes in

receiving waters, while pit lake drainage will exit through drainage ditches to allow water

temperatures to approach ambient water temperatures.

7.5.10 Management and Monitoring

7.5.10.1 Regional

Water temperature in polishing ponds for other developments will be monitored as part of

operator-specific compliance monitoring. Water temperature in regional waterbodies and

watercourses will be monitored by AEMERA.

7.5.10.2 Project-Specific

As per anticipated EPEA approval conditions, water temperature in muskeg drainage and

overburden dewatering flows will be measured during periods of discharge at the outlet

of the polishing ponds. These measurements will be reported monthly to ESRD. In

addition, receiving watercourses will be monitored upstream and downstream of

discharge locations to confirm the model predictions that muskeg drainage and
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overburden dewatering waters do not appreciably modify the natural thermal regime of

the receiving watercourses. Pit lakes water temperatures will be monitored throughout the

reclamation period and during closure monitoring to confirm model predictions and

inform adaptive management where necessary.

7.5.11 Summary

Project-related water releases are expected to modify the thermal regimes of receiving

waters in the aquatics LSA. The Project will not include a discharge of a blowdown or

other thermal load. During operation and closure, the predicted change in water

temperatures is small.

7.6 Dissolved Oxygen

7.6.1 Introduction

This section addresses key question WQ3: Could the Project contribute to cumulative

changes in DO in receiving waters?

Muskeg drainage and overburden dewatering waters have the potential to contain high

levels of oxygen-consuming organic substances and low DO levels. Maintenance of

suitable DO levels in the receiving waters is important for the water quality and aquatic

health of watercourses.

The Project will release muskeg drainage and overburden dewatering flows into polishing

ponds, the outflows of which will be directed to Redclay Creek, Big Creek and the

Athabasca River. Management of muskeg drainage and overburden dewatering is

described in the water management plan (see Volume 1, Section 7).

The Project also includes the construction of three pit lakes as part of closure and

reclamation, which could affect DO in receiving watercourses. Dissolved oxygen

predictions for pit lakes is discussed in Section 7.10.

7.6.2 Methods

The methods used to assess changes in DO in receiving waters are the same as in

Volume 5, Section 4.7.2 of the Integrated Application.

7.6.3 Reference Conditions

As discussed, the main watercourses and waterbodies in the aquatics LSA are Redclay

Creek, Big Creek and Ronald Lake. There are also several small, unnamed waterbodies in

the aquatics LSA. In general, these watercourses and waterbodies are well oxygenated,

except for small waterbodies during ice cover periods (see Volume 2, Section 5.3.3).

Currently, there are no muskeg drainage and overburden dewatering releases in the

aquatics LSA to any of these watercourses or waterbodies.
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7.6.4 Base Case

There are no operating or approved developments in the Redclay Creek or Big Creek

watersheds; therefore, Base Case snapshots are the same as reference conditions for these

watersheds.

7.6.5 Application Case

7.6.5.1 Mitigation

Mitigation measures designed to limit potential changes in DO in receiving waters are the

same as in Volume 5, Section 4.7.5.1 of the Integrated Application. Polishing ponds will

be the primary mitigation measure. The ponds will be constructed in the PDA to reduce

the potential effects of muskeg drainage and overburden dewatering releases in Redclay

Creek and Big Creek. Similar to other oil sands operations, discharge criteria are

expected for all releases from the Project under the anticipated EPEA approval. The terms

of approval for DO levels will be adhered to either through the use of passive mitigation

such as polishing ponds, or alternatively, through the use of active aeration devices such

as those employed at the Aurora North project (Heisler 2010).

7.6.5.2 Linkage Analysis

Muskeg drainage and overburden dewatering flows will be directed to polishing ponds

and subsequently to Redclay Creek and Big Creek. Observed data for muskeg drainage

and overburden dewatering flows at similar operations indicates the presence of oxygen-

consuming organic matter (represented by biochemical oxygen demand [BOD].

Therefore, releases of these source waters might decrease DO concentrations in receiving

waters. Because of the potential effect of these dewatering flows on receiving

watercourses, this linkage is valid for receiving watercourses in the PDA.

For the Athabasca River, no measurable changes in DO concentrations will result from

the Project because of the small volume of dewatering release waters relative to the

streamflow of the watercourse (less than 1% of annual 7Q10 for the Athabasca River).

Therefore, the linkage is invalid for the Athabasca River.

7.6.5.3 Effects Analysis

Muskeg drainage and overburden dewatering releases in the Muskeg River watershed are

evaluated in this section as surrogates to represent potential effects of polishing pond

releases from the Project.

A summary of observed DO concentrations in the Muskeg River downstream of release

points of the polishing ponds is provided in Figure 7-14. Observed data from polishing

ponds (e.g., monitored pond outflows) from 1998 to 2008 indicate that these releases

generally contained higher DO concentrations relative to concentrations in the Muskeg

River, particularly during winter. The higher DO concentrations were because of lack of

ice cover that resulted because of inputs of groundwater inflow that were above freezing

temperatures. Increased DO concentrations from December to March in the Muskeg

River might be a result of input from muskeg drainage and overburden dewatering flows
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through the polishing ponds. During the open-water period, DO concentrations in

polishing pond release waters were generally in the same range as DO in the watercourse.

Observed BOD concentrations in the Muskeg River and polishing pond releases were

typically low and often below the detection limit of 2 mg/L (Shell 2007b, 2008, 2009).

Despite occasionally elevated BOD because of natural headwater sources, monitoring in

the Muskeg River indicated that site dewatering activities did not adversely affect DO

(AENV 2009b).

Expected DO levels in muskeg and overburden drainage from Shell and Syncrude

polishing ponds are generally comparable to or higher than background levels in the

Muskeg River. The polishing ponds for the Project are expected to have similar

characteristics and similar substance attenuation effectiveness as the Shell and Syncrude

ponds. Additionally, it is anticipated that the Project will have similar EPEA approval

conditions to those at Shell and Syncrude operations. Thus, DO levels in Redclay Creek

and Big Creek are expected to be the same as, or of better quality, than background

levels. Also, BOD concentrations and DO concentrations in the pond outflows are

expected to be similar to background levels. The potential effects pathways for DO have

been evaluated in previous EIAs and negligible changes have been predicted (Shell

2007b). Subsequent monitoring by Shell and Alberta Environment has confirmed that

mitigation has been effective at protecting DO levels (Shell 2008; AENV 2009b).

Based on the lines of evidence, Project-related water releases are not expected to decrease

DO concentrations in the aquatics LSA.

Figure 7-14 DO Levels in Muskeg River and Polishing Ponds (1998 to 2008)
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7.6.6 Planned Development Case

7.6.6.1 Linkage Analysis

The PRM is a disclosed development within the Big Creek watershed, but it is not

anticipated to release muskeg drainage or overburden dewatering flows to Big Creek.

Therefore, this linkage is invalid in the aquatics LSA. Likewise, there are no planned

developments with sufficiently large discharges that could reasonably be expected to

affect DO concentrations in the Athabasca River. Therefore, this linkage is invalid in the

aquatics RSA.

7.6.7 Prediction Confidence

Considering the evaluation of the lines of evidence listed above and in the Integrated

Application, there is a high level of confidence that the planned mitigation measures will

prevent DO depression because of the Project.

7.6.8 Responses to Aboriginal Community Concerns

While no specific concerns were raised that are directly related to changes in surface

water DO concentrations, potential changes to DO concentrations would represent an

effect on local watersheds. Concern was expressed about the effects of the Project on

local watersheds, including aquatic health, and loss of creeks as important sources of

drinking water. Section 7.6.5 presents mitigation to reduce changes in DO concentrations

and an effects analysis.

7.6.9 Management and Monitoring

7.6.9.1 Regional

Dissolved oxygen and BOD will be monitored as part of Project specific compliance

monitoring. Dissolved oxygen in regional waterbodies and watercourses will be

monitored by AEMERA.

7.6.9.2 Project-Specific

As per anticipated EPEA approval conditions, DO and BOD in muskeg drainage and

overburden dewatering flows will be measured during periods of discharge at the outlet

of the polishing ponds and reported monthly to ESRD. In addition, receiving

watercourses will be monitored upstream and downstream of discharge locations to

confirm that muskeg drainage and overburden dewatering waters do not appreciably

lower DO concentrations in the receiving watercourses.
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7.6.10 Summary

Project-related water releases are not expected to decrease DO concentrations in the

aquatics LSA, consistent with the conclusions of the Integrated Application. Water

releases from the Project with the greatest potential to affect DO in watercourses and

waterbodies is muskeg drainage and overburden dewatering flows, which can contain

oxygen-consuming organic material and low DO concentrations. However, observed data

from Shell and Syncrude polishing ponds indicate that these ponds effectively mitigate

potential DO effects of muskeg drainage into receiving waters. The oxygen demand of

organic material in polishing pond releases will be similar to those observed in the local

watercourses and waterbodies in the aquatics RSA. Furthermore, DO concentrations in

muskeg drainage will typically be similar to background levels in local watercourses and

waterbodies in the aquatics RSA.

7.7 Sediment Quality

7.7.1 Introduction

This section addresses key question WQ4: Could the Project contribute to cumulative

changes in sediment in receiving waters?

As described in Volume 5, Section 4.8.1 of the Integrated Application, the main

substances of potential concern in sediments are metals and PAHs; therefore, sediment

concentrations were evaluated for potential changes in these substances.

7.7.2 Methods

The methods used to assess sediment quality remain the same as in Volume 5, Section

4.8.2 of the Integrated Application. The sediment quality model that was developed based

on the U.S. EPA Human Health Risk Assessment Protocol (U.S. EPA 2005) for the

Integrated Application was used for the updated assessment. The model was used to

predict sediment concentrations of metals and PAHs in Big Creek and Redclay Creek for

Application Case and PDC snapshots (see Figure 7-1). A full description of sediment

model formulae, assumptions and inputs is provided in Appendix 7A.

7.7.3 Reference Conditions

Reference conditions were evaluated at the mouths of Big and Redclay creeks. The

results, shown in Table 7-19, indicate sediment concentrations of all metals and PAHs

were below Interim Sediment Quality Guidelines (ISQG) and probable effects levels

(PEL).
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Table 7-19 Observed Metal and PAH Concentrations in Sediments

Substance Units ISQG
1

PEL
2

Sediment Concentrations
3,4

Big Creek
(n = 1)

Redclay Creek
(n = 1)

Metals

Arsenic mg/kg 5.9 17 3 0.5

Cadmium mg/kg 0.6 3.5 0.05 0.05

Chromium mg/kg 37.3 90 2 1

Copper mg/kg 35.7 197 2.5 2.5

Lead mg/kg 35 91.3 2 0.5

Mercury mg/kg 0.17 0.486 0.025 0.025

Nickel mg/kg 16 75 5 1

Zinc mg/kg 123 315 17 5

PAHs

Acenaphthene mg/kg 0.00671 0.0889 0.000084 0.000144

Acenaphthylene mg/kg 0.00587 0.128 0.000064 0.0000366

Anthracene mg/kg 0.0469 0.245 0.000131 0.000219

Benzo(a)anthracene mg/kg 0.0317 0.385 0.000294 0.000479

Benzo[a]pyrene mg/kg 0.0319 0.782 0.0008 0.00061

Chrysene mg/kg 0.0571 0.862 0.00355 0.00636

Dibenzo(a,h)anthracene mg/kg 0.00622 0.135 0.000443 0.000471

Fluoranthene mg/kg 0.111 2.36 0.000176 0.000217

Fluorene mg/kg 0.0212 0.144 0.000109 0.0000855

Naphthalene mg/kg 0.0346 0.391 0.00117 0.00353

C1 substituted naphthalenes mg/kg 0.0202 0.201 0.00104 0.00125

Phenanthrene mg/kg 0.0419 0.515 0.00109 0.000861

Pyrene mg/kg 0.053 0.875 0.00107 0.00166

NOTES:
1

Interim Sediment Quality Guideline (ESRD 2014b).
2

Probable Effect Level (ESRD 2014b).
3

Data from Volume 2, Section 5.
4

Bold font indicates value is higher than ISQG or PEL.
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7.7.4 Base Case

There are no operating or approved developments in the aquatics LSA; therefore, Base

Case snapshots are the same as reference conditions.

7.7.5 Application Case

7.7.5.1 Mitigation

Mitigation measures designed to limit the release of metals and PAHs from the Project

are the same as those presented in Volume 5, Section 4.8.5.1 of the Integrated

Application and include:

 Drainage and overburden dewatering flows will be released after TSS has reached

acceptable levels in polishing ponds.

 Resuspension of sediments from the bottom of polishing ponds, wetlands and pit

lakes will be reduced through appropriate hydraulic design.

 Reclamation waters will be released after passing through wetlands, pit lakes and

constructed reclamation lakes to settle out suspended particulates, trap eroded lean oil

sands and allow biological degradation of organic compounds.

7.7.5.2 Linkage Analysis

During the processing of oil sands, naturally occurring metals and PAHs in oil sands

deposits might be mobilized and associated with particulate material in process-affected

waters. As well, drainage and overburden dewatering activities could mobilize soluble

PAHs and metals and transport particulate-bound substances eroded from lean oil sands

in engineered channels to surrounding surface waters.

Redclay Creek and Big Creek will receive flows from muskeg drainage and overburden

dewatering or pit lakes that will contain process-affected waters. Therefore, this linkage

is valid for these watercourses. The other watercourses in the aquatics LSA will not

receive inputs from industrial wastewater or pit lakes containing process-affected waters.

Therefore, this linkage is invalid for other watercourses in the aquatics LSA.

Before these waters reach the Athabasca River, they will pass through a series of

constructed reclamation lakes, including closure lakes and fish habitat compensation

lakes. These series of waterbodies will trap remaining particulate material before release

to the Athabasca River. Therefore, this linkage is invalid for the Athabasca River.

7.7.5.3 Effects Analysis

Results of sediment quality modelling indicate that concentrations of metals and PAHs in

Big and Redclay creeks are predicted to increase above reference conditions, but remain

below ISQG (see Table 7-20).
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Table 7-20 Predicted Metal and PAH Concentrations in Sediments

Parameter Unit

Benchmarks Big Creek Redclay Creek

ISQG PEL
Reference
Conditions

Application
Case PDC

Reference
Conditions

Application
Case PDC

Metals

Arsenic mg/kg 5.9 17 3.0 3.3 3.3 0.5 4.1 4.1

Cadmium mg/kg 0.6 3.5 0.05 0.12 0.13 0.05 0.11 0.11

Chromium mg/kg 37.3 90 2.0 2.5 2.5 1.0 3.6 3.6

Copper mg/kg 35.7 197 2.5 3.2 3.2 2.5 20 20

Lead mg/kg 35 91.3 2.0 3.0 3.0 0.5 3.7 3.7

Mercury mg/kg 0.17 0.486 0.025 0.048 0.050 0.025 0.14 0.14

Nickel mg/kg 16 75 5.0 8.2 7.9 1.0 7.9 7.9

Zinc mg/kg 123 315 17 19 19 5.0 12 12

PAHs

Acenaphthene mg/kg 0.00671 0.0889 0.000084 0.00011 0.00011 0.000144 0.00008 0.00008

Acenaphthylene mg/kg 0.00587 0.128 0.000064 0.000081 0.000087 0.0000366 0.00002 0.00002

Anthracene mg/kg 0.0469 0.245 0.000131 0.00035 0.00036 0.000219 0.00019 0.00019

Benzo(a)anthracene mg/kg 0.0317 0.385 0.000294 0.00054 0.00056 0.000479 0.00099 0.00099

Benzo[a]pyrene mg/kg 0.0319 0.782 0.0008 0.0011 0.0011 0.00061 0.00081 0.00081

Chrysene mg/kg 0.0571 0.862 0.00355 0.0067 0.0069 0.00636 0.010 0.010

Dibenzo(a,h)anthracene mg/kg 0.00622 0.135 0.000443 0.00059 0.00060 0.000471 0.00063 0.00063

Fluoranthene mg/kg 0.111 2.36 0.000176 0.00036 0.00037 0.000217 0.00025 0.00025

Fluorene mg/kg 0.0212 0.144 0.000109 0.00022 0.00023 0.0000855 0.000098 0.000098

Naphthalene mg/kg 0.0346 0.391 0.00117 0.0012 0.0012 0.00353 0.0035 0.0035

C1 substituted
naphthalenes

mg/kg 0.0202 0.201 0.00104 0.0011 0.0011 0.00125 0.0012 0.0012

Phenanthrene mg/kg 0.0419 0.515 0.00109 0.0029 0.0030 0.000861 0.00075 0.00075

Pyrene mg/kg 0.053 0.875 0.00107 0.0022 0.0022 0.00166 0.0022 0.0022

NOTES:

ISQG = interim sediment quality guideline

PEL = probable effects level

Bold font indicates concentration is higher than ISQG.
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7.7.6 Planned Development Case

7.7.6.1 Linkage Analysis

The PDC includes all developments in the AOSR that are currently operating (existing)

or approved and those disclosed or planned for construction and operation, including the

Project. In the Ronald Lake and Redclay Creek watersheds, no other developments are

planned, so the sediment quality assessment is expected to be the same as that reported

for the Application Case.

The PRM is an additional disclosed development in the Big Creek watershed; therefore,

this linkage is valid for Big Creek.

For the Athabasca River, planned developments are listed in Section 2, Appendix 2A.

Cumulative changes to sediment quality because of oil sands development in the Lower

Athabasca River are discussed in the PAD assessment in Volume 8, Section 8.6 of the

Integrated Application.

7.7.6.2 Effects Analysis

Concentrations of metals and PAHs in sediments in Big Creek are predicted to increase

as a result of PRM, but remain below ISQG (see Table 7-20). Therefore, the Project is

predicted to have negligible effects on sediment quality in Redclay and Big creeks.

7.7.7 Prediction Confidence

Measured data on metals and PAHs in watercourses in the aquatic LSA is limited, with

one sample per watercourse collected at mouth sites. Additional data are available at

locations in the mid and upper watersheds for these watercourses. In addition, levels of

metals and PAHs in operational and reclamation waters have been measured and their

behaviour has been studied for current oil sands operations. These produce a moderate

level of prediction confidence.

The modelling included conservative assumptions that make underpredictions unlikely.

For example, the modelling did not account for settling, sorption or degradation of PAHs

that may occur before they reach the indicated nodes. It assumed that worst-case

concentrations will remain at steady state, and that individual PAH concentrations will be

equal to PAH Group concentrations. Consequently, the assessment provides a high level

of confidence that these substances are not underestimated in source waters and within

flow pathways, and that actual concentrations in receiving water sediments will be the

same as, or less than, predicted.

Polishing ponds for muskeg drainage and overburden dewatering flows waters are simple

but effective treatment systems for removing particulate substances before discharge of

dewatering flows. Also, wetlands, pit lakes and constructed reclamation lakes are

efficient in removing particulates to which PAHs strongly absorb. Therefore, there is a

high level of confidence in the success of the planned mitigation measures.
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Since regional developments were identified in late 2014, the development schedule for

the PRM has been delayed indefinitely. The outcome of these delays in relation to

assessment is that the aquatics LSA and RSA PDC considers cumulative effects from

PRM as approved for all assessment predictions

This change adds to the conservative nature of the assessment because although the

assessment update includes effects from PRM, these effects might not be realized.

7.7.8 Responses to Aboriginal Community Concerns

While no specific concerns were raised that directly relate to changes in sediment quality

of watercourse and waterbodies, potential changes could affect local watersheds. Concern

was expressed about the effects of the Project on local watersheds, including aquatic

health, and loss of creeks as important sources of drinking water. Section 7.7.5 presents

mitigation measures designed to limit the inputs of metals and PAHs, and an effects

analysis.

7.7.9 Management and Monitoring

7.7.9.1 Regional

Sediment quality will be monitored as part of Project-specific compliance monitoring.

AEMERA will monitor sediment quality in regional waterbodies and watercourses.

7.7.9.2 Project-Specific

Project drainage and overburden dewatering flows will be directed to polishing ponds,

which will allow settling of suspended particles and associated substances before

discharge to receiving watercourses. All other discharges or releases will be routed

through wetlands, pit lakes and constructed reclamation lakes, which will also provide

retention for settling of suspended solids and associated reductions in PAHs and metal

concentrations. Metal and PAH concentrations in operational and reclamation waters will

be monitored at the discharge point of polishing ponds and pit lakes.

7.7.10 Summary

Sediment quality modelling indicated that there would be negligible changes to sediment

quality in Redclay and Big creeks in the Application Case compared to reference

conditions. The modelling was conservative and did not account for fate or

transformation processes that will occur as part of mitigation, such as trapping of material

in polishing ponds and pit lakes. Therefore, effects on sediment quality because of the

Project are predicted to be negligible.
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7.8 Acid Deposition

7.8.1 Introduction

This section addresses key question WQ5: Could the Project contribute to cumulative

changes in surface waters from acid deposition?

Because the Project will be a source of acid forming emissions (oxides of nitrogen and

sulphur, NOX and SOX, respectively), an updated cumulative assessment is provided. The

approach and methods used to predict the potential for surface water acidification were

largely consistent with that presented in Volume 5, Section 4.9 of the Integrated

Application. Changes from the original assessment were primarily related to

improvements in the air dispersion modelling and include a different model for

describing background conditions, and well as more recent waterbody chemistry and

hydrology data. These updates resulted in slight changes to the critical loads of some

waterbodies, as well as decreases in the area of PAI above the 0.17 keq H+/ha/a

monitoring load. Further information regarding the changes to the air dispersion

modelling can be found in Section 4.

Recent literature (e.g., Watmough et al. 2014; Fenn et al. 2015) based on monitoring data

in the AOSR suggests that base cation deposition rates are much higher than previously

assumed. High base cation deposition rates decrease the net PAI to catchment areas, and

hence decrease the risk of acidification.

7.8.2 Methods

7.8.2.1 Waterbody Assessment Methods

Consistent with the Integrated Application, the acidification potential of regional

waterbodies for background conditions (i.e., predevelopment), the existing case and

assessment cases (Base Case, Application Case and PDC) was determined from:

 net PAI greater than the critical load in waterbodies using the modified Henriksen

critical load model (Henriksen et al. 1982; Henriksen and Posch 2001)

 changes in the number of assessment waterbodies with net PAI greater than the

critical load between the Base Case, Application Case and PDC

 predicted changes between the cases in the areas exposed to an acid deposition

greater than or equal to 0.17 keq H+/ha/a

 predicted changes in the deposition of NOX, SOX and PAI to the 285 study

waterbodies assessed in the Integrated Application

Sources of the Potential Acid Input Data

Potential acid input is defined as the total deposition of acidifying sulphur and nitrogen

species in wet and dry forms, minus the neutralizing effects of base cations. Consistent

with the Integrated Application, the net PAI used in the critical load comparison includes

the total deposition of acidifying sulphur and nitrogen species; however, it does not
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include the neutralizing effects of the base cation deposition, because base cation inputs

from all sources are already accounted for in the critical load calculations.

The total and net PAI values were determined from emissions modelling for each

assessment case in the air quality study area (i.e., PAI study area). The assumptions used

in the total and net PAI modelling and model inputs are found in the air quality

assessment (Section 4).

In the Integrated Application, background total and net PAI in each waterbody was

calculated from the Alberta Environment Regional Lagrangian Acid Deposition Model

(RELAD). In this assessment, the Community Multiscale Air Quality (CMAQ) model

was applied to predict ambient air quality and deposition. The CMAQ model employs

improved chemistry and provides a finer spatial resolution than the RELAD model

(Section 4).

The Wood Buffalo Environmental Association (WBEA) measured regional acid and base

cation deposition from 2008 to 2010 to help determine the magnitude and pattern of

deposition parameters in the oil sands region (Fenn et al. 2015). For the surface water

quality assessment update, base cation deposition values were interpolated from the

measured data and included in the calculation of total PAI (Section 4).

The Modified Henriksen Critical Load Model

Sufficient water chemistry data were available to calculate critical loads for 266 of 285

waterbodies assessed in the Integrated Application using the Henriksen steady state water

chemistry model (Henriksen et al. 1992; Henriksen and Posch 2001). For this assessment

and the Integrated Application, the Henriksen critical load model was modified to

account for the buffering attributable to weak organic anions and the lowering of acid

neutralizing capacity (ANC) attributable to strong organic acids, estimated by DOC

(Henriksen et al. 2002; Forsius 1992; Rhim 1995; WRS 2004, 2006).

Episodic Acidification – Weight of Evidence

Consistent with the Integrated Application, the spring episodic acidification assessment

was based on a weight of evidence approach.

7.8.2.2 Data Sources

Since the Integrated Application, additional water quality data were collected for some of

the 285 lakes in the assessment, including:

 data collected by Teck as part of supplemental monitoring programs since 2011

(Volume 2, Section 5)

 data collected in support of the PRM (Shell 2014)

 data obtained from the RAMP (2014) and the ESRD WDS (ESRD 2014a)

 data collected as part of various monitoring programs and EIAs (AXYS 2005; Golder

2007, 2013; Husky 2004; Shell 2007a)
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Only water quality data available from open-water conditions (i.e., from April to

October) were included in the assessment.

7.8.2.3 Assumptions of the Henriksen Model

The assumptions of the Henriksen model and its application in this assessment are

consistent with the Integrated Application (Volume 5, Section 4.9).

7.8.3 Reference Conditions

The morphological and median chemical characteristics of the 285 waterbodies in the

waterbody assessment database are summarized in Table 7-21. The coordinates and

chemical and physical parameters of each waterbody are presented in detail in Appendix

7D. The location of each waterbody (e.g., receptor) is shown in Figure 7-15. In general,

the waterbodies are highly variable in morphology and water chemistry. Waterbody

catchment areas range from 0.08 km2 to 1,410 km2 (median 9.0 km2). Chemically, the

waterbodies cover a large range of types from soft water to extremely hard water.

Specific conductivity ranges from 11 S/cm to 1,530 S/cm, with a median of

144 S/cm. Total alkalinity in the 285 waterbodies spans four orders of magnitude, from

nondetectable to 17,100 eq/L, with a median value of 1,321 eq/L. Most of the

waterbodies are highly buffered. The pH ranges from 4.2 to 9.5; however, the

waterbodies are generally alkaline with a median pH of 7.7. Those with the lowest pH are

typically the small, shallow waterbodies with low specific conductivity, low total

alkalinity and low base cation content. The high pH waterbodies are, generally, deeper

and larger with higher specific conductivity, total alkalinity and base cation contents.

Nitrate plus nitrite was generally low with a median concentration of 0.07 mg-N/L.

Several individual waterbodies, however, have values over two times greater than this

(maximum value: 0.28 mg-N/L). Sulphate concentrations are generally low with a

median value of 3.3 mg/L.

Lake-specific critical loads (considering effects of organic acids) vary from -0.26 keq

H+/ha/a to 5.8 keq H+/ha/a, with a median of 1.1 keq H+/ha/a. The Government of Alberta

defines the most sensitive waterbodies as having critical loads less the 0.25 keq H+/ha/a, a

value also accepted by the World Health Organization (WHO 1994). Only 13% of the

study waterbodies fall below this value. Only 9% of the study waterbodies have critical

loads less than the AENV (2008) monitoring limit of 0.17 keq H+/ha/a. Most of the

waterbodies are highly buffered and not particularly sensitive to acidifying emissions

(Saffran and Trew 1996).

Concentrations of DOC are typically moderately high, ranging from 0.4 mg/L to 51 mg/L

(median 20 mg/L). The effect of organic acids on acid sensitivity is indicated in the

values of ANC from weak organics (ANCORG) and the reduction of buffering attributable

to strong organic acids (ASA) in Table 7-21. The decrease in buffering attributed to strong

organic anions (ASA; median 139 eq/L) is slightly greater than the increase in buffering

attributed to weak organic acids (ANCORG; median 108 eq/L).
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Table 7-21 Chemical and Morphological Characteristics of the 285 Study
Waterbodies

Parameter Units Minimum Median Mean Maximum
Number of

Waterbodies

Specific Conductivity µS/cm 11 144 173 1,530 285

Total Dissolved Solids mg/L 14 91 129 1,100 155

DOC mg/L 0.4 20 20 51 268

Colour TCU 1.0 59 87 454 266

pH - 4.2 7.7 7.6 9.5 285

Sulphate mg/L 0.06 3.3 8.9 254 267

Nitrate + Nitrite Mg-N/L ND 0.071 0.057 0.28 264

Calcium mg/L ND 17 21 84 285

Magnesium mg/L 0.1 5.7 7.2 111 285

Sodium mg/L 0.1 2.8 6.1 223 285

Potassium mg/L 0.09 0.7 1.3 27 285

Sum of Base Cations µeq/L 20 1,563 1,921 20,111 285

Total Alkalinity µeq/L ND 1,321 1,605 17,100 283

Gross Catchment Area km
2

0.083 9.0 52 1,410 276

Waterbody Surface Area km
2

0.0077 0.18 2.3 117 196

Net Annual Inflow m
3
/s 0.0002 0.022 0.13 3.3 276

ANCORG µeq/L 1.9 108 136 1,225 271

ASA µeq/L 23 139 144 331 271

Critical Load Without Organic
Acids

keq H
+
/ha/a -0.071 1.1 1.3 5.8 276

Critical Load With Organic Acids keq H
+
/ha/a -0.26 1.1 1.3 5.8 266

NOTES:

- = not applicable; ND = nondetectable; ANCORG = acid neutralizing capacity from weak organics; ASA = decrease in
buffering attributed to strong organic anions
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7.8.3.1 Background and Existing Conditions

Background (i.e., predevelopment) values of net PAI (which excludes base cation

deposition) range from 0.11 keq H+/ha/a to 1.0 keq H+/ha/a (Appendix 7E, Table E-1).

The locations of the 20 waterbodies with net PAI greater than the critical load under

background conditions are provided in Table 7-22. The waterbodies are characterized as

relatively small, soft waterbodies of low to moderate total alkalinity, low base cation

content, pH less than 7.0, moderate to high DOC concentrations, and low inflow rates

(Appendix 7D, Table 7D-1). In the low pH waterbodies, the effects of strong organic

acids (ASA) reducing the ANC are more important than the buffering (ANCORG) afforded

by the weak organic acids (Appendix 7D, Table 7D-1).

Net PAI was greater than the critical load at seven additional waterbodies under existing

conditions (Figure 7-15). These are characterized as relatively small, soft waterbodies of

low to high total alkalinity, low base cation content, pH ranging from 6.1 to 8.8, moderate

to high DOC, and moderate inflow rates. For a further description of the waterbodies with

net PAI greater than the critical load, see Section 7.9.4.

7.8.4 Base Case

Changes from background (i.e., predevelopment) conditions to the existing conditions

and the Base Case for the assessed waterbodies are discussed in the following sections.

7.8.4.1 Effects Analysis

Waterbody Assessment

In the Base Case, the addition of approved developments to existing conditions results in

an increase in emissions of NOX and SOX, relative to the existing conditions (see Section

4 for air quality modelling results).

The area exposed to total PAI (which includes base cation deposition) greater than

0.17 keq H+/ha/a (the Alberta Environment monitoring load; AENV 2008) between the

existing conditions and Base Case decreased by 5 km2, corresponding to 0.01% of the

PAI study area (Table 7-23 and Figure 7-16). For details regarding the decrease in total

PAI from the existing conditions to the Base Case, see Section 4.1.4.1.

Under existing conditions, one study waterbody was exposed to total PAI deposition

greater than 0.17 keq H+/ha/a, as indicated by the maximum total PAI value in

Table 7-24. For the Base Case, none of the 285 study waterbodies were exposed to total

PAI deposition greater than the Alberta Environment monitoring load. The NOX loading

to the 285 waterbodies in the Base Case are predicted to increase slightly relative to the

existing condition, from a median of 2.6 kg/ha/a to 3.0 kg/ha/a, whereas the median SOX

loading to the waterbody catchments is predicted to increase slightly from 1.7 kg/ha/a to

1.8 kg/ha/a (Table 7-24). The maximum total PAI over all the waterbodies is predicted to

decrease from 0.24 keq H+/ha/a to 0.10 keq H+/ha/a.
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Table 7-22 Waterbodies with Net PAI above the Critical Load

Lake
Identifier Lake Name/Original Identifier

Critical Load with
Organic Acids
[keq H+/ha/a]

Net PAI
[keq H+/ha/a]

Increase in Net PAI
[%]

CMAQ
Background

Existing
Condition

Base
Case

Application
Case PDC

Base Case to
Application Case

Base Case
to PDC

7 LK-21 0.13 0.10 0.16 0.17 0.17 0.18 1 7

34 UNL11 0.12 0.14 0.29 0.35 0.35 0.37 0.2 7

35 PF122, UNL21 0.30 0.15 0.24 0.28 0.28 0.30 0.2 10

39 L101 0.02 0.15 0.22 0.28 0.28 0.31 0.2 10

40 L111 0.07 0.15 0.22 0.27 0.28 0.30 0.2 10

81 L13, L14 0.09 0.10 0.23 0.27 0.27 0.29 0.6 8

82 1705, 146, L43, A170 [L4]4 0.09 0.10 0.22 0.24 0.25 0.27 0.5 12

83 L73, L74 0.20 0.11 0.22 0.23 0.23 0.26 0.4 12

92 Otasan 0.08 0.09 0.12 0.12 0.12 0.13 0.7 5

93 Legend 0.10 0.11 0.13 0.14 0.14 0.15 0.4 6

96 286, L283, L284 -0.02 0.09 0.11 0.11 0.11 0.12 0.4 4

97 Clayton -0.09 0.09 0.12 0.12 0.12 0.13 0.8 5

98 1465, L403 0.09 0.09 0.13 0.14 0.14 0.15 1 6

115 215, A214 -0.12 0.14 0.20 0.24 0.24 0.26 0.2 10

116 245, A244 -0.12 0.14 0.19 0.23 0.23 0.25 0.2 10

117 265, A264 -0.05 0.14 0.19 0.23 0.23 0.25 0.2 10

118 295, A294 -0.02 0.14 0.19 0.22 0.22 0.23 0.2 5

143 255, 25 [287]4 -0.06 0.14 0.19 0.22 0.22 0.25 0.2 10

144 275, 27 [289]4 0.03 0.14 0.19 0.22 0.23 0.25 0.2 10

145 285, 28 [290]4 -0.01 0.14 0.19 0.22 0.22 0.24 0.2 10

150 P272, P274 0.03 0.10 0.22 0.24 0.25 0.27 0.5 12

152 P72, P74 0.17 0.10 0.22 0.25 0.25 0.27 0.6 9

155 P972, P974 0.33 0.12 0.31 0.30 0.31 0.34 0.5 10

177 225 0.19 0.14 0.20 0.23 0.23 0.26 0.2 10

178 305 -0.09 0.14 0.19 0.22 0.22 0.24 0.2 10
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Table 7-22 Waterbodies with Net PAI above the Critical Load (cont’d)

Lake
Identifier Lake Name/Original Identifier

Critical Load with
Organic Acids
[keq H+/ha/a]

Net PAI
[keq H+/ha/a]

Increase in Net PAI
[%]

CMAQ
Background

Existing
Condition

Base
Case

Application
Case PDC

Base Case to
Application Case

Base Case
to PDC

179 315 -0.05 0.14 0.19 0.22 0.22 0.25 0.2 10

180 335 0.20 0.14 0.19 0.22 0.22 0.25 0.2 11

332 L443 0.10 0.09 0.13 0.14 0.15 0.15 2 8

453 PF112 0.22 0.15 0.23 0.25 0.25 0.28 0.3 13

464 PM12 -0.26 0.10 0.23 0.28 0.28 0.30 0.6 8

NOTE:
1 Identifier used by previous EIAs.
2 Identifier used by WRS (2004) for one hundred ponds sampled in the oil sands region during September 2000.
3 Identifier used by Saffran and Trew (1996).
4 Identifier used by RAMP (2004).
5 Identifier used by WRS (2000).
6 Identifier used by Erickson (1987).

Shaded cells indicate net PAI greater than critical load. CMAQ = Community Multiscale Air Quality model.
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Figure 7-16: Waterbody Receptors and PAI Contours - Base Case
Acknowledgements: Base data: AltaLIS.

Waterbody Receptors
Have Critical Load s
Exceed ed  b y PAI
No Critical Load s
Exceed ed  b y PAI

PAI Contour
PAI Contour Dep ression
Potential Ac id
Inp ut Stud y Area
Project Disturb ance
Area
Municip ality

Township
Waterc ourse
Waterb od y
Provinc ial Park
National Park

(Original page size: 8.5X11)
Author: SP Checked: XX

Frontier Project Up d ate – Volum e 3: Assessm ent Up d ate, Section 7, Surface Water Quality I:\C
LIE
NT
S\
TE
CK
_E
NE
RG
Y\
14
-13
37
-00
02
\M
ap
pin
g\M
XD
\A
EE
\14
13
37
00
02
_F
ig7
-16
_A
EE
_W
ate
rbo
dy
-R
ec
ep
tor
s_
PA
Ico
nto
urs
_B
as
e_
Re
v_
A .
mx
d

Date: 5/15/2015
File ID: 1413370002-7-16

0 10 20 30 40

KILOMETR ES
UTM Zone 12 NAD 831:1,700,000



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 7: Surface Water Quality

June 2015 Page 7-101

Under existing conditions, 27 of 266 waterbodies (10.5%) had net PAI greater than the

critical load (Table 7-22). For the Base Case, 28 waterbodies (10.9%) had net PAI greater

than the critical load. The locations of the waterbodies with net PAI greater than the

critical load under existing conditions and the Base Case are shown in Figures 7-15

and 7-16. Note that although aquatic chemistry data were available for 285 waterbodies,

the lack of inflow data for some of the receptors resulted in critical loads being calculated

for only 266 waterbodies.

Gross catchment area and water chemistry of the waterbodies that have net PAI greater

than the critical load for the Base Case are summarized in Table 7-25; these lakes are

typically small, soft water waterbodies of low TDS (median 49 mg/L), low total

alkalinity (median 154 µeq/L), low base cation content (median 268 µeq/L), acidic

median conditions (median pH 6.0), and moderate DOC concentrations (median 18

mg/L). In these low pH waterbodies, the reduction of ANC by strong organic acids (ASA)

(median reduction of 130 µeq/L) was larger than the buffering (ANCORG) afforded by the

weak organic acids (median increase of 24 µeq/L; Table 7-21).

The effects of increased acidic emissions on regional waterbodies and fish and fish

habitat in the Base Case are expected to be negligible based on: (i) the predicted decrease

in total PAI over the 285 waterbodies; (ii) the decrease in area in the PAI study area

subjected to a total PAI greater than 0.17 keq H+/ha/a; and (iii) the small increase in the

number of waterbodies where net PAI was greater than the critical load (one waterbody).

This is the same conclusion reached in the Integrated Application (Volume 5, Section 4).

Episodic Acidification Assessment

Episodic acidification of waterbodies and watercourses during the spring melt is not

expected to increase significantly in the Base Case in the PAI study area for reasons

similar to those for the waterbody assessment:

 Increases of NOX and SOX emissions are attributable only to increases in NOX.

 Modelling and field measurements of NOX emissions indicate that NOX

concentrations attenuate rapidly from local point sources (CEMA 2008).

 The results of historical studies on regional watercourses failed to detect a decrease in

ANC in the Muskeg, Steepbank and Firebag rivers attributable to nitrates, despite the

proximity of the Muskeg and Steepbank rivers to the major sources of NOX (WRS

2003).

 Median total PAI is negative, meaning no acid is expected to be added to the

waterbody catchments. There is a marginal increase in total PAI to each of the

waterbody catchments (median total PAI over all the study waterbodies increases

from -0.17 keq H+/ha/a to -0.14 keq H+/ha/a; Table 7-24).

The effects of episodic acidification on waterbodies and watercourses in the PAI study

area are expected to be negligible.
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Table 7-23 Areas Receiving Various Ranges of Total PAI in the PAI Study Area

Total PAI Range
[keq H

+
/ha/a]

Existing
Condition

[km
2
]

Base Case
[km

2
]

Application
Case
[km

2
]

PDC
[km

2
]

Existing Conditions to
Base Case

Base Case to
Application Case

Application Case to
PDC

Change in
Area
[km

2
]

Percent
Change

1

Change in
Area
[km

2
]

Percent
Change

1

Change in
Area
[km

2
]

Percent
Change

1

<0 53,274 51,087 50,671 48,299 -2,187 -3 -415 -1 -2,372 -3

>0–0.17 26,652 28,844 29,238 31,562 2,192 3 394 0.5 2,323 3

>0.17–0.25 21 28 33 36 -5 -0.01 21 0.03 49 0.06

>0.25–0.5 47 57 65 77

>0.5 74 51 59 93

Total area in PAI
study area

80,067 80,067 80,067 80,067 - - - - - -

NOTE:
1

Percent change calculated based on PAI study area.

Table 7-24 Total Deposition of NOX, SOX and Total PAI for 285 Waterbodies

Existing Condition Base Case Application Case PDC

NOX as N
[kg/ha/a]

SOX as S
[kg/ha/a]

Total PAI
[keq H

+
/ha/a]

NOX as N
[kg/ha/a]

SOX as S
[kg/ha/a]

Total PAI
[keq H

+
/ha/a]

NOX as N
[kg/ha/a]

SOX as S
[kg/ha/a]

Total PAI
[keq

H
+
/ha/a]

NOX as N
[kg/ha/a]

SOX as S
[kg/ha/a]

Total PAI
[keq

H
+
/ha/a]

Minimum 1.1 0.77 -2.23 1.3 0.78 -2.31 1.3 0.78 -2.31 1.3 0.81 -2.23

Median 2.6 1.7 -0.17 3.0 1.8 -0.14 3.3 1.9 -0.12 3.5 2.0 -0.10

Maximum 22 9.7 0.24 21 7.1 0.10 21 7.1 0.10 22 7.3 0.12

NOTE:

All values are corrected for background NOX, SOX and base cations.
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Table 7-25 Chemistry of Waterbodies with Net PAI Greater than Critical Load

Waterbody
Identifier

Waterbody Name/Original
Identifier

Gross
Catchment

Area
[km2]

Specific
Conductivity

[S/cm]

Total
Dissolved

Solids
[mg/L]

Dissolved
Organic
Carbon
[mg/L]

Calcium
[mg/L]

Magnesium
[mg/L]

Sodium
[mg/L]

Potassium
[mg/L]

7 LK-21 7.3 30 55 14 4.0 1.2 0.1 0.3

34 UNL11 2.3 27 60 21 2.8 0.8 1.0 1.3

35 PF122, UNL21 3.3 39 90 25 4.8 1.4 2.0 1.2

39 L101 1.9 41 83 10 2.0 0.7 0.1 0.3

40 L111 0.5 26 73 17 3.0 1.0 0.1 0.3

81 L13, L14 4.3 13 45 - 2.4 0.9 1.5 0.4

82 1705, 146, L43, A170 [L4]4 18 24 14 26 3.0 1.0 1.0 0.1

83 L73, L74 22 28 18 30 4.0 1.2 1.0 0.2

92 Otasan 23 24 36 13 2.8 1.0 0.9 0.4

93 Legend 93 28 17 9 3.0 1.0 1.0 0.6

96 286, L283, L284 19 20 62 28 2.1 0.7 1.3 0.3

97 Clayton 13 17 34 18 0.5 0.2 0.9 0.2

98 1465, L403 5.6 119 72 6 16.5 3.9 1.0 0.6

115 215, A214 15 15 52 20 1.3 0.4 0.8 0.3

116 245, A244 8.8 15 42 19 0.9 0.3 0.6 0.3

117 265, A264 12 13 35 15 1.3 0.4 0.5 0.4

118 295, A294 5.2 13 37 15 1.3 0.5 1.0 0.3

143 255, 25
[287]4

7.8 12 40 14 1.0 0.3 0.5 0.3

144 275, 27
[289]4

7.1 16 34 12 1.8 0.6 0.6 0.4

145 285, 28
[290]4

3.2 15 47 19 1.6 0.8 0.6 0.3

150 P272, P274 4.0 22 89 34 3.5 1.1 0.7 0.1

152 P72, P74 1.9 26 67 26 4.0 1.3 0.8 0.1

155 P972, P974 1.8 41 86 34 5.7 2.1 1.4 0.8

177 225 19 26 - 7 3.5 1.0 0.4 0.4

178 305 22 11 - 12 1.0 0.4 0.3 0.3
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Table 7-25 Chemistry of Waterbodies with Net PAI Greater than Critical Load (cont'd)

Waterbody
Identifier

Waterbody Name/Original
Identifier

Gross
Catchment

Area
[km2]

Specific
Conductivity

[S/cm]

Total
Dissolved

Solids
[mg/L]

Dissolved
Organic
Carbon
[mg/L]

Calcium
[mg/L]

Magnesium
[mg/L]

Sodium
[mg/L]

Potassium
[mg/L]

179 315 6.4 15 - 14 1.4 0.4 0.3 0.3

180 335 14 24 - 18 2.8 1.3 0.9 0.3

332 L443 9.4 144 92 7 16.2 8.9 1.2 0.6

453 PF112 1.3 43 - 32 5.0 2.0 0.1 0.7

464 PM12 0.51 27 - 21 0.0 0.1 0.1 0.3

Median 7.2 24 49 18 2.8 0.94 0.76 0.33

NOTES:
1 Identifier used by previous EIAs.
2 Identifier used by WRS (2004) for one hundred ponds sampled in the oil sands region during September 2000.
3 Identifier used by Saffran and Trew (1996).
4 Identifier used by RAMP (2004).
5 Identifier used by WRS (2000).
6 Identifier used by Erickson (1987).

– No data available.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 7: Surface Water Quality

June 2015 Page 7-105

Table 7-25 Chemistry of Waterbodies with Net PAI Greater than Critical Load (cont'd)

Waterbody
Identifier Waterbody Name/Original Identifier

Total
Alkalinity

[µeq/L] pH
Sulphate

[mg/L]

Sum of Base
Cations
[µeq/L]

Nitrate +
Nitrite

[mg-N/L]
ANCORG

[eq/L]
ASA

[µeq/L]

7 LK-21 200 6.7 1.8 311 0.1 35 106

34 UNL11 160 7.1 2.0 283 0.1 72 148

35 PF122, UNL21 200 7.3 2.6 473 0.1 106 172

39 L101 160 5.8 5.8 170 0.13 11 82

40 L111 160 6.0 2.0 244 - 23 124

81 L13, L14 180 5.7 4.0 267 0.02 20 136

82 1705, 146, L43, A170 [L4]4 120 6.1 3.0 279 0.004 37 176

83 L73, L74 184 6.5 3.0 351 0.003 61 202

92 Otasan 178 6.8 1.0 269 0.003 38 102

93 Legend 208 6.9 3.0 292 0.001 26 74

96 286, L283, L284 58 5.2 1.1 225 0.02 19 191

97 Clayton 0 4.3 0.26 85 0.004 5.7 130

98 1465, L403 1,321 8.1 2.8 1202 0.00065 52 58

115 215, A214 29 5.0 1.3 142 0.004 11 141

116 245, A244 20 4.7 0.85 105 0.003 8.6 138

117 265, A264 43 5.4 1.2 130 0.003 12 114

118 295, A294 63 5.9 0.73 152 0.002 19 113

143 255, 25
[287]4

24 5.1 1.5 104 0.003 8.7 108

144 275, 27
[289]4

101 6.5 0.91 178 0.002 26 96

145 28(5), 28
[290]4

72 5.8 0.7 182 0.0016 22 136

150 P272, P274 81 5.3 0.58 301 0.0075 26 229

152 P72, P74 162 6.4 0.33 344 0.017 49 177

155 P972, P974 307 6.8 1.3 535 0.003 96 228

177 225 210 6.9 1.3 284 0.0043 22 65

178 305 41 5.2 0.63 99 0.0024 7.6 91
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Table 7-25 Chemistry of Waterbodies with Net PAI Greater than Critical Load (cont'd)

Waterbody
Identifier Waterbody Name/Original Identifier

Total
Alkalinity

[µeq/L] pH
Sulphate

[mg/L]

Sum of Base
Cations
[µeq/L]

Nitrate +
Nitrite

[mg-N/L]
ANCORG

[eq/L]
ASA

[µeq/L]

179 315 54 5.6 1.4 122 0.28 13 104

180 335 148 6.6 0.59 297 0.00054 42 129

332 L443 1,730 8.8 5.0 1,611 0.001 107 61

453 PF112 200 6.1 2.5 437 0.1 48 215

464 PM12 60 4.2 1.1 20 0.1 5.8 148

Median 154 6.0 1.3 268 0.004 24 130

NOTES:
1 Identifier used by previous EIAs.
2 Identifier used by WRS (2004) for one hundred ponds sampled in the oil sands region during September 2000.
3 Identifier used by Saffran and Trew (1996).
4 Identifier used by RAMP (2004).
5 Identifier used by WRS (2000).
6 Identifier used by Erickson (1987).

– No data available.
ANCORG = acid neutralizing capacity from weak organics; ASA = decrease in buffering attributed to strong organic anions.
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7.8.6 Application Case

7.8.6.1 Mitigation

Mitigation to reduce air emissions is described in Section 4.4.

7.8.6.2 Linkage Analysis

As stated in the Integrated Application, there will be an increase in acidifying emissions

and acid deposition in the catchments of regional waterbodies and watercourses due to

the Project. Increased deposition to the catchments could result in adverse effects on

surface water quality and aquatic life. This linkage was also considered to be valid in the

Integrated Application (Volume 5, Section 4).

7.8.6.3 Effects Analysis

Waterbody Assessment

The Application Case includes the developments and activities in the Base Case with the

added effects of the Project. The area exposed to total PAI greater than 0.17 keq H+/ha/a

in the PAI study area increased by 21 km2, representing an increase of 0.03% of the PAI

study area (Table 7-23).

For the Application Case, none of the 285 waterbodies assessed were exposed to total

PAI greater than 0.17 keq H+/ha/a (Table 7-24 and Figure 7-17). The NOX loading to the

285 waterbodies is predicted to increase slightly relative to the Base Case, from a median

of 3.0 kg/ha/a to 3.3 kg/ha/a, whereas the median SOX loading to the waterbody

catchments is predicted to increase slightly from 1.8 kg/ha/a to 1.9 kg/ha/a (Table 7-24).

There was virtually no increase in the maximum total PAI over all the study waterbodies

(0.10 keq H+/ha/a for both the Base Case and Application Case). The net PAI was greater

than the critical load in 28 waterbodies in the Application Case (Table 7-22 and

Figure 7-17). The increase in NOX and SOX emissions between the Base Case and

Application Case did not result in an increase in the number of waterbodies with net PAI

greater than the critical load (Table 7-22).

The NOX and SOX contributions from the Project are not predicted to result in an

increased risk of acidification of waterbodies relative to the Base Case because the

potentially affected area is small, the modelled total PAI is below 0.17 keq H+/ha/a, and

there are no additional occurrences of net PAI greater than the lake-specific critical loads.

The effects of the increase in Project-related emissions on regional waterbodies and fish

and fish habitat in these waterbodies is considered negligible. This is the same conclusion

reached in the Integrated Application (Volume 5, Section 4).
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Episodic Acidification Assessment

An increase in the episodic acidification potential during the spring snowmelt is unlikely

for the Application Case for reasons similar to those provided in this assessment for the

waterbodies alone. The median loading of NOX and SOX to each waterbody catchment is

predicted to increase from 3.0 kg/ha/a to 3.3 kg/ha/a, and 1.8 kg/ha/a to 1.9 kg/ha/a,

respectively, from the Base Case to the Application Case. The increase in SOX deposition

is minor, whereas most of the increase in NOX deposition is modelled to occur very close

to the PDA (from operation of the mining vehicles) and attenuate rapidly with distance.

Major waterbodies and watercourses will likely not be affected. For the most part, any

increase in NOX is expected to be retained by the waterbody or watercourses catchments.

While release of NOX as a pulse in the initial spring melt is possible, the studies on the

Steepbank and Muskeg rivers (which are much closer to major emissions sources) did not

show a drop in ANC attributable to nitrates (WRS 2003), and changes in pH during the

spring melt in Rat Lake were almost entirely due to dilution (RAMP 2013). The weight

of evidence suggests that the increased potential of episodic acidification of watercourses

and waterbodies in the PAI study area for the Application Case is negligible. This is the

same conclusion reached in the Integrated Application (Volume 5, Section 4.9).

7.8.7 Planned Development Case

7.8.7.1 Linkage Analysis

The developments and activities included in the PDC will result in an increase in the

release of acidifying emissions and an increase in acid deposition in the catchments of

regional waterbodies and watercourses. Increased deposition to the catchments could

result in adverse effects on surface water quality and aquatic life. This linkage was also

considered to be valid in the Integrated Application (Volume 5, Section 4.9).

7.8.7.2 Effects Analysis

Waterbody Assessment

The increase in area exposed to total PAI greater than 0.17 keq H+/ha/a in the PAI study

area for the PDC relative to the Application Case was 49 km2, representing an increase of

0.06% of the PAI study area (Table 7-23).

For the PDC, none of the 285 study waterbodies were exposed to total PAI greater than

0.17 keq H+/ha/a, as the maximum total PAI was 0.12 keq H+/ha/a (Table 7-25). From the

Application Case to the PDC, total PAI is predicted to increase from a median of -

0.12 keq H+/ha/a to -0.10 keq H+/ha/a. The NOX loading to the 285 waterbodies is

predicted to increase slightly relative to the Application Case, from a median of

3.3 kg/ha/a to 3.5 kg/ha/a, whereas the median SOX deposition to the waterbody

catchments is predicted to increase slightly from 1.9 kg/ha/a to 2.0 kg/ha/a (Table 7-24).
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Net PAI was greater than the critical load in 30 waterbodies in the PDC (Table 7-22 and

Figure 7-18). The increase in NOX and SOX emissions between the Application Case and

PDC resulted in two additional waterbodies with net PAI greater than the critical load

(Table 7-22). These two waterbodies have relatively small gross catchment areas and are

generally characterized by low TDS, moderate total alkalinity, high DOC and low base

cation concentrations (Table 7-25).

Based on the small (49 km2) increase in area in the PAI study area subjected to a total

PAI greater than 0.17 keq H+/ha/a, the small predicted increase in total PAI over the 285

study waterbodies, and the small increase in the number of waterbodies with net PAI

greater than critical the load (two additional waterbodies compared to the Base Case), the

effects of the increased emissions on regional waterbodies and fish and fish habitat in

these waterbodies for the PDC are expected to be negligible.

Episodic Acidification Assessment

A significant increase in episodic acidification of waterbodies and watercourses in the

PAI study area during spring snowmelt for the PDC is unlikely for reasons similar to

those provided for the Application Case. Although deposition rates of NOX and SOX are

higher than in the Application Case, they are not expected to result in an increase in

loading of these acidifying substances to the snow pack in each waterbody or watercourse

catchment. The median loading of NOX to the 285 waterbody catchments is predicted to

increase from 3.3 kg/ha/a to 3.5 kg/ha/a. The median loading of SOX is predicted to

increase from 1.9 kg/ha/a to 2.0 kg/ha/a. As in other assessment cases, most of the

increase in NOX is predicted to occur close to the PDA and attenuate rapidly with

distance. The weight of evidence suggests the potential effects of the episodic release of

acids to watercourses and waterbodies for the PDC will be negligible to waterbodies and

watercourses in the PAI study area.
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7.8.8 Prediction Confidence

Sources of uncertainty in the assessment include:

 the results of the air quality modelling

 the applicability and assumptions in the critical load model

 the limited information on spring acid pulses, both in waterbodies and watercourses

in the AOSR

The acidification assessment is based on the results of air quality modelling. For the

assumptions and limitations of modelling in the air quality assessment, see Section 4. In

general, the results are considered conservative (i.e., overly protective) because they

assume simultaneous emissions from all sources at the approved rates of emissions.

Recent measurements of base cation deposition suggest previous modelling results

underpredicted the neutralizing effect of dust (e.g., Fenn et al. 2015). The updated

assessment incorporated measured base cation deposition rates, which essentially

confined high PAI deposition values to the development areas (Section 4).

Studies that compared a dynamic MAGIC Model to the steady-state water chemistry

model suggest that the steady-state model is adequate as a practical survey tool to be

applied to a large area (and hundreds of waterbodies), where the data requirements of a

dynamic model cannot easily be met (Holdren et al. 1993). Use of the steady-state water

chemistry model (with modifications) has been widely accepted in Europe (Posch et al.

1993, 1995) and North America (Henriksen et al. 2002). The modified steady-state water

chemistry model is currently the model recommended by CEMA in its acid deposition

management framework (CEMA 2004).

Limited information on the potential for episodic acidification in regional waterbodies

and watercourses is a source of uncertainty. Although existing studies suggest that

increased acid loading during the spring pulse does not contribute to episodic

acidification (WRS 2003; RAMP 2013), further regional studies have been suggested

through RAMP.

Since regional developments were identified in late 2014, the development schedules for

the JNM, JNM Expansion and PRM have been delayed indefinitely. The outcome of

these delays in relation to assessment is:

 The PAI assessment considers cumulative effects from the JNM as approved.

 The PAI PDC assessment considers cumulative effects from PRM and the JNM

Expansion, as if approved.

These changes add to the conservative nature of the assessment because although the

assessment update includes effects from these developments, these developments might

not be realized.
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7.8.9 Responses to Aboriginal Community Concerns

Concerns have been raised regarding potential effects of regional air emissions on aquatic

ecosystems. As a result, the surface water quality assessment included an examination of

the predicted effects of air emissions on waterbodies, including potential spring pulse

effects. Section 7.8.6 references air emission mitigation and presents an effects analysis.

While waterbodies over much of the AOSR are relatively unaffected by acidifying

emissions, effects on aquatic resources are a regional concern.

To mitigate effects, the Project has been designed to reduce emissions by:

 minimizing hauling distances and using the best commercially available engine

technology for haul trucks (expected to be U.S. EPA Tier IV-compliant), when

available

 using cogeneration and dry low NOX 1+ technology to increase the efficiency of the

cogeneration plant

 implementing energy conservation measures

In anticipation of evolving regulatory changes and the corresponding desire to evaluate

technological improvements, Teck plans to be an active participant in research and

development through COSIA, which is a collaborative alliance that works to advance key

environmental issues facing the oil sands industry.

7.8.10 Management and Monitoring

7.8.10.1 Regional

Large-scale initiatives exist in the AOSR that have a mandate to monitor changes due to

acidification that might affect aquatic ecosystem health. These include:

 JOSM

 COSIA

 the Wood Buffalo Environmental Association Terrestrial Environmental Effects

Monitoring Program (WBEA-TEEM)

 the Alberta Biodiversity Monitoring Institute (ABMI) Program

Teck will participate in relevant regional committees, including AEMERA and COSIA,

and will also follow monitoring program protocols and procedures necessary to fulfill

obligations related to air quality (Section 4).

7.8.10.2 Project-Specific

Monitoring in the LSA will follow the requirements outlined in the Project’s anticipated

EPEA approval and will be conducted through JOSM or through the Project-specific

monitoring program.
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7.8.11 Summary

7.8.11.1 Predevelopment and Existing Condition

Under predevelopment (i.e., background) conditions, net PAI was greater than the critical

load in 20 waterbodies. These waterbodies are characterized as relatively small, soft

water waterbodies, with low to moderate total alkalinity, low base cation content, a pH

less than 7.0, high DOC concentrations and low inflow rates. In these low pH

waterbodies, the reduction of ANC by strong organic acids is more significant than the

buffering afforded by weak organic acids. Net PAI was greater than the critical load in

seven additional waterbodies under existing conditions.

7.8.11.2 Base Case

In the Base Case, the addition of approved developments resulted in an increase in

emissions of NOX and SOX, relative to the existing condition. The change in area exposed

to total PAI greater than 0.17 keq H+/ha/a between existing conditions and the Base Case

was a reduction of 5 km2, corresponding to 0.01% of the PAI study area. Under existing

conditions, some of the study waterbodies were exposed to total PAI greater than

0.17 keq H+/ha/a (Table 7-24). For the Base Case, none of the 285 study waterbodies

were exposed to total PAI greater than 0.17 keq H+/ha/a (Table 7-24). The NOX loading

to the 285 waterbodies in the Base Case is predicted to increase slightly relative to

existing conditions, from a median value of 2.6 kg/ha/a to 3.0 kg/ha/a, whereas the

median SOX loading to the waterbody catchments is predicted to increase slightly from

1.7 kg/ha/a to 1.8 kg/ha/a. The maximum total PAI over all the waterbodies is predicted

to decrease from 0.24 keq H+/ha/a to 0.10 keq H+/ha/a.

Under existing conditions, 27 of 266 waterbodies (10.5%) had net PAI greater than the

critical load. For the Base Case, 28 waterbodies (10.9%) had net PAI greater than the

critical load.

Episodic acidification of waterbodies and watercourses during the spring melt is not

expected to increase significantly in the Base Case in watercourses and waterbodies in

the PAI study area for reasons similar to those for the waterbody assessment:

 Increases of NOX and SOX emissions are attributable only to increases in NOX.

 Modelling and field measurement of NOX emissions indicate that NOX concentrations

attenuate rapidly from local point sources (CEMA 2008).

 The results of historical studies on regional watercourses failed to detect a decrease in

ANC in the Muskeg, Steepbank and Firebag rivers attributable to nitrates, despite the

proximity of the Muskeg and Steepbank rivers to the major sources of NOX (WRS

2003).
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 The results from a special RAMP study of Rat Lake that concluded that almost all of

the change in pH during the spring pulse was due to dilution and not enhanced acid

deposition (RAMP 2013).

 There is a marginal increase in total PAI to each of the waterbody catchments

(median total PAI over all the study waterbodies increases from -0.17 keq H+/ha/a to

-0.14 keq H+/ha/a).

The increased risk in waterbody acidification and episodic acidification of waterbodies

and watercourses in the Base Case in the PAI study area is expected to be negligible.

7.8.11.3 Application Case

With the addition of the Project to the Base Case, the increase in area exposed to total

PAI greater than 0.17 keq H+/ha/a in the PAI study area was 21 km2, representing an

increase in area of 0.03% of the PAI study area. For the Application Case, none of the

285 study waterbodies were exposed to total PAI greater than 0.17 keq H+/ha/a. There

was virtually no increase in the maximum total PAI to any of the study waterbodies

(0.10 keq H+/ha/a for both the Base Case and Application Case). The increase in NOX

and SOX emissions between the Base Case and Application Case did not result in an

increase in the number of waterbodies with net PAI greater than the critical load. The net

PAI was greater than the critical load at 28 waterbodies in the Application Case.

The small increases in NOX and SOX emissions, the relatively small area affected by this

increase and the lack of any additional waterbodies with net PAI greater than the lake-

specific critical load indicates that the NOX and SOX contributions from the Project will

not result in an increased risk of acidification of waterbodies relative to the Base Case.

Additionally, effects on aquatic resources, and fish and fish habitat are expected to be

negligible.

An increase in the risk of episodic acidification during the spring snowmelt for the

Application Case is expected to be negligible for reasons similar to those in the Base

Case:

 the marginal increase in the loading of NOX and SOX to each waterbody catchment

(3.0 kg/ha/a to 3.3 kg/ha/a and 1.8 to 1.9 kg/ha/a, respectively)

 the rapid attenuation of NOX with distance from source and the known retention of

nitrates in the lake/watercourse catchments

 the results of historical studies on episodic acidification in the region that failed to

show a drop in ANC attributable to nitrates (WRS 2003)

 the results from a special RAMP study of Rat Lake that concluded almost all of the

change in pH during the spring pulse was due to dilution and not enhanced acid

deposition (RAMP 2013)
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7.8.11.4 Planned Development Case

With the addition of other disclosed and planned developments and activities to those in

the Application Case, the increase in area exposed to total PAI greater than 0.17 keq

H+/ha/a in the PAI study area was 49 km2, representing an increase in area of 0.06% of

the PAI study area.

For the PDC, none of the 285 study waterbodies were exposed to total PAI greater than

0.17 keq H+/ha/a, as the maximum total PAI was 0.12 keq H+/ha/a.

Over all the 285 waterbody catchments, the median loading of NOX was predicted to

increase from 3.3 kg/ha/a to 3.5 kg/ha/a, whereas the median loading of SOX is predicted

to increase slightly from 1.9 to 2.0 kg/ha/a. The increase in NOX and SOX emissions

between the Application Case and PDC resulted in two additional waterbodies with net

PAI greater than the critical load. These two waterbodies had relatively small gross

catchment areas and are generally characterized by low TDS, moderate total alkalinity,

high DOC concentrations and low base cation content.

The effects of the increased emissions on regional waterbodies and fish and fish habitat in

the PDC are expected to be negligible based on: (i) the small increase in area in the PAI

study area subjected to a total PAI greater than 0.17 keq H+/ha/a; (ii) the small predicted

increase in total PAI over the 285 study waterbodies; and (iii) the small increase in

waterbodies where net PAI was greater than the lake-specific critical loads (two

waterbodies).

For the reasons given above for the Application Case, the increase in the risk of episodic

acidification of waterbodies and watercourses in the air quality RSA for the PDC is

expected to be negligible.

7.9 Surface Water Quality and Deposition of Aerial Emissions

7.9.1 Introduction

This section addresses key question WQ6: Could the Project contribute to cumulative

changes in surface water quality because of aerial deposition of metals and PAHs?

An update of the potential effects of metal and PAH deposition from Project activities is

provided. As a result of the Teck-Shell asset exchange, there were changes in the

predicted land use within the aquatics LSA, as well as associated changes in hydrology.

The updated assessment used the updated flow values, as well as updated air

concentrations and deposition fluxes from the improved dispersion modelling approach

(see Section 4.2.4 for details). Recent literature (e.g., Jautzy et al. 2013; Parajulee and

Wania 2014; Ahad et al. 2014) highlighted the potential importance of fugitive dust

emissions from mining activities and tailings areas to total contaminant loading. In

response, the updated assessment explicitly modelled fugitive dust emissions from the

mine face, tailings areas, and vehicle activity on roads as sources of metals and PAHs.

Further information about the fugitive dust modelling is in Section 4.6.8.
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7.9.2 Methods

The methods used to quantify the fate and transport of aerially deposited metals and

PAHs are the same as were used in the Integrated Application (see Volume 5, Section 4,

Appendix 4A). Development and implementation of the PAH model included a thorough

literature review of scientific and modelling studies related to the aerial deposition

pathway. Teck is currently updating this model as part of a COSIA-funded project using

data that recently became available from Alberta and Canadian government monitoring

programs. Teck also completed a winter sampling survey for water quality and snowpack

chemistry in February 2012, with additional winter sampling for snowpack chemistry

completed in March 2014. Initial results based on data for these reference conditions are

presented in Section 7.9.3.

The following model inputs for the assessment of PAH deposition were updated to reflect

changes in the updated Project compared to the Integrated Application:

 concentrations of PAHs in air

 area of specific land cover classes (including closed-circuit areas)

Updates were made to the dispersion modelling results, including using the CMAQ

model to determine background conditions, and the inclusion of fugitive emissions from

the mine face, tailings areas, and mine fleet activities in response to findings in the recent

scientific literature. These changes in dispersion modelling inputs are described in more

detail in Section 4.

The following model inputs for the assessment of metal deposition were updated to

reflect changes in the updated Project compared to the Integrated Application:

 deposition fluxes of metals

 area of Project disturbances (closed-circuit areas)

 flow rates of surface waters and relative proportions of surface flow and interflow

compared to total flow

The air dispersion modelling results were applied to three zones: Big Creek, Redclay

Creek, and Ronald Lake. The original assessment included the Eymundson Creek

watershed as a fourth zone, which was not evaluated in the updated assessment because

the Eymundson Creek zone is no longer within the aquatics LSA as a result of the Teck–

Shell asset exchange.

7.9.2.1 Data Sources

Similar to the Integrated Application (see Volume 5, Section 4.10.2.1), surface water

quality predictions and assessments are based on the following data:

 deposition rates and ambient concentrations associated with reference conditions and

the assessment (see Section 4)

 flowrates in watercourses during snowmelt derived from the HSPF model

(see Section 7.4)

 chemical properties of PAHs from a variety of literature sources (see Appendix 7A)
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For reference conditions, snowmelt concentrations from samples collected in 2012 and

2014 around the Project were compared to model predictions. These data were not

available for the Integrated Application and are presented in Section 7.9.4. Updates were

made to the dispersion modelling results, especially in regards to the inclusion of

emission sources of fugitive dust. These changes in dispersion modelling inputs are

described in more detail in Section 4.

7.9.2.2 Models and Assumptions

Metals

The contribution of snowmelt to freshwater metal concentrations was assessed using a

conservative mass-balance approach similar to the method used in the Integrated

Application (see Volume 5, Section 4.10.2.2). The flow rates in the updated assessment

were based on the 2050 snapshot rather than the 2057 snapshot used in the Integrated

Application to align with the estimated date of the major watercourse diversion. This

snapshot is also prior to maximum build-out, and using the snapshot with the smaller

closed-circuited area leads to a more conservative assessment of water concentrations.

Therefore, the approach to assessing metals deposition is the same in the Integrated

Application, with improvements to the emissions profiles and more conservative

transport assumptions.

PAHs

The same modified CoZMo-POP model (Daly and Wania 2004) used to predict PAH

concentrations in snowmelt in the Integrated Application was applied in the assessment

update (see Volume 5, Section 4.10.2.2 of the Integrated Application). Three watersheds

in the aquatics LSA (Big Creek, Redclay Creek and Ronald Lake) were defined as

discrete zones, rather than the four watersheds used in the Integrated Application. The

Teck-Shell asset exchange resulted in the Eymundson Creek watershed being excluded

from the aquatics LSA in the assessment update.

7.9.3 Reference Conditions

There were no estimates available for aerial deposition from nearby sources under

predevelopment conditions. Therefore, existing conditions were used as a reference

condition for aerial deposition of metals and PAHs. Under reference conditions, there are

no developments in the aquatics LSA. Existing emissions originate from the following

sources outside of the aquatics LSA: stacks, plant fugitive emissions, mine fleet, mine

face, tailings management areas and nonindustrial sources (see Section 4.4).

Predicted concentrations of metals in snowmelt were below surface water quality

guidelines for all metals under reference conditions (Table 7-26). In contrast, the

Integrated Application indicated silver concentrations would be above aquatic life

guidelines in all three zones.
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Table 7-26 Predicted Mean Annual Concentrations for Metals and PAHs in Snowmelt in the LSA

Substance Units

Aquatic Life
Guidelines

1,2
Reference Condition 2050 Base Case 2050 Application Case

Acute Chronic BC RC RL BC RC RL BC RC RL

Metals

Antimony mg/L – – 0.000073 0.000072 0.00016 0.00013 0.00012 0.00027 0.00026 0.00035 0.0015

Arsenic mg/L 0.34 0.005 0.000045 0.000048 0.00013 0.000082 0.000087 0.00023 0.00012 0.00014 0.00029

Cadmium mg/L 0.0025 0.00018 0.000038 0.00004 0.00010 0.000076 0.000079 0.00019 0.00012 0.00016 0.00047

Chromium mg/L 0.016 0.001 0.00017 0.00017 0.00039 0.00035 0.00035 0.00077 0.00074 0.0010 0.0042

Copper mg/L 0.019 0.007 0.00056 0.00058 0.0014 0.0010 0.0011 0.0025 0.0015 0.0019 0.0054

Lead mg/L 0.103 0.004 0.000095 0.000094 0.00021 0.00018 0.00018 0.0004 0.00039 0.00053 0.0023

Manganese mg/L – – 0.0027 0.0026 0.0059 0.0055 0.0054 0.012 0.012 0.017 0.074

Molybdenum mg/L – 0.073 0.00011 0.00011 0.00028 0.00018 0.00019 0.00046 0.00026 0.00033 0.00086

Nickel mg/L 0.55 0.061 0.00016 0.00017 0.00042 0.0003 0.00032 0.00076 0.00047 0.00061 0.0018

Silver mg/L 0.0056 0.0001 0.000031 0.000032 0.000077 0.000062 0.000063 0.00015 0.00012 0.00016 0.00057

Vanadium mg/L – – 0.00035 0.00034 0.00085 0.00057 0.00057 0.0013 0.001 0.0014 0.0053

Zinc mg/L 0.14 0.03 0.0022 0.0022 0.0051 0.0022 0.0023 0.0054 0.0037 0.0049 0.016

PAHs

Acenaphthene µg/L – 5.8 0.000011 0.0000081 0.0000047 0.000025 0.000019 0.000010 0.00015 0.00012 0.00034

Anthracene µg/L – 0.012 0.000019 0.000014 0.0000074 0.000016 0.000013 0.0000062 0.000073 0.000066 0.00018

Benz(a)anthracene µg/L – 0.018 0.0080 0.0071 0.0042 0.017 0.015 0.0085 0.087 0.086 0.28

Benzo(a)pyrene µg/L – 0.015 0.0033 0.0032 0.0018 0.0074 0.0067 0.0039 0.023 0.024 0.054

Benzo(g,h,i)perylene µg/L – – 0.000070 0.000086 0.000016 0.00014 0.00017 0.00010 0.00013 0.00016 0.00010

Benzo(k)-fluoranthene µg/L – – 0.0018 0.0017 0.0010 0.0026 0.0026 0.0014 0.0079 0.0082 0.018

Chrysene µg/L – – 0.0089 0.0082 0.0048 0.018 0.017 0.0095 0.085 0.086 0.26

Dibenz(a,h)-anthracene µg/L – – 0.00031 0.00023 0.00017 0.00025 0.00023 0.00017 0.00048 0.00042 0.00068

Fluoranthene µg/L – 0.04 0.000032 0.000032 0.000021 0.000032 0.000026 0.000021 0.00010 0.00010 0.00026

Indeno(1,2,3-cd)pyrene µg/L – – 0.00034 0.00028 0.00016 0.00023 0.00021 0.00016 0.00050 0.00045 0.00078

Naphthalene µg/L – 1.1 0.00047 0.00034 0.00018 0.0011 0.00079 0.00041 0.0071 0.0045 0.0083

Phenanthrene µg/L – 0.4 0.000033 0.000026 0.000015 0.000035 0.000029 0.000017 0.00016 0.00015 0.00043

Pyrene µg/L – 0.025 0.00028 0.00024 0.00013 0.00023 0.00018 0.00013 0.00074 0.00073 0.0018

NOTES:

Bold and shaded values indicate concentrations above guidelines.

BC = Big Creek; RC = Redclay Creek; RL = Ronald Lake
1 – = No guideline.
2 From U.S.EPA (2002, 2013), CCME (1999), ESRD (2014a) and BC MOE (2015), assuming a pH of 8, temperature of 10ºC and hardness of 120 mg/L (which are reflective of average conditions in the

Athabasca River).
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Predicted concentrations of PAHs in snowmelt were below guidelines for the protection

of aquatic life (CCME 1999a) under reference conditions (Table 7-26). The guidelines

are not necessarily applicable to snowmelt but are used as screening criteria in the

absence of snowmelt guidelines. The model results are only for snowmelt and not for

substance concentrations in the receiving waters. PAH concentrations were similar in the

Big Creek and Redclay Creek zones, with lower concentrations in the Ronald Lake zone.

This spatial pattern is consistent with the predicted PAH air concentrations, and is

discussed further in the air quality section (see Section 4).

7.9.4 Base Case

Unlike the Integrated Application, the Base Case used in the updated assessment does not

include PRM, though the air quality modelling considers emissions from all the other

existing and approved developments in the modelling domain (290 km  700 km;

see Section 4.3.1). As a result there are no development activities occurring in the

aquatics LSA for the Base Case.

Predicted concentrations of metals in snowmelt were greater than water quality

guidelines for cadmium and silver in the Ronald Lake zone. In contrast, concentrations of

chromium (Big Creek zone) and silver (all zones) were predicted to be above guidelines

in the Integrated Application. The increase in concentrations between reference

conditions and the Base Case occurs as a result of developments 20 km and greater to the

south of the Project, as well as a region-wide increase in background deposition rates.

Predicted concentrations of PAHs in snowmelt were below surface water quality

guidelines for the Base Case (Table 7-26).

7.9.5 Application Case

7.9.5.1 Mitigation

Mitigation measures to reduce air emissions are described in Section 4.4.1 and for dust

specifically in Volume 1, Section 14.4.

7.9.5.2 Linkage Analysis

During the operational period, the Project will contribute to air emissions that could be

deposited in dry and wet forms. Given the potential for loading to snowpack described in

the Integrated Application (Volume 5, Section 4.10.1) and the observed concentrations in

regional snowpack (Kelly et al. 2009, 2010), this linkage is considered valid.

7.9.5.3 Effects Analysis

Potential effects of aerial deposition on surface water quality is assessed for the 2050

time snapshot under Application Case; this differs from the Integrated Application, which

used a 2057 snapshot.

The concentrations of all metals increased in the Application Case compared with the

Base Case (Table 7-26). These results contrast with the Integrated Application, where all

metals except for manganese, copper and arsenic decreased as a result of a larger closed-
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circuited area, and these three metals increased between 5% and 8% in the Application

Case. Unlike the Integrated Application, metal deposition associated with fugitive dust

was included in the updated assessment and contributes to the overall increase in metal

concentrations. In addition, surface flow rates in Redclay Creek and Ronald Lake were

lower relative to the flow rates presented in the Integrated Application, which resulted in

higher predicted concentrations.

Concentrations of benzo(a)anthracene and benzo(a)pyrene were predicted to be above

water quality guidelines for the Application Case in all three zones (see Table 7-26).

Concentrations of silver were predicted to be above guidelines in all three zones, and

concentrations of cadmium and chromium were predicted to be higher than guidelines in

the Ronald Lake zone. The Ronald Lake zone experienced the largest increases in metal

deposition from development activities because of the smaller runoff volume predicted

during freshet. No metals or PAHs in the Integrated Application (see Volume 5,

Section 4.10.5.3) were higher than guidelines.

The concentrations of all PAHs increased in the Application Case compared with the

Base Case (Table 7-26). Increases in Application Case concentrations primarily reflect

changes in the atmospheric emissions and predicted air concentrations, as discussed in

the air quality section (see Section 4.6). The increases in benzo(a)anthracene and

benzo(a)pyrene are due to the inclusion of fugitive dust from the mine as an emission

source. These results contrast with the Integrated Application, where concentrations of

many PAHs in the aquatics LSA decreased as a result of a larger closed-circuited area.

Fugitive dust from the mine face, tailings areas and vehicle activity was not included as a

source of PAHs in the Integrated Application; the inclusion of fugitive emission sources

in the updated assessment resulted in an overall increase in snowmelt concentrations in

the aquatics LSA.

7.9.6 Planned Development Case

Because of the low prediction confidence in this “developing” area of modelling

(see Section 7.9.7), this assessment focused on the aquatics LSA. The models developed

for the Project will be validated when sufficient field data are available and at that time,

regional effects may be re-evaluated. The PDC was also not included as part of the

Integrated Application.

7.9.7 Prediction Confidence

The results presented in this section are a preliminary attempt to better understand the

effects of aerial deposition to snowpack and consequently snowmelt water

concentrations. The models developed for the updated assessment were the first to

quantitatively predict snow and water concentrations of PAHs and metals from aerial

deposition for an oil sands EIA. ESRD and Environment Canada recently conducted

snowpack surveys in the oil sands area (Cho et al. 2014; Kirk et al. 2014). This

information has become available only recently, and the modelling approaches used in

this section are still under development and undergoing validation.
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Snow data were collected within the aquatics LSA, enabling a comparison to be made

between measured concentrations and modelled concentrations under reference

conditions. Each sampling station was assigned to a modelling zone based on the

geographic location of the station. The mean of the measured metals and PAH

concentrations in each zone were calculated; data below the detection limit were directly

substituted with half the detection limit before calculating the mean. The modelled and

measured concentrations are provided in Table 7-27.

Predicted concentrations of metals in snowmelt are also compared to measured snowpack

concentrations in Table 7-27. The largest differences between modelled and measured

concentrations occurred with antimony and silver, and snowmelt concentrations of these

substances were overpredicted in the model. The model predictions for metals account

for some retention in the catchment, whereas the measured snowmelt does not have any

retention and is not indicative of final concentrations at the edge of the aquatics LSA.

Predictions in the Ronald Lake zone were higher than observed data for 8 of the 12

metals, though only one sampling station was located in the zone.

The model generally underpredicted the snow PAH concentrations, but as the model

takes into account retention by the terrestrial environment (i.e., chemicals sorbed to soil

and not delivered to surface water as snowmelt), it is expected that the predicted

concentrations would be lower than the measured snow concentrations. For

benz(a)anthracene in the Big Creek and Redclay Creek zones, and chrysene in the Big

Creek zone, the predicted concentrations were higher than the measured; this likely

reflects conservative assumptions that were incorporated into the air quality emissions

profiles and Cozmo-POP modelling.

To account for uncertainties, conservative assumptions were included in the calculations,

such as the transport of all metals associated with interflow. The uncertainties in this

assessment are related to the assumptions made while developing this model, and the

estimation of the associated emissions and deposition rates provided by the air modelling

(see Section 4.3.4).

A recent study specifically looking for relationships between snow chemistry and

receptor chemistry in the oil sands (Athabasca and Muskeg rivers) concluded that

although snowmelt was a major input to the receptors, dissolved organics in the snowmelt

were not reflected in the receptor chemistry (Birks et al. 2014). This study indicated that

the type of modelling applied for this assessment is conservative, because it assumes

more complete transport to receiving waters than may occur in reality.
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Table 7-27 Measured and Modelled Annual Concentrations of Metals and PAHs in Snowmelt in the LSA

Substance Units

Big Creek Redclay Creek Ronald Lake

Reference Condition Measured Snowpack Reference Condition Measured Snowpack Reference Condition Measured Snowpack

Metals

Antimony mg/L 0.000073 0.000019 0.000072 0.000037 0.00016 0.000025

Arsenic mg/L 0.000045 0.000076 0.000048 0.00033 0.00013 0.000076

Cadmium mg/L 0.000038 0.000081 0.00004 0.000077 0.00010 0.00016

Chromium mg/L 0.00017 0.00028 0.00017 0.00034 0.00039 0.00025

Copper mg/L 0.00056 0.00085 0.00058 0.0016 0.0014 0.00065

Lead mg/L 0.000095 0.00038 0.000094 0.00089 0.00021 0.00016

Manganese mg/L 0.0027 0.083 0.0026 0.11 0.0059 0.015

Molybdenum mg/L 0.00011 0.00010 0.00011 0.00015 0.00028 0.000068

Nickel mg/L 0.00016 0.00097 0.00017 0.0016 0.00042 0.00048

Silver mg/L 0.000031 0.0000025 0.000032 0.0000068 0.000077 0.0000025

Vanadium mg/L 0.00035 0.00033 0.00034 0.0012 0.00085 0.00025

Zinc mg/L 0.0022 0.014 0.0022 0.014 0.0051 0.012

PAHs

Acenaphthene µg/L 0.000011 0.020 0.0000081 0.025 0.0000047 0.0004

Anthracene µg/L 0.000019 0.003 0.000014 0.004 0.0000074 0.002

Benz(a)anthracene µg/L 0.0080 0.004 0.0071 0.005 0.0042 0.009

Benzo(a)pyrene µg/L 0.0033 0.004 0.0032 0.006 0.0018 0.009

Benzo(g,h,i)perylene µg/L 0.000070 0.003 0.000086 0.005 0.000016 0.006

Benzo(k)fluoranthene µg/L 0.0018 0.004 0.0017 0.004 0.0010 NM

Chrysene µg/L 0.0089 0.007 0.0082 0.010 0.0048 0.021

Dibenz(a,h)anthracene µg/L 0.00031 0.003 0.00023 0.004 0.00017 0.003

Fluoranthene µg/L 0.000032 0.009 0.000032 0.013 0.000021 0.006

Indeno(1,2,3-cd)pyrene µg/L 0.00034 0.003 0.00028 0.003 0.00016 0.002

Naphthalene µg/L 0.00047 0.036 0.00034 0.050 0.00018 0.010

Phenanthrene µg/L 0.000033 0.015 0.000026 0.022 0.000015 0.022

Pyrene µg/L 0.00028 0.006 0.00024 0.009 0.00013 0.008

NOTE:

NM = not measured
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7.9.8 Responses to Aboriginal Community Concerns

Concerns have been raised that air emissions in the region, and specifically aerial

deposition of substances to snowpack and surface waters, have affected aquatic

ecosystems. As a result, the surface water quality assessment included an examination of

the predicted effects of metal and PAH concentrations associated with air emissions using

a modelling approach. Snowmelt concentrations of three metals and two PAHs were

predicted to be greater than water quality guidelines at locations within the aquatics LSA.

However, water quality guidelines may not be applicable to snowmelt concentrations,

and the predicted snowmelt concentrations do not take into account potential dilution

from surface waters.

To mitigate effects, the Project has been designed to reduce emissions that generate

metals by optimizing hauling distances and using the best commercially available engine

technology for haul trucks (expected to be U.S. EPA Tier IV-compliant), when available.

Fugitive dust emissions will be limited through the use of appropriate road building

materials, enforced vehicle speeds, the application of dust suppressants, and retained

natural or planted vegetation to provide windbreaks. In anticipation of evolving

regulatory changes and the corresponding desire to evaluate technological improvements,

participation is planned in research and development and in associations that advance

emission-reduction technologies applicable to oil sands extraction; as well, energy

efficiency will continue to be improved and compatible emerging technologies will

continue to be identified.

7.9.9 Management and Monitoring

7.9.9.1 Regional

The governments of Alberta and Canada conducted snowpack surveys near oil sands

operations as follow-up to studies by Kelly et al. (2009, 2010). Some of these results have

been published (e.g., Cho et al. 2014; Kirk et al. 2014). These studies will continue to

quantify the deposition and accumulation rates of airborne substances. These data have

become available since the Integrated Application, and efforts have begun to characterize

the spatial deposition and calibrate the models.

Teck will participate in relevant regional committees, including AEMERA and COSIA.

Teck is an active contributor to research regarding metal and PAH deposition in the

AOSR as part of a series of COSIA-funded projects. Teck will also follow monitoring

program protocols and procedures necessary to fulfill obligations related to air quality

(Section 4).

7.9.9.2 Project-specific

Contributions will be made to regional monitoring through participation in AEMERA,

WBEA, and COSIA projects. In addition, Teck commits to share snow survey data with

stakeholders and Aboriginal communities, upon request; this includes survey data

collected by Teck or other publically available data that Teck obtains.
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7.9.10 Summary

Concentrations of metals and PAHs were predicted in snowmelt, using the modified

CozMo-POP model and a conservative mass-balance approach. Deposition rates and

ambient air concentrations used in these models were estimated by the CMAQ model

(see Section 4.3.4). Concentrations of metals and PAHs in snowmelt are predicted to

increase in the Base Case and Application Case. Predicted concentrations for three metals

and two PAHs were greater than surface water quality guidelines. However, surface

water guidelines may not be applicable to snowmelt, and the predicted concentrations in

snowmelt are not indicative of final concentrations within the receiving waters.

Additionally, dissolved organics in the snowmelt have not been identified in receiving

waters (Birks et al. 2014). The modelling approaches used in this section are still under

development and are undergoing validation with data recently made available from

regional snowpack surveys conducted in the AOSR.

7.10 Pit Lake Water Quality

7.10.1 Introduction

This section addresses key question WQ7: Will the water quality of pit lakes constructed

at the Project meet surface water quality guidelines and/or fall within natural water

quality variability of existing local surface waters?

The updated assessment accounts for three pit lakes rather than four pit lakes that were

planned as part of the Integrated Application. As discussed in the Integrated Application,

none of the pit lakes will contain tailings solids and no tailings will be placed in the

catchment for the north pit lake (see Volume 1, Section 4.11).

The pit lakes water will originate from process-affected waters, natural watershed runoff,

reclaimed overburden runoff, groundwater seepage and the Athabasca River

(see Table 7-28). The process-affected water will consist of direct input of process-

affected water at closure, process-affected seepages from tailings in backfilled mine pits,

and runoff and seepage from reclaimed sand swale areas. The configuration of the lakes

and source waters are summarized in Appendix 7A. Pit lakes are also described in the

closure, conservation and reclamation (CC&R) plan (see Volume 1, Section 13.6.4.5).

Pit lake filling is scheduled for the end of mining in each area. Filling of the north pit lake

will begin in 2063; whereas, filling of the central pit lake and south pit lake will begin in

2066. Without water diversions, it would take several decades to fill the pit lakes because

the volumes of annual local runoff are small relative to the volumes of the pit lakes.

Therefore, to enable timely closure, seasonally diverted water from the Athabasca River

and from within the closed-circuit drainage system will be used to fill these lakes.
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Table 7-28 Characteristics of Pit Lakes

Description North Pit Lake Central Pit Lake South Pit Lake

Water volume [Mm
3
] 92 725 291

Surface elevation [m
amsl]

298 290 296

Surface area (km
2
) 3.6 26.5 11.4

Mean water depth [m] 36 33 34

Filling begins (yr) 2063 2066 2066

Discharge begins (yr) 2080 2080 2081

Receiving water Unnamed Creek 18 Redclay Creek Big Creek

Mean outflow [m
3
/s] 0.1 0.35 0.25

Mean residence time
[annum]

32 56 38

Source waters [Mm
3
/a]

1, 2
Natural and reclaimed
landscape runoff: 0.35,
3.7

Athabasca River: 4.4, 0

Precipitation: -0.66, -
0.66

Tailings area cap water 58.2 in
Year 2066

Pumped tailing centrifuge
water: 26.7 in 2066 and 2067

Natural and reclaimed
landscape runoff: 5.9, 14

Basal Seepage: 0.38, 0.09

Athabasca River: 37.1, 0

Precipitation: -4.7, -4.7

ETA seepage: 2.0, 0.12

In-pit tailings seepage:0.2, 0.2

Natural and reclaimed
landscape runoff: 2.7,
9.7

Basal seepage: 0.12, -
0.01

Athabasca River: 18.6, 0

Precipitation: -1.8, -1.8

In-pit tailings seepage:
0.009, 0.009

NOTES:
1

Values in last row refer to inflow volumes during filling period and post-filling (i.e., values separated by comma).
2

Precipitation values are presented as net precipitation/evaporation (i.e., net precipitation is negative).

The north pit lake will be formed from the operational mine pit in the northern part of the

development, and will have a design volume of 92 Mm3 and surface area of 3.6 km2.

During the decommissioning period, the pit lake will be filled to a closure water surface

elevation of 298 m amsl. This elevation will be achieved from an estimated average

runoff of 0.35 Mm3/a from natural and reclaimed landscape, and an estimated average

water volume of 4.4 Mm3/a from the Athabasca River. When full, the lake will release an

estimated 3.2 Mm3/a, on average, because of net evaporation over the lake water surface.

It will begin to discharge to Unnamed Creek 18, which flows northward to Ronald Lake,

and begin to receive runoff collected from the catchment uplands upstream of the

reclaimed mine in 2080. The hydraulic residence time of the north pit lake will be about

32 years.

The central pit lake will be formed from the main pit in the central part of the

development, and will have a design volume of 725 Mm3 and surface area of 26.5 km2.

At the end of mining operation in 2066, 58.2 Mm3 of process-affected cap water will be

transferred to the lake. The tailings remaining at the end of the mining will be centrifuged

at a constant rate beginning in July 2067 and finishing at the end of 2068. This process is

estimated to generate an additional 26.7 Mm³ of centrate, which will be transferred to the

lake. Subsequently, the central pit lake will be filled to a closure water surface elevation

of 290 m amsl. This elevation will be achieved from an estimated average runoff of
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5.9 Mm3/a from natural and reclaimed landscape including tailings seepage and an

estimated average water volume of 37.1 Mm3/a from the Athabasca River. When full, the

lake will release an estimated 11 Mm3/a, on average, because of net evaporation over the

lake water surface. The central pit lake will begin to discharge to Redclay Creek and

begin to receive runoff collected from upland catchment upstream of the reclaimed mine

in 2080. The hydraulic residence time of the central pit lake will be about 56 years.

The south pit lake will be formed from the operational mine pit in the southern part of the

development, and will have a design volume of 291 Mm3 and surface area of 11.4 km2.

During the decommissioning period, the pit lake will be filled to a closure water surface

elevation of 296 m amsl. This elevation will be achieved from an estimated average

runoff of 2.7 Mm3/a from natural and reclaimed landscape including tailings seepage and

an estimated average water volume of 18.6 Mm3/a from the Athabasca River. When full,

the waterbody will release an average estimated 7.9 Mm3/a, because of net evaporation

over the lake water surface. It will begin to discharge to Big Creek and start to receive

runoff collected from upland catchment upstream of the reclaimed mine in 2081. The

hydraulic residence time of the south pit lake will be about 38 years.

7.10.2 Methods

The methods used to assess pit lake water quality are the same as those presented in

Volume 5, Section 4.11.2 of the Integrated Application. A full description of models,

inputs and assumptions used to assess pit lake water quality is provided in Appendix 7A.

A summary of these methods is provided below.

Pit lake water quality was modelled from the time of initial filling through the time of

connection to the surrounding natural watershed in 2081, and continuously for one

hundred years post-closure (far future). The substances assessed were consistent with the

small streams and Athabasca River models, and all models were linked to obtain

cumulative estimates for the aquatics LSA and RSA.

Similar to the Integrated Application, the two-dimensional hydrodynamic and water

quality model CE-QUAL-W2 (W2; Cole and Wells 2008) was used to simulate

hydrodynamics, TDS and DO in the pit lakes. The Golder Pit Lake Model (GPLM) was

applied to predict all other surface water quality substance concentrations. The models

were constructed with influent watercourses, precipitation and evaporation rates, pit lake

volume and influent water quality based on the individual characteristics of each pit lake.

The W2 model setup was consistent with Phase II modelling completed for CEMA

(2007). Pit lake inflow rates were set to the rates generated by the HSPF model for small

streams. Mean rates of water diversions from Athabasca River were consistent with those

described in the hydrology assessment (see Section 6). Substance concentrations of

natural runoff and Athabasca River water were obtained from monitored data from the

baseline component (see Volume 2, Section 5.3.4) and modelled data from the small

streams model (see Section 7.4). Substance concentrations for other inflows are provided

in Appendix 7A.
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The pit lake modelling results were passed through a screening procedure similar to the

one presented in Section 7.4.5 to identify SOPC. The screening procedure involved a

multistep process, as shown in Figure 7-19.

The first step involved assessing which of the 48 modelled substances have the potential

to adversely affect aquatic health. Major ions for which water quality guidelines for the

protection of freshwater aquatic life have not been established (i.e., calcium) were not

assessed individually; rather, their combined effect was considered through the

assessment of TDS. All remaining substances were passed through the rest of the

screening process.

The second step was to carry substance concentrations forward to the aquatic health

assessment if they met all of the following screening criteria:

 The predicted concentration at initial discharge or in the far future was higher than

the maximum average concentration observed in natural waterbodies in the region by

more than 10%.

 The predicted concentration at initial discharge or in the far future was higher than

the average concentration observed in the Athabasca River by more than 10%.

 The predicted concentration at initial discharge or in the far future was higher than

the average concentration observed in the watercourses that will drain to the pit lakes

(i.e., local surface runoff).

 The substance had no guideline or the concentration was higher than the chronic

guideline.

 The substance had no CEB, or the concentration was higher than the CEB.

The screening process recognizes that substance concentrations can naturally be higher

than water quality guidelines in the AOSR, including existing, undisturbed lakes, the

Athabasca River and local runoff that will drain to the Project pit lakes. If the predicted

average concentration was higher than the screening criteria, it was carried forward

regardless of reference conditions. The 10% cutoff was included in the screening process

based on the rationale outlined in Section 7.4.5.

Additional details on guidelines and screening criteria are provided in Appendix 7A, and

details on CEBs are provided in Section 7.11.

The final step was to compile a summary of substance concentrations that were identified

using the screening listed above for receptor-based assessments. For potential effects of

pit lakes on biological receptors, including aquatic, human and wildlife, see Section 7.11,

and Sections 12 and 13. The sections on biological receptors provide risk assessments

based on water quality and other Project-related changes and also provide an effects

classification.
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7.10.3 Reference Conditions

The methods and data used to define reference conditions remain the same as those

presented in Volume 5, Section 4.11.3 of the Integrated Application. As described in the

Integrated Application, historical water quality data from waterbodies in northeastern

Alberta were used to calculate summary parameters representing surface water quality in

regional natural waterbodies. These substances were used as screening values against

which predicted pit lake water quality were compared.

7.10.4 Base Case

No pit lakes are planned as part of the Base Case in the Ronald Lake, Redclay Creek or

Big Creek watersheds, because there are no operating or approved developments in the

aquatics LSA.

7.10.5 Application Case

7.10.5.1 Mitigation

Mitigation measures to maximize pit lake function are the same as those presented in

Volume 5, Section 4.11.5.1 of the Integrated Application and include:

 excluding tailings from pit lakes (ETA cap water is transferred to central pit lake at

closure)

 maintaining the water balance of the pit lakes with sufficient inflows to compensate

for evaporative losses

 managing the rate of Athabasca River water input as appropriate to ensure water

quality filling targets are met and to comply with Athabasca river low flow

restrictions (see Section 6.4.5)

 adding nutrients to the pit lakes to elevate productivity levels and biological

treatment capacity

 increasing the efficiency and size of wetlands that route reclamation drainages to the

pit lakes

 actively or passively treating pit lake outflows by adding wetlands and settling basins

to the discharge channels that connect pit lakes to the receiving waters

7.10.5.2 Linkage Analysis

As described in Volume 5, Section 4.11.5.2 of the Integrated Application, the creation of

pit lakes will result in changes in water quality relative to reference conditions. Pit lakes

will receive process-affected water and will therefore alter the outflow water quality to

receiving waters. This linkage is valid for the three pit lakes that will be constructed for

the Project.
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7.10.5.3 Effects Analysis

Hydrodynamic modelling of the north pit lake was not repeated as part of the updated

assessment because lake characteristics such as volume, surface area, depth and inflows

did not differ substantially from those presented in Volume 5, Section 4.11.5.3 of the

Integrated Application to warrant remodelling. Consistent with the Integrated

Application, the north pit lake will not contain higher salinity waters or other mine-

affected materials that could influence vertical mixing.

Hydrodynamic modelling of the central pit lake and south pit lake was repeated as part of

the updated assessment as described below.

Similar to the Integrated Application, hydrodynamic modelling indicates that the central

pit lake and south pit lake will mix vertically at least once per year, exhibiting seasonal

stratification and turnover typical of lakes in temperate regions (Wetzel 2001). Monthly

vertical profiles of water temperature are shown for the central pit lake and south pit lake

during a typical year in Figures 7-20 and 7-21.

Permanent vertical stratification, or meromixis, is not predicted to develop in the central

pit lake or south pit lake. Time-depth profiles of TDS and DO concentrations during the

first 35 years in the deepest sections of the central pit lake and south pit lake are shown in

Figures 7-22 and 7-23. Concentrations in the contour plots are depicted by discrete

contour intervals, and values in each interval are represented with an identical colour. In

the central pit lake, TDS and DO concentrations are predicted to be near uniform

throughout the water column after the filling period. The DO concentrations are predicted

to remain above the chronic guideline for the protection of aquatic life of 6.5 mg/L. The

south pit lake is predicted to exhibit vertical gradients of TDS and DO. Near the lake bed

each winter, TDS is predicted to increase and DO is predicted to decrease, because of

inflow of naturally saline basal water seepage. However, this seepage is not predicted to

result in long-term stratification. Because of the aeration and vertical mixing during the

open water period, DO concentrations are predicted to remain above 6.5 mg/L throughout

the water column at all times. In addition, the DO in the pit lakes is predicted to remain

sufficient for aerobic degradation of organic substances at all times.

Predicted concentrations of all modelled substances in the central pit lake, south pit lake

and north pit lake at closure and in the far future are shown in Tables 7-29 to 7-31 and

described in more detail in Appendix 7B.
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Figure 7-20 Thermal Stratification in Central Pit Lake (Typical Year)
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Figure 7-21 Thermal Stratification in South Pit Lake (Typical Year)



Volume 3: Assessment Update

Section 7: Surface Water Quality Frontier Oil Sands Mine Project Update

Page 7-134 June 2015

(a. central pit lake; mg/L )

(b. south pit lake; mg/L)

Figure 7-22 Contour Plots of Total Dissolved Solids in Pit Lakes
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(a. central pit lake; mg/L)

(b. south pit lake; mg/L)

Figure 7-23 Contour Plots of Dissolved Oxygen in Pit Lakes
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Table 7-29 Predicted Water Quality in the North Pit Lake

Substance Units

Water Quality
Guidelines

1,2

CEBs1,3

Observed Natural
Variation in Regional

Waterbodies4
Athabasca

River

Ronald Lake
(Local

Runoff)

Predicted Concentrations Screening Results

Acute Chronic

Initial
Discharge

(2080)
Far Future

(2181)

Initial
Discharge

(2080)
Far Future

(2181)

Aluminum mg/L 0.75 0.1 0.1 <0.02 - 0.92 (n=210) 1.3 0.32 0.95 0.41 RC RC

Ammonia - N mg-
N/L

13.3 3.98 1.08 <0.1 - 0.41 (n=259) 0.058 0.0045 0.000037 0.000033 RC RC

Antimony mg/L - - 0.16 <0.0003 - 0.00056 (n=167) 0.000064 0.00063 0.00027 0.00075 RC <CEB

Arsenic mg/L 0.34 0.005 0.025 <0.001 - 0.0016 (n=300) 0.00087 0.00034 0.00069 0.00042 RC RC

Barium mg/L - - 5.8 0.0083 - 0.14 (n=295) 0.066 0.04 0.058 0.049 RC RC

Beryllium mg/L - - 0.0053 <0.001 - 0.0051 (n=201) 0.000056 0.00049 0.00022 0.00058 RC RC

Boron mg/L 29 1.5 1.5 <0.025 - 0.2 (n=198) 0.032 0.11 0.061 0.13 RC RC

Cadmium mg/L 0.0031 0.0002
2

0.00031 <0.0002 - 0.00014 (n=139) 0.000031 0.000098 0.000056 0.00012 RC RC

Calcium mg/L - - - 0.1 - 51 (n=188) 33 42 37 50 N/A N/A

Chloride mg/L 640 120 170 <1 - 72 (n=736) 22 3.0 15 4.1 RC RC

Chromium mg/L 0.016 0.001 0.0083 <0.0025 - 0.0025 (n=299) 0.0016 0.001 0.0014 0.0012 RC RC

Copper mg/L 0.023 0.007 0.022 <0.001 - 0.0029 (n=296) 0.0016 0.00078 0.0013 0.00096 RC RC

Iron mg/L - 0.3 1.5 <0.006 - 2.7 (n=312) 1.2 1.4 1.3 1.7 RC RC

Lead mg/L 0.129 0.005 0.007 <0.0003 - 0.038 (n=201) 0.0007 0.00022 0.00054 0.00028 RC RC

Lithium mg/L - - - <0.0039 - 0.065 (n=193) 0.0079 0.042 0.02 0.05 RC RC

Manganese mg/L - - 1.5 0.0034 - 1.3 (n=299) 0.05 0.45 0.2 0.53 RC RC

Mercury mg/L 0.0000
13

0.0000
05

- <0.0000006 - <0.00005
(n=108)

0.0000029 0.00000049 0.0000021 0.00000065 <AR <AR

Molybdenum mg/L - 0.073 38.7 <0.0025 - 0.0012 (n=280) 0.00071 0.00011 0.00051 0.00015 RC RC

Naphthenic
Acids - Labile

mg/L - - 1 - 0 0 0 0 RC RC

Naphthenic
Acids -
Refractory

mg/L - - 7.1 - 0.39 0.61 0.48 0.73 <R <CEB

Naphthenic
Acids - Total

mg/L - - - <1 - 1.6 (n=124) 0.39 0.001 0.48 0.73 RC RC

Nickel mg/L 0.635 0.071 0.1 <0.0013 - 0.005 (n=299) 0.0015 0.0012 0.0014 0.0015 RC RC

Nitrate mg-
N/L

124 2.93 - <0.1 - 0.17 (n=334) 0.097 0.031 0.075 0.039 RC RC

PAH Group 1 µg/L - 0.015 0.28 <0.05 - 0.0054 (n=52) 0.005 0.0063 0.00091 0.00084 RC RC

PAH Group 2 µg/L - 0.018 0.28 <0.1 - 0.0036 (n=51) 0.005 0.0069 0.0026 0.0022 RC RC

PAH Group 3 µg/L - - 0.99 <0.05 - 0.0019 (n=47) 0.0051 0.0023 0.0013 0.00046 RC RC

PAH Group 4 µg/L - 5.8 42 <0.1 - 0.0024 (n=52) 0.005 0.00022 0.000023 0.0000039 RC RC

PAH Group 5 µg/L - 0.012 5.6 <0.05 - 0.075 (n=52) 0.0062 0.0058 0.00012 0.00012 RC RC

PAH Group 6 µg/L - - 64 <0.04 - 0.03 (n=14) 0.0 0.029 0.003 0.0083 RC RC

PAH Group 7 µg/L - 0.04 5.9 <0.05 - 0.054 (n=52) 0.005 0.016 0.00052 0.00089 RC RC
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Table 7-29 Predicted Water Quality in the North Pit Lake (cont’d)

Substance Units

Water Quality
Guidelines

1,2

CEBs1,3

Observed Natural
Variation in Regional

Waterbodies4
Athabasca

River

Ronald Lake
(Local

Runoff)

Predicted Concentrations Screening Results

Acute Chronic

Initial
Discharge

(2080)
Far Future

(2181)

Initial
Discharge

(2080)
Far Future

(2181)

PAH Group 8 µg/L - 1.1 32 <0.1 - 0.26 (n=53) 0.017 0.026 0.0025 0.0027 RC RC

PAH Group 9 µg/L - 0.025 2.3 <0.05 - 0.05 (n=52) 0.0052 0.0067 0.00054 0.00055 RC RC

Selenium mg/L - 0.001 - <0.0008 - 0.00032 (n=298) 0.00032 0.00026 0.0003 0.00032 RC RC

Silver mg/L 0.0075 0.0001 0.00022 <0.0002 - 0.000016 (n=134) 0.000014 0.0000095 0.000012 0.000012 RC RC

Strontium mg/L - - 10.7 0.0031 - 0.24 (n=175) 0.24 0.28 0.26 0.34 RC <CEB

Sulphate mg/L - 309 429 <3 - 118 (n=716) 30 92 53 109 RC RC

Sulphide mg/L - 0.002 0.008 <0.01 - 0.12 (n=212) 0.0044 0.000055 0.00000028 0.00000028 RC RC

Tainting
Potential

TPU - 1 - - 0 0 0 0 RC RC

Thallium mg/L - 0.0008 - <0.0002 - 0.000029 (n=178) 0.000026 0.000034 0.000029 0.000041 RC <G

Total
Dissolved
Solids

mg/L - - 1000 31 - 444 (n=479) 209 295 245 354 RC RC

Total Nitrogen mg/L - 1 - 0.4 - 3.4 (n=604) 0.68 0.77 0.72 0.93 RC RC

Total
Phenolics

mg/L - 0.004 0.01 <0.001 - 0.011 (n=374) 0.0029 0.000095 0.00000048 0.00000048 RC RC

Total
Phosphorus

mg/L - 0.05 - 0.014 - 0.19 (n=768) 0.065 0.091 0.076 0.11 RC RC

Toxicity -
Acute

TUa 0.3 - - 0 (n=5) 0 0 0 0 RC RC

Toxicity -
Chronic

TUc - 1 - 0 (n=5) 0 0 0 0 RC RC

Uranium mg/L 0.033 0.015 - <0.0004 - 0.0061 (n=190) 0.00041 0.00002 0.00028 0.000034 RC RC

Vanadium mg/L - - 0.12 <0.002 - 0.0034 (n=345) 0.0033 0.00066 0.0024 0.00086 RC RC

Zinc mg/L 0.162 0.03 0.14 0.0018 - 0.067 (n=299) 0.0047 0.019 0.010 0.023 RC RC

NOTES
1 – = No guideline / no data.
2 From U.S.EPA (2002, 2013), CCME (1999), ESRD (2014) and BC MOE (2015), assuming a pH of 7.5, temperature of 5°C and hardness of 143 mg/L (reflective of on-site conditions).
3 The derivation of CEBs is described in Section 7.11.
4 Observed natural variation from 29 regional waterbodies. Further information is provided in the Integrated Application (Volume 5, Section 4.11.3). Minimum of means - maximum of means (sample number).

Bold font indicates concentration is higher than chronic guideline.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit; RC = within reference conditions (+10%); N/A = not applicable to aquatic health assessment; <AR
= within Athabasca River concentration (+10%); <R = within local runoff concentration (+10%); <CEB = less than CEB.
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Table 7-30 Predicted Water Quality in the Central Pit Lake

Substance Units

Water Quality
Guidelines1,2

CEBs1,3

Observed Natural
Variation in Regional

Waterbodies4
Athabasca

River

Redclay
Creek

(Local
Runoff)

Predicted Concentrations Screening Results

Acute Chronic

Initial
Discharge

(2080)
Far Future

(2181)

Initial
Discharge

(2080)
Far Future

(2181)

Aluminum mg/L 0.75 0.1 0.1 <0.02 - 0.92 (n=210) 1.3 0.13 3.0 0.8 SOPC RC

Ammonia - N mg-N/L 13.3 3.98 1.47 <0.1 - 0.41 (n=259) 0.058 0.12 0.0039 0.0012 RC RC

Antimony mg/L - - 0.16 <0.0003 - 0.00056 (n=167) 0.000064 0.00058 0.0012 0.001 <CEB <CEB

Arsenic mg/L 0.34 0.005 0.025 <0.001 - 0.0016 (n=300) 0.00087 0.00027 0.003 0.0012 <G RC

Barium mg/L - - 5.8 0.0083 - 0.14 (n=295) 0.066 0.04 0.094 0.073 RC RC

Beryllium mg/L - - 0.0053 <0.001 - 0.0051 (n=201) 0.000056 0.00046 0.00019 0.00062 RC RC

Boron mg/L 29 1.5 1.5 <0.025 - 0.2 (n=198) 0.032 0.1 0.42 0.36 <G <G

Cadmium mg/L 0.003
1

0.00022 0.00031 <0.0002 - 0.00014 (n=139) 0.000031 0.000085 0.00017 0.00026 <G <CEB

Calcium mg/L - - - 0.1 - 51 (n=188) 33 45 36 61 N/A N/A

Chloride mg/L 640 120 170 <1 - 72 (n=736) 22 2.7 87 31 <G RC

Chromium mg/L 0.016 0.001 0.0083 <0.0025 - 0.0025 (n=299) 0.0016 0.00073 0.0034 0.0018 <CEB <CEB

Copper mg/L 0.023 0.007 0.022 <0.001 - 0.0029 (n=296) 0.0016 0.00065 0.0077 0.0026 <CEB RC

Iron mg/L - 0.3 1.5 <0.006 - 2.7 (n=312) 1.2 1.6 1.9 2.3 RC RC

Lead mg/L 0.129 0.005 0.007 <0.0003 - 0.038 (n=201) 0.0007 0.00013 0.0013 0.00049 RC RC

Lithium mg/L - - - <0.0039 - 0.065 (n=193) 0.0079 0.049 0.022 0.069 RC RC

Manganese mg/L - - 1.5 0.0034 - 1.3 (n=299) 0.05 0.63 0.14 0.76 RC RC

Mercury mg/L 0.000
013

0.00000
5

- <0.0000006 - <0.00005
(n=108)

0.0000029 0.00000035 0.0000027 0.0000011 <AR <AR

Molybdenum mg/L - 0.073 38.7 <0.0025 - 0.0012 (n=280) 0.00071 0.0001 0.054 0.039 <G <G

Naphthenic
Acids - Labile

mg/L - - 1 - 0 0 0.05 0.0084 <CEB <CEB

Naphthenic
Acids -
Refractory

mg/L - - 7.1 - 0.39 0.55 3.7 2.3 <CEB <CEB

Naphthenic
Acids - Total

mg/L - - - <1 - 1.6 (n=124) 0.39 0.00073 3.8 2.3 SOPC SOPC

Nickel mg/L 0.635 0.071 0.1 <0.0013 - 0.005 (n=299) 0.0015 0.0009 0.010 0.004 <G RC

Nitrate mg-N/L 124 2.93 - <0.1 - 0.17 (n=334) 0.097 0.031 0.088 0.061 RC RC

PAH Group 1 µg/L - 0.015 0.28 <0.05 - 0.0054 (n=52) 0.005 0.0054 0.0023 0.00063 RC RC

PAH Group 2 µg/L - 0.018 0.28 <0.1 - 0.0036 (n=51) 0.005 0.0053 0.015 0.0021 <G RC

PAH Group 3 µg/L - - 0.99 <0.05 - 0.0019 (n=47) 0.0051 0.0018 0.0016 0.00023 RC RC

PAH Group 4 µg/L - 5.8 42 <0.1 - 0.0024 (n=52) 0.005 0.0011 0.00025 0.000041 RC RC

PAH Group 5 µg/L - 0.012 5.6 <0.05 - 0.075 (n=52) 0.0062 0.024 0.00095 0.00042 RC RC

PAH Group 6 µg/L - - 64 <0.04 - 0.03 (n=14) 0.0 0.03 0.0053 0.0064 RC RC

PAH Group 7 µg/L - 0.04 5.9 <0.05 - 0.054 (n=52) 0.005 0.034 0.0037 0.0016 RC RC

PAH Group 8 µg/L - 1.1 32 <0.1 - 0.26 (n=53) 0.017 0.037 0.0086 0.0032 RC RC

PAH Group 9 µg/L - 0.025 2.3 <0.05 - 0.05 (n=52) 0.0052 0.0091 0.0018 0.00063 RC RC
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Table 7-30 Predicted Water Quality in the Central Pit Lake (cont’d)

Substance Units

Water Quality
Guidelines1,2

CEBs1,3

Observed Natural
Variation in Regional

Waterbodies4
Athabasca

River

Redclay
Creek

(Local
Runoff)

Predicted Concentrations Screening Results

Acute Chronic

Initial
Discharge

(2080)
Far Future

(2181)

Initial
Discharge

(2080)
Far Future

(2181)

Selenium mg/L - 0.001 - <0.0008 - 0.00032 (n=298) 0.00032 0.00022 0.00066 0.00056 <G <G

Silver mg/L 0.007
5

0.0001 0.00022 <0.0002 - 0.000016 (n=134) 0.000014 0.0000095 0.000055 0.000033 <G <G

Strontium mg/L - - 10.7 0.0031 - 0.24 (n=175) 0.24 0.26 0.42 0.44 <CEB <CEB

Sulphate mg/L - 309 429 <3 - 118 (n=716) 30 84 53 111 RC RC

Sulphide mg/L - 0.002 0.011 <0.01 - 0.12 (n=212) 0.0044 0.0077 0.000059 0.000072 RC RC

Tainting
Potential

TPU - 1 - - 0 0 0.097 0.016 <G <G

Thallium mg/L - 0.0008 - <0.0002 - 0.000029 (n=178) 0.000026 0.000021 0.000033 0.000038 <G <G

Total
Dissolved
Solids

mg/L - - 1000 31 - 444 (n=479) 209 309 519 549 <CEB <CEB

Total Nitrogen mg/L - 1 - 0.4 - 3.4 (n=604) 0.68 0.72 2.8 1.6 RC RC

Total
Phenolics

mg/L - 0.004 0.01 <0.001 - 0.011 (n=374) 0.0029 0.0039 0.0000064 0.000012 RC RC

Total
Phosphorus

mg/L - 0.05 - 0.014 - 0.19 (n=768) 0.065 0.078 0.12 0.12 RC RC

Toxicity -
Acute

TUa 0.3 - - 0 (n=5) 0 0 0.0098 0.0017 <G <G

Toxicity -
Chronic

TUc - 1 - 0 (n=5) 0 0 0.025 0.0046 <G <G

Uranium mg/L 0.033 0.015 - <0.0004 - 0.0061 (n=190) 0.00041 0.000014 0.00055 0.00034 RC RC

Vanadium mg/L - - 0.12 <0.002 - 0.0034 (n=345) 0.0033 0.00037 0.015 0.0047 <CEB <CEB

Zinc mg/L 0.162 0.03 0.14 0.0018 - 0.067 (n=299) 0.0047 0.01 0.03 0.018 RC RC

NOTES
1 – = No guideline / no data.
2 From U.S.EPA (2002, 2013), CCME (1999), ESRD (2014) and BC MOE (2015), assuming a pH of 7.5, temperature of 5°C and hardness of 143 mg/L (reflective of on-site conditions).
3 The derivation of CEBs is described in Section 7.11.
4 Observed natural variation from 29 regional waterbodies. Further information is provided in the Integrated Application (Volume 5, Section 4.11.3). Minimum of means - maximum of means (sample number).

Bold font indicates concentration is higher than chronic guideline

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit; RC = within reference conditions (+10%); N/A = not applicable to aquatic health assessment; <AR
= within Athabasca River concentration (+10%); <G =less than guidelines; <CEB = less than CEB; SOPC = substance of potential concern



Volume 3: Assessment Update

Appendix 7A: Water Quality Modelling Approach Frontier Oil Sands Mine Project Update

Page 7-140 June 2015

Table 7-31 Predicted Water Quality in the South Pit Lake

Substance Units

Water Quality
Guidelines1,2

CEBs1,3

Observed Natural
Variation in

Regional
Waterbodies4

Athabasca
River

Big Creek

(Local Runoff)

Predicted Concentrations Screening Results

Acute Chronic

Initial
Discharge

(2081)
Far Future

(2181)

Initial
Discharge

(2081)
Far Future

(2181)

Aluminum mg/L 0.75 0.1 0.1 <0.02 - 0.92
(n=210)

1.3 0.23 1.2 0.34 <AR RC

Ammonia - N mg-N/L 13.3 3.98 1.37 <0.1 - 0.41 (n=259) 0.058 0.18 0.0028 0.0028 RC RC

Antimony mg/L - - 0.16 <0.0003 - 0.00056
(n=167)

0.000064 0.00074 0.00027 0.00098 RC <CEB

Arsenic mg/L 0.34 0.005 0.025 <0.001 - 0.0016
(n=300)

0.00087 0.0019 0.0012 0.0024 RC <G

Barium mg/L - - 5.8 0.0083 - 0.14
(n=295)

0.066 0.082 0.079 0.1 RC RC

Beryllium mg/L - - 0.0053 <0.001 - 0.0051
(n=201)

0.000056 0.00024 0.00016 0.00031 RC RC

Boron mg/L 29 1.5 1.5 <0.025 - 0.2
(n=198)

0.032 0.082 0.15 0.26 RC <G

Cadmium mg/L 0.0031 0.00022 0.00024 <0.0002 - 0.00014
(n=139)

0.000031 0.000074 0.00012 0.00022 RC <CEB

Calcium mg/L - - - 0.1 - 51 (n=188) 33 48 39 58 N/A N/A

Chloride mg/L 640 120 170 <1 - 72 (n=736) 22 2.3 52 13 RC RC

Chromium mg/L 0.016 0.001 0.008 <0.0025 - 0.0025
(n=299)

0.0016 0.0017 0.0019 0.0023 RC RC

Copper mg/L 0.023 0.007 0.022 <0.001 - 0.0029
(n=296)

0.0016 0.002 0.0019 0.0025 RC RC

Iron mg/L - 0.3 1.5 <0.006 - 2.7
(n=312)

1.2 2.5 1.5 2.8 RC RC

Lead mg/L 0.129 0.005 0.0061 <0.0003 - 0.038
(n=201)

0.0007 0.00046 0.00077 0.0006 RC RC

Lithium mg/L - - - <0.0039 - 0.065
(n=193)

0.0079 0.035 0.028 0.048 RC RC

Manganese mg/L - - 1.5 0.0034 - 1.3
(n=299)

0.05 0.39 0.11 0.45 RC RC

Mercury mg/L 0.000013 0.000005 - <0.0000006 -
<0.00005 (n=108)

0.0000029 0.0000011 0.000003 0.0000014 <G <AR

Molybdenum mg/L - 0.073 38.7 <0.0025 - 0.0012
(n=280)

0.00071 0.00063 0.015 0.033 <G <G

Naphthenic
Acids - Labile

mg/L - - 1 - 0 0 0.024 0.024 <CEB <CEB
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Table 7-31 Predicted Water Quality in the South Pit Lake (cont’d)

Substance Units

Water Quality
Guidelines1,2

CEBs1,3

Observed Natural
Variation in

Regional
Waterbodies4

Athabasca
River

Big Creek

(Local Runoff)

Predicted Concentrations Screening Results

Acute Chronic

Initial
Discharge

(2081)
Far Future

(2181)

Initial
Discharge

(2081)
Far Future

(2181)

Naphthenic
Acids -
Refractory

mg/L - - 7.1 - 0.39 0.58 0.92 1.5 <CEB <CEB

Naphthenic
Acids - Total

mg/L - - - <1 - 1.6 (n=124) 0.39 0.58 0.95 1.6 RC RC

Nickel mg/L 0.635 0.071 0.08 <0.0013 - 0.005
(n=299)

0.0015 0.005 0.0027 0.0066 RC <G

Nitrate mg-N/L 124 2.93 - <0.1 - 0.17 (n=334) 0.097 0.038 0.099 0.056 RC RC

PAH Group 1 µg/L - 0.015 0.28 <0.05 - 0.0054
(n=52)

0.005 0.0052 0.0016 0.0011 RC RC

PAH Group 2 µg/L - 0.018 0.28 <0.1 - 0.0036
(n=51)

0.005 0.0051 0.005 0.0037 <AR RC

PAH Group 3 µg/L - - 0.99 <0.05 - 0.0019
(n=47)

0.0051 0.0017 0.0015 0.00027 RC RC

PAH Group 4 µg/L - 5.8 42 <0.1 - 0.0024
(n=52)

0.005 0.0011 0.00011 0.000099 RC RC

PAH Group 5 µg/L - 0.012 5.6 <0.05 - 0.075
(n=52)

0.0062 0.023 0.0007 0.00075 RC RC

PAH Group 6 µg/L - - 64 <0.04 - 0.03 (n=14) 0.0 0.03 0.004 0.0089 RC RC

PAH Group 7 µg/L - 0.04 5.9 <0.05 - 0.054
(n=52)

0.005 0.033 0.0025 0.0029 RC RC

PAH Group 8 µg/L - 1.1 32 <0.1 - 0.26 (n=53) 0.017 0.036 0.0058 0.0053 RC RC

PAH Group 9 µg/L - 0.025 2.3 <0.05 - 0.05 (n=52) 0.0052 0.0088 0.0012 0.0011 RC RC

Selenium mg/L - 0.001 - <0.0008 - 0.00032
(n=298)

0.00032 0.00057 0.00047 0.00084 RC <G

Silver mg/L 0.0075 0.0001 0.00022 <0.0002 - 0.000016
(n=134)

0.000014 0.000016 0.000031 0.000029 <G <G

Strontium mg/L - - 10.7 0.0031 - 0.24
(n=175)

0.24 0.17 0.3 0.27 <CEB <CEB

Sulphate mg/L - 309 429 <3 - 118 (n=716) 30 49 38 62 RC RC

Sulphide mg/L - 0.002 0.011 <0.01 - 0.12
(n=212)

0.0044 0.0084 0.000036 0.000036 RC RC

Tainting
Potential

TPU - 1 - - 0 0 0.047 0.047 <G <G

Thallium mg/L - 0.0008 - <0.0002 - 0.000029
(n=178)

0.000026 0.000038 0.000042 0.000047 <G <G
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Table 7-31 Predicted Water Quality in the South Pit Lake (cont’d)

Substance Units

Water Quality
Guidelines1,2

CEBs1,3

Observed Natural
Variation in

Regional
Waterbodies4

Athabasca
River

Big Creek

(Local Runoff)

Predicted Concentrations Screening Results

Acute Chronic

Initial
Discharge

(2081)
Far Future

(2181)

Initial
Discharge

(2081)
Far Future

(2181)

Total
Dissolved
Solids

mg/L - - 1000 31 - 444 (n=479) 209 250 335 381 RC RC

Total Nitrogen mg/L - 1 - 0.4 - 3.4 (n=604) 0.68 0.74 0.83 1.1 RC RC

Total
Phenolics

mg/L - 0.004 0.01 <0.001 - 0.011
(n=374)

0.0029 0.0045 0.00002 0.00002 RC RC

Total
Phosphorus

mg/L - 0.05 - 0.014 - 0.19
(n=768)

0.065 0.1 0.08 0.12 RC RC

Toxicity -
Acute

TUa 0.3 - - 0 (n=5) 0 0 0.0044 0.0042 <G <G

Toxicity -
Chronic

TUc - 1 - 0 (n=5) 0 0 0.012 0.012 <G <G

Uranium mg/L 0.033 0.015 - <0.0004 - 0.0061
(n=190)

0.00041 0.00036 0.00054 0.00064 RC RC

Vanadium mg/L - - 0.12 <0.002 - 0.0034
(n=345)

0.0033 0.003 0.0041 0.0048 <CEB <CEB

Zinc mg/L 0.162 0.03 0.14 0.0018 - 0.067
(n=299)

0.0047 0.015 0.011 0.018 RC RC

NOTES
1 – = No guideline / no data.
2 From U.S.EPA (2002, 2013), CCME (1999), ESRD (2014) and BC MOE (2015), assuming a pH of 7.5, temperature of 5°C and hardness of 143 mg/L (reflective of on-site conditions).
3 The derivation of CEBs is described in Section 7.11.
4 Observed natural variation from 29 regional waterbodies. Further information is provided in the Integrated Application (Volume 5, Section 4.11.3). Minimum of means - maximum of means (sample number).

Bold font indicates concentration is higher than chronic guideline.

n = number of samples; TPU = Tainting Potential Unit; TUa = Acute Toxicity Unit; TUc = Chronic Toxicity Unit; RC = within reference conditions (+10%); N/A = not applicable to aquatic health assessment; <AR
= within Athabasca River concentration (+10%); <G = less than guidelines; <CEB = less than CEB
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North Pit Lake

The north pit lake is predicted to have no acute or chronic toxicity, tainting potential or

labile naphthenic acids because it will not receive process-affected water or materials

from the mine (Table 7-29). It will be constructed to fill the northern section of the

mined-out main pit, attenuate peak flows and capture TSS, but it will not be required to

assimilate mine waste. In the north pit lake, concentrations of TDS are predicted to

remain with the range of reference conditions at initial discharge and in the far future;

therefore, it is not considered further in the assessment.

In the far future, because of evapoconcentration of inflows, the concentration of

refractory naphthenic acids is predicted to increase by more than 10% relative to

reference conditions and average concentrations in the Athabasca River and local surface

runoff. The concentration of refractory naphthenic acids is predicted to remain below the

CEB; therefore, it is not considered further in the assessment.

Evapoconcentration of inflows is predicted to increase the concentrations of antimony

and strontium in the north pit lake by more than 10% relative to reference conditions and

average concentrations in the Athabasca River and local surface runoff in the far future.

There are no applicable guidelines for antimony or strontium; however, concentrations

are predicted to remain below the CEBs. As such, antimony and strontium are not

considered further in the assessment.

No substances from the north pit lake are considered further in the aquatic health

assessment.

Central Pit Lake

In the central pit lake, levels of acute and chronic toxicity and tainting potential are

predicted to be below guidelines at initial discharge and in the far future (Table 7-30).

Concentrations of TDS are predicted to increase by more than 10% relative to reference

conditions and average concentrations in the Athabasca River and local surface runoff,

but remain below the CEB of 1,000 mg/L. As a result, acute and chronic toxicity, tainting

potential and TDS are not considered further in the assessment.

Concentrations of labile and refractory naphthenic acids are predicted to increase by more

than 10% relative to reference conditions and average concentrations in the Athabasca

River and local surface runoff because of the direct input of process-affected water into

the central pit lake. However, concentrations of labile and refractory naphthenic acids are

predicted to be less than CEBs at initial discharge and in the far future and are not

considered further in the assessment.

Direct input of process-affected water into central pit lake is predicted to increase the

concentrations of some other substances by more than 10% relative to reference

conditions and average concentrations in the Athabasca River and local surface runoff.

These substances include aluminum, antimony, cadmium, chromium, copper, strontium

and vanadium. Concentrations of cadmium, chromium and copper are predicted to be

higher than guidelines for the protection of aquatic life, but remain below CEBs. As such,

cadmium, chromium and copper are not considered further in the assessment. There are

no applicable guidelines for antimony, strontium or vanadium; however, concentrations
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are predicted to remain below CEBs and are not considered further in the assessment. In

2080, aluminum is predicted to be higher than all screening criteria. Aluminum

concentrations are predicted to decline to within the range of reference conditions in the

far future.

In the central pit lake aluminum passed through the screening process and was identified

as a SOPC.

Aluminum was considered further in the aquatic health assessment (see Section 7.11).

South Pit Lake

In the south pit lake, levels of acute and chronic toxicity and tainting potential are

predicted to be below guidelines before initial discharge and in the far future

(Table 7-31). Concentrations of TDS are predicted to remain within the range of

reference conditions at all times. As such, acute and chronic toxicity, tainting potential

and TDS are not considered further in the assessment.

Concentrations of labile and refractory naphthenic acids are predicted to increase by more

than 10% relative to reference conditions and average concentrations in the Athabasca

River and local surface runoff. However, concentrations of labile and refractory

naphthenic acids are predicted to be less than CEBs at initial discharge and in the far

future and are not considered further in the assessment.

In south pit lake, the concentrations of some other substances (e.g., antimony, cadmium,

strontium and vanadium) are predicted to increase by more than 10% relative to reference

conditions and average concentrations in the Athabasca River and local surface runoff. In

2181, the cadmium concentration is predicted to be higher than the guideline for the

protection of aquatic life, but remain below the CEB. Therefore, cadmium is not

considered further in the assessment. There are no applicable guidelines for antimony,

strontium or vanadium; however, concentrations are predicted to remain below CEBs and

these substances are not considered further in the assessment.

No substances from the south pit lake are considered further in the aquatic health

assessment.

7.10.5.4 Pit Lake Sediment Quality

Pit lake sediment quality remains the same at the presented in Volume 5,

Section 4.11.5.4. of the Integrated Application. None of the three pit lakes constructed for

the Project are planned to contain mature fine tailings (MFT) or other solid tailings. The

lakes will be constructed in mined out pits, so the sediment quality of the deep sections of

the pits will initially be similar to lean oil sands. In the shallow areas, littoral zones will

be constructed using clean reclamation materials over about 20% of the pit lake surface

area (see Volume 1, Section 13.6). In these areas, sediment quality will initially be

similar to clean soils.

Throughout the filling period, Athabasca River water will be pumped to the pit lakes, as

described in Section 6.4.5. In 2081, after the pit lakes are filled, the natural creeks that

drain these catchments will be directed to the pit lakes. The Athabasca River is
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characterized by high levels of TSS, and watercourses in the aquatics LSA have very

high sediment loads associated with their catchments, including the eroding east slope of

the Birch Mountains (see Volume 2, Section 5.3.1). The majority of this sediment will

settle to the lake beds. Therefore, over time, sediment quality will resemble depositional

zones in the reference watersheds in which the pit lakes are located.

7.10.6 Planned Development Case

7.10.6.1 Linkage Analysis

The aquatics LSA does not include any pit lakes in the PDC that are not in the

Application Case. Therefore, this linkage is invalid in the aquatics LSA.

The aquatics RSA includes pit lakes for the Voyageur South and PRM mines in the PDC.

Therefore, this linkage is valid in the aquatics RSA.

7.10.6.2 Effects Analysis

Pit lakes outside of the aquatics LSA were not explicitly modelled, but were included as

direct inputs to the ARM. Therefore, the effects of pit lakes in the PDC are analyzed and

discussed in Section 7.4.6.

7.10.7 Prediction Confidence

Uncertainty exists over whether the pit lakes will provide healthy, productive ecosystems

as there is a lack of long-term study data from existing, functional oil sands pit lakes

similar to the Project.

Presently there are no fully functioning oil sands pit lakes that can be used to verify or

compare predictions about long-term outcomes for Teck’s pit lakes. To address this

uncertainty, Teck is contributing to the ongoing research at Syncrude’s Base Mine Lake

and research at the planned COSIA Demonstration Pit Lake (DPL) facility. Also, there

are several examples of pit lakes from the coal mining industry, including Quarry Lake

near Canmore, East Pit Lake near Wabamun, and Silkstone Lake, Lovett Lake and Lac

des Roches near Hinton.

Teck also has experience creating safe and healthy aquatic ecosystems, most particularly

at the Cardinal River Mine in west-central Alberta and the Highland Valley Copper Mine

in central British Columbia. At Cardinal River (also known as the Luscar open pit coal

mine), the Sphinx Lake open pit has been reclaimed to support Athabasca rainbow trout

and bull trout. Waterbody and watercourse channel development began in 2005 and was

completed in 2006. The five-year post-reclamation fisheries habitat and population

assessment for Sphinx Lake indicates a surging rainbow trout population, high growth

rates and enhanced habitat conditions, compared with the premine, cold-water, lotic

system (Brinker et al. 2011). At Teck’s Highland Valley Copper mine in central British

Columbia, Teck has successfully reclaimed the Heustis Pit Lake and Trojan Tailings

Pond to support fisheries resources. Aquatic plants and invertebrates were introduced,

riparian vegetation was transplanted onto the shorelines and the lakes were stocked with
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rainbow trout. Trojan Pond now hosts an annual fly fishing and icefishing derby that

Teck sponsors, with all proceeds directed to the local hospital in Kamloops.

Teck will incorporate knowledge obtained through its experience establishing these lakes

into the design and closure of the Project pit lakes to provide a functional aquatic

ecosystem.

Accuracy of the model predictions is affected by model structure, solution schemes, data

inputs and calibration or parameter estimation (Beck 1987). Similarly, uncertainty exists

in the biological responses to these predictions because not every dose, condition,

species, or age can be tested. These uncertainties were mitigated by incorporating

conservative assumptions (i.e., where present data or information are incomplete) and a

range of adaptive management tools (i.e., where technologies are not fully proven).

Uncertainty related to model structure and solution schemes is considered negligible

since the water quality models are based on proven equations and solutions. For example,

the CE-QUAL-W2 model that was applied to predict hydrodynamic behaviour in pit

lakes has been applied hundreds of times worldwide in many types of aquatic systems

and has been verified as predicting reasonably accurate representations of limnologic

behaviour (Cole and Wells 2013; Portland State University 2014). However, inputs and

parameters that affect the accuracy of water quality predictions in the pit lakes are not

known with certainty. The uncertainty stemming from these sources is addressed by

using conservative assumptions for water quality model inputs and parameters that

reduce the likelihood that predictions will be underestimated. For example, the upper

range of seepage predictions, the shortest seepage travel times and the slowest available

decay rates were used to predict constituent concentrations. This approach likely

overestimates predicted concentrations, resulting in an additional level of protection for

the environment.

Uncertainty related to input data was examined using the Monte Carlo method and found

to range within environmentally acceptable limits. The Monte Carlo analysis

(see Volume 5, Appendix 4A, Section 4A.4.3 in the Integrated Application) indicated that

the 95th percentile concentrations for acute and chronic toxicity were below applicable

water quality thresholds at the time of initial discharge and would remain so indefinitely

thereafter. Therefore, prediction confidence is high that concentrations will not be higher

than thresholds and that the pit lakes will be able to support aquatic life. With respect to

biological processes, many factors contribute to uncertainty with the prediction that pit

lakes will provide healthy, productive aquatic ecosystems. Safe levels of chemical

exposure are developed through the use of CEBs, which are based on extensive toxicity

testing using multiple aquatic species from multiple trophic levels (see Section 4,

Appendix 4C). However, it is impractical to evaluate all species and life stages, in

combination with all potential contaminants. As such, assumptions are made that the

aquatic species and conditions evaluated are representative of the community and

conditions encountered (Suter 1996). Uncertainty is therefore introduced when CEBs are

used to protect species or life stages under conditions that were not specifically tested.

Although CEBs will provide a level of protection for species within pit lakes, potential

remains that some species, individuals or life stages might be more sensitive than those
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initially evaluated. This is mitigated by the conservative assumptions used to establish the

CEBs (see Section 4, Appendix 4C).

Uncertainty is also introduced when laboratory tests are used to estimate toxicity in field

conditions. Laboratory test waters can differ substantially from natural waters mainly due

to the lack of ligands (i.e., an ion or molecule attached to a central metal atom by

covalent bonding) that are present in natural waters (e.g., Stumm and Morgan 1981;

Martino et al. 2003; Van Genderen et al. 2003; Stackhouse and Benson 1988). Major ions

such as calcium and magnesium can affect uptake (and therefore toxicity) through

competitive interaction at biological surfaces (e.g., gills), which can limit the uptake of

potentially toxic substances (Playle 1998). The result is that laboratory tests are often

conservative in predicting CEBs. Similarly, laboratory test waters typically do not mimic

the natural levels of other ligands (e.g., dissolved and particulate organic matter). Some

organic substances (e.g., naphthenic acids) have reduced bioavailability in natural waters

because of their ability to complex with other ligands (e.g., Headley and McMartin

2004). In natural waters, this creates potential for reduced toxicity compared to laboratory

tests. Additionally, dissolved organic matter includes humic and fulvic acids, which have

been shown to have a profound effect on the bioavailability of many metals and reactive

organic compounds (e.g., Paquin et al. 2002; de Schamphelaere and Janssen 2004). As a

result, CEBs based on laboratory tests can overestimate effects concentrations if these

factors have not been taken into account in designing the tests.

Similarly, laboratory tests on single substances cannot readily account for the effects of

multiple substances. The competitive interactions noted above can occur when multiple

substances are present, with the result that the toxicological effects are not simply

additive as is typically predicted from single substance toxicity tests.

Uncertainty may also be associated with the initial conditions of CEB determination.

Without a functional oil sands pit lake for reference, CEBs must be based on laboratory

testing alongside existing data from in-situ and laboratory exposures conducted using

related systems (e.g., Kavanagh et al. 2011; McNeill et al. 2012; van den Heuvel et al.

2012). Without specific knowledge of the conditions and chemical composition of

established pit lakes, these inferences introduce a degree of uncertainty. These factors are

further complicated by potential interactions between compounds and a lack of

understanding regarding the mechanisms and specific causative agents involved (e.g., van

den Heuvel et al. 2012; Kavanagh et al. 2013). This is particularly challenging for

chemical mixtures because compounds might interact in additive, competitive or

synergistic fashions. As a result, modelling effects and developing relevant CEBs that

take these factors into consideration can be difficult (Yang 1998; Feron and Groten

2002). However, the ongoing research at Syncrude’s Base Mine Lake and research at

COSIA’s planned DPL will refine the conservative assumptions used in developing the

CEBs. Furthermore, several approved pit lakes for other oil sands operations will be

constructed before the Project’s pit lakes are developed. These lakes will provide

knowledge and data to refine the conceptual design of the Project’s pit lakes, if required.

Syncrude’s Base Mine Lake is the first pit lake being monitored and studied in the region.

COSIA envisions a research facility on or near a mine site in the AOSR, studying

demonstration pit lakes and experimental ponds of various sizes and depths, and with
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different contents and water balances. Field data from these projects will provide

information about the conditions, chemical composition and toxicology of pit lake water

and sediment, and will inform future model calibration for pit lakes.

Although there are several sources of uncertainty that affect the accuracy of predictions

and the assessment of biological responses to these predictions, these factors are largely

mitigated though the use of the conservative assumptions and adaptive management

practices. Using conservative estimates for modelling parameters and in defining CEB

values reduces the likelihood that predictions will be underestimated. The result is a high

level of confidence in the expectation that the pit lakes will be able to provide a healthy,

productive aquatic ecosystem.

7.10.8 Responses to Aboriginal Community Concerns

7.10.8.1 Regional

Concern with water quality in pit lakes was not specifically expressed during Aboriginal

community consultations for the Project before the Integrated Application was filed.

However, in submissions filed for the Project and similar developments, Aboriginal

communities have expressed concern regarding industry’s ability to design and construct

pit lakes that will be capable of supporting a viable aquatic ecosystem, particularly if they

contain tailings. Similar to the Integrated Application, none of the Project pit lakes are

planned to contain tailings. The lakes will be filled with a combination of runoff from the

PDA and water from the Athabasca River. The central pit lake will also receive cap water

from the ETA.

Levels of acute and chronic toxicity and tainting potential in the pit lakes are predicted to

be below guidelines before the time of initial discharge and beyond. Appropriate

monitoring plans and mitigation strategies will be implemented and adaptive

management strategies will be in place to promote pit lakes that support viable aquatic

ecosystems. Teck will use knowledge gained through its experience establishing lakes at

Teck’s Cardinal River [coal] and Highland Valley [copper] mines into the design and

closure of the Project pit lakes, and will actively participate in regional initiatives that

will assist in optimizing the design of oil sands pit lakes. Teck will consult with

potentially affected Aboriginal communities as pit lake design is further refined and

throughout the monitoring phase, including when monitoring demonstrates that the lakes

are suitable for release into the receiving environment at closure.

7.10.8.2 Project-Specific

The Project pit lakes will be constructed to have sufficient residence time to enhance

biodegradation of organic substances and settling of particulate material discharged into

these lakes. The lakes will also have adequate littoral zone (up to roughly 20% of total

area) to promote biological activity and support a viable ecosystem. The majority of

reclamation waters will be channelled through wetlands with a minimum one-year

retention time before discharging into the pit lakes.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 7: Surface Water Quality

June 2015 Page 7-149

Throughout the pit lake filling stages, water quality monitoring of inflow sources will be

conducted to confirm the pit lakes are maintaining a trajectory towards desired water

quality. The monitoring will be used to update water quality models when updated

information becomes available. Provided that the trajectory of these substances is

confirmed by monitoring and modelling, there will be a high level of confidence in pit

lake success. Conversely, if the monitoring and modelling indicate that the trajectory

towards desired water quality is unlikely to be achieved, the monitoring will inform the

adaptive management strategies that might be necessary to implement. Until the lakes are

deemed suitable for release (closure), they will be maintained in the closed-circuited

hydraulic system that was established during mining operation.

Several management options are available to achieve pit lake water quality that is suitable

for discharge, including:

 establishing water quality targets and monitoring the ability of the pit lakes to meet

these targets

 applying appropriate water quality management options based on the outcome of the

monitoring studies

 reusing in-pit process-affected waters collected from reclaimed areas while the

Project is still in its operational phase

 slowing or accelerating the rate of Athabasca River water filling rate, as appropriate,

to achieve water quality filling targets as the pit lakes are filling

 increasing the residence times within pit lakes to encourage further bioremediation

 retaining water in the pit lakes beyond 2081 to allow a longer period of

bioremediation before initial release

 adding nutrients to the pit lakes to elevate productivity levels and biological

treatment capacity

 increasing the efficiency and size of wetlands that route reclamation drainages to the

pit lakes

 actively or passively treating pit lake outflows by adding wetlands or settling basins

to the discharge channels that connect the pit lakes to receiving waters

In the event that natural bioremediation is less successful than expected, several options

are available for treating the inflows to pit lakes to improve water quality. For example,

Allen (2008) reviewed conventional treatment technologies for their applicability to oil

sands process waters, and found several available options, including adsorption,

microfiltration, ultrafiltration, nanofiltration, reverse osmosis, advanced oxidation and

constructed wetlands.
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7.10.9 Summary

In the north pit lake, central pit lake and south pit lake, levels of acute and chronic

toxicity and tainting potential are predicted to be below guidelines before the time of

initial discharge and in the far future. Concentrations of TDS, and labile and refractory

naphthenic acids are predicted to either remain within the range of reference conditions

or remain below CEBs at all times.

The concentrations of some other substances are predicted to increase by more than 10%

relative to reference conditions, and average concentrations in the Athabasca River and

local surface runoff, but most substances will remain below CEBs. In the central pit lake,

aluminum is the only substance predicted to be higher than all screening criteria and is

considered further in the aquatic health assessment (see Section 7.11). No substances

from the north pit lake or south pit lake are carried forward to the aquatic health

assessment.

Throughout the mining and pit lake filling stages, water quality of all inflow sources will

be intensively monitored to confirm the pit lakes are maintaining a trajectory towards

acceptable water quality. The monitoring will be used to update water quality models

when updated information becomes available. Provided that the monitoring and

modelling confirm the conservative predictions, there will be a high level of confidence

in pit lake success. Conversely, if the monitoring indicates that the trajectory will not be

maintained, the monitoring will inform which adaptive management strategies may be

implemented. Several active treatment options are available for improving pit lake water

quality.

7.11 Effects on Aquatic Health

This section addresses Key Question WQ8: Could the Project contribute to cumulative

changes in aquatic health because of changes in water quality?

Aquatic health, in the context of this assessment, refers to the ecological integrity of the

community of fish, invertebrates, aquatic plants and algae in watercourses of the aquatics

LSA, the planned pit lakes and the Athabasca River. Ecological integrity refers to the

normal survival, reproduction, development and growth of life stages, individuals and

populations of aquatic species that comprise the aquatic communities in the study area

such that normal ecosystem function is maintained.

The updated aquatic health assessment considers the potential effects on fish,

invertebrates, aquatic plants and algae resulting from changes in surface water quality,

sediment quality and specific effects of acidifying emissions from the Project. The

assessment considers potential effects on aquatic biota including the most sensitive life

stages of fish, including eggs and fry.

The assessment considers all developments in the AOSR that are currently operating

(existing) or approved and those planned for construction and operation, including the

proposed Project. The aquatic health section addresses the TOR requirements (AENV

2009a) specifically for aquatic health, and has been prepared in coordination with other
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components. Potential effects on fish relative to fish consumption guidelines and effects

on human health are discussed in the human health risk assessment (see Section 12).

Key aquatic health issues associated with the Project were identified following a similar

process as described in the Integrated Application (see Volume 5, Section 4.12). The

regulators that have jurisdiction over the Project (ESRD and DFO) are also the same as in

the Integrated Application.

Appendix 7C provides the detailed methods, results and discussion regarding the

development of CEBs for aquatic health. Comparison of water quality predictions to

CEBs is a key line of evidence in the determining effects of the Project on aquatic health.

7.11.1 Introduction

This section provides an updated aquatic health assessment for the Project and integrates

the additional information described in Sections 7.1 and 7.2. With regard specifically to

aquatic health, key updates include revision of the CEBs for aqueous (water column) and

fish tissue benchmark concentrations, revision of the surface water quality predictions

that represent exposure to aquatic life, and an overall reorganization of the structure of

the aquatic health section.

The Integrated Application applied CEBs that were derived according to the general

procedures described herein (and Appendix C), and based on the available information at

the time of submission. Since then, updates and refinements have been applied for some

individual constituents, some which reflect significant advances in our understanding of

chronic effects. Revisions were made to the aqueous CEBs for the following constituents:

arsenic, cadmium, iron, molybdenum, nickel, silver, strontium, vanadium, and total

phenolics. In addition, an aqueous CEB was developed for refractory naphthenic acids.

All CEBs have been adjusted to reflect site-specific conditions (pH, hardness, DOC and

temperature) where applicable. Fish tissue effect concentrations remain the same as in the

Integrated Application with the exception of mercury which has been revised (refer to

Appendix 7C).

The water quality predictions used in the exposure component of the aquatic health

assessment were updated for watercourses and waterbodies of the aquatics LSA, pit lakes

and Athabasca River. These predictions replace those used in the Integrated Application,

and incorporate the methods and results presented in Sections 7.4. and 7.10. As outlined

in Section 7.3.1, the aquatics LSA has been updated to include Ronald Lake, Redclay

Creek, the proposed PRM compensation lake and Big Creek, and exclude Eymundson

Creek and Pierre River. Development of the proposed PRM compensation lake may only

be complete once other planned developments in the study area are complete and

therefore assessment of this possible waterbody is included only for the PDC.

For the Application Case and PDC, aquatic health effects have been assessed for the

Project as a whole, considering the estimated worst-case peak concentrations, along with

median estimated concentrations, and frequency of compliance with CEBs during the

following Project development milestones (snapshots):

 construction (2024)
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 operation (2050, 2066)

 closure and initial pit lake release (2081)

 far future (2181)

This breakdown of snapshots is an update from the Integrated Application, which

included separate assessments for maximum build-out (i.e., operations) and closure, but

still addresses these key Project phases in the assessment. The reorganization of the

structure of the aquatic health section was intended to better align the assessment with the

approach described in Section 7.11.2.3. The environmental consequence determination

considers the duration of potential aquatic health effects as one of the criteria for

describing effects; therefore all snapshots in the assessment were considered

simultaneously for each substance (i.e., the time-trajectory of potential aquatic health

effects). For each substance, the assessment emphasizes snapshots and Project phases that

represent the worst-case, and integrates this information as part of the overall

environmental consequence assessment. This reorganization avoids duplication of the

assessment for individual substances that were determined to be SOPC during multiple

phases of the Project.

7.11.2 Methods

As described in the Integrated Application (see Volume 5, Section 4.12.2), quantitative

methods were used to evaluate the potential for aquatic health to be affected from

chemical changes in the environment.

The aquatic health key question was addressed by:

 assessing the validity of each possible linkage between the Project activities and

potential effects on aquatic health (i.e., confirmation of an operable pathway from the

Project to the assessed waterbodies)

 describing the mitigation that will be implemented to prevent or limit effects on

aquatic health

 determining the magnitude of chemical changes in the aquatic environment predicted

to occur from Project activities, including changes in water quality, sediment quality

and tissue chemistry

 assessing the potential effects of the above changes, including consideration of total

exposure relative to benchmarks and changes relative to baseline conditions

 classifying the residual effects following a systematic framework and characterizing

the resultant environmental consequences of the Project development to aquatic

health

 estimating the confidence level associated with the predictions

 describing monitoring programs and measures that will be implemented to evaluate

the effectiveness of mitigation or compensation activities, where necessary
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The aquatic health assessment is based primarily on examination of the development at

five snapshots that consider major changes in development phases or activities as

follows: 2024, 2050, 2066, 2081 and 2181. The rationale for selecting the snapshots is

described in Section 7.3.4.2. In summary, these snapshots are considered representative

of the environmental conditions (i.e., milestones in the Project life cycle) that would

influence water quality (and any consequent aquatic health responses).

The aquatics LSA has been defined to encompass the aquatic resources that could be

affected by the development area. The aquatics LSA and RSA boundaries for the aquatic

health assessment are the same as those for the hydrology, water quality, and fish and fish

habitat assessments (see Figures 7-1 and 7-2).

7.11.2.1 Data Sources

Data used to assess potential changes in surface water quality are the same as in the

Integrated Application, with additional data collected from 2011 to 2014

(see Section 7.4.2.1).

7.11.2.2 Models and Assumptions

The models and assumptions for the updated assessment are the same as in the Integrated

Application (see Volume 5, Section 4.12.2.2). The derivation of CEBs has undergone

multiple refinements, as new information has become available in literature or as

additional effort has been invested in the evaluation of specific substances on a Project-

specific basis (Appendix 7C). The most current site-specific CEBs have been used for the

updated assessment.

7.11.2.3 Approach

The overall assessment approach was consistent with the Integrated Application and

included assessment effects from water exposure to, and from tissue accumulation of

SOPC.

As described in the Integrated Application (see Volume 5, Section 4.12.2.3), the potential

effects of the Project on aquatic health were assessed by the comparison of predicted

exposure (i.e., water quality or fish tissue accumulation) to CEBs. Recent guidance from

CCME (2007) recommends that effects on 15% to 20% of exposed individuals is

considered to be the threshold level for negative effects with no negative effect defined as

effects on 10% or fewer exposed individuals. Also, current risk assessment guidance

recommends the use of inhibition concentration (IC)20 and/or effective concentration

(EC)20 as permissible level of effects for chronic effects on individual organisms (e.g.,

Suter et al. 1995). CCME (2007) advocates the use of an ecosystem-based, species

sensitivity distribution (SSD) approach to setting benchmarks for the concentration that is

expected to be safe for the majority of species. The recommended criterion is referred to

as the hazardous concentration (HC)5 value, which denotes a concentration that is

hazardous to no more than 5% of species in the community. The HC5 value is considered

appropriate provided listed species or taxa with particular ecological importance are not

included in the 5% of species affected. With respect to long-term chronic effects, the

definition of “hazardous” is based on the preferred endpoints recommended by (CCME
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2007) considering the no-effect and low-effect thresholds (i.e., 10%, and 15% to 20%,

respectively) described above. A comparison of chronic, single species and experimental

ecosystem data for metals, pesticides, surfactants and other organic and inorganic

compounds has shown that the HC5 is a conservative threshold for effects on aquatic

ecosystems (Versteeg et al. 1999).

Water Quality

Changes to aquatic health in Ronald Lake, Redclay Creek, the proposed PRM

compensation lake (PDC only) and Big Creek, the Project pit lakes and the Athabasca

River are evaluated in the following sections based on the screening process for key

substances outlined in Section 7.4.5.3 and 7.10.2, with refinements, below, in

Tables 7-36, 7-48 and 7-55.

Potential changes to water quality in waterbodies and watercourses are predicted using

dynamic water quality modelling following methods consistent with the Integrated

Application (see Volume 5, Section 4.5) and described in Appendix 7A.

Predicted concentrations of individual substances were passed through a screening

procedure as outlined in Sections 7.4.5.3 and 7.10.2 to identify substances with the

potential to affect aquatic health. The potential environmental consequences associated

with these substances were then evaluated considering the relative concentrations (i.e.,

comparison to baseline conditions) and absolute concentrations (comparison to published

or derived toxicity thresholds).

For individual substances, the CEBs described in Appendix 7C form the basis of the

effects assessment component of the water-column based aquatic health assessment. The

exposure component of the assessment was based on the water quality predictions from

Sections 7.4 and 7.10. The magnitude of potential effects was determined considering the

comparison of water quality to the CEBs, as well as consideration of key uncertainties

and sources of conservatism in exposure predictions and effects benchmarks.

Water column–based assessments were not conducted for mercury or selenium because

the aqueous concentrations of these substances are unreliable for evaluating effects. The

potential effects of mercury and selenium to aquatic biota are best evaluated through a

comparison of aquatic organism tissues to effects concentrations because of the status of

mercury and selenium as strongly bioaccumulative constituents, and the importance of

site-specific factors that mediate uptake into tissues (the site of toxic action)1.

1 Estimated fish tissue concentrations of mercury and selenium remained below tissue effects concentrations and
were therefore not assessed as substances of potential concern for this assessment update.
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Fish Tissue Quality

Potential changes to fish tissue metal concentrations in watercourses and water bodies

were estimated using an approach consistent with the Integrated Application (i.e., median

metal concentrations in water multiplied by parameter-specific bioconcentration factors

[BCFs2]). Only those substances for which reliable tissue effects concentrations could be

defined as listed in Table 7-32 were considered. PAHs were excluded from the list of

relevant compounds for the fish tissue assessment based on the same rationale as

presented in the Integrated Application (see Volume 5, Section 4.12.2.3), but were

retained for the water-quality-based assessment.

The respective BCFs specific to the aquatics LSA and RSA were derived for metals and

metalloids (i.e., aluminum, antimony, arsenic, cadmium, chromium, copper, lead,

mercury, nickel, selenium, vanadium and zinc) following the methods discussed in

Section 12. The BCF estimates are based on an updated dataset from 2011. The updated

dataset is specific to lake whitefish, northern pike and walleye. These species are

generally representative of the bioaccumulation behaviour of substances in these and

other species that are consumed by humans. The constraints on the derived BCF values,

as described in the Integrated Application (see Volume 5, Section 4.12.2.3), also apply

for this update.

For most constituents listed in Table 7-32 (i.e., except mercury and selenium), effects

concentrations were selected from the Jarvinen and Ankley (1999) database to represent

levels beyond which detrimental effects (e.g., reduced growth or reproductive success)

might occur. However, for some parameters, available information was limited to

unbounded no-observed-effect concentrations (NOECs) with no information indicating

actual thresholds (i.e., lowest-observed-effect-concentrations or LOECs). The affected

parameters included arsenic, chromium, copper, lead, mercury, nickel and zinc. The

NOEC-based thresholds are similar to most water quality guidelines in that

concentrations below a NOEC are considered protective against detrimental effects

(provided that the study endpoints and statistical power are adequate), whereas the

converse is not necessarily true. Concentrations in excess of NOEC values, particularly

when drawn from unbounded studies, will not necessarily result in detrimental effects.

Thus, the use of these NOEC-based thresholds means that it is unlikely that potential

effects from fish tissue accumulation have been underestimated. A tissue effects

concentration was not defined for silver, because internal body burdens are not strongly

associated with toxicity (Dr. Chris M. Wood, Canada Research Chair in Environment and

Health, McMaster University, pers. comm.).

2 In this assessment update, the term BCF represents the estimated ratio between fish tissue concentrations and the
aqueous exposure concentration under field (i.e., natural) conditions. Therefore, for the purposes of this
assessment update, the BCF includes all potential routes of exposure including dietary absorption, respiratory
uptake and dermal uptake) and is synonymous with an aqueous bioaccumulation factor (BAF).
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Table 7-32 Fish Tissue Effects Concentrations

Parameter

Effects
Concentration

[mg/kg ww] Endpoint Tissue Fish, Age/Size

Aluminum 20 Survival - reduced Whole body Atlantic salmon, alevin

<8 Growth - no effect

1.15 Survival - no effect Muscle Rainbow trout, 171 g

Antimony 9 Survival - reduced Whole body Rainbow trout, fingerling

5 Survival - no effect

Arsenic 11.2 Survival - reduced Carcass Rainbow trout, juvenile

6.1 Survival, growth - no effect

3.1 Growth - reduced

Cadmium 2.8 Survival, growth - no effect Muscle Rainbow trout, adult

0.6 Reproduction - reduced Muscle

0.4 Reproduction - no effect Muscle

Chromium 0.58 Survival - no effect Muscle Rainbow trout, 150 to 200 g

Copper 3.4 Survival, growth,
reproduction - no effect

Muscle Brook trout, embryo, adult,
juvenile

0.5 Survival - no effect Muscle Rainbow trout, 138 g

Lead 4 Survival - no effect Carcass Rainbow trout,
underyearlings

2.5 to 5.1 Growth - no effect Whole body Brook trout, embryo –
juvenile

Mercury 0.5 Concentration/response
analysis of survival, growth
and reproduction – 20%
reduction for most sensitive
species/endpoint

Whole body Multiple species (refer to
Appendix 7C)

Nickel 118.1 Survival - reduced 50% White muscle Carp, 15 g

0.82 Survival - no effect Muscle Rainbow trout, 150 to 200 g

Selenium 2.3 5th percentile of the species
sensitivity distribution, based
on sublethal teratogenic
effects

Eggs and ovaries,
corrected for
whole body

Multiple fish species (refer to
Appendix 7C)

Vanadium 5.33 Survival - no effect Carcass Rainbow trout, juvenile

0.41 Growth - reduced

0.02 Growth - no effect

Zinc 60 Survival, growth - no effect Whole body Atlantic salmon, juvenile

4.5 Survival, growth - no effect Whole body Brook trout, embryo-larvae

NOTES:

Benchmarks originate from Jarvinen and Ankley (1999), with the exceptions of selenium and mercury, which were
based on alternative derivations (see text).

ww = wet weight
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The selenium effects concentration used is the same as in the Integrated Application (see

Volume 5, Section 4.12.2.3, Table 4-34) and originates from DeForest et al. (2012),

which represents a recent assessment of potential effects of selenium on fish health. It is

based on potential reproductive (i.e., teratogenic) toxicity threshold studies for resident

Canadian fish species, and is considered to be conservative (i.e., protective). The

selenium benchmark of 2.3 mg/kg ww (whole body)is similar to recent evaluations

conducted under the Elk Valley Water Quality Plan in British Columbia (Teck 2014).

Once corrected for moisture content (i.e., wet weight/dry weight conversion) and

differences between egg and body tissue concentrations, the 2.3 mg/kg ww benchmark is

similar to other recently developed benchmarks, including the reproductive EC10 value

from a dose-response relationship for brown trout (Formation Environmental 2009),

which is the lowest EC10 or LOEC value reported in all primary studies of egg

benchmarks. The benchmark (corrected for moisture content) is also very similar to the

IC10 for growth of chinook salmon fry based on dietary tissue exposure (DeForest et al.

1999), and similar to a reported NOEC for survival and growth of juvenile cutthroat trout

(Hardy et al. 2010). These recent derivations strengthen the scientific robustness of the

original benchmark from the Integrated Application, and confirm the protectiveness of

the benchmark.

The mercury effects concentration has been updated based on the detailed concentration

response analysis conducted for aquatic invertebrates and fish (see Appendix 7C). The

effects concentration was based on the benchmark derived for fish, which was lower than

the benchmark for aquatic invertebrates. The information contained therein was also

compared against a compilation of recent advances in assessing toxicity of

methylmercury in freshwater fish (Sandheinrich and Wiener 2011).

Fish Tainting

Fish tainting potential in local watercourses and the Athabasca River was assessed using

an approach consistent with that described in the Integrated Application (see Volume 5,

Section 4.12.2.3), which is based on tainting potential units (TPUs). The TPU levels in

process-affected waters were defined as the inverse of the lowest detectable

concentrations (i.e., via sensory detection) observed in laboratory tainting studies as

detailed in the Integrated Application (see Volume 5, Section 4.12.2.3). The method used

to derive TPUs is equivalent to that used to evaluate whole effluent toxicity, as described

in Alberta Environmental Protection (AEP 1995) except that the tainting detection

thresholds listed in Table 7-33, rather than concentration estimates for acute and chronic

toxicity, were converted to TPU. The TPU levels in process-affected waters were

calculated as the ratio of 100 divided by the lowest detection threshold observed in the

laboratory tainting studies described above (i.e., TPU levels in process-affected waters

ranged from 100/10 to 100/0.1, or 10 TPUs to 1,000 TPUs).
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Table 7-33 Compounds in Process-Affected Water Known to Taint Fish Flesh

Compound Molecular Weight

Vapour Pressure
at 110°C

[torr]
Detection Threshold

[mg/kg]

Benzothiophene 134.2 24.8 0.11

2,5-dimethylphenol 122.17 21.51 0.21

Napthalene 128.17 28.51 0.33

1-methylnaphthalene 142.2 11.12 1.38

Dibenzothiophene 184.26 0.59 4.67

2,3,5-trimethylnapthalene 170.25 4.68 6.4

p-xylene 106.17 333.16 9

2,6-dimethylnapthalene 156.23 5.05 12.2

Determining Environmental Consequence

The same system for determining environmental consequence was applied for both the

water column and fish tissue assessments.

The evaluation explicitly considered a number of attributes, or effects description criteria,

that reflect the potential for harm, including:

 magnitude of the predicted effect caused by changes to water quality (with reference

to reference conditions and Base Case snapshots)

 confidence in CEBs and substance bioavailability, with reference to the magnitude of

conservatism in the derivations

 frequency at which the predicted change is expected to occur

 expected duration of any predicted changes

 geographical extent of any predicted changes

 the reversibility of the potential effect

A numerical rating system was then applied to classify the level of environmental

consequence (i.e., residual effect) associated with potential effects on aquatic health.

The definitions used to define magnitude, confidence, frequency, duration, geographical

extent and reversibility are outlined below. Table 7-34 details the effects description

criteria for the aquatic health component and also provides numerical scores that are used

to determine environmental consequence (as described below).

An overall prediction confidence for the updated assessment is provided in

Section 7.11.7.
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Table 7-34 Effects Description Criteria

Direction1 Magnitude2
Confidence in

Magnitude3 Frequency4 Duration5 Geographic Extent6
Reversibility/
Resilience7

Positive,
Negative or
Neutral

Whole Effluent Toxicity:

Negligible (0): peak and median
concentrations < the ESRD
guidelines for acute and chronic
toxicity units

High (+15): peak and median
concentrations > the ESRD
guidelines for acute and chronic
toxicity units

Individual substances8

Negligible (0): peak chemical
specific water concentrations or
fish tissue concentrations <CEB

Low (+5): peak water or fish
tissue concentrations are > CEB

Moderate (+10): peak water or
fish tissue concentrations are
considerably >CEB (>10-fold)
and there is certainty in CEB
and exposure8

High (0): confidence is
high or where confidence
is low, the influence on
magnitude is unclear

Low-overestimation (-2):
low confidence
contributing to
overestimation of
magnitude

Low-underestimation (+2):
low confidence
contributing to
underestimation of
magnitude

Very low (-1): occurs
rarely

Low (0): occurs
occasionally

Moderate (+1): occurs
intermittently

High (+2): occurs
continuously

Short-term (0): predicted
change to water quality
occurs during
construction only

Medium-term (+1):
predicted change to
water quality occurs
during operation, or for a
limited amount of time
after closure.9

Long-term (+2):
predicted change to
water quality occurred
after final site
reclamation was
complete, extending well
past 2081. 9

Local (0): effect
restricted to the LSA

Regional (+1): effect
restricted to the RSA

Beyond regional (+2):
effect extends beyond
the RSA

Reversible (-3):
ecosystem structure
and function
maintained or re-
established after
closure

Irreversible (+3):
ecosystem structure
and function not re-
established after
closure

NOTES:
1 Direction: positive (beneficial) or negative (adverse) effect in terms of the biological attributes of interest (measurement endpoints).
2 Magnitude: degree of change to analysis endpoint.
3 Confidence in magnitude – when confidence is low, degree to which the magnitude of effect may be over- or underestimated due to key uncertainties in exposure and CEBs.
4 Frequency: how often the environmental effect (i.e., as indicated by magnitude) occurs and for how many days within a given snapshot.
5 Duration: duration of the Project phases, over which the environmental effect occurs, with the assumptions being 3 years for construction activities, operation for 40 years and closure

for 15 years, with final closure activities completed in 2081.
6 Geographic extent: area affected by the effect.
7 Reversibility/resiliency: effect on aquatic health can or cannot be reversed and/or compensated for in the aquatic ecosystem.
8 Greater weight is given to whole effluent toxicity predictions (i.e., up to a high rating possible). For individual substances, up to a rating of moderate was possible. Determination of a

moderate rating was based on professional judgement considering the magnitude of change over the benchmark, degree of certainty in the CEB and whether ETMFs are adequately
accounted for.

9 Determined considering the magnitude of effect and trajectory of concentrations for SOPC that are above the CEB. The timing of >20 years was selected as being long-term as it
represents one human generation.
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Magnitude – Whole Effluent Toxicity

As described in the Integrated Application (see Volume 5, Section 4.12.2.3), if predicted

peak levels of chronic or acute toxicity were greater than the recommended guidelines of

1 TUc or 0.3 TUa (AEP 1995; ESRD 2014b), then the magnitude of potential effects on

aquatic health were rated as high, irrespective of toxicity estimates for reference

conditions or Base Case snapshots. If the predicted peak levels of chronic or acute

toxicity were below the guidelines, then the effects were rated as moderate, low or

negligible, considering the assessment for individual substances.

Whole effluent toxicity was given the greatest weight in the magnitude rating, because it

is the most relevant indicator of potential effects on aquatic organisms. Whole effluent

toxicity is based on measurements of effects on aquatic organisms exposed to process-

affected waters; such testing incorporates site-specific mixtures and toxicity modifying

factors and does not rely on predictions of interactions among substances. Test organisms

include all of those recommended by the Government of Alberta (AEP 1995; i.e.,

Ceriodaphnia dubia, Daphnia magna, Oncorhynchus mykiss, Pimephales promelas and

Selenastrum capricornutum3), which cover a range of sensitive invertebrate, fish, and

plant/algal species. Whole effluent toxicity testing has the advantage of incorporating

potential additive, antagonistic, or synergistic interactions, which is not the case for

testing completed with individual chemicals. Whole effluent toxicity also accounts for

many site-specific conditions that influence the bioavailability of substances. Although

the laboratory conditions under which these tests are performed are controlled (to meet

protocol requirements), the compositions of the test media, including conditions of light,

pH, oxygenation and other water quality parameters are designed to provide insight into

responses in the field.

Whole effluent toxicity testing has been shown to be an effective indicator of potential

instream effects. Both Environment Canada (1996) and the U.S. EPA (1991) have

examined the validity of using laboratory-based testing to predict potential instream

effects. The accuracy with which laboratory studies successfully predicted instream

conditions has been found to be in the range of 84% to 93% (Environment Canada 1996;

U.S. EPA 1991). Predicted toxicity levels in excess of the recommended whole effluent

guideline would, therefore, suggest that detrimental effects on sensitive aquatic

organisms would have a high probability of occurring. Effects on sensitive aquatic

organisms provide a conservative threshold for effects on the health of aquatic

populations, which is the goal of the aquatic health assessment.

It is acknowledged that toxicity predictions do not address responses linked to tissue

bioaccumulation, eutrophication, genotoxicity or endocrine disruption effects (LaPoint

and Waller 2000). However, potential effects related to bioaccumulation are examined as

part of the tissue-based magnitude assessment which focused primarily on effects in fish

but considered potential effects in invertebrates for mercury. Similarly, process-affected

3 In 1990, Selenastrum capricornutum became referred to as Pseudokirchneriella subcapita, based on an update in
phylogeny (Guiry 2015).
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waters do not appear to lead to genotoxicity at levels that would lead to population level

effects (Madill et al. 2001; Rogers et al. 2002).

Single substance toxicity tests examine potential effects of the substance of interest in

isolation. Test solutions are generally created by adding a known amount of the substance

of interest to distilled, de-ionized or otherwise clean water. As a result, synergistic or

antagonistic effects are not accounted for, and environmental and toxicity modifying

factors (ETMFs) may differ from the environment of interest. For testing with metals, test

results often over-predict potential instream effects, because the test solutions typically

contain only the dissolved form of the substance in question, overestimating the

bioavailable portion relevant to most natural exposures. In the receiving environment, a

portion of the total substance concentration will be present in the particulate phase or

complexed with known ETMFs such as DOC or hardness, reducing substance

bioavailability. These limitations are less constraining for whole effluent toxicity tests,

because test organisms are exposed to source water with characteristics more similar to

the natural condition, and with multiple substances present in varying amounts in

dissolved and particulate phases. Predicted concentrations in excess of a CEB for an

individual substance would, therefore, represent a lower risk of detrimental effects on

aquatic health relative to predicted toxicity levels in excess of whole effluent toxicity

guidelines.

Magnitude – Individual Substances (Water Column and Fish Tissue)

Consistent with the Integrated Application (see Volume 5, Section 4.12.2.3), the

uncertainty inherent in the extrapolation of single-substance test results to chemical

mixtures, combined with uncertainty associated with varying ETMFs, resulted in lower

weight being assigned to the results of chemical screening to literature-based toxicity

data. However, comparison to CEBs is considered an important line of evidence in the

overall assessment of effects. Such comparisons were included in the rating of response

magnitude, albeit with reduced weight (i.e., a concentration above a CEB resulted in a

rating of low to moderate magnitude whereas any predictions above the 1 TUc or

0.3 TUa warranted a high magnitude classification).

For individual substances, the magnitude of the predicted change to water quality was

evaluated with reference to predicted instream concentrations under reference or Base

Case conditions and the relevant CEB. Specifically, predicted changes to instream

concentrations for the Application Case were considered to be negligible if predicted

peak concentrations were less than the CEB.

Where predicted peak concentrations for the Application Case were greater than

reference or Base Case concentrations and the associated CEB, then a magnitude rating

of low or moderate was assigned to the affected substances.
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For most cases where peak Application Case concentrations were greater than both

reference concentrations (or Base Case concentrations for the Athabasca River) and the

associated CEB, a rating of low was assigned to reflect a potential for low-level adverse

chronic effects on some species in the ecosystem. The low designation for magnitude was

considered an appropriate rating because of multiple factors contributing to conservatism

(i.e., over-prediction of the magnitude of risks) in the assessment, including:

 The water quality exposure predictions apply multiple conservative assumptions

regarding the sources, loading and fate of substances in the receiving environment.

Uncertainty in sources and loadings was addressed using worst-case assumptions

resulting in high confidence that concentrations have not been underpredicted. Total

concentrations have been modelled even though it is typically only the dissolved

fraction that is bioavailable.

 The CEBs are protective in that they typically prevent low-level chronic effects (i.e.,

10% to 20% sublethal responses) and to no more than 5% of species in the

ecosystem. Concentrations that are above CEBs indicate some potential for adverse

responses in a larger proportion of species but are unlikely to affect the structure and

function of the ecosystem until bioavailable concentrations occur that are much

higher (e.g., 10 times greater) than the CEBs.

 ETMFs such as pH, hardness and DOC that are known to limit the bioavailability of

metals are often not accounted for in the CEB derivations. The CEBs are typically

based on highly soluble (and therefore bioavailable) salts of the metals in question

whereas in the watercourses of the aquatics LSA, the Athabasca River and the pit

lakes, many metals would be associated with particulate fractions and therefore not

highly bioavailable. The conservatism is particularly high for elements that comprise

a significant component of mineral content (e.g., iron, aluminum).

A moderate magnitude rating was reserved for situations where the magnitude of change

above a CEB and the CEB derivation details (i.e., level of conservatism) suggested that

increases in concentration of a particular substance might alter the structure and function

of the ecosystem. Determining when magnitude should be rated moderate is nontrivial

given that each substance behaves differently in terms of fate and ecotoxicity; it was not

possible to develop a single decision point differentiating low from moderate magnitude

that is applicable to all substances. Therefore, determination of a moderate rating was

assigned based on consideration of multiple factors that influence the potential for

toxicity, including magnitude of change above the benchmark, degree of certainty in the

CEB, and whether ETMFs are adequately accounted for in CEB derivation. The

following conditions, when met, would typically contribute to a moderate rating:

 peak concentrations that are at least 10 times the CEB

 high certainty in the CEB (i.e., CEB is based on an SSD using chronic data or

alternative approach that is considered equally rigorous)
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 bioavailability of a substance adequately represented, such that key ETMFs are

accounted for in the CEB and exposure predictions (such as in a biotic ligand model,

or where underlying data have been carefully screened to exclude nonrepresentative

water quality conditions)

 indications that the predicted peak concentrations are unlikely to occur under natural

or background conditions (i.e., considering baseline monitoring in the aquatics LSA)

For example, the CEB applied for copper is based on the biotic ligand model that

integrates an extensive chronic toxicity dataset with the influence of key ETMFs

including pH, hardness and DOC. Therefore the CEB has relatively high certainty and the

variation in bioavailability of copper in the receiving environment is adequately

accounted for in the CEB derivation. A peak concentration that was 10-fold above the

copper CEB and above the peaks known to occur naturally in the region, would result in

sufficient concern for alteration of the structure and function of the ecosystem to warrant

a moderate, rather than low, magnitude rating.

Confidence in Magnitude

As discussed under magnitude, comparison of the water quality predictions to CEBs for

individual substances provides a conservative (i.e., protective) assessment such that when

peak concentration are above CEBs, magnitude is typically rated as low, but could be

classified as moderate in some cases. However, there are multiple factors that might

cause low confidence in the magnitude classifications resulting in either overestimation

or underestimation of the potential magnitude of effect. In some cases, the confidence

was deemed sufficiently low to incorporate quantitatively in the overall Environmental

Consequence rating. Confidence in magnitude was rated as follows:

 High: confidence is high or where confidence is low, the influence on magnitude is

unclear

 Low-overestimation: low confidence biased toward overestimation of magnitude

 Low-underestimation: low confidence biased toward underestimation of magnitude

Examples of factors that could cause low confidence resulting in overestimation of

magnitude include:

 CEB based on highly conservative assumptions, making the CEB overly protective

(e.g., the CEB for total phenolics is based on phenol, which has higher toxicity than

the total phenolics mixture)

 low confidence in exposure and bioavailability (e.g., substance is associated with

particulates, an indication that key ETMFs are not accounted for)

 indication from baseline monitoring that substance has natural peaks equal to or

higher than predicted peaks, suggesting that elevated substance concentrations would

be naturally tolerated in the ecosystem

 key processes such as degradation not accounted for in water quality modelling
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Factors that would cause low confidence with a bias toward underestimation of

magnitude are expected to be rare because in the face of such uncertainty, protective

assumptions are typically made during water quality modelling and CEB derivation.

Examples of factors leading to underestimation of magnitude include:

 evidence of synergistic or additive effects of multiple substances where the

mechanism is clearly understood and documented in the literature, but not formally

accounted for in the CEB derivation. An example is the potential cumulative

nonpolar narcosis effects of multiple PAHs.

 evidence that key receptors with potentially higher sensitivity are not represented in

toxicity dataset used to derive the CEB. For example, toxicity data for amphibians is

often lacking but there might be indications that this species group has higher

sensitivity than other species in the CEB derivations.

Frequency

Consistent with the Integrated Application (see Volume 5, Section 4.12.2.3), the

magnitude rating system outlined above explicitly accounts for some aspects of

frequency of occurrence, because it considers the peak concentrations, which are

predicted to occur 0.09% of the time (i.e., one day every three years). This frequency is

too brief (intermittent) to apply to long-term or chronic conditions, but was used as a

conservative screening step.

Where magnitude was categorized as low, moderate or high, then frequency was

categorized considering the frequency of compliance with the CEB, as discussed

individually for each SOPC. However, if magnitude was negligible, frequency was not

assessed (i.e., frequency is not relevant where there is no hazard).

The general ranges in frequency of compliance with CEBs associated with the frequency

classifications in Table 7-34 included:

 Very low: frequency of compliance >95%

 Low: frequency of compliance 90% to 95%

 Moderate: frequency of compliance 50% to 90%

 High: frequency of compliance <50%

Where predicted fish tissue concentrations were greater than tissue benchmarks,

frequency was rated as high because the predictions represent long-term average

concentrations that would be achieved.
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Duration

As described in the Integrated Application (see Volume 5, Section 4.12.2.3), duration of

exposure to elevated concentrations of substances was rated according to the phase of the

Project during which the change to water quality is predicted to occur. If magnitude was

negligible, then duration was not rated (i.e., not relevant). If magnitude was low or high,

then duration was considered to be:

 high, or long-term, if the predicted change to water quality occurs after final site

reclamation is complete

 moderate, or medium-term, if the predicted change to water quality occurs during

operations phases only, or for only a limited time (<20 years) after closure

 low, or short-term, if the predicted change to water quality occurs during construction

(but does not extend into operational or reclamation phases)

Geographic Extent

As described in the Integrated Application (see Volume 5, Section 4.12.2.3),

geographical extent was rated as low (or local) if the predicted potential effect was

limited to the aquatics LSA. If potential effects extended into the Athabasca River, then

the geographical extent was rated as moderate (i.e., regional). If the predicted potential

effect extended outside the aquatics RSA, a high (or beyond regional) rating was

assigned.

Reversibility

Consistent with the Integrated Application (see Volume 5, Section 4.12.2.3), the

reversibility criterion, in the context of aquatic health, refers to the reversibility of the

ecological response to the predicted changes to water quality in the receiving

environment. Therefore, the reversibility rating assigned to the individual substances,

toxic units and fish tissue concentrations was based on an assessment of the potential for

a long-term return to a productive environmental condition. The benchmark for

determining the suitability of the environmental condition is somewhat qualitative, but

relates to achievement of a community structure or function in the aquatic habitats

(Ronald Lake, Redclay Creek, Big Creek and the proposed PRM compensation lake)

similar to the baseline condition after inputs from the Project have declined. The

reversibility assessment considered the magnitude, frequency, duration, and, if relevant,

spatial extent of any change from the original or desired state predicted for these

watercourses. If the predicted effects are of negligible or low magnitude, short duration

and are local, there might be very little ecological change to reverse. If the predicted

effects are of greater magnitude, duration or extent, then reversibility becomes more

relevant.

Reversibility is a function of the resistance and the resilience of an ecosystem. Resistance

is an ecosystem’s ability to maintain its structural and functional attributes in the face of

stress and disturbances (SER 2002, Internet site). Resilience is the capability of an

ecosystem to regain structural and functional attributes that have suffered harm from

stress or disturbance (SER 2002, Internet site). Resistance and resilience are, in turn,
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maintained by a complex interaction of abiotic and biotic processes (e.g., nutrient

retention and humic production by wetlands or riparian vegetation, food web structures

that channel nutrients to consumers rather than phytoplankton, microbial degradation

processes and biogeochemical mechanisms that sequester metals in unavailable or

nontransportable forms) (Carpenter and Cottingham 1997). The likelihood of a “regime

shift” (i.e., a change in feedback in the ecosystem such that the trajectory of the system

changes irreversibly) in systems like Ronald Lake, Redclay Creek or Big Creek will

depend upon several factors related to resistance and resilience of the ecosystems.

Whereas disturbance is a natural component of all natural communities, and ecological

processes exist to support recolonization, adaptation, or tolerance, there are some types of

disturbances that are less easily accommodated by aquatic communities without affecting

the general composition or trophic functioning of the waterbody. Major artificial

disturbance mechanisms, such as a reduction or removal of whole functional groups of

species, removal of entire trophic levels, or altering the magnitude, frequency and

duration of flow regimes (Folke et al. 2004) carry greater importance for the long-term

biological productivity and functional status of a waterbody relative to localized, smaller-

scale, or transient disturbances.

Integration to Determine Environmental Consequence

Consistent with the Integrated Application (see Volume 5, Section 4.12.2.3), the

environmental consequence rating consolidates the results of the effects criteria

(direction, magnitude, confidence, duration, frequency, geographic extent and

reversibility) into one rating. The consolidation allows the effects from different

components to be compared using a common rating so that areas of greatest potential

concern can be identified.

Table 7-35 details the numerical system used to estimate an environmental consequence

for residual effects. The system identifies a numerical score for each of the criteria used

to evaluate an effect and the score is then used to assign environmental consequence to

residual effects, as follows:

 negligible: 0 to 5

 low: 6 to 10

 moderate: 11 to 15

 high: greater than 15
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Table 7-35 Environmental Consequences System

Magnitude
(Severity)

Confidence in
Magnitude

Geographic
Extent Duration Reversibility Frequency

Environmental
Consequence

negligible
(0)

high or unclear
influence
(0)

local
(0)

short-term
(0)

reversible
(-3)

very low
(-1)

Sum of
numerical
values for
effects rating
criteria

low
(+5)

low, with bias toward
overestimation of
magnitude
(-2)

regional
(+1)

medium-
term
(+1)

nonreversible
(+3)

low
(0)

moderate
(+10)

low, with bias toward
overestimation of
magnitude
(+2)

beyond
regional
(+2)

long-term
(+2)

– moderate
(+1)

high
(+15)

– – – – high
(+2)

7.11.3 Reference Conditions

Reference conditions for the aquatic health assessment were based on regional data of

fish tissue concentrations from the RAMP database. These data, as well as reference

water quality concentrations for the aquatics LSA described in Section 7.4.3, were used

to derive BCFs for use in this assessment. The derivation of site-specific BCFs is

described in Section 12, Appendix 12C.

7.11.4 Reference Conditions and Base Case

As outlined in Section 7.3.4.1, reference conditions were evaluated at specific points or

snapshots in time to provide a predevelopment (pre-1965) reference for surface water

quality models. The watershed characteristics in watercourses and waterbodies under

Base Case conditions are expected to be the same as reference conditions, because there

are no existing developments in the aquatics LSA. Therefore, for the watercourses and

waterbodies, only predevelopment predictions are provided as a reference condition.

In contrast to watercourses and waterbodies, modelling for the Athabasca River relied on

data from present-day and historical monitoring to represent reference conditions (i.e.,

reference conditions represented by the model include post-1965 contributions from

developments upstream of Fort McMurray). As acknowledged in Section 7.3.4.1,

reference conditions for the Athabasca River are different from Base Case conditions

because of industrial and municipal withdrawals and releases upstream of Fort McMurray

that are included in the Base Case. Thus, Application Case predictions were compared to

the Base Case for the Athabasca River to focus the aquatic health assessment on the

incremental change to the Athabasca River as a result of the Project.
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7.11.5 Application Case

7.11.5.1 Mitigation

Potential effects of the Project on aquatic health are directly related to changes in

receiving water quality, which result primarily from the release of process-affected water.

Mitigation measures focused on minimizing potential effects on the aquatic environment

have been discussed in Section 6 (hydrology), Section 7.4.5 (changes in water quality)

and Section 7.10.5 (pit lakes). Mitigation related to managing acidifying emissions are

outlined in Section 7.8.6.

7.11.5.2 Linkage Analysis

The following potential linkages between the Project and the effects on aquatic health

were evaluated:

 linkage between changes in surface water quality and direct or indirect effects on

aquatic health

 linkage between changes in sediment quality and direct effects on aquatic health, or

indirect effects on aquatic health via direct effects on fish food organisms

 linkage between increased uptake of substances into fish tissues from sediments and

water and direct effects on fish health

 linkage between changes in surface water quality because of acidifying emissions and

direct effects on aquatic health

Changes in Surface Water Quality

Activities associated with operating and approved developments and the Project were

predicted to result in changes to surface water quality in Ronald Lake, Redclay Creek,

and Big Creek (see Sections 7.4.5 and 7.4.6). In addition, some water quality parameters

in the pit lakes are predicted to be different from baseline water quality conditions in the

LSA. These changes could potentially result in detrimental effects on aquatic health in

receiving waters. Therefore, this linkage is valid.

As outlined in Sections 7.4.5 and 7.4.6, negligible changes to water quality were expected

in the Athabasca River that would be attributable to operating and approved

developments and the Project (i.e., no SOPC were identified for the Athabasca River).

Therefore, this linkage is considered invalid.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 7: Surface Water Quality

June 2015 Page 7-169

Changes in Sediment Quality

Increases in sediment-associated substances might affect fish health, either directly via

incidental uptake of sediments by forage species, directly by exposure to sediment

porewater, or indirectly via food chain effects. The direct effects of altered sediment

quality on aquatic health might affect eggs and early life stages of fish. The indirect

effects of altered sediment quality on fish health might be manifested by effects on

benthic invertebrate composition or abundance, which are fish food organisms for some

species. Some fish species, particularly bottom fish, can also be adversely affected

through exposure to contaminated bottom sediments, resulting in tumors or lesions.

As outlined in Section 7.7, changes to sediment quality are predicted to occur in Redclay

Creek under Application Case snapshots, but all concentrations will remain below the

CCME ISQGs and PELs (CCME 1999a). The sediment quality linkage therefore, is not

valid.

Changes in Tissue Concentrations

Activities associated with operating and approved developments and the Project are

predicted to cause changes in water quality of local watercourses and water bodies,

Athabasca River as well as the pit lakes (see Section 7.4). These changes could result in

changes to fish tissue chemical concentrations, which could result in detrimental effects

on aquatic health in receiving waters. Therefore, this linkage is valid, although it applies

only to substances for which reliable tissue effects concentrations could be derived and

excludes PAHs (as discussed in Volume 5, Section 4.12.2.3 of the Integrated

Application).

Changes in Tainting Potential

Activities associated with operating and approved developments and the Project are

predicted to cause changes in water quality of local watercourses and waterbodies, as

well as the pit lakes (see Section 7.4 and Section 7.10). These changes could result in

changes to tainting potential in fish tissue of local watercourses and waterbodies,

Athabasca River as well as the pit lakes. Although some increase in TPU is predicted as a

result of the Project, TPU remains below the threshold of 1 for all snapshots, in all

watercourses and waterbodies. The tainting potential linkage therefore, is not valid.

Changes in Acidifying Emissions

Analysis indicates watercourses in the area surrounding the Project are unlikely to be

sensitive to acidification (see Section 7.8).

Comparisons of critical loads with predicted acid input rates indicate that deposition from

the Project emissions will not result in additional changes above critical loads for any of

the waterbodies included in the analysis. For the waterbodies where acid input rates were

greater than critical loads for the Base Case, increases in acid input rates relative to the

Base Case were 2% or less. These minor increases are not expected to causes

ecologically significant changes to direct or indirect factors influencing the health of

resident freshwater biota. Therefore, emissions from the Project are predicted to have a
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negligible potential to affect aquatic biota in regional waterbodies. The linkage between

acidifying emissions and potential effects on aquatic health is, therefore, considered

invalid.

Summary

The results of the linkage analysis indicated valid linkages for changes in surface water

quality and fish tissue concentrations. The remaining aquatic health assessment focusses

on these two linkages only.

7.11.5.3 Effects Analyses – Watercourses and Waterbodies of the Aquatics LSA

Surface Water Quality

Whole Effluent Toxicity

Levels of chronic and acute toxicity in Ronald Lake, Redclay Creek, and Big Creek are

predicted to be below the guidelines recommended by ESRD (2014b) throughout the

active life of the Project and into the far future (see Section 7.4). These guidelines

represent no-effects thresholds for sensitive aquatic organisms. Achievement of acute and

chronic guidelines provides confidence that aquatic health in Ronald Lake and Redclay

Creek, and Big Creek will be protected from the cumulative effects of SOPC.

Nutrients

Because watercourses in the aquatics LSA are relatively nutrient-rich, they are less

sensitive to nutrient inputs relative to oligotrophic watercourses. Changes in nutrient

concentrations in watercourses in the aquatics LSA have been evaluated in terms of the

potential for eutrophication relative to reference conditions.

The potential for eutrophication has been assessed primarily based on changes in total

phosphorus concentrations; algal productivity is most likely to be limited by phosphorus,

and national trigger levels have been established for this indicator substance (CCME

2004; Wetzel 2001). Under reference conditions, total phosphorus concentrations were

frequently measured in the eutrophic range and sometimes in the hyper-eutrophic range

for this nutrient (see Section 7.4.5.3), which is common in aquatic systems across eastern

Alberta (ESRD 2012). This trophic status is not expected to change based on predicted

changes in median phosphorus concentrations. Therefore, negligible effects on aquatic

biota are expected in these watercourses under Application Case snapshots.

As both phosphorus and nitrogen contribute to nutrient enrichment in aquatic systems, it

is possible that predicted increases in total nitrogen might lead to incremental nutrient

enrichment. However, trophic values are not well established for nitrogen and less is

known about the relationship between this nutrient and enrichment effects, relative to

phosphorus. Environmental responses from simulated changes in total nitrogen

concentrations have uncertainty, but are believed to be negligible in the aquatics LSA

under Application Case snapshots, given that productivity in the watercourses and

waterbodies would be limited by phosphorus.
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Individual Substances

Individual substances that were identified as having the potential to affect aquatic health

in Ronald Lake, Redclay Creek and Big Creek were identified in Section 7.4.5.3. For

each substance identified as having the potential to affect aquatic biota, the worst-case

peak concentration was selected from the watercourses and waterbodies in the aquatics

LSA (see Table 7-36). As a conservative starting point (i.e., preliminary screen), this

concentration was assumed to apply to the entire aquatics LSA, regardless of which

watercourse or waterbody the concentration above the CEB was predicted to occur in and

was carried forward to the Application Case assessment. The Application Case

assessment then considered the magnitude of peak and median concentrations above the

CEBs, frequency of compliance with the CEBs in each snapshot, and the effects

description criteria discussed in Section 7.11.2.3

Individual substances were assessed for both changes to water quality and changes to fish

tissue.

Ammonia

Data collected from operating oil sands operations indicate that the majority of the

nitrogen present in process-affected waters is in the form of ammonia, with some organic

nitrogen and little or no nitrate or nitrite (EVS 1993; Golder 1997, 2000; Nix 1983).

In aerobic environments, ammonia is transformed to nitrate or used for growth by aquatic

plants. The loss of ammonia through these two processes was accounted for in Ronald

Lake and the Project pit lakes through the use of a first-order decay rate. However, a

similar decay rate was not applied to Redclay Creek and Big Creek; therefore, the

ammonia predictions in these watercourses are overestimates.

Ammonia concentrations in Redclay Creek and Ronald Lake are consistently below the

CEB. Predicted median ammonia concentrations in all snapshots for Redclay Creek and

Ronald Lake range from 0.0025 mg-N/L to 0.026 mg-N/L, below the CEB, and similar to

the median reference ammonia concentration range of 0.003 mg-N/L to 0.046 mg-N/L.

The peak ammonia concentration in Big Creek of 2.4 mg-N/L is above the reference peak

(0.72 mg-N/L) and the CEB (1.37 mg-N/L) during the 2081 and 2181 snapshots. The

increase in ammonia concentration during these snapshots is due to a combination of

seepage from in-pit tailings and the external tailings area, and runoff and seepage from

the reclaimed landscape, which both influence water quality at times when there is no

outflow (low flow) from the south pit lake. Ammonia concentrations remain below the

CEB over 95% of the time (Table 7-37), indicating a low frequency of concentrations

above the CEB. The median concentrations predicted for Big Creek range from

0.036 mg-N/L to 0.08 mg-N/L and are more than an order of magnitude below the CEB.
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Table 7-36 Substances Carried Forward to the Application Case – Watercourses and Waterbodies

Parameter
CEB

(mg/L)

Worst-Case Peak
Concentration

(mg/L)
Worst-Case
Snapshot

Worst-Case
Watercourse

Reference Peak
Concentration

(mg/L)

Measured Baseline
Peak Concentration

(mg/L)

Aluminum 0.1 5.9 2081 Big Creek 3 51.1

Ammonia 1.37 2.4 2081 and 2181 Big Creek 0.72 3.35

Cadmium 0.00024 0.00042 2024 and 2181 Big Creek 0.00028 0.002

Copper 0.0218 0.031 2066 Big Creek 0.018 0.135

Iron
1

1.5 17 2181 Big Creek 16 908

Lead 0.0061 0.0082 2066 Big Creek 0.0066 0.097

Manganese 1.46 8.0 2066 Big Creek 2.1 44

Sulphide 0.011 0.099 2024 Big Creek 0.03 0.795

Total phenolics 0.01 0.049 2066 Big Creek 0.024 0.07

NOTES:
1

Although peak iron concentrations are less than 10% different from the peak reference iron concentration, iron has been carried forward to the Application
Case because there is greater than a 10% increase in median iron concentrations compared to the median reference iron concentration (i.e., the predicted
median iron concentration for snapshot 2181 in Big Creek is 2.7 mg/L compared to the reference median iron concentration of 1.9 mg/L).

Bold/shaded indicates concentration is above CEB.
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Table 7-37 Chronic Effects Benchmark Frequency of Compliance for the Application Case (Watercourses
and Waterbodies)

Parameter Units
Watercourse
or Waterbody

CEB
(mg/L)

Reference 2024 2050 2066 2081 2181

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Aluminum mg/L Big Creek 0.1 0.1 3 49% 0.19 3.2 27% 0.12 2.4 42% 0.12 2.4 43% 1.1 5.9 3.2% 0.33 5.7 3.8%

Redclay Creek 0.037 2 70% 1.3 3.5 0.4% 0.085 0.85 60% 0.086 0.88 61% 2.6 3.5 0% 0.92 2.1 0%

Ronald Lake 0.22 1.2 0.5% 0.22 1.2 0.5% 0.22 1.3 0.4% 0.22 1.3 0.3% 0.43 1.4 0% 0.3 1.3 0%

Ammonia mg-
N/L

Big Creek 1.37 0.31 0.72 100% 0.036 0.8 100% 0.04 1.4 99.8% 0.036 1.4 99.8% 0.08 2.4 95.7% 0.08 2.4 95.7%

Cadmium mg/L Big Creek 0.00024 0.00007 0.00028 99.6% 0.000067 0.00042 97.4% 0.000059 0.00033 99.3% 0.000058 0.00033 99.2% 0.0001 0.00041 98.4% 0.0002 0.00042 97.9%

Copper mg/L Big Creek 0.0218 0.0014 0.018 100% 0.0016 0.017 100% 0.0019 0.027 99.9% 0.002 0.031 99.8% 0.0019 0.013 100% 0.0024 0.013 100%

Iron mg/L Big Creek 1.5 1.9 16 41% 2.3 15 30% 2.3 15 36% 2.3 16 37% 1.5 16 45% 2.7 17 12%

Redclay Creek 1.1 8.8 60% 1.8 4.1 21% 1.1 2.5 90% 1 2.3 92% 1.9 3.2 0% 2.2 3.4 0%

Ronald Lake 1.4 2.2 72% 1.4 2.2 72% 1.4 2.3 68% 1.5 2.4 52% 1.5 2.5 42% 1.6 2.5 30%

Lead mg/L Big Creek 0.0061 0.00037 0.0066 99.8% 0.00036 0.0056 99.9% 0.00031 0.0076 99.8% 0.00031 0.0082 99.8% 0.0007 0.0052 99.9% 0.0006 0.0052 100%

Manganese mg/L Big Creek 1.46 0.3 2.1 98.8% 0.36 4.1 66% 0.35 7.5 60% 0.35 8 60% 0.13 1.1 100% 0.43 1.1 100%

Sulphide mg/L Big Creek 0.011 0.0062 0.03 80% 0.006 0.099 68% 0.0048 0.025 84% 0.0043 0.025 90% 0.0011 0.034 93% 0.0011 0.034 93%

Total
phenolics

mg/L Big Creek 0.01 0.004 0.024 96.4% 0.0052 0.029 92% 0.006 0.046 75% 0.0056 0.049 75% 0.00048 0.022 98.6% 0.00048 0.022 98.6%

NOTE:

FoC – frequency of compliance
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As described in Appendix 7C, the CEB for total ammonia is the ESRD guideline, which

is based on the CCME (2010) derivation. The guideline is based on an un-ionized

ammonia concentration of 0.019 mg/L, considering the uncertainty bounds in the HC5 of

chronic toxicity data (i.e., adopts additional conservatism relative to the use of the model

best-fit HC5). However, the lowest chronic toxicity value was at an un-ionized

concentration of 0.04 mg/L (histopathological effects in rainbow trout over five years).

The worst-case peak total ammonia concentration of 2.4 mg/L (in Big Creek) was

converted to an un-ionized ammonia concentration, assuming a temperature of 6.9°C and

a pH of 7.9 (based on median values in the Big Creek watershed). The resulting un-

ionized concentration would be 0.027 mg/L, which is above the lower limit of 0.019

mg/L, but below the central tendency HC5 of 0.041 mg/L and the lowest observed

chronic toxicity value of 0.04 mg/L. This suggests that adverse effects on the aquatic

community at peak total ammonia concentrations would be unlikely.

Based on the above, predicted ammonia concentrations above reference concentrations

and the CEB, considering conservatism in the CEB and naturally occurring higher peaks

of ammonia, was considered to represent a low magnitude effect.

Table 7-38 summarizes the rating of the effects description criteria for ammonia in

watercourses and waterbodies of the aquatics LSA (based on the methods described in

Section 7.11.2.3). These ratings are integrated in Section 7.11.5.6 to determine the overall

environmental consequence of predicted changes to ammonia concentrations in

watercourses and waterbodies of the aquatics LSA for the Application Case.

Table 7-38 Rating of Effects Description Criteria for the Application Case –
Ammonia (Watercourses and Waterbodies)

Effect Description Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding
CEBs result in a potential negative effect on the aquatic
ecosystem.

Magnitude Low The level of change of peak Application Case concentrations
above reference peak concentrations, and the CEB, is
consistent with a low magnitude rating.

Confidence in Magnitude Low -
Overestimation

Ammonia predictions in watercourses do not account for decay
via transformation to nitrate and therefore ammonia
concentrations in Big Creek are likely overestimates.

Geographic Extent Local Watercourses and waterbodies are located in the aquatics
LSA.

Duration Long-term Peak concentrations for the Application Case are above
reference

concentrations and the CEB after closure and into far future.

Frequency Very low Frequency of compliance is high (>95%) in all snapshots and
median concentrations meet the CEB in all cases suggesting
only rare increases above the CEB.

Reversibility/Resiliency Reversible Given the low level of change above the CEB, it is likely that
the aquatic ecosystem could tolerate rare increases above the
CEB with very little impairment of ecosystem structure and
function and would recover quickly.
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Sulphide

For Big Creek, predicted peak sulphide concentrations are above the CEB (0.011 mg/L)

during reference conditions and all Application Case snapshots, with the maximum peak

concentration of 0.099 mg/L in 2024 (construction) also being above the predevelopment

peak concentration (0.03 mg/L). The cause of the higher peak in 2024 is expected to be

diversion of upstream reaches and discharge of muskeg drainage.

Predicted sulphide concentrations in Big Creek for the remaining snapshots are less than

or similar to (i.e., within 13%) the reference peak sulphide concentration, and all

predicted median concentrations for the Application Case are below the predicted

reference median concentration. With the exception of 2024, frequency of compliance

with the CEB is higher in the Application Case relative to reference conditions due to the

decay of sulphide in the polishing ponds that would be part of the Project. Overall, these

results suggest a potential effect from the peak sulphide concentration during

construction (2024 snapshot; discussed below) but, thereafter, a limited incremental

change to sulphide concentrations and no meaningful effects.

Both the peak reference concentration and the peak concentration in 2024 are above the

CEB for total sulphide (0.011 mg/L). The CEB for total sulphide is based on a conversion

from the guideline for undissociated hydrogen sulphide concentration of 0.002 mg/L,

considering site-specific pH (ESRD 2014b; U.S. EPA 1986). Using the same conversion,

the peak reference and 2024 concentrations convert to 0.0052 mg/L and 0.017 mg/L

undissociated sulphide, respectively. On an undissociated sulphide basis, the 2024 peak is

higher than the range of safe concentrations determined by U.S. EPA (1986; 0.002 mg/L

to 0.015 mg/L) and above the thresholds for sublethal effects on growth and reproduction

in some fish species cited by U.S. EPA (1986).

Assessment of sulphide toxicity is complicated by its labile properties and long-term

(chronic) elevations in sulphide in the water column are unlikely to be maintained given

that sulphides are rapidly volatilized or oxidized. The occurrence of peak reference

concentrations that already are above the CEB under natural conditions provides

evidence that occasional peaks above calculated "safe" ranges would be tolerated in the

aquatic community. Given this uncertainty, the most appropriate line of evidence for

assessment of potential sulphide toxicity was considered to be the comparison to

reference conditions. The approximate three-fold increase in peak concentration,

combined with the lack of increase in median concentration for 2024 was therefore

considered to indicate a potential low magnitude of effect on aquatic health.

Table 7-39 summarizes the rating of the remaining effects description criteria (as

described in Section 7.11.2.3) for sulphide in watercourses and waterbodies of the

aquatics LSA. These ratings are integrated in Section 7.11.5.6 to determine the overall

environmental consequence of predicted changes to sulphide concentrations in

watercourses and waterbodies of the aquatics LSA for the Application Case.
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Table 7-39 Rating of Effects Description Criteria for the Application Case –
Sulphide (Watercourses and Waterbodies)

Effect Description Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding CEBs
result in a potential negative effect on the aquatic ecosystem.

Magnitude Low The level of change of peak Application Case sulphide
concentrations above reference peak (3-fold increase), and the
CEB, is consistent with a low magnitude of effect.

Confidence in Magnitude High The sulphide CEB considers the modifying influence of pH and
therefore was considered a reasonable indicator of potential
magnitude, despite the reference concentrations which also are
above the CEB.

Geographic Extent Local Watercourses and waterbodies are located in the aquatics LSA.

Duration Short-term The largest magnitude of change above the CEB and reference
concentrations occurs during construction; remaining snapshots
have substantially lower exposures.

Frequency Moderate Predicted sulphide concentrations are above the reference
concentration and CEB intermittently; predicted median
concentrations remain below the reference median concentration
and CEB.

Reversibility/Resiliency Reversible The largest increase in sulphide occurs during the construction
snapshot (2024) meaning that duration would be short-term with
intermittent increases above the CEB during this time. Given the
elevated reference sulphide concentrations, it is likely that the
aquatic ecosystem would be adapted to intermittent natural peaks in
sulphide concentrations in above the CEB without a permanent
impairment of ecosystem structure and function.

Total Phenolics

The maximum total phenolics concentration predicted for the Application Case was 0.049

mg/L, corresponding to Big Creek in snapshot 2024. This concentration is five times the

CEB of 0.01 mg/L and two times the peak reference concentration of 0.024 mg/L. In Big

Creek, the total phenolics concentration is above the CEB in each snapshot; however, the

peak concentrations in snapshots 2024, 2081 and 2181 are similar to the reference peak

concentration. The median total phenolics concentrations in Big Creek remain below the

CEB for all snapshots. Peak total phenolics concentrations remain below the CEB in

Redclay Creek and Ronald Lake for all snapshots.

The frequency of compliance for total phenolics in Big Creek ranges from 91.7% to

98.6%, with the exception of the 2050 and 2066 snapshots, which were 74.5% and 74.7%

respectively. The frequency of compliance in Big Creek during the reference snapshot is

96.4%, which is within the range for the 2024, 2081 and 2181 snapshots. For the two

snapshots in Big Creek for which frequency of compliance is lower than predevelopment

(2050 and 2066), the increased concentrations of phenolics are due to diversion of

upstream reaches, closed-circuiting of land areas and discharge of muskeg drainage and

overburden dewatering.
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The peak reference concentration for Big Creek is 0.024 mg/L total phenolics, over twice

the CEB. Furthermore, the maximum measured baseline concentration is 0.07 mg/L total

phenolics, indicating that transient elevations of phenolics are expected under natural

conditions. Phenols naturally occur in aquatic environments, particularly those in the

proximity of late-successional boreal forests, which are dominated by plants with high

tissue levels of phenolic compounds (CCME 1999b; Dobbins et al. 1987). Although it is

possible that some fraction of the naturally occurring phenolics are due to the presence of

erodible McMurray Formation, the elevated total phenolics concentrations in

watercourses and waterbodies are thought to be attributed mainly to the decomposition of

vegetation.

Phenols have a short half-life of approximately 55 hours in water and are expected to

decrease quickly in the receiving environment due to photo-oxidation, oxidation and

microbial degradation (CCME 1999b). These processes were not accounted for in the

water quality modelling, suggesting that the predicted total phenolics concentrations are

overestimates.

The majority of toxicity data available for phenolics are for phenol (Appendix 7C), which

is considered to be more toxic than other phenolic compounds; therefore, the assumption

that phenol is a surrogate for all other phenolics is conservative. Futhermore, Breton et al.

(2003) estimated the amount of phenol in the total phenolics measurement to be 11% for

the petroleum refining and products sector. The CEB was based on a long-term LC25 to

rainbow trout embryos suggesting a potential adverse effect on sensitive fish stages at the

peak concentrations predicted. However, considering potential degradation processes not

accounted for in modelling, and the conservatism in applying toxicity data for phenol to

less toxic phenolics in the mixture, a magnitude rating of low was determined for total

phenolics in Big Creek.

Table 7-40 summarizes the rating of the effects description criteria (as described in

Section 7.11.2.3) for total phenolics in watercourses and waterbodies of the aquatics

LSA. These ratings are integrated in Section 7.11.5.6 to determine the overall

environmental consequence of predicted changes to total phenolics concentrations in

watercourses and waterbodies of the aquatics LSA for the Application Case.
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Table 7-40 Rating of Effects Description Criteria for the Application Case –
Total Phenolics (Watercourses and Waterbodies)

Effect Description Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding
CEBs result in a potential negative effect on the aquatic
ecosystem.

Magnitude Low The level of change of peak Application Case total phenolics
concentrations above the reference peak and the CEB is
consistent with a low magnitude.

Confidence in Magnitude Low -
Overestimation

Total phenolics predictions in watercourses do not account for
the rapid degradation of the most toxic component of this SOPC
(i.e., phenols). In addition, the CEB is based on data from the
most toxic component of this SOPC and is likely
overconservative. These two factors suggest low confidence
biased toward overestimation of magnitude.

Geographic Extent Local Watercourses and waterbodies are located in the aquatics LSA.

Duration Medium-term The largest magnitude of change above the CEB and reference
concentrations occurs during operations.

Frequency Moderate Frequency of compliance is approximately 75% in Big Creek in
2050 and 2066, with intermittent frequency of concentrations
above the CEB. Median concentrations meet the CEB in all
snapshots.

Reversibility/Resiliency Reversible Given the low level of change above the CEB and presence of
elevated measured background concentrations of total
phenolics, it is likely that the aquatic ecosystem could naturally
tolerate intermittent occurrences of concentrations above the
CEB without a permanent impairment of ecosystem structure
and function.

Metals

In watercourses and waterbodies, metals carried forward to the assessment include

aluminum, cadmium, copper, iron, lead and manganese. Each of these six metals is

described in the following subsections.

As discussed in Volume 2, Section 5 of the Integrated Application, measured baseline

total concentrations (i.e., on a total concentration basis, as opposed to a dissolved

concentration basis) of multiple metals in most watercourse headwaters, especially in

Redclay Creek and Big Creek, are elevated relative to other waters in the oil sands

region. The elevated concentrations in these watercourses are thought to represent natural

local background levels for their respective drainages, and the erosion of polymetallic

black shales in the Birch Mountain region is a possible source of heterogeneity in

background levels among watersheds (Dufresne et al. 1996).

The elevated concentrations of total aluminum, cadmium and iron can be associated with

high particulate loads in the samples. The linkage between particulate matter and

concentrations of total aluminum, cadmium and iron in watercourses has significant

implications for the toxicity assessment of these substances, especially for those

substances that are natural components of the mineral matrices found in the TSS mixture.

Analysis of water chemistry data from the study area suggest that a large proportion of

the total aluminum, cadmium and iron measured in watercourses is bound to suspended
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particles (primarily silts and clays, which have a high surface area for sorption and

binding with metals). Particulate-bound metals are less available to aquatic organisms

relative to dissolved metals, whereas the majority of literature-based studies of metal

toxicity emphasize dissolved or highly bioavailable exposures. In the absence of detailed

fractionation of samples between freely dissolved and bound/sorbed/complexed forms,

the comparison of total concentrations provides a conservative starting point, and is likely

to overstate the actual biologically meaningful exposures.

An additional layer of conservatism in the modelled predictions is the assumption that

only natural sources of particulate metals will settle and be removed from the water

column in watercourses. Given that none of the mine-related water sources currently exist

for this Project, the level of detail required to accurately model their fate processes cannot

be estimated with certainty. Therefore, the conservative approach is to assume that these

mine-related particulate metals will remain in suspension and contribute to the load in all

downstream nodes, including in the Athabasca River.

This approach has been shown to generate conservative predictions in Shell’s Letter to

the Joint Review Panel and Appendix B: Surface Water Model Validation Report (Shell

2012). Shell compared model predictions for the Muskeg River Mine Expansion EIA that

used similar models and assessment methods to the Project EIA, with measured values at

two points in the Muskeg River, after the mine was approved and operational, and

approximately five years after those predictions were made. This model validation study

demonstrated that the model matched or over-predicted actual concentrations for all

modelled constituents. Specifically, aluminum, copper, and lead were over-predicted,

cadmium was over-predicted by an order of magnitude (owing to improvements in

analytical methods) and iron and manganese predictions matched actual concentrations

(Shell 2012).

In summary, the discussion of aquatic health related to these six metals should consider

that the predicted total metals concentrations likely overstate the bioavailable fraction,

and that actual instream total metals concentrations will be at or below the predicted

values (even prior to consideration of bioavailability), based on a post-audit of the same

models and methods.

Aluminum

Predicted peak aluminum concentrations are above the CEB of 0.1 mg/L for all

watercourses and snapshots. The maximum peak concentration predicted for the

Application Case is 5.9 mg/L in Big Creek in the 2081 snapshot, which is approximately

two times that of the reference peak concentration (i.e., 3 mg/L). The increase in

predicted peak concentrations above the reference concentration is due to a combination

of seepage from in-pit tailings and the external tailings area, and runoff and seepage from

the reclaimed landscape, which influences water quality at times when there is no outflow

(low flow) from the south pit lake.

The behaviour and fate of aluminum in freshwater systems is highly complex and

dependent on several variables. Aluminum toxicity is known to be influenced by pH, and

the CEB derivation was limited to studies with pH representative of conditions in

watercourses and waterbodies. However, aluminum can also react and form complexes
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with various ions (e.g., chloride, fluoride, sulphate, nitrate and phosphate), as well as

DOC (ATSDR 2008; Wilson 2012), which might reduce the bioavailability and

subsequent toxicity to aquatic organisms in receiving water containing these substances.

Inorganic monomeric aluminum species (i.e., dissolved or labile aluminum) are

considered the most toxic forms of aluminum (Wilson 2012). Organic and complexed

aluminum is less available and therefore less toxic to aquatic biota.

In contrast to the bioavailability-limited aluminum forms discussed above, the studies

included in the SSD in Appendix 7C used relatively soluble and available forms of

aluminum (i.e., inorganic aluminum salts) in the test treatments; these studies also did not

distinguish between dissolved and total aluminum. The exact form of the aluminum

released to watercourses in the LSA is unknown, and the degree to which it is associated

with particulates to which it would complex into more insoluble and unavailable forms is

also uncertain. However, as discussed, it is expected that a significant fraction of

aluminum would be associated with particulates, including components of the mineral

composition of these solids; such materials would be complexed and therefore far less

bioavailable than the soluble forms in the studies from the CEB derivation.

The importance of the particulate fraction of aluminum is confirmed by baseline

observations including:

 Total aluminum concentrations are naturally high in watercourses of the aquatics

LSA, especially for Redclay Creek, which exhibited a maximum measured

concentration of 148 mg/L in May 2008 (Volume 2, Section 5 of the Integrated

Application).

 Most of the variability in aluminum concentrations could be explained by the

particulate load. Analysis of total concentrations observed for each watercourse (i.e.,

Big Creek and Redclay Creek) yielded correlation coefficients for aluminum versus

TSS concentrations that ranged from 0.57 to 0.63. The highest observed median total

aluminum concentration was 0.5 mg/L, whereas the highest observed median

concentration of dissolved aluminum was only 0.02 mg/L (i.e., only 4% dissolved

aluminum; see Volume 2, Section 5, Appendix 5A of the Integrated Application).

Most total aluminum would be associated with the particulate phase and, therefore, is

much less bioavailable to aquatic biota relative to the forms of highly soluble aluminum

upon which both the CCME guideline and the SSD benchmark (Appendix 7C) were

derived. The CEB is conservative, yielding a benchmark likely to be substantially lower

than the total aluminum concentration required to cause responses in aquatic organisms in

watercourses and waterbodies of the aquatics LSA.

Although predicted total aluminum concentrations are above the CEB for all

watercourses and snapshots, such changes largely reflect the influence of increased

contributions of particulate matter. Given the low confidence and conservatism applied

for aluminum, the most appropriate evidence for assessment of potential aluminum

toxicity is the comparison to reference conditions. The peak aluminum concentration is

only double the peak reference concentration, even when conservative modeling

assumptions are applied to future snapshots. Furthermore, measured peak background

aluminum concentrations in watercourses of the aquatics LSA are considerably higher
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than predicted concentrations, suggesting both low bioavailability of aluminum and

tolerance of the natural aquatic community to transient episodes of elevated particulate

aluminum.

Consideration of these factors suggests that the potential for chronic effects from

predicted aluminum concentrations is of low magnitude in Big Creek. Rating of effects

description criteria (according to the methods detailed in Section 7.11.2.3) is summarized

in Table 7-41. These ratings are integrated in Section 7.11.5.6 to determine the overall

environmental consequence of predicted changes to aluminum concentrations in

watercourses and waterbodies of the LSA for the Application Case.

Table 7-41 Rating of Effects Description Criteria for the Application Case –
Aluminum (Watercourses and Waterbodies)

Effect Description Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding
CEBs result in a potential negative effect on the aquatic
ecosystem.

Magnitude Low The level of change of peak Application Case aluminum
concentrations above the reference peak is consistent with a low
magnitude. Baseline peaks were observed that are higher than
those predicted for the Application Case suggesting tolerance of
aluminum in the aquatic ecosystem.

Confidence in Magnitude Low -
Overestimation

Baseline monitoring in the aquatics LSA indicates a very low
dissolved fraction of 4%. Most aluminum will be associated with
particulate fractions which have low bioavailability whereas the
CEB is based on soluble aluminum salts which have high
bioavailability when dissolved.

Geographic Extent Local Watercourses and waterbodies are located in the aquatics LSA.

Duration Long-term Peak aluminum concentrations for the Application Case are above
reference concentrations and the CEB after closure and into far
future.

Frequency High Frequency of compliance with the CEB was low in all snapshots.

Reversibility/Resiliency Reversible Given that predicted aluminum concentrations are highly
overlapping with the distribution of reference peak concentrations,
and the observation of background aluminum concentrations well
above the CEB, it is likely that the aquatic ecosystem could
tolerate occurrences of concentrations above the CEB without a
permanent impairment of ecosystem structure and function.

Cadmium

The maximum peak concentration of cadmium is 0.00042 mg/L, which is predicted for

Big Creek in the 2024 and 2181 snapshots. Increase in cadmium concentrations are

associated with:

 diversion of upstream reaches and discharge of muskeg drainage in snapshot 2024

 runoff and seepage from the reclaimed landscape, which influences water quality at

times when there is no outflow (low flow) from the south pit lake in snapshot 2181
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The peak concentration is above the lower bound of the CEB range (0.00024 mg/L).

However, cadmium concentrations are predicted to remain below the lower bound of the

CEB most of the time, with frequency of compliance greater than 97% in all snapshots.

Bioavailability of cadmium is dependent on a range of abiotic conditions, such as

hardness, alkalinity, pH and dissolved organic matter. Cadmium tends to partition to

particulate matter and dissolved organic matter, upon entering the aquatic system,

reducing concentrations of the free ion in the water column and thereby lowering its

bioavailability (Jonnalagadda and Rao 1993). High dissolved solids and organic matter

concentrations might reduce toxicity both through sorption to surfaces and/or

complexation of free ions with suspended matter. Measured baseline concentrations of

total cadmium in watercourses and waterbodies were also elevated relative to the CEB

range, with the highest concentration (0.002 mg/L) observed in Big Creek in May 2007

(Volume 2, Section 5, Appendix 5B of the Integrated Application). This suggests that the

aquatic community is tolerant of occasional peaks above the CEB and higher than the

maximum peak predicted for Big Creek in 2024.

Although the peak concentration of cadmium is above lower bound CEB, the available

toxicity data for cadmium presented in Appendix 7C suggest that this lower bound is

over-conservative (i.e., the lowest toxicity value is well above the lower-bound CEB).

Peak cadmium concentrations are not above the upper CEB range of 0.00068 mg/L,

which is protective of all species based on available toxicity data.

Peak concentrations that are below the upper bound CEB, combined with the natural

presence of elevated cadmium concentrations that are tolerated in the aquatic ecosystem,

collectively indicate negligible aquatic health effects in Big Creek for any snapshot. As a

result, the remaining description criteria were not rated for cadmium in watercourses and

watercourses of the aquatics LSA.

Copper

The Application Case predicted peak concentrations of total copper (up to 0.031 mg/L)

that are above the CEB (0.0218 mg/L) by only a small amount in Big Creek for the 2050

and 2066 snapshots. A very high frequency of compliance is predicted for all

watercourses and snapshots (greater than 99%). The Application Case peak total copper

concentration is 1.7 times that of the reference concentration (0.018 mg/L), but is

considerably lower than the maximum concentration measured in baseline monitoring

(0.26 mg/L), suggesting that peaks much higher than those predicted could be tolerated in

the aquatic community.

The CEB for copper was based on the biotic-ligand model (BLM) presented in U.S. EPA

(2007). The BLM was applied to determine the short-term acceptable copper

concentration (i.e., protective of acute effects) considering pH, DOC and hardness in Big

Creek. An acute-to-chronic ratio was then applied to determine the long-term acceptable

copper concentration (i.e., protective of chronic effects). Therefore, although

concentrations above the CEB indicate a potential for adverse chronic effects on aquatic

biota in Big Creek, the CEB was still considered conservative due to the parameters

applied in the BLM. For example, the input DOC for the BLM model was 8 mg/L, which

is lower than the estimated site-specific value of 14 mg/L in Big Creek.
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The predicted copper concentrations above reference concentrations and the CEB was

considered to represent a low magnitude of potential effect, once conservatism in the

CEB and naturally occurring higher peaks of copper were considered. Table 7-42

summarizes the rating of the remaining effects description criteria (according to the

methods described in Section 7.11.2.3) for copper in watercourses and waterbodies of the

aquatics LSA. These ratings are integrated in Section 7.11.5.6 to determine the overall

environmental consequence of predicted changes to copper concentrations in

watercourses and waterbodies of the aquatics LSA for the Application Case.

Table 7-42 Rating of Effects Description Criteria for the Application Case –
Copper (Watercourses and Waterbodies)

Effect Description Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding
CEBs result in a potential negative effect on the aquatic
ecosystem.

Magnitude Low The level of change of peak Application Case copper
concentrations above reference peak concentrations and the CEB
is consistent with a low magnitude.

Confidence in Magnitude High There is high confidence in the magnitude rating given that the
biotic ligand model used to derive the CEB considers the
influence of key ETMFs (e.g., pH, DOC and hardness).

Geographic Extent Local Watercourses and waterbodies are located in the aquatics LSA.

Duration Medium-term Highest magnitude of change above the CEB and a change from
reference concentrations occurs during operations.

Frequency Very low Frequency of compliance is high (>99%) in all snapshots. Median
concentrations meet the CEB in all cases suggesting only
infrequent increases above the CEB.

Reversibility/Resiliency Reversible Given the low level of change above the CEB and high frequency
of compliance (>99%), it is likely that the aquatic ecosystem could
tolerate the infrequent increases the CEB with little impairment of
ecosystem structure and function.

Iron

The predicted peak Application Case iron concentration in watercourses and waterbodies

of the aquatics LSA is 17 mg/L in Big Creek for snapshot 2181. Although this peak iron

concentration is above the CEB it remains within 10% of the peak reference

concentration (16 mg/L). Similar to aluminum, total iron analysis is complicated by the

high concentrations of metal associated with particulate phases even under natural and

reference conditions. Predicted iron concentrations are frequently above the CEB with

frequency of compliance ranging from 0% to 92% under both reference and Application

Case snapshots. Measured baseline concentrations of total iron in watercourses located in

the aquatics LSA were also elevated, with the highest concentration far above those

predicted for the Application Case, as observed in Big Creek in February 2007

(908 mg/L). The similarity of the predicted peaks between reference conditions and the

Application Case suggests no incremental effect of peak concentrations on aquatic health

as a result of the Project.
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Iron was retained as a SOPC because the predicted median concentrations for Big Creek,

Redclay Creek, and Ronald Lake are above the CEB and increase more than 10% relative

to the median reference concentration (e.g., in Big Creek, the reference median iron

concentration is 1.9 mg/L and the median iron concentration for snapshot 2181 is

2.7 mg/L). The median iron concentration for snapshot 2181 is predicted to be higher

than the reference concentration because of discharge from the south pit lake and seepage

from in-pit tailings and the external tailings area.

The potential for adverse effects on aquatic health from predicted iron concentrations is

uncertain because the proportion of iron in a bioavailable form is unknown. Although

particulate forms of iron can cause adverse effects, such as physical (smothering) effects

of settling solids, the chemical toxicity of iron is mediated through the dissolved fraction.

Total iron concentrations are expected to be a substantial component of the suspended

bedload sediments, and therefore have low bioavailability. Application of the iron CEB to

total iron concentrations is likely to be overprotective because it is based on highly

soluble (and bioavailable) forms of iron.

Given the low confidence in development of an effect-based concentration that accurately

reflects the low bioavailability of iron in the aquatics LSA, the most appropriate line of

evidence for assessment of potential iron toxicity is the comparison to reference

conditions. Predicted median iron concentrations for the Application Case are within a

factor of two of reference median concentrations, even when conservative model

assumptions are applied. The median Application Case predictions are also well below

predicted peak concentrations (which were similar between the Application Case and

reference conditions) suggesting tolerance of aquatic communities of the aquatics LSA to

transient increases in iron exposure. These factors support a magnitude rating of low for

iron in watercourses and watercourses for the Application Case.

Table 7-43 summarizes the rating of the remaining effects description criteria (according

to the methods described in Section 7.11.2.3) for total iron in watercourses and

waterbodies of the aquatics LSA. These ratings are integrated in Section 7.11.5.6 to

determine the overall environmental consequence of predicted changes to total iron

concentrations in watercourses and waterbodies of the aquatics LSA for the Application

Case.
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Table 7-43 Rating of Effects Description Criteria for the Application Case –
Iron (Watercourses and Waterbodies)

Effect Description Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding
CEBs result in a potential negative effect on the aquatic
ecosystem.

Magnitude Low The level of change of peak Application Case iron concentrations
above reference peak concentrations is consistent with a low
magnitude.

Confidence in Magnitude Low -
Overestimation

Uncertainties regarding iron bioavailability, high measured
baseline concentrations in the small streams and waterbodies,
and a potentially overprotective CEB all contribute to
overestimation of the potential magnitude of effect.

Geographic Extent Local Watercourses and waterbodies are located in the aquatics LSA.

Duration Long-term Median total iron concentrations for the Application Case are
above reference median concentrations by greater than 10%.
Total iron concentrations remain above the CEB after closure and
into far future snapshots.

Frequency High Frequency of compliance is low in many snapshots and total iron
concentrations are frequently above the CEB.

Reversibility/Resiliency Reversible Given the presence of high measured background iron
concentrations, it is likely that the aquatic ecosystem could
tolerate a small change in median concentration without a
permanent impairment of ecosystem structure and function.

Lead

Peak total lead concentrations (up to 0.0082 mg/L) predicted in Big Creek in 2050 and

2066 were greater than both the reference peak (0.0066 mg/L) and the CEB

(0.0061 mg/L) However, predicted lead concentrations remain below the CEB over 99%

of the time in all snapshots. The peak concentrations of lead predicted for Big Creek in

the 2050 and 2066 snapshots are associated with:

 diversion of upstream reaches, closed-circuiting of land areas and discharge of

muskeg drainage and overburden dewatering in snapshot 2050

 diversion of upstream reaches and closed-circuiting of land areas in snapshot 2066

Measured baseline concentrations of lead were substantially higher than predicted

concentrations, with the maximum concentration of 0.097 mg/L measured in Big Creek

during May 2007, suggesting that natural peak concentrations above the CEB and the

2050 and 2066 peaks are tolerated in the aquatic ecosystems of the aquatics LSA.

A site-specific CEB was not developed for lead because concentrations predicted for

tailings water and receiving environment for oil sands assessments are typically below

the CCME guideline. Therefore, the CCME guideline for the protection of aquatic life is

used as the CEB; this guideline was formulated using the hardness-dependent equation

from the U.S. EPA (1985), and was developed to protect all aquatic species under all

conditions. The water composition in the aquatics LSA is expected to yield lower toxicity

to lead relative to the soft water conditions encompassed in the CCME guideline

derivation. For example, for soft water, CCREM (1987) cited lowest chronic toxicity



Volume 3: Assessment Update

Section 7: Surface Water Quality Frontier Oil Sands Mine Project Update

Page 7-186 June 2015

values of 0.0041 mg/L to 0.0076 mg/L in rainbow trout (MATC for developmental

abnormalities) and 0.00123 mg/L in Daphnia magna. However, CCREM (1987) also

described a considerable reduction in toxicity as hardness increased. Comparison of the

peak concentration predicted for Big Creek (0.0082 mg/L) to these chronic toxicity

values, considering the higher hardness in this watercourse, indicates that adverse chronic

effects on aquatic biota would be unlikely.

The total lead concentrations observed baseline monitoring that were higher than

predicted peaks for the Application Case, and only marginal change above the CEB,

indicate a low potential for adverse chronic effects that is consistent with a low

magnitude rating. Table 7-44 summarizes the rating of the remaining effects description

criteria (as described in Section 7.11.2.3) for lead in watercourses and waterbodies of the

aquatics LSA. These ratings are integrated in Section 7.11.5.6 to determine the overall

environmental consequence of predicted changes to lead concentrations in watercourses

and waterbodies of the aquatics LSA for the Application Case.

Table 7-44 Rating of Effects Description Criteria for the Application Case –
Lead (Watercourses and Waterbodies)

Effect Description Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding
CEBs result in a potential negative effect on the aquatic
ecosystem.

Magnitude Low There is only a small increase of peak Application Case lead
concentrations relative to reference peak concentrations, and
magnitude of change above the CEB is low.

Confidence in Magnitude High The lead CEB considers the modifying influence of hardness and
therefore was considered an accurate indicator of potential
magnitude.

Geographic Extent Local Watercourses and waterbodies are located in the aquatics LSA.

Duration Medium-term Highest magnitude of change above the CEB and a change from
reference concentrations occurs during operations.

Frequency Very low Frequency of compliance is high (>99%) in all snapshots. Median
concentrations meet the CEB in all cases suggesting only
transient increases above the CEB.

Reversibility/Resiliency Reversible Given the low level of change above the CEB and high frequency
of compliance (>99%), it is likely that the aquatic ecosystem could
tolerate rare increases above the CEB without a permanent
impairment of ecosystem structure and function.

Manganese

Peak concentrations of total manganese for the Application Case (8 mg/L) were

approximately four times the reference peak concentration of 2.1 mg/L, and were greater

than the CEB of 1.455 mg/L in the 2024, 2050 and 2066 snapshots for Big Creek. The

frequency of compliance with the CEB ranged from 60% to 66% in snapshots 2024, 2050

and 2066 for Big Creek. Predictions of maximum concentrations are associated with:

 diversion of upstream reaches and discharge of muskeg drainage in snapshot 2024
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 diversion of upstream reaches, closed-circuiting of land areas and discharge of

muskeg drainage and overburden dewatering in snapshot 2050

 diversion of upstream reaches and closed-circuiting of land areas in snapshot 2066

Increases above the CEB are limited to operational snapshots in Big Creek only and do

not persist into closure and far future snapshots. Predicted median concentrations of

manganese meet the CEB under all snapshots. The maximum measured background

manganese concentration of 44 mg/L, measured in Big Creek in February 2007, is

considerably higher than the peak Application Case predicted concentrations

(Table 7-36). The elevated concentrations under background conditions suggest tolerance

of higher peak manganese concentrations in the aquatic ecosystem.

The aquatic toxicity of manganese to fish and invertebrates is modified by calcium

concentrations in the water, with high calcium concentrations providing a degree of

protection against manganese toxicity. Fish and invertebrate species are relatively

sensitive to manganese in soft waters (low calcium), but are relatively tolerant of

manganese in hard water (high calcium) (IMI 2015). The pH also influences the toxicity

of manganese, although the effect varies for different organisms (WFD-UKTAG 2010).

Consequently, fish and invertebrate species present in the hard waters of Big Creek

(median water hardness for Big Creek is 167 mg/L as CaCO3), are likely to be more

tolerant of elevated manganese concentrations than in a soft water environment.

Comparison of the peak predicted manganese concentration to underlying toxicity data

used to derive the manganese CEB indicates that at concentrations of 8 mg/L, there is the

potential for effects on rainbow trout (Oncorhynchus mykiss), fathead minnows

(Pimephales promelas) and the water flea (Daphnia magna). However, the hardness of

water used for toxicity test solutions was not specified for each study used in the CEB

derivation and therefore, it is not possible to ascertain if these studies accounted for the

ameliorating effect of hardness on manganese toxicity.

Considering the natural background peaks that are higher than peak Application Case

predictions and the ameliorating effects of hardness, the predicted manganese

concentrations for the Application Case represent a potential for a low magnitude of

effect on aquatic organisms. Although there is uncertainty in manganese bioavailability in

watercourses of the aquatics LSA, the low magnitude classification was considered

appropriate given the degree of increase above the CEB (i.e., it is unlikely that the

magnitude is overestimated).

Table 7-45 summarizes the rating of the remaining effects description criteria (as

described in Section 7.11.2.3) for manganese in watercourses and waterbodies of the

aquatics LSA. These ratings are integrated in Section 7.11.5.6 to determine the overall

environmental consequence of predicted changes to manganese concentrations in

watercourses and waterbodies of the aquatics LSA for the Application Case.
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Table 7-45 Rating of Effects Description Criteria for the Application Case –
Manganese (Watercourses and Waterbodies)

Effect Description
Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding CEBs
result in a potential negative effect on the aquatic ecosystem.

Magnitude Low The level of change of peak Application Case manganese
concentrations above the reference peak and the CEB is consistent
with a low magnitude.

Confidence in Magnitude High Although there is uncertainty in manganese bioavailability in small
streams of the LSA, no adjustment of this categorization was applied
given the degree of change above the CEB (i.e., it is unlikely that this
uncertainty would completely mitigate the potential low magnitude).

Geographic Extent Local Watercourses and waterbodies are located in the aquatics LSA.

Duration Medium-term Highest magnitude of change above the CEB and a change from
reference concentrations occurs during operations.

Frequency Moderate Concentrations above the CEB occur with intermittent frequency and
are most pronounced in operational snapshots (i.e., frequency of
compliance ranges from 60% to 66%). Median concentrations meet
the CEB in all snapshots.

Reversibility/Resiliency Reversible Given the presence of elevated measured background concentrations
of total manganese, it is likely that the aquatic ecosystem could
tolerate intermittent increases above of the CEB without a permanent
impairment of ecosystem structure and function.

Fish Tissue Quality

Fish tissue metal concentrations were predicted to be below fish tissue effects

concentrations for all substances considered, in watercourses and waterbodies of the

aquatics LSA (see Table 7-46).

For the substances assessed, none of the predicted fish tissue concentrations were greater

than the effects concentrations indicating a negligible magnitude of effects for this effects

pathway for the Application Case.
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Table 7-46 Predicted Changes in Fish Tissue Concentrations in
Watercourses and Waterbodies

Parameter

Tissue Effects
Concentration1

(mg/kg ww2)
Bioconcentration

Factor

Predevelopment Application Case

Corresponding
Median

Concentration in
Water
(mg/L)

Estimated Fish
Tissue

Concentration
(mg/kg ww2)

Predicted
Maximum

Median
Concentration

in Water
(mg/L)

Estimated Fish
Tissue

Concentration
(mg/kg ww)

Aluminum 20 1.04 0.037 0.038 2.6 2.7

Antimony 30 1.0 0.00058 0.001 0.0010 0.001

Arsenic 6.1 40 0.0014 0.056 0.0023 0.092

Cadmium 0.6 45 0.000088 0.004 0.00021 0.009

Chromium 0.58 68 0.00066 0.045 0.0028 0.19

Copper 3.4 122 0.0006 0.073 0.0058 0.71

Lead 4 0.09 0.0001 0.000009 0.001 0.0001

Mercury 0.5 145,673 0.0000004 0.058 0.0000027 0.39

Nickel 0.82 90 0.0045 0.41 0.0079 0.71

Selenium 2.3 2,409 0.0002 0.48 0.0008 1.9

Vanadium 0.41 26 0.00025 0.007 0.011 0.3

Zinc 60 500 0.008 4.0 0.026 13

NOTES:
1 Effects concentrations determined from Jarvinen and Ankley (1999; most parameters), DeForest et al. (2012; selenium), and a

detailed analysis for available toxicity data (mercury, refer to Appendix 7C).
2 ww = wet weight.

7.11.5.4 Effects Analyses – Athabasca River

Surface Water Quality

Whole Effluent Toxicity

As with the Integrated Application (see Volume 5, Section 4.12), levels of chronic and

acute toxicity in the Athabasca River upstream of Embarrass River and downstream of

Redclay Creek are predicted to be below the guidelines recommended by ESRD (2014b)

throughout the active life of the Project and into the far future (see Section 7.4). These

guidelines represent no-effects thresholds for sensitive aquatic organisms.

Individual Substances

As with the Integrated Application (see Volume 5, Section 4.12), predicted changes in

concentrations of individual substances were predicted to be below CEBs, or not increase

from Base Case to Application Case, for all substances considered in the Athabasca River

and hence a negligible magnitude of effect was assigned.
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Fish Tissue Quality

Predicted changes in fish tissue metal concentrations were projected to be below effects

concentrations for all substances considered in the Athabasca River (see Table 7-47).

For the substances assessed, none of the predicted fish tissue concentrations were greater

than the effects concentrations indicating a negligible magnitude of effects for this effects

pathway for the Application Case.

Table 7-47 Predicted Changes in Fish Tissue Concentrations in the
Athabasca River

Parameter

Tissue Effects
Concentration1

(mg/kg ww2)
Bioconcentration

Factor

Base Case Application Case

Corresponding
Median

Concentration
in Water
(mg/L)

Estimated
Fish Tissue

Concentration
(mg/kg ww2)

Predicted
Maximum

Median
Concentration

in Water
(mg/L)

Estimated
Fish Tissue

Concentration
(mg/kg ww2)

Aluminum 20 1.04 1.2 1.24 1.2 1.28

Antimony 30 1.0 0.00014 0.00014 0.00014 0.00014

Arsenic 6.1 40 0.0012 0.05 0.0012 0.05

Cadmium 0.6 45 0.0001 0.0047 0.00011 0.0047

Chromium 0.58 68 0.0043 0.29 0.0043 0.30

Copper 3.4 122 0.0045 0.55 0.0046 0.56

Lead 4 0.09 0.0024 0.0002 0.0024 0.0002

Mercury 0.5 145673 0.0000025 0.36 0.0000025 0.36

Nickel 0.82 90 0.0038 0.34 0.0038 0.34

Selenium 2.3 2409 0.00025 0.60 0.00025 0.61

Vanadium 0.41 26 0.0027 0.07 0.0028 0.07

Zinc 60 500 0.011 5.51 0.011 5.52

NOTES:
1 Effects concentrations determined from Jarvinen and Ankley (1999; most parameters), DeForest et al. (2012; selenium), and a

detailed analysis for available toxicity data (mercury, refer to Appendix 7C).
2 ww = wet weight.

7.11.5.5 Effects Analyses – Pit Lakes

Surface Water Quality

Whole Effluent Toxicity

Levels of acute and chronic toxicity in all three pit lakes were predicted to be below the

0.3 TUa and 1 TUc threshold recommended by AEP (1995) and ESRD (2014b). These

predictions apply to the time of discharge to the receiving environment and also into the

far future (see Section 7.10). Because acute and chronic toxicity predictions account for

interactions between the individual substances contained in the influent, these results

provide a high level of confidence that the pit lakes will be able to support aquatic life.
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Individual Substances

Screening of individual substances that were identified as having the potential to affect

aquatic health in the pit lakes were identified in Section 7.10. For each substance

identified as having the potential to affect aquatic biota, the worst-case concentrations

were selected from the three pit lakes in the aquatics LSA (see Table 7-48). This

concentration was assumed to apply to all three pit lakes, regardless of specific

waterbody that the increase above the CEB was predicted to occur in; these maxima were

carried forward to the Application Case assessment.

One substance, aluminum, was carried forward to the assessment from the Project pit

lakes based on the screening process described in Section 7.11.2. Chromium and iron also

were predicted to be above CEBs in the pit lakes, but were within the range of natural

conditions in the aquatics RSA as indicated by baseline monitoring of the Athabasca

River, local runoff and nearby lakes, and therefore were not retained for aquatic health

assessment based on the screening process. Similarly, total nitrogen and total phosphorus

were greater than water quality guidelines but were within the range of natural variation

and were not retained for aquatic health assessment.

Table 7-48 Substances Carried Forward to the Application Case – Pit Lakes

Parameter
CEB

(mg/L)

Worst-Case
Annual Average
Concentration

(mg/L) Snapshot Pit Lake

Aluminum 0.1 3.0 2081 central pit lake

NOTE:

Bold/shaded indicates above CEB

An evaluation of the potential aquatic health effects from aluminum in the pit lakes is

provided below.

Aluminum

The maximum aluminum concentration is 3.0 mg/L in central pit lake in the 2081

snapshot, which is above the CCME guideline (0.1 mg/L) as well as the concentration in

the Athabasca River (1.3 mg/L), and the range of natural variation in nearby lakes (up to

0.92 mg/L; refer to Section 7.10.3). The source of aluminum to the pit lakes is direct

input of process-affected water, process-affected seepage from the reclaimed landscape,

basal water seepage, as well as naturally elevated concentrations in the Athabasca River

water used for pit lake filling.

As discussed for Big Creek in Section 7.11.5.3, total aluminum concentrations are

naturally high in the aquatics LSA, and aluminum is expected to be primarily associated

with the particulate phase, and therefore much less bioavailable to aquatic life relative to

the forms considered in the CEB derivation. Therefore, use of the CCME guideline as the

CEB is conservative, yielding a benchmark likely to be substantially lower than the total

aluminum concentration that could cause responses in aquatic organisms in watercourses

and waterbodies of the aquatics LSA. The most appropriate line of evidence for

assessment of potential aluminum toxicity is the comparison to water that will be used to
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infill the pit lakes (Athabasca River and local runoff), as well as to water in other lakes in

the aquatics RSA.

Total aluminum concentrations are naturally elevated above the CEB in the aquatics LSA

and RSA suggesting both low bioavailability of aluminum and tolerance of the aquatic

community to elevated particulate aluminum. The maximum predicted aluminum

concentration is approximately 2.5-fold above the Athabasca River concentration and

approximately 3-fold above that found in other lakes of the aquatics RSA.

Consideration of these factors suggests that the potential for chronic effects from

predicted aluminum concentrations is of low magnitude in the pit lakes. Table 7-49

summarizes the rating of the remaining effects description criteria (as described in

Section 7.11.2.3) for aluminum in the pit lakes. These ratings are integrated in

Section 7.11.5.7 to determine the overall environmental consequence of predicted

changes to aluminum concentrations in pit lakes for the Application Case.

Table 7-49 Rating of Effects Description Criteria for the Application Case –
Aluminum (Pit Lakes)

Effect Description
Criterion Rating Explanation

Direction Negative Increases in substance concentrations above corresponding CEBs
result in a potential negative effect on the aquatic ecosystem.

Magnitude Low The level of change of Application Case aluminum concentrations for
pit lakes above the average Athabasca River and nearby lakes
concentrations is consistent with a Low magnitude.

Confidence in
Magnitude

Low -
Overestimation

Baseline monitoring in the aquatics LSA indicates a very low dissolved
fraction of 4%. Most aluminum will be associated with particulate
fractions that have low bioavailability, whereas the CEB is based on
soluble aluminum salts that have high bioavailability when dissolved.

Geographic Extent Local Pit lakes are located in the aquatics LSA.

Duration Long-term Aluminum concentrations for pit lakes in the Application Case are
above the CEB and average concentrations for the Athabasca River
and local runoff, after closure and into far future.

Frequency High Predicted concentrations for all three pit lakes were greater than the
CEB in the 2081 and 2181 snapshots. Pit lake predictions represent
continuous average concentrations over time.

Reversibility/Resiliency Reversible Given that total aluminum concentrations are naturally elevated above
the CEB in the aquatics LSA and RSA, it is likely that the aquatic
ecosystem could tolerate increases above the CEB without a
permanent impairment of ecosystem structure and function.

Fish Tissue Quality

Predicted fish tissue concentrations in all pit lakes were projected to be below the effects

concentrations for all substances, with the exception of nickel (see Table 7-50).
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Table 7-50 Predicted Changes in Fish Tissue Concentrations in the Pit Lakes

Parameter

Tissue Effects
Concentration1

(mg/kg ww2)
Bioconcentration

Factor

Predicted Concentrations in
Water
(mg/L)

Estimated Fish Tissue
Concentration
(mg/kg ww2)

2081 2181 2081 2181

Aluminum 20 1.04 3.0 0.8 3.2 0.83

Antimony 30 1.0 0.0012 0.001 0.001 0.001

Arsenic 6.1 40 0.003 0.0024 0.1 0.1

Cadmium 0.6 45 0.0002 0.0003 0.01 0.01

Chromium 0.58 68 0.0034 0.0023 0.23 0.15

Copper 3.4 122 0.0077 0.0026 0.9 0.31

Lead 4 0.09 0.001 0.0006 0.000 0.0001

Mercury 0.5 145,673 0.000003 0.0000014 0.4 0.21

Nickel 0.82 90 0.010 0.0066 0.9 0.6

Selenium 2.3 2,409 0.0007 0.00084 1.6 2.01

Vanadium 0.41 26 0.015 0.0048 0.4 0.13

Zinc 60 500 0.03 0.023 15.2 11.3

NOTES:
1 Effects concentrations determined from Jarvinen and Ankley (1999; most parameters), DeForest et al. (2012; selenium), and a

detailed analysis for available toxicity data (mercury, refer to Appendix 7C).
2 ww = wet weight.

Bold/shaded indicates estimated fish tissue concentration is above the tissue effects concentration.

Nickel

The maximum estimated tissue concentration of nickel in the pit lakes is 0.9 mg/kg ww

(central pit lake in 2081), which is approximately 1.1 times the effects concentration

(0.82 mg/kg ww).

The nickel benchmark is based on a muscle concentration in rainbow trout that resulted in

no significant effect (NOEC) to survival (Jarvinen and Ankley 1999), and therefore, is

considered highly protective (i.e., the NOEC would occur at a level below the actual

threshold for chronic effects; the degree to which the NOEC is below this threshold is

unknown).

The estimated tissue concentration of 0.9 mg/kg ww was predicted by conservatively

applying a maximum regional fish tissue BCF for nickel. However, it is considered

unlikely that fish populations would continuously be under conditions or exposed to

factors that would result in worst-case bioaccumulation of nickel. Applying the BCF

based on the median regional fish tissue concentration, which is considered more

representative of long-term metals accumulation, results in a tissue estimate of 0.24

mg/kg ww, which is well below the effects concentration.

Given that the tissue benchmark is conservative, the low magnitude of change above the

benchmark, and the implausibility of this magnitude of change under representative long-

term conditions (as indicated by the median BCF), it is considered unlikely that the nickel

concentrations in fish tissue would translate into an adverse effect in fish populations

within and downstream of the pit lakes. Therefore the magnitude of effect was rated as

negligible for nickel in fish tissue for the pit lakes.
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Remaining Substances

For the remaining substances assessed in the pit lakes, none of the predicted fish tissue

concentrations were greater than the effects concentrations indicating a negligible

magnitude of effects for this effects pathway.

7.11.5.6 Effects Classification for Application Case

Watercourses and Waterbodies in the Aquatics LSA

Whole effluent acute and chronic toxicity levels in watercourses and watercourses in the

aquatics LSA are predicted to be below guideline levels throughout the life of the Project

and into the far future. Parameter concentrations in fish tissues for the Application Case

are also predicted to be similar to reference concentrations and/or remain below effects

concentrations. These findings each indicate negligible environmental consequence for

these pathways and parameters.

The SOPC for the water column in watercourses and watercourses in the aquatics LSA

were those parameters that increased relative to predicted reference conditions and were

greater than CEBs; they included aluminum, ammonia, cadmium, copper, iron,

manganese, sulphide and total phenolics.

According to the rating criteria described in Section 7.11.2.3 and the discussion for each

SOPC in Section 7.11.5.3, the magnitude of potential effect was rated as negligible for

cadmium and low for the remaining SOPC.

Predicted peak aluminum and sulphide concentrations for the Application Case are well

above the CEB, but predicted reference conditions and baseline monitoring indicates the

presence of naturally elevated concentrations of these SOPC. Predicted peak aluminum

and sulphide concentrations for the Application Case are well above (i.e., >10x) the CEB,

but predicted reference conditions and baseline monitoring indicates the presence of

naturally elevated concentrations of these SOPC, as well as peaks higher than

Application Case peaks, suggesting that the predicted increases could be tolerated in the

aquatic ecosystem. Peak concentrations measured in baseline monitoring that are higher

than those predicted for the Application Case suggest that the predicted increases could

be tolerated in the aquatic ecosystem.

For some SOPC, the consequence of predicted increases for the Application Case is

reduced once conservative assumptions are recognized, such as:

 limited bioavailability that was not accounted for in predictions (for aluminum and

iron)

 degradation/transformation that was not accounted for in the water quality model

(ammonia, total phenolics)

 overprotective CEB based on the most toxic component of an SOPC mixture (total

phenolics)
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For aluminum, ammonia, iron and total phenolics, the confidence in magnitude

classification was considered to be low, with a bias toward overestimation of potential

effects.

For the remaining SOPC, the low magnitude rating was considered to have high

confidence based on the level of increase above reference concentrations and CEBs, and

considering elevated natural background concentrations for some SOPC.

Watercourses and waterbodies are all located within the aquatics LSA, and therefore, the

geographic extent of potential effects is local. Increases in concentrations above reference

concentrations and CEBs are predicted to be long-term (post-closure) and high frequency

(continuous) for aluminum and iron, and medium-term (operations only), ranging from

very low to medium frequency (rare to intermittent) for copper, manganese, sulphide and

total phenolics. For ammonia, increases in concentrations above reference concentrations

and CEBs are predicted to occur rarely (very low frequency) over the long-term (post-

closure).

Considering the magnitude, confidence, duration and frequency of the predicted water

quality changes (during construction, operations and after final reclamation), it is unlikely

that changes to the concentrations of these SOPC will be sufficient to affect the resistance

or resilience of the ecosystems. Therefore, a rating of “reversible” was assigned to each

of these substances, which, combined with low confidence biased toward overestimation

of aquatic health risks for some SOPC, resulted in the individual substances receiving

negligible overall ratings for environmental consequence (see Table 7-51). Although

some increases above of CEBs are predicted to occur in watercourses of the aquatics

LSA, they are not expected to result in lasting, meaningful, or irreversible effects on the

aquatic ecosystem.

Athabasca River

Whole effluent acute and chronic toxicity levels in the Athabasca River are predicted to

be below guideline levels throughout the life of the Project and into the far future.

Concentrations of individual substances in the water column for the Application Case are

predicted to either be similar to reference concentrations (i.e., within 10%) or where

increases occur, are below parameter-specific CEBs. Parameter concentrations in fish

tissues for the Application Case are also predicted to be similar to predevelopment

concentrations and/or remain below effects concentrations. As a result, the environmental

consequence to aquatic health in the Athabasca River for the Application Case is

predicted to be negligible for the effect pathways considered (Table 7-52).

Pit Lakes

Pit lake water quality is predicted to meet threshold values for acute and chronic toxicity

and tainting. Predicted concentrations of some individual substances are higher than the

corresponding aquatic guideline values or observed natural levels for local watercourses

and waterbodies. Some of these substances are predicted to be above CEBs in the water

column, including aluminum and iron.
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According to the rating criteria described in Section 7.11.2.3 and the discussion for each

SOPC in Section 7.11.5.5, the magnitude of potential effect was rated as low for

aluminum. Predicted maximum aluminum concentrations are above the CEB, but

baseline monitoring of the Athabasca River, local runoff and nearby lakes indicates the

presence of naturally elevated concentrations of aluminum, plus evidence of peaks higher

than predicted concentrations in watercourses of the aquatics LSA. This suggests that the

predicted increases could be tolerated in the aquatic ecosystem. The predicted pit lake

concentrations might also overestimate potential aquatic health risks due to factors that

would limit bioavailability, in particular association with particulate phases as opposed to

the dissolved fraction. The pit lakes are all located within the aquatics LSA; therefore, the

geographic extent is local. Concentrations elevated above the CEBs would be long-term

since the pit lakes remain after reclamation and predicted concentrations represent

continuous estimates (i.e., high frequency). Considering the magnitude, confidence,

duration, and frequency aspects of the effects evaluation, it is unlikely that the

concentrations of aluminum will affect the resistance or resilience of the ecosystems once

the pit lakes begin discharging. Therefore, a rating of “reversible” was assigned to each

of these substances. The tendency toward overestimation of aquatic health risks also

contributed to these SOPC receiving negligible overall ratings for environmental

consequence (see Table 7-53).

Predictions of fish tissue quality indicated no significant concerns for fish health. For fish

tissue, nickel was predicted to be slightly above the effects concentration assuming the

maximum degree of bioconcentration (i.e., maximum BCF) but was below the effects

concentration when the median BCF was applied, which is more representative of steady

state metals accumulation over the long term. Therefore, the magnitude of effect for

nickel accumulation in fish tissue is expected to be negligible resulting in a negligible

environmental consequence (see Table 7-53).

The findings from both tissue and water quality assessment indicate negligible

environmental consequence to aquatic health in the pit lakes from any SOPC during the

snapshots examined for the aquatic health assessment. Therefore, by the time the pit lakes

begin discharging in 2081, there is anticipated to be no toxicological impediment to

colonization and establishment of an aquatic ecosystem in the pit lakes.

The development of functional, healthy, aquatic ecosystems in pit lakes will depend on

the physical, chemical and biological processes that occur in the lakes (CEMA 2012).

There are currently no fully commissioned oil sands pit lakes. Therefore, research on the

physical, chemical and biological processes in natural lakes, other pit lakes and oil sands

experimental and reclamation wetlands, along with established modelling approaches, are

used to predict how these processes will influence pit lakes. As specified in Section

7.10.7, Teck is contributing to the ongoing research at Syncrude’s Base Mine Lake and

research at the planned COSIA DPL facility.
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Table 7-51 Effects Classification for Aquatic Health in Watercourses and Waterbodies – Application Case

Parameter
Waterbody/

Watercourse Direction Magnitude
Confidence in

Magnitude
Geographic

Extent Duration Frequency
Reversibility/

Resiliency
Environmental
Consequence

Water Quality

Toxic units N/A negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

Aluminum Big Creek and
Redclay Creek;
highest in Big
Creek

negative low (+5) low-overestimation
(-2)

local (0) long-term (+2) high (+2) reversible (-3) negligible (4)

Ammonia Big Creek negative low (+5) low-overestimation
(-2)

local (0) long-term (+2) very low (-1) reversible (-3) negligible (1)

Cadmium Big Creek negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

Copper Big Creek negative low (+5) high (0) local (0) medium-term
(+1)

very low (-1) reversible (-3) negligible (2)

Iron All negative low (+5) low-overestimation
(-2)

local (0) long-term (+2) high (+2) reversible (-3) negligible (4)

Manganese Big Creek negative low (+5) high (0) local (0) medium-term
(+1)

moderate (+1) reversible (-3) negligible (4)

sulphide Big Creek negative low (+5) high (0) local (0) short-term (0) moderate (+1) reversible (-3) negligible (3)

total phenolics Big Creek negative low (+5) low-overestimation
(-2)

local (0) medium-term
(+1)

moderate (+1) reversible (-3) negligible (2)

remaining
individual
substances

N/A negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

Fish Tissue

All individual
substances

N/A negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

NOTE:

N/A = not rated because potential magnitude of effect on aquatic life was negligible.
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Table 7-52 Effects Classification for Aquatic Health in the Athabasca River – Application Case

Parameter

Which
Waterbody/

Watercourse Direction Magnitude
Confidence in

Magnitude
Geographic

Extent Duration Frequency
Reversibility/

Resiliency
Environmental
Consequence

Water Quality

Toxic units N/A negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

Individual
substances

N/A negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

Fish Tissue

All individual
substances

N/A negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

NOTE:

N/A = not rated because potential magnitude of effect on aquatic life was negligible.
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The measurement endpoints included in the aquatic health assessment (i.e., toxicity,

CEBs and tainting potential) represent one line of evidence regarding the ability of the

Project’s pit lakes to support a viable aquatic ecosystem. Additional evidence that support

this conclusion comes from the considerable amount of literature on pilot systems that

demonstrate the ability of pit lakes to support aquatic life. As discussed in Section 6.3.2

of the 2012 End Pit Lakes Guidance Document (CEMA 2012), studies conducted in

experimental pit lakes have shown colonization, growth and survival of macrophytes

(Crowe et al. 2002), phytoplankton (Harris 2001; Hayes 2005; Leung et al. 2003;

MacKinnon and Boeger 1986), zooplankton (MacKinnon and Boeger 1986; McCormick

2000), benthic invertebrates (Leonhardt 2003; MacKinnon and Boeger 1986), amphibians

(Gupta 2009; Hersikorn 2009; Hersikorn et al. 2010; Hersikorn and Smits 2011), and fish

(van den Heuvel et al. 1999a, 1999b; Siwik et al. 2000). Chapter 6 of the 2012 End Pit

Lakes Guidance Document concludes that a range of trophic levels organisms may be

sustainable in pit lakes, although not necessarily at the abundance and breadth of

biodiversity observed in natural lakes in the region.

The finding of negligible environmental consequence to aquatic health in the pit lakes,

combined with the relevant literature on establishment of aquatic communities in pilot

systems provides a moderate to high degree of confidence in the prediction that the

Project’s pit lakes will be able to support a viable aquatic ecosystem. However, because

pit lakes are engineered, other factors beyond water quality might influence the

colonization of species and the establishment of a functional aquatic ecosystem. Teck

will incorporate knowledge obtained through its experience establishing these lakes into

the design and closure of the Project pit lakes to provide a functional aquatic ecosystem

and to reduce uncertainty associated with the absence of functional pit lakes in the oil

sands region.

Throughout the mining and pit lake filling stages, intensive water quality monitoring of

all inflow sources will be conducted to confirm the pit lakes are maintaining a trajectory

towards acceptable water quality. The monitoring will be used to update water quality

models when updated information becomes available. There is a high level of confidence

in pit lake success assuming the conservative model predictions are verified by

monitoring. Conversely, if the monitoring and modelling indicate that the trajectory will

not be maintained, the monitoring will inform which adaptive management strategies

might be necessary to implement. In the event that natural bioremediation is proven to be

less successful than expected, there are several active treatment options available for

treating the inflows to pit lakes, which will improve ultimate pit lake water quality.
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Table 7-53 Effects Classification for Aquatic Health in the Pit Lakes

Parameter Direction Magnitude
Confidence in

Magnitude
Geographic

Extent Duration Frequency
Reversibility/

Resiliency
Environmental
Consequence

Water Column

Toxic units negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

aluminum negative low (+5) low-overestimation
(-2)

local (0) long-term (+2) high (+2) reversible (-3) negligible (4)

remaining
individual
substances

negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

Fish Tissue

Nickel negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

remaining
individual
substances

negative negligible (0) N/A N/A N/A N/A N/A negligible (0)

NOTE:

N/A = not rated because potential magnitude of effect on aquatic life was negligible.
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Summary

Table 7-54 provides a comparison of water quality predictions for south pit lake, Big

Creek and the Athabasca River based on the worst-case snapshots considered in the

effects assessment. It depicts the trajectory of predicted concentrations from sources

within the Project footprint (i.e., operational changes to the landscape as well as pit lake

discharge), through the aquatics LSA to the Athabasca River, documenting occurrences

of concentrations above CEBs and changes from Base Case or reference conditions in

each geographic area. Table 7-54 emphasizes Big Creek because this is where the highest

peak concentrations and/or greatest increases relative to reference conditions were

predicted.

The ongoing elevated aluminum and iron concentrations in Big Creek result primarily

from south pit lake discharge, as well seepage and runoff during low flow from south pit

lake (see Section 7.4.5.3). Although there are increases of aluminum and iron predicted in

Big Creek as a result of the Project with the greatest change 2081, for the same snapshot

there is no change in aluminum or iron concentrations predicted for the Athabasca River.

Thus, any effects from increases in aluminum and iron would be limited to Big Creek,

and not extend to the Athabasca River. Cadmium, copper, lead, manganese, sulphide, and

total phenolics concentrations in Big Creek increase due to one or more of diversion of

upstream reaches, discharge of muskeg drainage, and close-circuiting of land areas.

Elevated concentrations of ammonia in Big Creek result from tailings seepage and

runoff/seepage from the reclaimed landscape during low flow from south pit lake; this is

also the source of elevated cadmium concentrations in 2181. Only the peak

concentrations of these SOPC (ammonia, cadmium, copper, lead, manganese, sulphide

and total phenolics) are above CEBs. For each of these SOPC in the Athabasca River

(considering the snapshots corresponding to highest peak concentrations in Big Creek),

there is very little increase of median or peak concentrations from Base Case to

Application Case, indicating that any effect from increases in concentrations of these

SOPC would be limited to Big Creek.

7.11.6 Planned Development Case

The PDC considers the cumulative effects of the Project along with the disclosed but

withdrawn Shell PRM. The PDC includes the development of the proposed PRM

compensation lake that could receive water from central pit lake and discharge to

Redclay Creek.

7.11.6.1 Mitigation

Mitigation for the PDC remains the same as for the Application Case (Section 7.11.5.1).

7.11.6.2 Linkage Analysis

The linkages for the PDC remain the same as for the Application Case (Section 7.11.5.2).
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Table 7-54 Comparison of Worst-Case Snapshots for South Pit Lake, Big Creek and the Athabasca River

Parameter CEB (mg/L)

Worst-
Case

Snapshot

Source of
Increase in
Big Creek3,4

South Pit Lake Big Creek Athabasca River

Application Case
(mg/L)

Reference Conditions
(mg/L)

Application Case
(mg/L)

Base Case
(mg/L)

Application Case
(mg/L)

Annual average Peak Median Peak Median Peak Median Peak Median

Aluminum 0.1 2081 4iii, 4iv 1.2 3 0.1 5.9 1.1 12 1.2 12 1.2

Ammonia 1.37 2081 and
2181

4iv 0.0028 0.72 0.031 2.4 0.08 0.28 0.054 0.28 0.055

Cadmium1 0.00024 2181 4iv N/A3 0.00028 0.000066 0.00042 0.0002 0.00029 0.0001 0.00028 0.000089

Copper 0.0218 2066 4ii N/A3 0.018 0.0014 0.031 0.002 0.014 0.0045 0.014 0.0045

Iron 1.5 2181 4iii 2.8 16 1.9 17 2.7 11 1.7 11 1.7

Lead2 0.0061 2066 4ii N/A3 0.0066 0.00037 0.0082 0.00031 0.03 0.0024 0.03 0.0024

Manganese 1.46 2066 4ii N/A3 2.1 0.3 8 0.35 0.3 0.067 0.29 0.069

Sulphide 0.011 2024 4i N/A3 0.03 0.0062 0.099 0.006 0.0081 0.0019 0.0082 0.0019

Total phenolics 0.01 2066 4ii N/A3 0.024 0.004 0.049 0.0056 0.0085 0.0027 0.0085 0.0027

NOTES:

1. The CEB for cadmium in the Athabasca River is 0.00018 mg/L.
2. The CEB for lead in the Athabasca River is 0.004 mg/L.
3. Pit lake not the main source.
4. Sources include:

i. diversion of upstream reaches and discharge of muskeg drainage (2024).

ii. diversion of upstream reaches and closed-circuiting of land areas (2066).

iii. discharge from the south pit lake and seepage from in-pit tailings and the ETA (2081 and 2181).

iv. seepage from in-pit tailings and the ETA and runoff and seepage from the reclaimed landscape, which influences water quality at times when there is no outflow (low flow) from
the south pit lake (2081 and 2181).

Bold/shaded indicates predicted concentration above CEB

Underlined values indicate predicted concentration above corresponding reference conditions or Base Case
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7.11.6.3 Effects Analyses – Watercourses and Waterbodies of the Aquatics LSA

Water Quality

Whole Effluent Toxicity

As with the Application Case, levels of chronic and acute toxicity for the PDC in Ronald

Lake, Redclay Creek and Big Creek are predicted to be remain below the guidelines

recommended by ESRD (2014b) throughout the active life of the Project and into the far

future (see Section 7.4). Achievement of acute and chronic guidelines for the Application

Case and PDC provides confidence that aquatic health in Ronald Lake, Redclay Creek

and Big Creek will be protected from the cumulative effects of SOPC.

Individual Substances

As with the Application Case, the worst-case peak concentration was selected for the

individual substances that were identified as having the potential to affect aquatic health

in Ronald Lake, Redclay Creek and Big Creek (see Table 7-55). This concentration was

assumed to apply to the entire aquatics LSA, regardless of which watercourse or

waterbody the increase above the CEB was predicted to occur in, and was carried

forward to the PDC assessment.

Modelling of surface water quality predictions for the PDC involves the inclusion of the

Shell PRM. Inclusion of the mine did not cause additional substances to be assessed for

aquatic health for the PDC. The major change to the surface water quality modelling

approach for watercourses is provision for the construction of the proposed PRM

compensation lake. The main effect of the proposed PRM compensation lake on surface

water quality is the attenuation of peak concentrations and a slight elevation of median

concentrations due to increased evapoconcentration (see Section 7.4).

Substances carried forward to the PDC assessment from the watercourses and

waterbodies include aluminum, ammonia, cadmium, copper, iron, lead, manganese and

total phenolics. Overall, the concentrations (and therefore magnitude and other effects

categorizations) for these substances were similar to the watercourses and waterbodies

analysis for the Application Case presented in Section 7.11.5.3 (see Table 7-51).

Planned Development Case predictions for cadmium, manganese and total phenolics

were comparable to the Application Case with respect to peak concentrations, range of

median concentrations and frequency of compliance (see Table 7-56). That is, peak

concentrations and the upper bound of the median concentration range remained within

10% for both cases and there was minimal change in the frequency of compliance. Thus,

with respect to potential aquatic health effects, the water quality predictions for these

substances are similar between the Application Case and the PDC, meaning that aquatic

health conclusions for cadmium, manganese and total phenolics are also similar.
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Table 7-55 Substances Carried Forward to the PDC – Watercourses and Waterbodies

Parameter
CEB

(mg/L)

Planned Development Case

Reference
Peak

Concentration
(mg/L)

Measured
Baseline Peak
Concentration

(mg/L)

Application Case

Worst-Case
Peak

Concentration
(mg/L) Snapshot Watercourse

Median Range
(mg/L)

Worst-Case
Peak

Concentration
(mg/L)

Median
Range
(mg/L)

Aluminum 0.1 6.1 2081 Big Creek 0.1–1.1 3 51.1 5.9 0.12–1.1

Ammonia 1.37 3 2081 and 2181 Big Creek 0.014–0.079 0.72 3.35 2.4 0.036–0.08

Cadmium 0.00024 0.00042 2181 Big Creek 0.000057–
0.0002

0.00028 0.002 0.00042 0.000058–
0.0002

Copper 0.0218 0.039 2066 Big Creek 0.0019–0.0025 0.018 0.135 0.031 0.0016–
0.0024

Iron1 1.5 15 2181 Big Creek 1.5–2.7 16 908 17 1.5–2.7

Lead 0.0061 0.01 2066 Big Creek 0.0003–0.0007 0.0066 0.097 0.0082 0.00031–
0.0007

Manganese 1.46 8.2 2066 Big Creek 0.12–0.43 2.1 44 8 0.13-0.43

Total phenolics 0.01 0.051 2066 Big Creek 0.00028–0.0058 0.024 0.07 0.049 0.00048–
0.006

NOTE:
1 Although peak iron concentrations are less than 10% different from the peak reference iron concentration, iron has been carried forward to the PDC because there is greater than a

10% increase in median iron concentrations compared to the median reference iron concentration (i.e., the predicted median iron concentration for snapshot 2181 in Big Creek is
2.7 mg/L compared to the reference median iron concentration of 1.9 mg/L).
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Table 7-56 Chronic Effects Benchmark Frequency of Compliance for the PDC (Watercourses and
Waterbodies)

Parameter Units
Watercourse
or Waterbody

CEB
(mg/L)

Predevelopment 2024 2050 2066 2081 2181

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Median
(mg/L)

Peak
(mg/L)

FoC
(%)

Aluminum mg/L Big Creek 0.1 0.1 3 48.9 0.19 0.63 0 0.12 2 49.2 0.12 2 49.9 1.1 6.1 4.8 0.33 5.9 5.2

Redclay Creek 0.037 2 69.8 1.3 3.5 0.4 0.085 0.85 59.5 0.086 0.88 60.8 2.6 3.5 0 0.92 2.1 0

Ronald Lake 0.22 1.2 0.5 0.22 1.2 0.5 0.22 1.3 0.4 0.22 1.3 0.3 0.43 1.4 0 0.3 1.3 0

Ammonia mg/L Big Creek 1.37 0.031 0.72 100 0.036 0.12 100 0.04 1.4 99.8 0.036 1.5 99.8 0.08 3 94.1 0.08 3 94.1

Cadmium mg/L Big Creek 0.00024 0.000066 0.00028 99.6 0.000067 0.0002 100 0.000059 0.0003 99.2 0.000058 0.00031 99.2 0.0001 0.00041 98.1 0.0002 0.00042 97.4

Copper mg/L Big Creek 0.0218 0.0014 0.018 100 0.0016 0.0085 100 0.0019 0.033 99.8 0.002 0.039 99.7 0.0019 0.0095 100 0.0024 0.0097 100

Iron mg/L Big Creek 1.5 1.9 16 40.9 2.3 4.3 23.9 2.3 14 38.1 2.3 15 38.5 1.5 14 42 2.7 14 9.4

Redclay Creek 1.1 8.8 59.9 1.8 4.1 20.7 1.2 2.5 89.7 1 2.3 92.4 1.9 3.2 0 2.2 3.4 0

Ronald Lake 1.4 2.2 72.3 1.4 2.2 72.3 1.4 2.3 68 1.5 2.4 51.9 1.5 2.5 41.8 1.6 2.5 30

Lead mg/L Big Creek 0.0061 0.00037 0.0066 99.8 0.00036 0.002 100 0.00031 0.0088 99.7 0.00031 0.0097 99.6 0.0007 0.0048 100 0.0047 100

Manganese mg/L Big Creek 1.46 0.3 2.1 98.8 0.36 1.1 100 0.35 7.9 59.3 0.35 8.2 59.2 0.13 1.1 100 0.43 1.1 100

Total
phenolics

mg/L Big Creek 0.01 0.004 0.024 96.4 0.0052 0.0039 100 0.006 0.049 75.4 0.0056 0.051 75.6 0.0005 0.021 99 0.0005 0.021 99
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Despite the general similarity in water quality predictions, there were some differences in

surface water quality predictions for specific substances (aluminum, ammonia, copper,

iron and lead) and specific snapshots between the Application Case and the PDC. An

evaluation of these differences is provided below.

 Aluminum – The peak concentration of total aluminum for the PDC is 6.1 mg/L

based on predictions for Big Creek in the 2081 snapshot, above the 0.1 mg/L CEB

but similar to the Application Case peak (5.9 mg/L). Predicted aluminum

concentrations for the PDC are generally similar to that of the Application Case

(Table 7-36), with the exception of snapshot 2024. In snapshot 2024, the PDC peak

concentration in Big Creek is 0.63 mg/L compared to the Application Case peak

concentration of 3.2 mg/L, whereas frequency of compliance for the PDC in this

snapshot is lower (0% compared to 27%; see Table 7-37). As discussed for the

Application Case, although the peak concentration is above the CEB for Ronald

Lake, Big Creek and Redclay Creek, aluminum concentrations are naturally high in

the watercourses. Consistent with the Application Case, most variability in total

aluminum concentrations can be explained by the particulate load with a very large

proportion of total aluminum associated with the less bioavailable particulate fraction

(i.e., measured baseline data indicate a very low dissolved fraction of 4%). Although

there is a difference in frequency of compliance for snapshot 2024, the difference is

compensated somewhat by the much lower peak concentration. The overall

conclusion for potential magnitude and environmental consequence to aquatic health

remains the same for the PDC as for the Application Case.

 Ammonia – In watercourses and waterbodies, the peak ammonia concentration for

the PDC is 3.0 mg/L (in Big Creek during the 2081 and 2181 snapshots), somewhat

higher than the Application Case peak of 2.4 mg/L. The upper range of median

concentrations for the PDC and Application Case were similar, as was frequency of

compliance with the CEB for all snapshots. Ammonia concentrations in Redclay

Creek and Ronald Lake for the PDC are consistently below the CEB. As with the

Application Case, the peak ammonia concentration for the PDC presents a low level

of increase above the CEB and ammonia concentrations in Big Creek remain below

the CEB over 95% of the time. Although the peak ammonia concentration is higher

for the PDC than the Application Case, the differences are inconsequential once

concentrations are converted to unionized ammonia; the PDC peak is 0.034 mg/L un-

ionized ammonia remain below the central tendency HC5 of 0.041 mg/L for chronic

effects (Section 7.11.5.3). Thus, the effects classification ratings were the same

between the Application Case and the PDC; adverse effects on the aquatic

community at peak total ammonia concentrations are unlikely.

 Copper – In watercourses and waterbodies, the peak copper concentration for the

PDC is 0.039 mg/L in Big Creek during snapshot 2066 and is only marginally higher

than the Application Case peak concentration (0.031 mg/L) was predicted. A similar

range in predicted median concentrations for the PDC and Application Case. The

frequency of compliance with the CEB was similar for both the Application Case and

PDC, and remained above 99% for all snapshots in Big Creek. Given the similarity in

predicted concentrations for both cases, the elevated measured baseline
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concentrations and conservatism in the CEB, the overall conclusion for copper with

respect to risk to aquatic health remains the same for the PDC as it did for the

Application Case.

 Iron – Predicted peak iron concentrations for Big Creek in the PDC are lower than

both the Application Case and reference predicted peak concentrations. Furthermore,

the median ranges between the Application Case and the PDC, suggesting similar

conclusions under both cases. The only difference in water quality predictions for Big

Creek is in frequency of compliance with the CEB, which was lower for the PDC

compared to the Application Case for snapshots 2024 (23.9% compared to 30.4%)

and 2181 (0% compared to 11.5%; see Table 7-37). Given that the peak

concentrations are lower in the PDC than reference conditions and the Application

Case, and the overprotectiveness of the CEB, it is unlikely that the lower frequency

of compliance in 2024 and 2181 for the PDC would change the overall effects

conclusions. Thus, the overall conclusion for iron with respect to risk to aquatic

health remains the same for the PDC as it did for the Application Case (i.e., low

magnitude of potential effect).

 Lead – For the PDC, the peak total lead concentration (0.01 mg/L) in Big Creek for

snapshot 2066 is above the CEB but only marginally higher than the peak for the

Application Case. The range of median concentrations is very similar for the PDC

and Application Case, as is the frequency of compliance with the CEB (i.e., greater

than 99% for all snapshots). Peak lead concentrations in both cases remain

considerably below the maximum measured baseline concentration of 0.097 mg/L,

which suggests that natural peak concentrations are tolerated in the aquatic

ecosystems of the watercourses. As specified in the Application Case effects analysis,

the use of a conservative water quality guideline in place of a site-specific CEB, in

addition to elevated baseline lead concentrations, suggests adverse chronic effects are

unlikely, supporting a low magnitude rating. Although the peak PDC concentration is

marginally higher than in the Application Case, this peak value is still below the

lowest chronic toxicity value quoted in CCREM (1987), indicating that a low

magnitude rating is still appropriate. Thus, the effects classification ratings were the

same between the Application Case and the PDC.

Fish Tissue Quality

Fish tissue metal concentrations were predicted to be below fish tissue effects

concentrations for all substances considered in watercourses and waterbodies of the

aquatics LSA (see Table 7-57). This indicates negligible magnitude of effects for this

effects pathway for the PDC.



Volume 3: Assessment Update

Section 7: Surface Water Quality Frontier Oil Sands Mine Project Update

Page 7-208 June 2015

Table 7-57 Predicted Changes in Fish Tissue Concentrations in
Watercourses and Waterbodies

Parameter

Tissue Effects
Concentration1

(mg/kg ww2)
Bioconcentration

Factor

Base Case PDC Case

Corresponding
Median

Concentration
in Water
(mg/L)

Estimated Fish
Tissue

Concentration
(mg/kg ww2)

Predicted
Maximum

Median
Concentration

in Water
(mg/L)

Estimated Fish
Tissue

Concentration
(mg/kg ww2)

Aluminum 20 1.04 0.037 0.038 2.6 2.7

Antimony 30 1.0 0.00058 0.001 0.0010 0.001

Arsenic 6.1 40 0.0014 0.056 0.0023 0.09

Cadmium 0.6 45 0.000088 0.004 0.00021 0.009

Chromium 0.58 68 0.00066 0.045 0.0028 0.19

Copper 3.4 122 0.0006 0.073 0.0058 0.71

Lead 4 0.09 0.0001 0.000009 0.0010 0.0001

Mercury 0.8 145,673 0.0000004 0.058 0.0000027 0.4

Nickel 0.82 90 0.0045 0.41 0.0079 0.7

Selenium 2.3 2,409 0.0002 0.48 0.0008 1.9

Vanadium 0.41 26 0.00025 0.007 0.011 0.3

Zinc 60 500 0.008 4.0 0.026 13.0

NOTES:
1 Effects concentrations determined from Jarvinen and Ankley (1999; most parameters), DeForest et al. (2012; selenium), and a

detailed analysis for available toxicity data (mercury, refer to Appendix 7C).
2 ww = wet weight.

7.11.6.4 Effects Analyses – Athabasca River

Surface Water Quality

Negligible changes to water quality are predicted in the Athabasca River for the PDC;

therefore, effects on aquatic health are expected to be negligible in the PDC.

Fish Tissue Quality

Predicted changes in fish tissue metal concentrations were projected to be below effect

concentrations for all substances considered in the Athabasca River (see Table 7-58).

The predictions are similar between the Application Case and PDC Case, such that

interpretations are similar. Predicted changes in the water quality in the Athabasca River

are not projected to result in any effects on fish tissue quality for the PDC.
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Table 7-58 Predicted Changes in Fish Tissue Concentrations in the
Athabasca River

Parameter

Tissue Effects
Concentration1

(mg/kg ww2)
Bioconcentration

Factor

Base Case PDC Case

Corresponding
Median

Concentration
in Water
(mg/L)

Estimated Fish
Tissue

Concentration
(mg/kg ww2)

Predicted
Maximum

Median
Concentration

in Water
(mg/L)

Estimated
Fish Tissue

Concentration
(mg/kg ww2)

Aluminum 20 1.0 1.2 1.24 1.2 1.30

Antimony 30 1.0 0.00014 0.00014 0.00014 0.00014

Arsenic 6.1 40 0.0012 0.05 0.0012 0.05

Cadmium 0.6 45 0.0001 0.0047 0.00011 0.0048

Chromium 0.58 68 0.0043 0.29 0.0044 0.30

Copper 3.4 122 0.0045 0.55 0.0046 0.56

Lead 4 0.09 0.0024 0.0002 0.0025 0.0002

Mercury 0.8 145673 0.0000025 0.36 0.0000025 0.37

Nickel 0.82 90 0.0038 0.34 0.0038 0.35

Selenium 2.3 2409 0.00025 0.60 0.00027 0.64

Vanadium 0.41 26 0.0027 0.07 0.0028 0.07

Zinc 60 500 0.011 5.51 0.011 5.52

NOTES:
1 Effects concentrations determined from Jarvinen and Ankley (1999; most parameters), DeForest et al. (2012; selenium), and a

detailed analysis for available toxicity data (mercury, refer to Appendix 7C).
2 ww = wet weight.

7.11.6.5 Effects Analyses – Pit Lakes

The configuration of the pit lakes for the Project would not change for the PDC;

therefore, the effects analyses and conclusions for the Application Case still apply.

7.11.6.6 Effects Classification for PDC

The effects classification results for the PDC remain the same as the Application Case (as

described in Tables 7-51 and 7-52) for watercourses and waterbodies in the LSA and for

the Athabasca River. The environmental consequence for all SOPC for the PDC is

expected to be negligible, based on the assessment for the Application Case, and the

changes predicted for the PDC relative to the Application Case, as discussed in

Section 7.11.6.3.

For the Athabasca River, none of the predicted concentrations were greater than the

CEBs or fish tissue effects concentrations indicating negligible effect on aquatic health.

The pit lakes would be the same for the PDC as for the Application Case; therefore, pit

lakes were not assessed for the PDC.
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7.11.7 Prediction Confidence for Aquatic Health

There is a high level of confidence that the structure and function of the aquatic

ecosystem in watercourses and waterbodies of the aquatics LSA will not be adversely

affected and that the pit lakes will be able to provide a healthy, productive aquatic

ecosystem.

As described in the Integrated Application (see Volume 5, Section 4.12.5.5), residual

effects predictions for aquatic health in the aquatics LSA are based upon conservative

(i.e., protective) modelling and multiple lines of evidence, including predicted levels of

whole effluent chronic and acute toxicity, predicted concentrations of individual

substances in water and fish tissue and changes to sediment quality. Results of

uncertainty analyses indicate that the water quality predictions are robust, particularly

with respect to whole effluent toxicity (see Section 7.4). Negligible changes to sediment

quality are predicted, and whole effluent toxicity levels are projected to remain below

instream guidelines for the duration of the Project and into the far future.

Safe levels of chemical exposure are developed through the use of CEBs, which are

based on extensive toxicity testing using multiple aquatic species from multiple trophic

levels (see Appendix 7C). However, it is impractical to evaluate all species and life

stages, in combination with all potential contaminants. As such, assumptions are made

that the species and conditions evaluated are representative of the community and

conditions encountered (Suter 1996). Uncertainty is therefore introduced when CEBs are

used to protect species or life stages under conditions that were not specifically tested.

Although CEBs will provide a level of protection for species within watercourses and

watercourses, the Athabasca River and pit lakes, potential remains that some species,

individuals or life stages might be more sensitive than those initially evaluated. This is

mitigated somewhat by the conservative assumptions used to establish the CEBs

(Appendix 7C, Section 7C.2.1). With respect to the potential effects of individual SOPC

in the water column, it is unlikely that potential effects from this pathway have been

underestimated. There are two key factors that make the water quality predictions a

conservative estimate of potential exposure to aquatic life including:

 The models predict total concentrations of metals for comparison to CEBs. The total

concentration may not represent the fraction that is bioavailable to aquatic life, and

for many constituents, fails to consider the influence of many environmental toxicity

modifying factors. Thus, the total concentrations are likely to overestimate actual

exposure.

 Peak concentrations are based on extreme upper percentiles of the model

distributions (i.e., greater than 99.9 percentiles of water quality predictions). This

represents the highest concentration that would be attained for one day every three

years (based on a three-day rolling average). In contrast, chronic effects require

exposures over a longer duration of many days or weeks. For example, for most

standard aquatic invertebrate and fish bioassays CCME (2007) specifies a minimum

exposure time of at least 7 days. Thus, the predicted peaks might not occur for a

duration sufficient to represent chronic exposure to these organism classes. The
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predicted peak concentrations that formed the basis of the assessment for individual

SOPC therefore provide an overestimate of actual exposure by aquatic organisms.

With respect to the potential effects of SOPC in fish tissue, the default procedure used to

estimate tissue burdens is protective because it assumes linear dependence of tissue

concentrations on water chemistry, which is believed to provide overestimates of future

concentrations. Furthermore, the empirical BCFs used for the linear model are calculated

using the maximum site-specific fish tissue concentration for a given parameter, which

represents a worst-case scenario for bioaccumulation. The effects thresholds for aquatic

life were also derived based on sublethal chronic effects on individual organisms, which

might not translate to ecologically significant responses at the population or community

level. For these reasons, there is high confidence that the potential effects from

accumulation of SOPC in fish tissue has not been underestimated. Therefore, predicted

fish tissue concentrations that are below the effects concentrations provide strong

evidence of negligible aquatic health effects from the accumulation pathway.

Based on these considerations, it is unlikely that the effects on aquatic health from

individual SOPC in the water column have been underestimated. Although there are

several sources of uncertainty that affect the accuracy of predictions and the assessment

of biological responses to these predictions, these factors are largely mitigated though the

use of the conservative assumptions and adaptive management practices. Using

conservative estimates for modelling parameters and in defining CEB values reduces the

likelihood that predictions will be underestimated. The result is a high level of confidence

in the conclusion that the structure and function of the aquatic ecosystem in watercourses

and waterbodies of the aquatics LSA will not be adversely affected and that the pit lakes

will be able to provide a healthy, productive aquatic ecosystem.

There is a high degree of confidence in the prediction that the pit lakes will be able to

support aquatic life by the time they begin discharging to the surrounding environment

and into the far future. As discussed in Section 7.10, predictions of pit lakes and the water

quality are robust, with a number of adaptive management practices available to ensure

suitable water quality in the lake. Results of field research completed on small scale

analogs demonstrate that different trophic levels, ranging from phytoplankton, benthic

invertebrates to fish, can survive in the type of system proposed herein.

7.11.8 Responses to Aboriginal Community Concerns

Concerns have been raised about the linkage between surface water quality and aquatic

health including fish health and tainting. The surface water quality assessment included

water quality modelling of tainting potential at all surface water nodes including pit lakes,

watercourses and Athabasca River. Modelling indicated that tainting potential would be

below threshold values at all nodes during all snapshots.

Fish health was examined as part of the aquatic health assessment. The assessment

considered water and sediment quality predictions, fish tissue predictions and whole

effluent toxicity. The assessment concluded that residual effects due to changes in these

variables would be negligible in local and regional surface waters.
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Teck will continue to engage and consult with potentially affected Aboriginal

communities to address concerns related to the health of aquatic resources and traditional

land use as well as on project monitoring programs and results throughout the life of the

Project.

7.11.9 Management and Monitoring

The management and monitoring of water quality, sediment quality and pit lakes are

applicable to aquatic health. See Sections 7.4.9, 7.7.9 and 7.10.9 for details regarding

these components. As discussed in these sections, adjustments will be made should

monitoring demonstrate that the proposed mitigation and compensation activities are not

effective.

7.11.10 Summary

Potential effects on aquatic health were evaluated in consideration of predicted changes

to water quality, including acute and chronic toxicity levels, sediment quality and fish

tissue metal concentrations. Consistent with the Integrated Application (see Volume 5,

Section 4.12.8), the updated Project, and operating, approved and planned developments

are predicted to have negligible effects on aquatic health in Ronald Lake, Redclay Creek,

Big Creek, the proposed PRM compensation lake and the Athabasca River. The Project

pit lakes are expected to be able to support a viable aquatic ecosystem by the time they

begin discharging to the surrounding environment and into the far future.

7.12 Conclusions

7.12.1 Surface Water Quality and Aquatic Health

7.12.1.1 Effect Analysis

The potential effects of the Project activities on surface water quality were assessed. The

assessment focused on evaluating the predicted changes in surface water quality relative

to reference conditions, operating and approved developments and regulatory guidelines

for receiving waters. The watercourses and waterbodies assessed include Ronald Lake,

Redclay Creek, Big Creek and the Athabasca River.

The Project is predicted to exert changes on substance concentrations in waterbodies and

watercourses. The Project, in combination with other oil sands developments, is predicted

to have negligible effects on acute and chronic toxicity and tainting potential

concentrations in all receiving waters in the aquatics LSA and RSA. The proposed

mitigation measures will ensure that acute and chronic toxicity and tainting potential will

be at levels appreciably lower than the corresponding guideline or threshold values and

additional adaptive management options exist in the event that they are required.

Concentrations of several substances are predicted to increase above reference

conditions, but remain below guidelines or CEBs. Concentrations that were predicted to

be higher than guidelines and CEBs were carried forward to an aquatic health assessment

for further evaluation.
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Potential effects on aquatic health were evaluated in consideration of predicted changes

to surface water quality, including acute and chronic toxicity levels, sediment quality and

fish tissue metal concentrations. The Project and operating, approved and planned

developments are predicted to have negligible effects on aquatic health in Ronald Lake,

Redclay and Big creeks, and the Athabasca River. The Project pit lakes are expected to

be able to support a viable aquatic ecosystem by the time they begin discharging to the

surrounding environment and into the far future.

7.12.1.2 Prediction Confidence

The available water quality data and conservative assumptions used for modelling water

quality provide a high level of confidence that substance concentrations in receiving

waters will be within or below the predicted range. Furthermore, results of sensitivity and

uncertainty analysis, and modelling under climate change scenarios exhibited a narrow

range suggesting that the water quality predictions are robust. Some of the assumed

mitigation measures, such as polishing ponds, have proved to be effective for operating

developments. Other proposed mitigation measures will be easy to implement and are

expected to improve in effectiveness as research continues and other operating and

approved developments implement similar measures.

7.12.2 Thermal Regimes

7.12.2.1 Effect Analysis

Muskeg drainage and overburden dewatering flows to polishing ponds will typically

attain equilibrium and achieve temperatures similar to ambient receiving water

temperatures. In rare cases, pond temperatures might exceed receiving water

temperatures; however, the most extreme cases will not increase watercourse

temperatures by more than 1.5°C, with negligible effects on receiving waters. Releases

from pit lakes will be from surface layers of the waterbodies and should have similar

temperatures as receiving waters in the regional area, though the monthly distribution of

water temperatures might be offset because of the large thermal capacity of pit lakes.

7.12.2.2 Prediction Confidence

Continuous measurements of temperature in the aquatics LSA were unavailable for

calibration of the HSPF model. Thus, the modelling was based on the HSPF temperature

calibration in the Muskeg River watershed, in which continuous measurements are

recorded annually during the open water season. The Muskeg River temperature model

was well calibrated and validated with data from five watercourse sites in the Muskeg

River watershed. In these studies, predicted temperatures were generally within 1ºC of

observed temperatures, and confidence in predictions was assessed as high. Given that

the calibration was robust, but that it was applied to a different watercourse in the region,

confidence in these predictions is assessed as moderate.
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7.12.3 Dissolved Oxygen

7.12.3.1 Effect Analysis

Muskeg drainage and overburden dewatering flows from the Project are not expected to

reduce DO levels in receiving waters. Data obtained from the polishing ponds at similar

operations suggest that DO concentrations in polishing pond waters are often higher than

background levels for the small receiving watercourses, particularly during winter.

7.12.3.2 Prediction Confidence

The DO assessment was based on observed data that indicates that releases of muskeg

drainage water through polishing ponds will not decrease oxygen levels in receiving

waters. The quality of the data used for assessment is high, and the understanding of

processes that affect DO in receiving waters is well established. The confidence in the

DO assessment is high.

7.12.4 Sediment

7.12.4.1 Effects Analysis

Sediment quality modelling indicated that there would be negligible changes to sediment

quality in Big and Redclay creeks from reference conditions.

7.12.4.2 Prediction Confidence

The modelling included conservative assumptions that make underpredictions unlikely.

For example, the modelling did not account for settling, sorption or degradation of PAHs

that might occur before sediments reach the indicated nodes, it assumed that worst-case

concentrations will remain at steady state, and that individual PAH concentrations will be

equal to PAH Group concentrations. Consequently, the assessment provides a high level

of confidence that these substances are not underestimated in source waters and in flow

pathways, and that actual concentrations in receiving water sediments will be the same as

or less than predicted.

7.12.5 Acid Deposition

7.12.5.1 Effects Analysis

Base Case

In the Base Case, the addition of existing and approved developments resulted in a

predicted increase in emissions of NOX and SOX, relative to the existing condition. The

area exposed to total PAI greater than 0.17 keq H+/ha/a decreased by 5 km2 between the

existing conditions and Base Case, corresponding to 0.01% of the PAI study area.

The Base Case is predicted to result in seven additional waterbodies in which the

modelled net PAI is higher than the lake-specific critical load of acidity relative to

predevelopment. Episodic acidification of waterbodies and watercourses during the
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spring melt is not expected to increase substantially in the Base Case. The increased risk

of waterbody acidification and episodic acidification of waterbodies and watercourses for

the Base Case in the PAI study area is expected to be negligible. This is the same

conclusion reached in the Integrated Application (Volume 5, Section 4).

Application Case

The addition of the Project to the Base Case will result in only very small increases in

total acid deposition. For the Application Case, none of the 285 study waterbodies were

exposed to total PAI deposition greater than 0.17 keq H+/ha/a. There was virtually no

increase in the maximum total PAI to waterbodies included in the analysis (0.10 keq

H+/ha/a for both the Base Case and Application Case). The small increase in NOX and

SOX emissions in the Application Case did not result in an increase in the number of

waterbodies having critical load exceedances. The increased risk of episodic acidification

during the spring snowmelt for the Application Case is expected to be negligible. The

NOX and SOX contributions for the Application Case will not result in an increased risk of

acidification of waterbodies and watercourses in the PAI study area. This is the same

conclusion reached in the Integrated Application (Volume 5, Section 4).

Planned Development Case

For the PDC, none of the 285 study waterbodies were exposed to total PAI deposition

greater than 0.17 keq H+/ha/a, as the maximum predicted total PAI deposition is

0.12 keq H+/ha/a. The predicted median increases in the loading of NOX and SOX to the

285 waterbody catchments are small. The increase in NOX and SOX emissions between

the Application Case and PDC resulted in two additional waterbodies with net PAI

greater than the critical load, for a total of 30 waterbodies with net PAI above the critical

load. The NOX and SOX contributions for the PDC will not result in an increased risk of

acidification of waterbodies and watercourses in the PAI study area. This is the same

conclusion reached in the Integrated Application (Volume 5, Section 4).

7.12.5.2 Prediction Confidence

Sources of uncertainty in the assessment include:

 uncertainties in the results of the air quality modelling

 the applicability and assumptions in the modified Henriksen critical load model

 limited information on spring acid pulses, both in waterbodies and watercourses in

the AOSR

In general, the results of the air quality modelling are considered conservative (i.e.,

overly protective), because they assume simultaneous emissions from all sources at the

approved rates of emissions. The air dispersion modelling included activities from the

JNM and JNM Expansion, and PRM, all of which have all been delayed indefinitely.

Although included in the regional emissions profiles, these projects might not contribute

to actual emissions during the lifetime of the Project. Recent measurements of base cation

deposition suggest previous modelling results underpredicted the neutralizing effect of

dust (e.g., Fenn et al. 2015). The updated assessment incorporated measured base cation
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deposition rates, which essentially confined high PAI deposition values to the

development areas (Section 4).The modified Henriksen model is conservative; its

application incorporated a high ANC threshold value to protect the ecological integrity of

each lake. The possibility of groundwater sources of ANC, in addition to the runoff

incorporated in the model, would result in critical loads that overestimate the actual acid

sensitivity of the lake. The estimate of critical load based on runoff alone is therefore

inherently conservative and overprotective.

Although existing studies suggest that increased acid loading during the spring pulse does

not contribute to episodic acidification (WRS 2003; RAMP 2013), the limited

information on the potential for episodic acidification in regional waterbodies and

watercourses is an important source of uncertainty.

7.12.6 Surface Water Quality and Deposition of Aerial Emissions

7.12.6.1 Effects Analysis

Concentrations of PAHs and metals were predicted in snowmelt, using the modified

CozMo-POP model and a conservative mass-balance approach. Deposition rates and

ambient air concentrations used in these models were estimated by the CMAQ model

(see Volume 3, Section 4.3.4). Both metal and PAH concentrations are predicted to

increase in the Base Case and Application Case compared to existing conditions.

Predicted snowmelt concentrations of three metals and two PAHs were greater than

surface water quality guidelines in the Application Case, compared to two metals in the

Base Case. However, surface water guidelines might not be applicable to snowmelt, the

predicted concentrations are not indicative of final concentrations within the receiving

waters, and dissolved organics in the snowmelt have not been identified in receiving

waters (Birks et al. 2014). The modelling approaches used in this section are still under

development and are undergoing validation with data recently made available from

regional snowpack surveys conducted in the AOSR.

7.12.6.2 Prediction Confidence

The results should be viewed as preliminary, representing an attempt to better understand

the effects of aerial deposition to snowpack and consequently snowmelt water

concentrations. The air dispersion model was modified in the updated assessment to

account for fugitive emissions from the mine face, tailings areas, and vehicle activities.

These modelling improvements increase the level of prediction confidence compared to

the Integrated Application. ESRD and Environment Canada recently conducted

snowpack surveys in the oil sands area. This information has become available, and

initial efforts to characterize the deposition patterns and calibrate the snowmelt

concentration models have begun. To account for uncertainties, conservative assumptions

were included in the calculations and estimation of the emissions and deposition rates

provided by the air modelling (see Section 4.3.4). Given these assumptions, it is likely

that the model overpredicts concentrations at the edge of the LSA.
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7.12.7 Pit Lakes and Aquatic Health

7.12.7.1 Effects Analysis

Water in the pit lakes created for the Project is predicted to have acute and chronic

toxicity and tainting potential levels that remain below corresponding threshold values.

Predicted concentrations of some substances are higher than the corresponding aquatic

guideline values or observed natural levels for local watercourses and waterbodies, but

most substances will remain below CEBs.

Throughout the mining and pit lake filling stages, intensive water quality monitoring of

all inflow sources will be conducted to confirm the pit lakes are maintaining a trajectory

towards acceptable water quality. The monitoring will be used to update water quality

models when updated information becomes available. Provided the trajectory of these

substances is confirmed by monitoring and modelling, there will be a high level of

confidence in pit lake success. Conversely, if the monitoring and modelling indicate that

the trajectory will not be maintained, the monitoring will inform which adaptive

management strategies may be necessary to implement. In the event that natural

bioremediation is proven to be less successful than expected, there are several active

treatment options available for treating the inflows to pit lakes, which will improve

ultimate pit lake water quality.

7.12.7.2 Prediction Confidence

Overall, considering the uncertainties in inputs and processes, the confidence in

predictions of pit lake concentrations on a substance by substance basis is moderately

low. However, given the conservative assumptions that are included in the pit lake

modelling, the risk of underpredicting concentrations is low. Additionally, given the

adaptive management and mitigation that might be implemented throughout the course of

operation and closure, confidence in the ability of pit lakes to support viable aquatic

habitat is moderate to high.
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8 Fish and Fish Habitat

8.1 Introduction

This section provides an updated fish and fish habitat assessment for the Frontier Oil

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

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

updating the assessment, Teck has considered and incorporated additional information,

where applicable, including:

 baseline data obtained since 2008 (see Volume 2)

 advances in science and research

 changes to regulations and guidance documents

 four rounds of supplemental information requests (SIRs)

 input provided by Aboriginal communities and third-party technical reviewers

 input obtained through stakeholder consultation

The assessment update for fish and fish habitat:

 describes mitigation to reduce Project effects on fish and fish habitat

 assesses potential effects of the Project on fish and fish habitat during construction,

operation and closure (including decommissioning)

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

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

 considers updated temporal snapshots based on the revised mine schedule

The assessment approach is largely consistent with that presented in Volume 3, Section 1

of the Integrated Application. Key changes reflected in the updated assessment for fish

and fish habitat include the following:

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

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

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

the removal of the south development area (SDA). As a result, the Eymundson Creek

and Pierre River watersheds are entirely outside the PDA and; therefore, are no

longer included in the aquatics LSA.

 The Project will require the removal of Unnamed Lake 1 and Unnamed Lake 2 to

accommodate an external disposal area (EDA).

 The assessment reflects revisions to the river water intake (RWI) location; Option 3

(Dalkin Island) was selected.

 As a result of SIRs submitted by regulatory agencies, the assessment includes an

additional key indicator (i.e., lower-trophic level productivity).
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 This assessment incorporates information collected since filing the Integrated

Application, including:

 results of field surveys for supplemental fish and fish habitat baseline studies

(2012, 2013 and 2014)

 monitoring data for the aquatics LSA and RSA from the Regional Aquatics

Monitoring Program (RAMP) (as reported to the end of 2013), and from the

Alberta Environmental Monitoring, Evaluation and Reporting Agency

(AEMERA) (for 2014)

 additional information about traditional land use and Aboriginal community

concerns provided through consultation, traditional use studies, third-party

technical reviews and statements of concern

Assessment Summary

Results of the updated fish and fish habitat assessment differ from those presented in the

Integrated Application regarding effects on productive fish habitats. These changes

largely reflect revisions to the PDA and drainage plan, which result in:

 removal of any Project activity in the Eymundson Creek and Pierre River watersheds

 elimination of waterbody habitats beyond those considered in the Integrated

Application

 larger changes in flows and changes in other parameters in Big Creek downstream of

the PDA

Changes in flow, water levels and benthic invertebrates are expected to have residual

effects on fish habitat in lower Big Creek. Changes in temperature and benthic

invertebrates are expected to have residual effects on fish habitat in lower Redclay Creek.

As in the Integrated Application, effects on fish habitat are classified as low in magnitude

with low environmental consequence. Overall, the results of the updated assessment are

comparable to the results presented in the Integrated Application and responses to SIRs.

As in the Integrated Application, the Project includes a conceptual fisheries offsetting

plan (CFOP) (formerly the conceptual fish habitat compensation plan [CFHCP]). The

CFOP is designed to adhere to the fisheries protection provisions of the amended

Fisheries Act. The CFOP will provide productive fish habitats to offset changes in habitat

productivity because of changes in habitat quantity or quality. Although effects on the

overall habitat productivity in Big Creek will be offset by the CFOP, residual effects may

remain for some migratory Athabasca River fish species that use Big Creek because the

CFOP might not provide direct benefits for these species.

As in the Integrated Application, potential effects on fish abundance and fish and fish

habitat diversity were classified as negligible. This classification is based on mitigation

provided in the CFOP and provision of new habitats with suitability for a variety of fish

species, including large-bodied sport fish and sucker species. These offsetting measures

will provide fish habitats of equivalent or higher productivity than those affected by the

Project.
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8.2 Scoping the Assessment

The scope of the fish and fish habitat assessment has not changed since the Integrated

Application and complies with the terms of reference for the Project (AENV 2009).

Since filing the Integrated Application in 2011, Teck has continued to seek input from

regulators, stakeholders and Aboriginal communities as part of the regulatory review and

consultation process. Teck has consulted with industry members, adjacent leaseholders

and public stakeholders. Meetings with Fisheries and Oceans Canada (DFO) during the

planning stage of the Project, and with DFO, Alberta Environment and Sustainable

Resource Development (ESRD) and Alberta Energy Regulator (AER) since filing the

Integrated Application, provided additional guidance for scoping the assessment and

options for fisheries offset planning.

In addition, the regulatory setting now includes the amended Fisheries Act (June 29, 2012

amendment) and the Fisheries Protection Policy Statement (DFO 2013a). The amended

Fisheries Act focuses the conceptual fisheries offsetting plan (CFOP) on

counterbalancing ‘serious harm to fish’ instead of ‘no net loss’ of fish habitat productive

capacity. The assessment also considers activities of new regional initiatives or

monitoring programs, including Canada’s Oil Sands Innovation Alliance (COSIA), the

Joint Alberta/Canada Plan for Oil Sands Monitoring (JOSM) and the Alberta

Environmental Monitoring, Evaluation and Reporting Agency (AEMERA).

As discussed in Volume 1, Section 2.1.5, the Athabasca River bridge that Shell Canada

Limited (Shell) proposed for the Pierre River Mine (PRM) has been added to the scope of

the Project. The bridge has been added because Shell withdrew its regulatory application

and Teck requires the bridge and east side access road to access the Project. Effects of the

bridge and access road on fish and fish habitat were assessed as part of this update

(see Section 18).

8.2.1 Aboriginal Community Concerns

In preparing the assessment update, Teck has reviewed Aboriginal-led traditional use

studies, third-party technical reviews, statements of concern and input received from

ongoing consultation. Based on these inputs, Teck has documented Aboriginal

community concerns related to fish and fish habitat and has considered these concerns as

part of the updated fish and fish habitat assessment.

The following traditional use studies were considered in preparing this update:

Athabasca Chipewyan First Nation:

 Candler, C. and the Firelight Group Research Cooperative. 2013a. Athabasca

Chipewyan First Nation Knowledge and Use Report and Assessment for Teck

Resources Limited Proposed Frontier Oil Sands Mine Project.
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Mikisew Cree First Nation:

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

Nation Indigenous Knowledge and Use Report and Assessment for Teck Resources

Limited’s Proposed Frontier Oil Sands Mine Project.

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

Proposed Teck Resources and SilverBirch Energy Frontier Oil Sands Project.

Fort McKay First Nation and Métis Community:

 Fort McKay Sustainability Department and Integral Ecology Group. 2011.

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

Métis Local 1935:

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

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

During consultations since Project disclosure, Aboriginal communities have expressed

the following concerns related to fish and fish habitat:

 reduced quality of fish will affect the acceptability and level of consumption of fish

(see Section 12.2.1)

 reduced quantity and diversity of fish species will affect fishing efforts and success

 increased recreational fishing pressure will lead to reduced fish abundance and affect

traditional fisheries

 insufficient protection of the lower Athabasca River, Peace Athabasca Delta and

Lake Athabasca

 creek diversions and water withdrawals from the lower Athabasca River will affect

quality and quantity of fish

 replacement of watercourse habitats with waterbody habitats as part of the offsetting

plan

 the ability of the fish habitat compensation lake (FHCL) to provide appropriate

productivity, species assemblage and opportunities for traditional harvest

 lack of consultation throughout design and implementation of fisheries offsetting

plans to ensure these plans incorporate traditional uses including access

 lack of an appropriate monitoring plan to confirm predictions and adjust mitigation

measures

Teck has provided responses to these concerns following the assessment of each key

issue.
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8.2.2 Key Issues

Based on input gathered from regulators and consultations with potentially affected

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

fish and fish habitat assessment (see Table 8-1). These key issues have not changed

substantively compared to those listed in the Integrated Application.

Table 8-1 Key Issues – Fish and Fish Habitat

Project Phase Key Issue Relevance to Project

Construction, operation,
closure and far future

Changes in fish habitat
quantity or quality

 Development of the Project will result in direct alteration or
loss of fish habitat in affected watercourses and
waterbodies

 Landscape, drainage and site access changes might alter
habitat accessibility because of habitat fragmentation

 Landscape and drainage changes might result in indirect
changes in fish habitat area or conditions because of
changes in hydrology, sediment load, water quality, benthic
invertebrates or lower-trophic level productivity

Changes in fish
abundance

 Alteration or destruction of watercourse and waterbody
habitats could reduce fish abundance

 Changes in habitat conditions could reduce fish abundance

 Increased access or regional population could reduce fish
abundance because of increased fishing pressure

 Changes in aquatic health that could reduce fish
abundance because of chronic or acute effects

 The RWI could reduce fish abundance because of
entrainment or impingement of fish

Changes in fish and fish
habitat diversity

 Changes in habitat might reduce fish habitat diversity

 Changes in fish abundance might reduce fish species
diversity

 The fisheries offsetting measures and closure drainage
might provide different watercourse and waterbody
features compared to preconstruction conditions

Other parts of the assessment update also identify issues related to fish and fish habitat.

For details of related assessments, see:

 the conceptual fisheries offsetting plan – Volume 1, Section 15

 hydrology – Section 6

 surface water quality – Section 7

 aquatic health – Section 7

 human health – Section 12

 wildlife health – Section 13

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



Volume 3: Assessment Update

Section 8: Fish and Fish Habitat Frontier Oil Sands Mine Project Update

Page 8-6 June 2015

8.3 Approach

The overall approach for the updated fish and fish habitat assessment is the same as

described in the Integrated Application. Where applicable, Teck has incorporated changes

to address SIRs from regulators and concerns and recommendations from potentially

affected Aboriginal communities. A concordance table for SIRs (Rounds 1 to 4) is

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

summarizing the evolution of the fish and fish habitat assessment through the regulatory

process, see Section 2, Figure 2-8.

8.3.1 Study Areas

Study areas for the fish and fish habitat assessment were selected on local and regional

scales to examine the potential cumulative changes resulting from the Project and other

operating, approved or planned developments. The study areas were designed to include

the PDA and all of the watersheds affected by the Project, including:

 sections of waterbodies or watercourses that occur within, or flow into, the PDA

 watercourse sections downstream from the PDA

 the portion of the Athabasca River that receives flow from the watersheds in the

PDA, and from other watersheds with existing, approved and planned oil sands

mining developments

8.3.1.1 Local Study Area

The aquatics LSA represents the spatial extent of surface water resources that could be

directly or indirectly affected by the Project in combination with other oil sands

developments (see Figure 8-1; for a description of the assessment nodes,

see Section 8.3.1.3). The aquatics LSA includes:

 the PDA, where development activities such as mining, tailings storage, and plant

construction and operation could affect fish and fish habitat by directly altering the

local watercourses or waterbodies

 the larger watershed areas (i.e., watercourses that occur within or flow into or

downstream from the LSA), in consideration of the migratory nature of fish and the

potential for fish populations to use habitats both within and adjacent to the PDA

The aquatics LSA has changed since the Integrated Application to reflect the removal of

the SDA, changes in the location of some Project components and expansion of the main

pit to the south (see Figure 8-1). Removal of the SDA reduces the size of the PDA such

that the Eymundson Creek and Pierre River watersheds are now located entirely outside

the PDA.
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The following watercourses and waterbodies are included in the aquatics LSA:

 Ronald Lake (which includes tributaries Unnamed Creek 18, Unnamed Creek 17 and

Unnamed Creek 16) that discharges to an unnamed tributary of Buckton Creek

 Unnamed Creek 19, Redclay Creek and Big Creek (which includes Unnamed

Creek 5, Unnamed Creek 7, Unnamed Creek 2, Unnamed Creek 6 and First Creek)

that discharge into the Athabasca River

 numerous small waterbodies, including Unnamed Lake 1 and Unnamed Lake 2

 the portion of the Athabasca River from a location upstream of the confluence with

Big Creek to a location downstream of the confluence with Redclay Creek

For consistency, the LSA boundary includes the entire Redclay Creek, Big Creek and

Ronald Lake watersheds. The same boundary is used for the groundwater, hydrology,

surface water quality, and fish and fish habitat baselines and assessments (collectively

called the aquatics LSA).

8.3.1.2 Regional Study Area

The aquatics RSA has been revised to reflect the reduced size of the aquatics LSA. It

includes the aquatics LSA and the reach of the Athabasca River from Fort McMurray to

Embarras Portage (see Figure 8-2).

The extended study reach of the Athabasca River is included in the aquatics RSA to

assess potential cumulative upstream and downstream effects of existing, approved and

planned developments on the Athabasca River and on migratory Athabasca River fish

populations. These fish might use tributary watersheds in the aquatics LSA on a seasonal

basis, as well as other tributary watersheds outside the LSA. The fish and fish habitat

assessment considers other operating, approved or planned developments in the aquatics

RSA that might directly or indirectly affect the same aquatic resources as the Project.

As specified in the terms of reference for the Project (AENV 2009), the aquatics RSA

includes the area where an effect can be reasonably expected and in which there is the

potential for cumulative effects. The scientific rationale is based on the location and

range of probable Project and cumulative effects. The aquatics RSA also includes the

area within which aquatic ecological interactions are expected to occur that might

experience cumulative effects. These include both indirect (e.g., changes in stream flows,

water quality and aquatic health) and direct (e.g., diversions and landscape changes)

connections between the Project, productive habitats and fish populations in local

watercourses and waterbodies where there is reasonable potential for immediate

environmental effects because of Project activities, and in the Athabasca River.

The aquatics RSA includes local watersheds and the Athabasca River adjacent to these

watersheds. Biological connections and potential interactions with developments in other

Athabasca River tributary watersheds were considered based on the potential for these

developments to affect the productivity of the Athabasca River (i.e., productivity and use

of the watersheds by the same fish populations that use the aquatics LSA watersheds). As

with the aquatics LSA, the same RSA boundaries are used for the updated hydrology,

surface water quality, and fish and fish habitat baseline studies and updated assessments.





Volume 3: Assessment Update

Section 8: Fish and Fish Habitat Frontier Oil Sands Mine Project Update

Page 8-10 June 2015

8.3.1.3 Assessment Nodes

Assessment nodes are the locations where changes in surface water quantity and quality

were modelled (see Figure 8-1). Assessment nodes on Eymundson Creek (EC) and the

Pierre River (PR) that were used in the Integrated Application were removed for the

Project Update. Assessment nodes for the Project Update include:

 Node RL: Ronald Lake

 Node UC19: Unnamed Creek 19 near the mouth

 Node RC: Redclay Creek near the mouth

 Node BC: Big Creek near the mouth

 Node AR1: Athabasca River Reach 4 (downstream of the Redclay Creek confluence)

 Node RCL: Shell compensation lake (Planned Development Case assessment node)

These assessment nodes are located downstream of the PDA to capture cumulative

changes due to the Project during construction, operation, and at closure in conjunction

with other operating, approved or planned developments.

8.3.2 Assessment Cases

Fish and fish habitat key issues and associated key indicators were evaluated in the

context of the following development scenarios:

 Base Case, which includes developments and activities currently operating or under

construction, and activities approved but not yet constructed

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

the Project added

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

disclosed or applied for, but not yet approved

The Project Update considers cumulative effects of developments in assessment cases

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

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

Mine have been delayed indefinitely. These changes add to the conservative nature of the

assessment because the assessment update includes effects from these developments, and

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

developments and activities included in each case, see Section 2, Appendix 2A.
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8.3.3 Temporal Considerations

8.3.3.1 Reference Conditions

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

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

Aboriginal communities and stakeholders to provide perspective on change from

undisturbed conditions. For the updated fish and fish habitat assessment, reference

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

 predevelopment (pre-1965)

 existing (2014)

The predevelopment reference condition was chosen as a period before oil sands

development activity in the region. The existing (i.e., baseline) snapshot approximately

represents the conditions present today. These reference conditions serve as benchmarks

to which later surveys or snapshots are compared.

Watershed characteristics in the aquatics LSA under existing conditions are expected to

be similar to predevelopment conditions since there are currently no existing oil sands

developments in the aquatics LSA. In the aquatics RSA, especially for Athabasca River

flows, the predevelopment conditions are different from existing conditions.

8.3.3.2 Snapshots

The following temporal snapshots were used to evaluate changes in fish and fish habitat

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

 construction (Year -2) (2024), which represents the start of major construction, and

maximum drainage and overburden dewatering

 major watercourse diversion (Year 25) (2050), which represents conditions after a

major watercourse diversion for the Project (i.e., Redclay Creek diversion)

 maximum build-out (Year 41) (2066), which represents the end of mining operations

and conditions when the closed-circuit area is at its maximum for the Project

 closure (defined as pit lake release) (circa 2081), which represents the start of release

of flow from pit lakes to the receiving environment

 far future (defined as end of mine + 100 years) (2181), which represents far future

conditions

These temporal snapshots were updated from the Integrated Application based on the

updated mine development plan (see Volume 1, Section 4 and Section 7).

The snapshots were selected to correspond to Project milestones that relate to potential

changes in surface water hydrology (see Section 6) or water quality (see Section 7), and

for periods where there is maximum potential for effects to occur. The assessment of

these snapshots results in a conservative or worst-case scenario such that there is

certainty that the appropriate mitigation has been considered for the Project.
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The snapshots represent specific dates that are largely defined by the surface water

quality and hydrology disciplines. Based on modelling exercises, these disciplines

predicted changes to water quality or quantity that could occur because of the Project,

and which could have potential effects on fish and fish habitat.

Although these snapshots are used for the updated fish and fish habitat assessment,

intermediate times are also used, where appropriate, to fully assess changes in fish habitat

area. This enables changes in watercourses or waterbodies because of mine development

to be appropriately evaluated.

8.3.4 Key Indicators

To focus the assessment, key indicators for each key question were chosen and examined

at the appropriate scale (i.e., local or regional) for each key question. For each key

indicator, at least one measurable parameter was selected to provide a means of

measuring and assessing effects of the Project (see Table 8-2). Some key indicators have

been added or adjusted since the Integrated Application as a result of regulatory input and

SIRs. Specifically:

 lower-trophic level productivity was added as a key indicator for changes in fish

habitat

 fish relative abundance was revised to fish abundance as a key indicator

 aquatic health was revised from a measurable parameter to a key indicator for

changes in fish abundance

For each watercourse and waterbody in the PDA containing or capable of supporting fish,

different key indicator species were chosen based on Cumulative Environmental

Management Association (CEMA) indicators (see Collister and Antoniuk 2003),

provincial ‘species at risk’ listings (ESRD 2010, 2014a) and species presence under

reference conditions. The federal Species at Risk Act (SARA) listing (Government of

Canada 2015) was also considered; however, none of the fish species present in the

aquatics LSA or RSA are listed. Key indicator species are listed by watercourse and

waterbody in Table 8-3. Watercourses and waterbodies are described in Section 8.4 and

categorized as containing or capable of supporting fish, or not.

Key indicators and measurable parameters for the updated fish and fish habitat

assessment are generally the same as those listed in the Integrated Application, with some

additions. The criteria used to select key indicators and the methods used to evaluate

effects of the Project are described in the following sections:

 fish habitat quantity or quality, see Section 8.5

 fish abundance, see Section 8.6

 fish and fish habitat diversity, see Section 8.7
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Table 8-2 Key Indicators – Fish and Fish Habitat

Key Question Key Issue Key Indicator
1

Measureable Parameter
Spatial

Considerations

F1: Could the Project contribute
to cumulative changes to fish
habitat?

Changes in fish habitat
quantity or quality

 habitat area

 habitat accessibility

 flow or water level

 channel regime

 sediment load

 water quality

 lower-trophic level
productivity

 benthic invertebrates

 watercourse or waterbody surface
area

 fish passage and habitat
fragmentation

 qualitative fish habitat productivity
assessment

 watercourse flow or depth

 waterbody water level

 drainage patterns

 channel morphometry

 concentration of suspended
sediments or sediment deposition

 key water quality parameters
(temperature, dissolved oxygen)

 benthic invertebrate community
abundance and composition

 qualitative assessment of lower-
trophic level productivity

Aquatics LSA and RSA

F2: Could the Project contribute
to cumulative changes to fish
abundance?

Changes in fish
abundance

 habitat productivity (area
and condition)

 aquatic health

 fish entrainment and
impingement

 fishing pressure

 fish abundance

 acute and chronic aquatic health

 baseline sport fish presence and
population

 fish harvest

Aquatics LSA and RSA

F3: Could the Project contribute
to cumulative changes to fish
and fish habitat diversity?

Changes in fish and fish
habitat diversity

 fish habitat diversity

 fish species diversity

 fish trophic level diversity

 benthic invertebrate
diversity

 habitat types

 qualitative fish habitat productivity
assessment

 fish presence or populations

 benthic invertebrate community
abundance and composition

Aquatics LSA and RSA

NOTE:
1

For a list of key indicator species by watercourse and waterbody, see Table 8-3.
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Table 8-3 Key Indicator Species by Watercourse and Waterbody

Watercourse or Waterbody Key Indicator Species Rationale for Inclusion

Watercourse

Redclay Creek (fish caught only
in lower reaches)

Arctic grayling, burbot, northern pike, walleye, yellow
perch, longnose and white sucker, brook stickleback,
finescale dace, fathead minnow, lake chub, longnose
dace, pearl dace, slimy sculpin, spoonhead sculpin and
trout-perch

 Arctic grayling is classified in Alberta as a Sensitive species
(general status assessment – ESRD 2010) and as a Species of
Special Concern (ESRD 2014a).

 Spoonhead sculpin is classified in Alberta as a species that
May Be at Risk (ESRD 2010).

 Slimy sculpin is a RAMP sentinel species.

 Northern pike, walleye, longnose sucker, white sucker, burbot,
Arctic grayling, and lake chub are included in the Fort McKay
First Nation (FMFN) list of traditional wildlife species.

 Northern pike, Arctic grayling, walleye, longnose sucker, trout-
perch, and forage guild are CEMA indicators.

Big Creek (fish caught only in
lower reaches)

Arctic grayling, burbot, longnose sucker, white sucker,
fathead minnow, finescale dace, lake chub, longnose
dace, pearl dace, slimy sculpin and spoonhead sculpin

 Arctic grayling is classified in Alberta as a Sensitive species
(general status assessment – ESRD 2010) and as a Species of
Special Concern (ESRD 2014a).

 Spoonhead sculpin is classified in Alberta as a species that
May Be at Risk (ESRD 2010).

 Slimy sculpin is a RAMP sentinel species.

 Burbot, longnose sucker, white sucker and lake chub are
included in the FMFN list of traditional wildlife species.

 Longnose sucker and forage guild are CEMA indicators.

Unnamed Creek 2 Longnose sucker, brook stickleback, fathead minnow,
lake chub and slimy sculpin

 Slimy sculpin is a RAMP sentinel species.

 Longnose sucker and lake chub are included in the FMFN list
of traditional wildlife species.

 Longnose sucker and forage guild are CEMA indicators.

Unnamed Creek 7 Longnose sucker and brook stickleback  Longnose sucker are included in the FMFN list of traditional
wildlife species.

 Longnose sucker and forage guild are CEMA indicators.
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Table 8-3 Key Indicator Species by Watercourse and Waterbody (cont’d)

Watercourse or Waterbody Key Indicator Species Rationale for Inclusion

Watercourse (cont’d)

Unnamed Creek 8 Longnose sucker, brook stickleback, fathead minnow,
lake chub, longnose dace, northern redbelly dace, pearl
dace and slimy sculpin

 Northern redbelly dace is classified in Alberta as a Sensitive
species (ESRD 2010).

 Slimy sculpin is a RAMP sentinel species.

 Longnose sucker and lake chub are included in the FMFN list
of traditional wildlife species.

 Longnose sucker and forage guild are CEMA indicators.

Athabasca River Arctic grayling, burbot, walleye, northern pike, lake
whitefish, mountain whitefish, goldeye, yellow perch,
longnose sucker, white sucker, slimy sculpin, spoonhead
sculpin, spottail shiner, brook stickleback, emerald
shiner, fathead minnow, flathead chub, lake chub,
longnose dace, pearl dace and trout-perch.

 Arctic grayling is classified in Alberta as a Sensitive species
(general status assessment – ESRD 2010) and as a Species
of Special Concern (ESRD 2014a).

 Spoonhead sculpin is classified in Alberta as a species that
May be at Risk (ESRD 2010).

 Slimy sculpin is a RAMP sentinel species.

 Northern pike, lake whitefish, mountain whitefish, walleye,
goldeye, yellow perch, longnose sucker, white sucker, burbot,
Arctic grayling, and lake chub are included in the FMFN list of
traditional wildlife species.

 Northern pike, Arctic grayling, walleye, longnose sucker, trout-
perch, and forage guild are CEMA indicators.

Waterbody

Ronald Lake Northern pike and yellow perch  Northern pike and yellow perch are included in the FMFN list
of traditional wildlife species.

 Northern pike is a CEMA indicator.

Unnamed Waterbody 20 Brook stickleback  Forage guild is a CEMA indicator.

Unnamed Waterbody 19 Northern pike, brook stickleback and ninespine
stickleback

 Northern pike is included in the FMFN list of traditional wildlife
species.

 Northern pike and forage guild are CEMA indicators.

Unnamed Waterbody 12 Brook stickleback and pearl dace  Forage guild is a CEMA indicator.

Unnamed Waterbody 13 Brook stickleback and pearl dace  Forage guild is a CEMA indicator.

Unnamed Waterbody 16 Lake chub  Lake chub is included in the FMFN list of traditional wildlife
species.

 Forage guild is a CEMA indicator.
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Table 8-3 Key Indicator Species by Watercourse and Waterbody (cont’d)

Watercourse or Waterbody Key Indicator Species Rationale for Inclusion

Waterbody (cont’d)

Unnamed Lake1 White sucker, brook stickleback, fathead minnow,
finescale dace and lake chub

 White sucker is included in the FMFN list of traditional wildlife
species.

 Forage guild is a CEMA indicator.

Unnamed Waterbody 22 Brook stickleback  Forage guild is a CEMA indicator.

Unnamed Waterbody 15 Brook stickleback  Forage guild is a CEMA indicator.

Unnamed Waterbody 33 Brook stickleback, fathead minnow, northern redbelly
dace and pearl dace

 Northern redbelly dace is classified in Alberta as a Sensitive
species (ESRD 2010).

 Forage guild is a CEMA indicator.

Unnamed Waterbody 34 Brook stickleback, finescale dace, fathead minnow and
pearl dace

 Forage guild is a CEMA indicator.
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8.3.5 Effects Classification

The updated fish and fish habitat assessment uses the same effects classification criteria

as the Integrated Application, with the exception that fish abundance is used in place of

fish relative abundance, and fish habitat is clarified as referring to fish habitat

productivity (see Table 8-4).

Table 8-4 Effects Classification Criteria – Fish and Fish Habitat

Criteria Criteria Definitions

Geographic extent of
effect

Project Effects occurring within the PDA

Local Effects occurring within the LSA beyond the boundary of the PDA

Regional Effects extending beyond the LSA, but within the RSA

Duration of effect Short Effects lasting less than 1 year

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

Long Effects persisting beyond closure

Frequency of effect Continuous Effects occurring continually over assessment period

Isolated Effects occurring once

Periodic Effects occurring intermittently but repeatedly over assessment period

Reversibility Reversible Measurable parameter returns to levels prior to Project disturbance

Irreversible Measurable parameter does not return to levels prior to Project
disturbance

Magnitude Negligible No detectable change in fish habitat productivity or in fish abundance

Low Detectable changes in fish habitat productivity or in fish abundance that
do not affect fish diversity

Moderate Detectable changes in fish habitat productivity and fish abundance, but
still within tolerance level of species to not change diversity

High Detectable change in fish habitat productivity or in fish abundance
where fish diversity is affected

8.3.6 Environmental Consequence

Environmental consequence refers to the potential for the Project to contribute to

cumulative changes in fish and fish habitat. As in the Integrated Application, four

environmental consequence ratings have been defined based on the following criteria:

 Negligible – no detectable change in fish habitat productivity or fish abundance

 Low – detectable changes in fish habitat productivity or in fish abundance that do not

affect fish diversity

 Moderate – detectable changes in fish habitat productivity and fish abundance that

are within tolerance level of species and will not affect fish diversity

 High – detectable change in fish habitat productivity and fish abundance where fish

diversity is affected



Volume 3: Assessment Update

Section 8: Fish and Fish Habitat Frontier Oil Sands Mine Project Update

Page 8-18 June 2015

8.3.7 Prediction Confidence

Assessment of Project effects has some inherent uncertainty associated with data,

methods and the predictive nature of the assessment. In addition, changes in future

environmental conditions could also result in added uncertainty. Assessment confidence

was determined by considering the:

 quality and quantity of baseline data used in the assessment

 confidence in measurements and analytical techniques

 confidence in the success of Project-specific mitigation measures

8.4 Overview of Baseline Conditions

Baseline data on fish and fish habitat conditions were derived from historical and current

data sources (see Volume 2, Section 6.2.1). Since filing the Integrated Application, Teck

has undertaken additional field surveys in the aquatics LSA and RSA. Surveys were

conducted in 2012, 2013 and 2014, and data from those surveys was used with

monitoring data collected as part of RAMP or AEMERA to the end of 2014.

Detailed descriptions of all watercourses and waterbodies sampled as part of the updated

fish and fish habitat baseline study are provided in Volume 2, Section 6. Figure 8-1

shows the locations of waterbodies and watercourse segments in the aquatics LSA.

The fish and fish habitat baseline study submitted as part of the Integrated Application

synthesizes available seasonal fish and fish habitat data for the LSA and RSA. These data

were obtained from historical studies, surveys conducted in the LSA for the PRM (Shell

2007), and data collected in the aquatics LSA for the original fish and fish habitat

baseline (2007 to 2011). The baseline update for fish and fish habitat includes seasonal

fish and fish habitat data collected in the aquatics LSA in 2012, 2013 and 2014, as well as

fish data collected by RAMP or AEMERA. These datasets add to the total body of

information available for the aquatics LSA.

8.4.1 Key Findings

Key findings from the original and additional baseline studies (see Volume 2, Section 6)

are that LSA waterbodies, watercourses or watercourse segments in the PDA either have

limited fish habitat potential or are not considered to provide productive fish habitats.

This is because of periodic sediment flows from the Birch Mountains and associated

presence of a series of large forested wetland complexes between the Birch Mountains

and the Athabasca River. Many waterbodies and watercourses in the aquatics LSA lack

fish habitat potential altogether, or in the upper and middle watercourse reaches within or

upstream of the PDA, and no fish presence has been documented in these areas.

Specifically, the forested wetland complexes do not contain watercourse channels (i.e.,

no defined bed or banks), either wet or dry. As such, the forested wetland complexes act

as a physical barrier with no connectivity between upstream sections of defined

watercourse channel and downstream watercourses where fish populations occur. The
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fish habitat potential within the forested wetland complexes themselves is limited to the

presence of small, defined waterbodies and ponds.

Several watercourse reaches and waterbodies were identified as not providing useable

fish habitat. Although some of these aquatic resources were rated as providing some

habitat use potential based on habitat conditions alone, they were determined to be non-

fish-bearing, and therefore, do not provide direct fish habitat. Non-fish-bearing areas

were identified based on available baseline data concerning habitat conditions,

connectivity and fish use. In general, areas deemed to be non-fish-bearing had some or all

of the following conditions:

 no fish captures during fish sampling events conducted for the Project or for previous

studies

 habitat conditions of low quality (e.g., shallow, poor dissolved oxygen [DO] levels,

lacking habitat or substrate diversity) and not suitable for use by fish for some or all

life stages

 lack of connectivity to documented fish-bearing habitats – for example there are

continuously undefined channel sections of 3 km to 10 km in length on the main

watercourses in the PDA (i.e., Redclay Creek, Big Creek, Unnamed Creek 17 and

Unnamed Creek 18)

 lack of overwintering habitat to allow fish populations to persist without connectivity

to documented fish-bearing habitats

8.4.2 Updated Information Relevant to the Effects Assessment

The fish and fish habitat baseline study submitted as part of the Integrated Application

synthesizes available seasonal fish and fish habitat data for the aquatics LSA and RSA.

These data were obtained from historical studies, field surveys conducted in the LSA for

the PRM (Shell 2007), and data collected in the LSA for the original fish and fish habitat

baseline (2007 to 2011). The baseline update for fish and fish habitat (see Volume 2,

Section 6) presents additional seasonal fish and fish habitat data collected in the aquatics

LSA in 2012, 2013 and 2014, as well as fish data collected by RAMP or AEMERA.

The objectives of the 2012 to 2014 field surveys were to collect additional information

about fish habitat and fish distribution for the LSA, including habitats that were not

previously surveyed, but are directly affected by the updated PDA (i.e., waterbody

complex in the northeast corner of the PDA, including Unnamed Waterbodies 32, 33

and 34; see Figure 8-1).

Key findings of the additional field surveys follow:

 The additional winter survey confirmed the general lack of overwintering habitat in

watercourse segments near the PDA. Surveyed sites were frozen to the bottom or dry

at the time of sampling, or found to have poor overwintering conditions for fish (i.e.,

maximum water depths of 0.1 m and DO levels less than 1 mg/L).
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 The aerial reconnaissance conducted as part of the spring survey confirmed the
general lack of available aquatic habitats (i.e., defined watercourse segments or
ponds) in the upper and middle portions of the LSA watersheds. Fish sampling,
where available habitats did occur, showed no fish presence in these areas or in
defined watercourses upstream of the PDA.

 The waterbody complex in the northeast corner of the PDA was found to consist of a
number of small, shallow waterbodies. A few small-bodied forage fish species were
recorded in those surveyed waterbodies that had connectivity to other waterbodies,
but not in those that lacked connectivity.

These findings are consistent with previous fish and fish habitat baseline data (see
Volume 2, Section 6). All collected data suggest that LSA waterbodies, watercourses or
watercourse segments in the PDA either have limited fish habitat potential or do not
provide productive fish habitats. This is a result of the Project being located mostly on
fluvial fans emanating from the Birch Mountains and the associated presence of a series
of large forested wetland complexes between the Birch Mountains and the Athabasca
River. For many of the waterbodies and watercourses in the aquatics LSA, no fish
presence has been documented. This is also true of many of the upper and middle
watercourse reaches in or upstream of the PDA. The forested wetland complexes do not
contain watercourse channels (i.e., no defined bed or banks), either wet or dry. As such,
they act as a physical barrier with no connectivity between upstream sections of defined
watercourse channel and downstream watercourses where fish populations occur. The
fish habitat potential within the forested wetland complexes themselves is limited to the
presence of small, defined waterbodies and ponds.

In additional to poor habitat connectivity, other factors limiting fish habitat potential in
watercourses or waterbodies near the PDA include:

 shallow depths

 poorly defined channels and low quality habitat

 lack of overwintering habitat

 high turbidity and suspended sediments

Where fish populations occur in LSA waterbodies and watercourse segments near the
PDA, the fish communities are generally limited to small-bodied forage fish species, with
the occasional occurrence of longnose and white suckers (see Table 8-5). The named
watercourses that drain the aquatics LSA do provide habitat for a greater variety of fish
species in the portions of these watercourses located downstream of the PDA (e.g., sport
fish distribution is limited mainly to the lowermost portions of Redclay Creek and, to a
lesser extent, lower Big Creek). Two sport fish species (northern pike and yellow perch)
are also present in Ronald Lake, and one (northern pike) is present in Unnamed
Waterbody 19, which is connected to Ronald Lake.

For a summary of fish habitat potential and documented fish populations in LSA
watercourses and waterbodies that might be affected by Project activities, see Table 8-5.
This summary is based on all available baseline data, including the 2012 to 2014
supplemental data. The Project might affect only a single reach of some watercourses and
multiple reaches of other watercourses (e.g., upper, middle and lower reach).
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Table 8-5 Fish Habitat Potential for Watercourses and Waterbodies in the
LSA and RSA

Watercourse or Waterbody Reach
1

Fish Species Present
Fish Habitat

(D, I, N)
2

Watercourse

Unnamed Creek 18 Upper None N

Middle None N

Lower None I

Unnamed Creek 17 Upper None N

Tributary to Unnamed Creek 17 Middle None N

Unnamed Creek 16 Middle Not sampled – Desktop study
3

I

Unnamed Creek 19 Lower Not sampled – Desktop study
3

I

Redclay Creek Upper None N

Middle None N

Lower Arctic grayling, burbot, northern pike, walleye,
yellow perch, longnose sucker, white sucker,
brook stickleback, finescale dace, fathead
minnow, lake chub, longnose dace, pearl dace,
slimy sculpin, spoonhead sculpin and trout-
perch

D

Unnamed Creek 8 Lower Longnose sucker, brook stickleback, fathead
minnow, lake chub, longnose dace, northern
redbelly dace, pearl dace and slimy sculpin

D

Unnamed Creek 2 Middle Longnose sucker, brook stickleback, fathead
minnow, lake chub and slimy sculpin

D

Unnamed Creek 5 Middle Not sampled – Desktop study
3

I

Big Creek Upper None N

Middle None N

Lower Arctic grayling, burbot, longnose sucker, white
sucker, fathead minnow, finescale dace, lake
chub, longnose dace, slimy sculpin, spoonhead
sculpin, spottail shiner and pearl dace

D

Unnamed Creek 6 Lower Not sampled – Desktop study
3

N

Unnamed Creek 7 Lower Longnose sucker and brook stickleback D

Unnamed Creek ULW Middle None N

First Creek Lower None I

Athabasca River Lower Arctic grayling, bull trout, burbot, cisco, goldeye,
lake trout, lake whitefish, mountain whitefish,
northern pike, rainbow trout, walleye, yellow
perch, longnose sucker, white sucker, brassy
minnow, brook stickleback, emerald shiner,
fathead minnow, finescale dace, flathead chub,
Iowa darter, lake chub, longnose dace,
ninespine stickleback, northern redbelly dace,
pearl dace, river shiner, slimy sculpin,
spoonhead sculpin, spottail shiner and trout-
perch

D
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Table 8-5 Fish Habitat Potential for Watercourses and Waterbodies in the
LSA or RSA (cont’d)

Watercourse or Waterbody Reach
1

Fish Species Present
Fish Habitat

(D, I, N)
2

Waterbody

Ronald Lake N/A Northern pike and yellow perch D

Unnamed Waterbody 20 N/A Brook stickleback D

Unnamed Waterbody 19 N/A Northern pike, brook stickleback and ninespine
stickleback

D

Unnamed Waterbody 12 N/A Brook stickleback and pearl dace D

Unnamed Waterbody 29 N/A None N

Unnamed Waterbody 13 N/A Brook stickleback and pearl dace D

Unnamed Waterbody 32 N/A None N

Unnamed Waterbody 33 N/A Brook stickleback, fathead minnow, northern
redbelly dace, pearl dace

D

Unnamed Waterbody 34 N/A Brook stickleback, finescale dace, fathead
minnow, pearl dace

D

Unnamed Waterbody 16 N/A Lake chub D

Unnamed Waterbody 28 N/A None N

Unnamed Waterbody 21 N/A None N

Unnamed Waterbody 27 N/A None N

Unnamed Waterbody 26 N/A None N

Unnamed Lake 1 N/A White sucker, brook stickleback, fathead
minnow, finescale dace and lake chub

D

Unnamed Lake 2 N/A None N

Unnamed Waterbody 25 N/A None N

Unnamed Waterbody 23 N/A None N

Unnamed Waterbody 24 N/A None N

Unnamed Waterbody 22 N/A Brook stickleback D

Unnamed Waterbody 15 N/A Brook stickleback D

NOTES:
1

Information on reaches is provided in the baseline update (see Volume 2, Section 6).
2

D = Direct fish habitat (i.e., fish known to occur).

I = Indirect fish habitat (i.e., watercourse might not contain fish but might contribute to fish habitat downstream; e.g.,
water quality, food supply).

N = Not fish habitat.
3

Not sampled – Desktop study = Habitat information was inferred from satellite imagery and survey data from
adjacent watercourses of similar size.

N/A = Not applicable
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8.5 Fish Habitat

8.5.1 Introduction

This section addresses key question F1: Could the Project contribute to cumulative

changes to fish habitat?

Various activities during construction and operation of the Project and other

developments will affect watercourses and waterbodies in the aquatics LSA. These

activities could change the quantity or quality of available fish habitat. For example,

mining activities that could affect fish or fish habitat include site clearing, muskeg

drainage, overburden dewatering and removal, watercourse diversion, and closed-circuit

operations. These types of activities can lead to alterations or destruction of productive

fish habitats, which in turn could lead to reduced fish abundance (see Section 8.6), or

reduced fish and fish habitat diversity (see Section 8.7).

Changes to fish habitat can include changes in the quantity of productive habitats

available or accessible to fish, the quality of the habitat (e.g., habitat conditions that affect

productivity), or both.

8.5.1.1 Habitat Quantity

Quantity of habitat refers to the total area of habitat available. Key indicators of habitat

quantity used in this assessment include:

 habitat area (surface area of waterbodies and watercourses)

 habitat accessibility (accessibility for use by fish)

 flow or water level (flow regime of watercourses and water level of waterbodies)

relative to loss of habitat area

 channel regime (geomorphology of watercourses) relative to changes in habitat

 benthic invertebrates (as a key food source for fish)

Changes to habitat quantity can occur through direct loss of watercourse or waterbody

area, or loss or reduction of water in the watercourse channel because of diversion or

changes in flow regime.

8.5.1.2 Habitat Quality

Quality of habitat refers to its suitability to support one or more life stages of fish. Key

indicators of habitat quality used in this assessment include:

 flow or water level relative to alteration of habitat conditions

 sediment load (suspended sediment concentration or sediment deposition)

 key water quality variables related to habitat suitability (i.e., temperature regime and

DO concentration)
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 benthic invertebrates (as a key food source for fish)

 lower-trophic level productivity (as a key aspect of habitat productivity)

Changes to habitat quality in watercourses or waterbodies can occur because of changes

in sediment load, changes in physical (depth, temperature) or chemical (DO) parameters,

changes in lower-trophic level productivity (nutrients, detritus), or changes in benthic

invertebrate communities (as a food base for fish).

8.5.2 Methods

8.5.2.1 Data Sources

Data for the fish habitat assessment were obtained from the following sources:

 baseline fish and fish habitat studies (see Volume 2, Section 6)

 PRM project (Shell 2007)

 ESRD Fish and Wildlife Management Information System (FWMIS) Internet

Mapping Tool (ESRD 2014b)

 RAMP annual reports (RAMP 2014)

 AEMERA 2014 program report (AEMERA 2015)

8.5.2.2 Models and Assumptions

Most changes to the aquatic environment predicted to occur because of the Project were

described and quantified by the surface water hydrology and water quality assessments

(see Section 6 and Section 7). The updated hydrology assessment describes predicted

changes in flow regime, water level, channel morphology and sediment load. The

updated surface water quality assessment describes the predicted changes in temperature

regime and DO concentrations. Changes in habitat quantity and habitat quality that might

affect fish life stages (e.g., egg, fry, juvenile or adult), benthic invertebrate communities

or lower-trophic level productivity are assessed in this section.

The assessment of changes in fish habitat quantity were based on changes in the total

surface area of each affected watercourse or waterbody that provides productive fish

habitats. In cases where the watercourse or waterbody will be eliminated by the Project,

the loss in habitat quantity was considered equal to the total surface area of the

watercourse or waterbody being lost. Where a reduction of flow is predicted in the

updated hydrology assessment (see Section 6), the flow reduction was assessed using the

Alberta Desk-top Method for Determining Environmental Flows (GOA 2011). The

assessment evaluated the potential for a reduction in available fish habitat and associated

effects on habitat productivity and fish abundance. The method is intended to protect

watercourses, including protection of biological components and hydrological and

physical processes that maintain the natural structure and function of flowing water.

Where potential exists for effects on habitat availability and productivity, the potential

loss in habitat area associated with flow reduction was evaluated by estimating the

difference in surface area between existing conditions and modelled conditions. If the
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Project is expected to alter accessibility to productive watercourse or waterbody habitats,

the loss of habitat was considered as the total area upstream from the access restriction.

If a potential change to fish habitat was identified, the effect was assessed taking into

account mitigation designed to reduce potential effects on productive fish habitats. If an

effect remained after mitigation, offsetting habitat was proposed to counterbalance the

effect. Environmental consequence was evaluated for residual effects remaining (e.g., a

net reduction of habitat quantity or quality) after mitigation and offsetting measures.

8.5.3 Reference Conditions

Reference conditions are changed from the Integrated Application in that watercourses

and waterbodies in the SDA are no longer considered. Reference conditions are

unchanged for the portion of the aquatics LSA included in both the Integrated

Application and the Project Update.

8.5.4 Base Case

The Base Case includes developments and activities currently operating or under

construction, and activities approved but not yet constructed. In the updated Base Case,

there are no existing or approved developments that might affect watercourses or

waterbodies in the Athabasca River tributary watersheds in the aquatics LSA (the PRM

project has been moved to the PDC).

In the aquatics RSA, there are other developments that require water withdrawals that

might affect flows in the Athabasca River. These developments are therefore considered

in the Base Case with respect to potential effects on fish and fish habitat in the Athabasca

River. This includes the Joslyn North Mine, which has now been indefinitely delayed.

The Project Update considered the Athabasca River Water Management Framework

(AENV and DFO 2007) that was in effect when the assessment was completed. The

Surface Water Quantity Management Framework for the Lower Athabasca River

(SWQMF) (GOA 2015) was released during completion of the Project Update. This

framework and the SWQMF that replaced it both manage cumulative water withdrawals

and the instream flow needs (IFN) of the Athabasca River with the goal of “protecting the

ecological integrity of the aquatic ecosystem in the lower Athabasca River”. The

Project’s surface water management plan aligns with both. For additional detail about the

SWQMF, see Section 6.7.1.

The Base Case water withdrawals are discussed in the updated hydrology assessment (see

Section 6.4.4). Under the Base Case, the expected cumulative reduction in mean seasonal

Athabasca River flows because of withdrawals from existing or approved developments

ranges from 1.9% in summer to 13.1% in winter, based on average Athabasca River

weekly flows in the aquatics RSA.
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8.5.5 Application Case

The Application Case considers the potential effects of the Project on fish and fish habitat

in the aquatics LSA and RSA in combination with existing and approved developments.

As described for the Base Case, there are no existing or approved developments that

might affect watercourses or waterbodies in the LSA. In the aquatics RSA, the

Application Case includes the Project as well as Base Case developments that require

water withdrawals that might affect flows in the Athabasca River.

8.5.5.1 Mitigation

The updated hydrology and surface water quality assessments (see Sections 6 and 7)

outline mitigation measures that will be implemented to reduce the effects of the Project

on flows, water levels, channel regime, sediment loading, water quality and sediment

quality. The following additional measures will be employed to reduce the effects on fish

and fish habitat:

 Whenever possible, activities will be scheduled to avoid sensitive time periods in

downstream fish-bearing watercourses.

 Best management practices, including sediment and erosion control measures, will be

implemented during construction.

 Effects of closed-circuit operations on flows and water levels in receiving waters will

be reduced, whenever practical, by diverting natural watercourses around the mining

area to receiving watercourses.

 Sediment loading to receiving waters will be reduced by routing muskeg drainage

and overburden dewatering to sedimentation ponds equipped with oil exclusion

capability (where required) before release to the receiving waters.

 All water releases will comply with applicable conditions as specified in the

anticipated Environmental Protection and Enhancement Act (EPEA) approval for the

Project.

 Constructed channels will provide fish passage to access upstream watercourse

reaches, where suitable because of the presence of fish-bearing habitats.

 Watercourse crossings associated with Project access roads will be constructed in

accordance with regulatory guidelines and best management practices to avoid

interference with fish passage and prevent habitat fragmentation, as required by the

Water Act Code of Practice for Watercourse Crossings (GOA 2013) and the Fisheries

Act Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO 2013b).

 A fish rescue plan will be developed and implemented according to regulatory

requirements in instances where development activities (e.g., watercourse diversions)

result in the isolation or dewatering of fish-bearing habitats.
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 The closure drainage plan will be designed so that mine water is directed to wetlands,

reclamation lakes, or pit lakes to treat the water prior to release to a natural drainage

system.

 Fish habitat of equivalent or higher productivity than that affected by the Project will

be created through offsetting measures where prevention of adverse habitat alteration

or loss (i.e., reduced habitat productivity or loss of productive habitat area) is not

feasible.

8.5.5.2 Linkage Analysis

A linkage analysis is provided for this key issue to summarize information provided in

the Integrated Application, new information for the Project Update and responses to SIRs

and Aboriginal community concerns.

Habitat Area

Changes to fish habitat quantity might occur because of the Project. Some watercourses

and waterbodies will be eliminated as mine development occurs, and new fish habitats

will be created to offset the losses of productive fish habitat. In addition, the construction

and operation of the RWI has the potential to affect fish habitat area in the Athabasca

River. Therefore, the linkage between Project activities and changes in habitat area is

valid and potential effects on fish habitat area are assessed.

Habitat Accessibility

Development of the Project includes diversions of several watercourses in the aquatics

LSA. None of these watercourses has fish-bearing habitats upstream of the diversions,

and no changes in habitat accessibility are expected. The Project will include access roads

with watercourse crossings; however, all watercourse crossings will be constructed and

operated in accordance with regulatory guidelines and best management practices to

avoid interference with fish passage and prevent habitat fragmentation. In particular,

guidance for watercourse crossings will be obtained from:

 the Code of Practice for Watercourse Crossings (GOA 2013), which specifies

appropriate crossing types by watercourse category and requires that fish migration at

crossing sites be maintained

 Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO 2013b)

Because physical barriers to fish movement will not be created, the linkage between

Project activities and changes in the accessibility of fish habitats is not valid, and the

effects of the Project on habitat accessibility are not considered further in the assessment.

Flow and Water Levels

Watercourse flows and water levels will not be affected in watercourses upstream from

the PDA. Each watercourse diversion for the Project will be designed to maintain flows

to the watercourse downstream from the Project (see Section 6). However, diversions,

landscape alterations and closed-circuited areas have the potential to alter downstream
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flows or water levels by reducing the drainage area into some watercourses or

waterbodies. The withdrawal of water from the Athabasca River for the Project could

affect flows and water levels downstream from the RWI. Therefore, the linkage between

changes in flow and water levels and changes in fish habitat is valid and the potential

effects on fish habitat quantity and quality are assessed.

Channel Regime

The updated hydrology assessment (see Section 6) concluded that there will be changes

to peak flows (i.e., 10-year flood peak discharge) in some watercourses downstream of

the PDA because of watercourse diversions and changes in drainage patterns. Within the

diversions, the new channels created will be designed and constructed to have similar

erosion characteristics as natural drainage systems. Downstream of the diversions,

increases in flood flows that would be expected to adversely affect channel regime

through increased channel erosion rates are negligible. However, there are predicted

decreases in peak flows that could result in localized sediment accumulation that could

affect channel morphometry and available habitat area. Therefore, the linkage between

changes in channel regime and changes in fish habitat is valid and potential effects on

fish habitat quantity are assessed.

Water Quality

Diversions, changes to drainage patterns, and muskeg drainage could result in changes in

key water quality parameters: temperature regime and DO concentrations. The updated

surface water quality assessment (see Section 7) concluded that changes to DO

concentrations would be negligible upstream and downstream from the PDA, but that

changes in temperature regime could occur in some watercourses downstream of the

Project. Therefore, the linkage between changes in thermal regime and changes in fish

habitat is valid and potential effects on fish habitat quality are assessed.

Sediment Load

The disturbance of natural watersheds, their runoff and drainage conditions could result

in changes in sediment loading to watercourses or waterbodies. In addition, water

diverted upstream from the PDA contains naturally high concentrations of suspended

sediments that are currently filtered in the lower reaches of LSA watercourses when they

pass through low-lying forested wetland complexes. Because diversion channels will be

designed using standard mitigation techniques (see Volume 1, Section 7.7) that prevent

in-channel erosion (e.g., revegetation, berms, rip-rap) and limit sediment transport to

downstream areas (e.g., sedimentation ponds), the hydrology assessment concluded

sediment loading to downstream watercourses and waterbodies will be similar to natural

levels. Therefore, the linkage between changes in suspended sediment concentrations or

sediment deposition because of sediment load and changes in fish habitat is invalid and

the effects are not considered further in the assessment.
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Lower-Trophic Level Productivity

Diversions, landscape changes and changes to drainage patterns could result in changes

to aspects of the lower-trophic level productivity of the aquatic environment (i.e.,

nutrients and detritus) that support primary producers (e.g., algae) and secondary

producers (e.g., benthic invertebrates) that in turn support fish populations. Changes to

aquatic habitats that could occur (i.e., by way of the valid linkages identified above for

habitat area and flow and water levels) might affect lower-trophic level productivity.

Therefore, the linkage between Project activities and changes in lower-trophic level

productivity is valid and potential effects on fish habitat productivity are assessed.

Benthic Invertebrates

Changes to aquatic habitats that could occur (i.e., by way of the valid linkages identified

above for habitat area, flow and water levels, channel regime, water quality, and lower-

trophic level productivity) might affect benthic invertebrate communities, which are an

important aspect of fish habitat in that they represent a key food resource for some fish

species. Therefore, the linkage between Project activities and changes in benthic

invertebrate communities is valid and potential effects on benthic invertebrates are

assessed as an aspect of fish habitat productivity.

8.5.5.3 Effects Analysis

Construction (Year -2) (2024)

Habitat Area in the Aquatics LSA

During construction, diversion channels will be constructed to convey water around the

active PDA. Construction of these channels will begin in 2021 in the Big Creek

watershed and 2022 in the Redclay Creek watershed (i.e., from four to five years prior to

initial production) (see Volume 1, Section 7, Figure 7.7-2). Diversion channels will be

constructed to intercept water from upper Redclay Creek in the middle of the PDA and

from the upper Big Creek watershed near the west PDA boundary, including ephemeral

drainages in the upper reaches of the Unnamed Creek 2 drainage area and the upper

reaches of Big Creek proper (see Section 6). Water from the Redclay Creek diversion

will be returned to lower Redclay Creek at a location immediately downstream of the

forested wetland complex that occurs on this watercourse within the PDA. Water diverted

from the upper Big Creek watershed will be returned to Big Creek at a location

immediately downstream of the forested wetland complex that occurs on this watercourse

below the PDA. Construction of these diversions and subsequent development activities

will result in the loss of the watercourse segments and waterbodies within the portions of

the watersheds affected by the diversions, including:

 the forested wetland complex on Redclay Creek and a short section of defined

Redclay Creek channel upstream of the forested wetland complex

 the complex of unnamed waterbodies in the northeast portion of the PDA (e.g.,

Unnamed Waterbodies 13, 33 and 34)
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 the upper Unnamed Creek 2 watershed

 Unnamed Lake 1

 Unnamed Lake 2

 Unnamed Creek 2

 a section of defined Big Creek channel upstream of the Big Creek wetland complex

As described Section 8.3, many watercourse reaches and waterbodies within or upstream

of the PDA were identified as not providing useable fish habitat and were determined to

be non-fish-bearing. Non-fish-bearing habitats within the diversion areas include the

portions of Big Creek and Redclay Creek within and upstream of the relevant forested

wetland complexes, isolated waterbodies in the northeast waterbody complex with no

connectivity to other waterbodies in the complex, much of the upper Unnamed Creek 2

watershed, and Unnamed Lake 2. All of these habitats lack connectivity to fish-bearing

habitats and fish were not encountered in these areas during the original baseline study or

additional baseline study.

Productive, fish-bearing habitats will be lost because the planned diversions consist of:

 non-isolated waterbodies in the northeast waterbody complex known to be fish-

bearing or with connectivity to other waterbodies in the complex (e.g., Unnamed

Waterbodies 13, 33 and 34)

 Unnamed Waterbody 22 (a fish-bearing waterbody in the upper Unnamed Creek 2

watershed adjacent to Unnamed Lake 1)

 Unnamed Lake 1

 Unnamed Creek 2

Mitigation Measures

Mitigation will not fully eliminate the losses of productive fish habitat area that will

occur because of the diversions by the Project. Therefore, the Project Update includes a

CFOP (see Volume 1, Section 15) that outlines how new areas of productive fish habitat

(or habitat rehabilitation projects) will be developed to offset the potential losses in fish

habitat area and associated productivity, and counterbalance potential residual adverse

effects of the Project on overall fish habitat productivity. The CFOP quantifies the

amount of affected habitat area (i.e., surface areas of affected waterbodies and

watercourse segments), as well as the quality of the affected habitats using habitat

suitability index (HSI) modelling for each fish species documented or assumed to be

present in the affected habitats. The habitat area and habitat suitability indices are then

combined to quantify losses in habitat productivity, as represented by Habitat Units (i.e.,

habitat area x HSI).

The CFOP identifies several options intended to provide new, productive fish habitats or

rehabilitation of existing habitats to offset of the potential effects of the Project on fish

habitat productivity. Planning and design work is furthest along for the 60 ha fish habitat

compensation lake (FHCL) that involves construction of a lake northeast of the PDA and



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 8: Fish and Fish Habitat

June 2015 Page 8-31

within the existing Redclay Creek valley (for details, see Volume 1, Section 15). The

FHCL has a surface area of 60 ha that could be enlarged to 170 ha to provide the

necessary offsets for the Project. The FHCL will be a permanent feature of the Project

drainage system during operation and after closure. Development of the FHCL will

involve construction of a containment landform across the Redclay Creek valley

downstream from the confluence with Unnamed Creek 8. An outlet channel will be

constructed on the north side of the FHCL to discharge flows to the downstream existing

reach of Redclay Creek that flows to the confluence with the Athabasca River.

The FHCL was proposed as part of the Integrated Application to provide compensation

habitats to offset Project effects. It was designed to allow expansion of the lake area if

development of the detailed offsetting plan for the Project identified the need for

additional habitat compensation. The detailed offsetting plan will be developed based on

the CFOP prior to the commissioning of the Project. For the Project Update, changes to

the PDA associated with extension of the northeast corner of the PDA have resulted in

additional productive fish habitats in the northeast waterbody complex being affected by

the diversion plan. However, because of the expressed desire of Aboriginal communities

and regulators to limit the terrestrial footprint of the Project, particularly because of

sensitivities associated with the Ronald Lake bison herd, Teck has decided that proposing

an increase in size of the FHCL is not desirable at this time. Although enlargement of the

FHCL remains an option, Teck has identified additional options (see Volume 1,

Section 15.4.4) to offset losses in fisheries productivity associated with the Frontier

Project. These options are under consideration as part of the Frontier Fisheries Offsetting

Framework (see Volume 1, Section 15.4.3). As described in the CFOP

(see Section 15.4.3), a FHCL with a surface area of approximately 170 ha would provide

the full offsetting requirement for the Project. Teck will continue to actively engage

regulators and potentially affected Aboriginal communities regarding the FHCL as well

as other potential fisheries offsetting options.

In addition to the effects of the planned diversions on fish habitat area, construction of the

FHCL itself will affect portions of Redclay Creek and its tributaries within the PDA (i.e.,

footprint of the FHCL and its associated containment landform). The FHCL will be

located in the portion of the Redclay Creek watershed that provides productive fish-

bearing habitats (i.e., downstream of the forested wetland complex). Construction of the

FHCL containment landform will result in the loss of a small section of Redclay Creek

channel. The FHCL itself will result in the alteration of watercourse habitats to lake

habitats for the portions of Redclay Creek and its tributaries (e.g., Unnamed Creek 8) that

will be inundated by the FHCL. Offsets for these losses and alterations will be included

in the CFOP, although a portion of the watercourse habitat lost or altered will be replaced

by the FHCL outlet channel, which will be a naturalized, geomorphic channel designed to

provide fish use, and fish passage to and from Redclay Creek and the Athabasca River.

The FHCL will include diverse waterbody habitats to provide for the life history

requirements of a variety of fish species. In particular, it will provide deep-water

overwintering habitat that is currently limited in the watercourses and waterbodies in the

PDA. Forage fish comprise most of the fish community in the fish-bearing habitats within

the PDA. A small number of non-sport fish (sucker species) were also captured, but at
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limited locations within the PDA, and there are no records of sport fish in the PDA. Sport

and non-sport fish are present in the aquatics LSA in habitats downstream of the PDA,

particularly near the Athabasca River. The FHCL will be designed to support forage fish,

non-sport fish and sport fish, and provide more diverse and better quality habitat (as

represented by habitat units) than will be lost through mine development. The design

allows for development of a larger lake depending on the final analysis of fish habitat

losses and offsetting requirements, which will be determined during the detailed fisheries

offset planning process in conjunction with DFO, and in consultation with potentially

affected Aboriginal communities.

During construction, a reduction in fish habitat area is predicted for the PDA because of

the loss or alteration of productive fish-bearing habitats. Fisheries offsetting measures are

planned to offset potential adverse effects on overall fish habitat productivity. The

development of a 60 ha FHCL is proposed as part of the required fisheries offset, with

additional offsetting options as outlined in the fisheries offsetting framework. Among

these options is the development of a 170 ha FHCL to provide the full offsetting

requirement for the Project. Fisheries offsetting measures are planned to provide

compensation fish habitat at a greater than 1:1 ratio (ratio of gains in productive habitat to

losses of productive habitat, as represented by habitat units). These measures consider the

possibility that the small amount of affected watercourse (lotic) habitat (i.e., Unnamed

Creek 2) might be replaced with waterbody (lentic) habitat, depending on the final

selection of fisheries offset options. Teck acknowledges that it will take some time for the

FHCL to develop the full level of expected fish productivity as the lake matures

following construction. However, the CFOP includes offsetting options that could

advance the timing of offsetting measures. Refinement of the FHCL design and further

development of the fisheries offsetting options will be conducted during the detailed

fisheries offset planning process, in conjunction with DFO, ESRD, and in consultation

with potentially affected Aboriginal communities.

Changes in habitat area resulting from the Project are predicted to have no residual

adverse effect on overall fish habitat productivity given the planned mitigation and

proposed fisheries offsets for the Project (i.e., the CFOP).

Habitat Area in the Aquatics RSA (Athabasca River)

Construction and operation of the RWI has the potential to affect fish habitat area in the

Athabasca River because of physical disturbance during construction of the footprint of

the intake structure. Effects on fish habitat area in the Athabasca River might include:

 temporary loss of instream habitat during RWI construction

 loss or alteration of riparian habitat during construction of the RWI and access road,

including a bridge over the side channel of the Athabasca River

 permanent loss of habitat along the bank and adjacent to shore in the structure

footprint

Since filing the Integrated Application, the selected location for the RWI was revised to

Option 3 (Dalkin Island) based on additional engineering. Fish and fish habitat field

surveys were completed at the new RWI site in 2012 (see Volume 1, Section 2,



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 8: Fish and Fish Habitat

June 2015 Page 8-33

Appendix 2A) to assess potential effects associated with the RWI and associated

infrastructure. The survey determined that, based on the absence of critical habitats

(e.g., spawning and overwintering), the construction and operation of a RWI at the site

would likely have negligible effects on fish and fish habitat of the lower Athabasca River,

with implementation of standard mitigation and best management practices.

Offsetting habitat might be required to counterbalance effects of intake construction and

operation on fish habitat area in the Athabasca River. The CFOP (see Volume 1,

Section 15) does not include offsetting measures specific to the Athabasca River intake.

However, the offsetting plan will be modified to account for the effects of the intake, if

required, during subsequent stages of the approval process (i.e., Fisheries Act

authorization). Teck anticipates this will be once the final design of the intake structure

and construction plan are developed as part of future stages of engineering.

Changes in habitat area resulting from the Project are predicted to have no residual

adverse effect on overall fish habitat productivity in the Athabasca River based on the

planned mitigation and provision of fisheries offsets (CFOP).

Flow and Water Levels in the Aquatics LSA

Watercourse diversions in the PDA will maintain flows to downstream portions of the

affected watercourses. However, Project activities such as muskeg dewatering might alter

downstream flows or water levels. Cumulative changes in watercourse flow and water

levels compared with predevelopment and existing conditions were predicted as part of

the updated hydrology assessment (see Section 6). For the 2024 snapshot, flow increases

are predicted for some of the watercourses downstream of the PDA because of muskeg

drainage activities. The changes in mean annual discharge (watercourses) or mean water

levels (waterbodies) were predicted to be as follows:

 Unnamed Creek 19: 0%

 Redclay Creek: +21.2% (+0.08 m3/s)

 Big Creek: +29.4% (+0.17 m3/s)

 Ronald Lake: 0 m

The increases in mean annual flows for Redclay Creek and Big Creek incorporate

increases in both mean open-water and mean ice-cover flows. These small flow increases

are not expected to adversely affect fish habitat quantity or quality downstream of the

Project, as no reduction in habitat area will occur and increased ice-cover flows may

improve overwintering habitat conditions.

Flow and Water Levels in the Aquatics RSA (Athabasca River)

The Project, in combination with other developments, will require water withdrawal from

the Athabasca River that could affect flows and water levels in the river. The cumulative

reduction in mean seasonal flows for combined Application Case withdrawals in the

aquatics RSA for average and dry years ranges from 2.3% in summer to 14.4% in winter

(see Section 6). The Project’s incremental contribution to these reductions will be 0.3%

in summer and 1.5% in winter. Cumulative reductions in water levels in the Athabasca
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River associated with the flow reductions range from 0.02 m to 0.05 m. The incremental

contribution of the Project to these water level reductions is negligible at 0.01 m.

As described for the Base Case (see Section 6.4.4), the Athabasca River Water

Management Framework (AENV and DFO 2007) was in effect when the assessment was

completed. This framework and the SWQMF (GOA 2015) that replaced it both manage

cumulative water withdrawals and the IFN of the Athabasca River with the goal of

“protecting the ecological integrity of the aquatic ecosystem in the lower Athabasca

River”. The flow predictions provided above consider no river withdrawal restrictions.

During low-flow periods, cumulative maximum withdrawals restrictions will be in place

for the Athabasca River. The Project includes an off-stream storage pond (OSSP) to

provide water for operations when withdrawals from the Athabasca River are restricted.

Consistent with the SWQMF (GOA 2015), the RWI is designed to stop all river

withdrawals when flow restrictions are in place. Therefore, there are no predicted residual

adverse effects on fish habitat productivity in the Athabasca River because the Project

will comply with mandatory river withdrawal restrictions.

Channel Regime

The updated hydrology assessment (see Section 6) concluded that there will be changes

to peak flows (i.e., 10-year flood peak discharge) in some watercourses downstream of

the PDA because of watercourse diversions and changes in drainage patterns. Changes in

peak flows are predicted for some of the watercourses downstream of the PDA, whereas,

no changes are predicted for Ronald Lake water levels during high flow periods (i.e., the

90th percentile water level). The changes in peak flows for watercourses downstream of

the PDA were predicted to be as follows:

 Unnamed Creek 19: 0%

 Redclay Creek: -13.8% (-1.43 m3/s)

 Big Creek: +8.3% (+1.18 m3/s)

The updated hydrology assessment (see Section 6) concluded that the small increase in

peak flows in Big Creek would not be expected to adversely affect channel regime

through increased channel erosion rates, and no effects are expected to productive fish

habitat area. The predicted decrease in peak flow in Redclay Creek has the potential to

result in localized sediment accumulation that could affect channel morphometry and

available habitat area, but effects on this creek are discussed in a later snapshot since that

is when the maximum predicted effects will occur.

Water Quality

The updated surface water quality assessment (see Section 7) predicted changes in water

temperatures in some watercourses downstream of the PDA because of overburden and

muskeg dewatering activities during Project construction. Predicted changes in mean

monthly temperatures are generally minor (less than 1°C), but changes of 1°C or more

are predicted for lower Big Creek, consisting of reductions in mean monthly summer

(June-August) temperatures of 1°C to 1.3°C.
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Large-bodied species known to use lower Big Creek (Arctic grayling, burbot, longnose

sucker and white sucker) have life history events that can be correlated with water

temperature (Baily 1969; Edwards 1983; Hamel et al. 1997; Twomey et al. 1984).

Reduced summer temperatures could affect growth of juvenile and adult fish of these

species, as well as fry if spring spawning activity also occurs in the creek. Growth could

also be affected for the small-bodied species (minnows and sculpins) that use lower Big

Creek, as could spawning activity for those species that spawn at warmer temperatures in

the summer.

Overall, the predicted reductions in summer water temperatures in Big Creek are small,

particularly compared to the natural range of recorded baseline temperatures. Baseline

June-July temperature monitoring data (i.e., thermograph) are available from two

locations in Big Creek downstream of the PDA (Shell 2007). These data show daily mean

temperatures ranging from 10°C to 20°C, with minimum-maximum temperatures of 8°C

to 21°C. Although the thermograph data show an overall increase in temperatures over

the summer period, there are large fluctuations in temperatures during the summer. In

light of this variability, the predicted small reduction in mean monthly temperatures is

considered relatively minor.

Compared to available temperature-related habitat suitability data for large-bodied fish,

both the baseline and predicted future mean monthly temperatures in Big Creek have

high suitability for growth of Arctic grayling (Hubert et al. 1985), burbot (Golder 2008),

and longnose sucker (Golder 2008; Edwards 1983). Available baseline daily temperature

data (Shell 2007) for lower Big Creek show that peak temperatures in late July are

warmer than the optimal temperatures for burbot (Golder 2008) and Arctic grayling

(Hubert et al. 1985; Stewart et al. 2007). These data suggest that the small temperature

reduction predicted during Project construction could have a minor positive effect on the

growth of these two species in some years. In contrast, baseline and predicted mean

monthly temperatures are cooler then the optimal temperatures for white sucker (Golder

2008; Twomey et al. 1984) and suggest that the small temperature reduction could have a

minor adverse effect on the growth of white sucker fry in some years. A marginal delay

in onset of spawning activity might occur for the forage fish species that inhabit Big

Creek that spawn in the summer (June to August), if they need to wait longer for

temperatures to warm up in June. The small temperature reduction might also have a

minor effect on forage fish growth. However, in relation to the natural variability and

fluctuations in baseline temperatures, the potential effects on white sucker fry and forage

fish spawning or growth are expected to be small.

Overall, the predicted reduction in mean monthly water temperatures in lower Big Creek

during construction are expected to have a relatively minor effect on the habitat

productivity of the watercourse. In addition, the temperature change for this snapshot is

temporary and does not continue past the construction period. However, because there is

potential for effects on forage fish spawning and growth, and growth of white sucker fry,

this change represents a temporary residual effect of Project development. It might act in

combination with other effects on habitat productivity in lower Big Creek because of

possible changes in benthic invertebrate communities (see below). The change in

temperature in lower Big Creek is identified as a residual effect of the Project because
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potential changes in productivity are uncertain and are not specifically quantified or

offset by the CFOP. However, the CFOP and fisheries offsetting framework (see

Volume 1, Section 15) include development of productive fish habitats at an offset level

of greater than 1:1 (habitat gains:habitat losses) for lost watercourse habitat area in lower

Big Creek. These offset measures will help offset the potential effects on overall fish

habitat productivity such that no effects are expected on fish abundance or diversity in the

aquatics LSA or RSA because of changes in habitat productivity associated with changes

in water quality.

Several knowledge gaps are associated with this prediction. For example:

 the level of spawning use of lower Big Creek by white sucker as it relates to the

potential for fry to be present in the summer

 the specific effects of small temperature changes on forage fish spawning and fish

growth

 variability in the Big Creek temperature regime in different years

To address these gaps, the conceptual monitoring plan for the Project (see Volume 1,

Section 15.5) will include monitoring of the thermal regime, fish use and fish production

in lower Big Creek to confirm or refine the prediction.

Lower-Trophic Level Productivity

Potential changes to aquatic habitats because of diversions, landscape changes and

changes to drainage patterns could affect lower-trophic level productivity of the aquatic

environment that support benthic invertebrate communities and fish populations.

Therefore, potential changes in nutrient levels and detrital inputs were examined for the

potentially affected watercourses downstream of the PDA. These include lower Redclay

Creek and lower Big Creek, both of which will experience changes in drainage patterns

and associated flow changes, and the Athabasca River, which receives inflow from both

watercourses.

The planned diversions and drainage changes for Redclay Creek and Big Creek, in

combination with predicted flow reductions, have the potential to (1) alter the nature of

nutrients or detritus in the lower portions of these watercourses and (2) affect the nutrient

and detrital inputs to the Athabasca River. These effects are discussed in a later snapshot

since that is when the maximum predicted effects will occur.

Benthic Invertebrates

Potential changes in benthic invertebrate communities in relation to habitat productivity

were assessed based on potential effects on this food resource for fish. Valid linkages

were examined for potential effects on benthic invertebrate community characteristics

such as density and composition. For the valid linkages, potential changes in habitat were

identified for changes in habitat area (including changes in channel regime), flow and

water levels, and water quality (temperature). The pathway between potential changes in

habitat area is assessed for the snapshots with predicted changes in habitat area

(i.e., construction and closure). The other pathways are assessed for the snapshots with
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the greatest predicted change, which includes 2066 and closure for flow and water levels,

and closure for water temperatures.

Changes in available habitat area will occur because of diversions, landscape and

drainage pattern changes, and development of fisheries offsetting habitats. The changes

will include loss or alteration of aquatic habitats in affected watercourses and waterbodies

that provide benthic invertebrate habitats. These changes are not expected to result in

changes in overall fish habitat productivity because of the CFOP, which quantifies the

change in habitat area relative to fish habitat quantity and quality (see Volume 1,

Section 15). The offsetting measures are also designed to provide suitable benthic

invertebrate habitats and communities to support the expected level of fish habitat

productivity. Therefore, the offsetting habitats are expected to provide suitable food

resources for the anticipated fish populations. As such, no effects are expected for benthic

invertebrate food resources because of changes in habitat area.

During construction, changes in water temperatures are predicted for Big Creek

downstream of the PDA that might affect benthic invertebrate communities. These

changes consist of reductions in mean monthly summer (June to August) temperatures of

1°C to 1.3°C.

The community structure of benthic invertebrates can be affected by a number of abiotic

factors, including changes in water temperature (Hynes 1970; Lehmkuhl 1972). Changes

in benthic invertebrate community structure due in whole or in part to temperature

reductions have shown changes in species diversity (Spence and Hynes 1971) or

reductions in diversity and abundance (Lehmkuhl 1972). However, in both of these

studies, summer temperatures were 6°C lower at affected sites relative to undisturbed

sites.

Overall, the predicted reduction in summer water temperatures in Big Creek are small,

particularly compared to the range of recorded baseline temperatures, which show large

fluctuations (Shell 2007). In light of this variability, the small reduction in mean monthly

temperatures is considered relatively minor. However, there is a positive correlation

between water temperature and growth rates of invertebrates (Wallace and Eggert 2009),

and reduced summer temperatures could affect growth and hatching of benthic

invertebrates (Lehmkuhl 1972; Reece and Richardson 1998). Therefore, there is a

potential for effects on benthic invertebrate communities that could affect food resources

for fish. In relation to the natural variability and fluctuations in current (e.g., existing

condition), temperatures in Big Creek (Shell 2007), the potential effects on benthic

invertebrate growth and effects on fish habitat productivity in relation to invertebrate

food resources are expected to be minor. Nonetheless, this represents a residual effect of

Project development, as it might act in combination with other effects on habitat

productivity in lower Big Creek such as temperature-related effects on fish growth.

The CFOP (see Volume 1, Section 15) includes the development of productive fish

habitats at an offsetting level of greater than 1:1 (habitat gains:habitat losses) for lost

watercourse habitat area in lower Big Creek to offset the effects on overall fish habitat

productivity. Based on this, and the temporary minor effects expected in Big Creek, there

are no effects expected on fish abundance or diversity in the aquatics LSA or RSA
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because of changes in habitat productivity associated with changes in benthic invertebrate

communities.

Data gaps associated with this prediction include the specific effects of small temperature

changes on benthic invertebrate community density and structure, and the variability in

the Big Creek temperature regime in different years. Therefore, the conceptual

monitoring plan for the Project (see Volume 1, Section 15.5) will include monitoring of

the thermal regime and benthic invertebrate communities in lower Big Creek.

Major Watercourse Diversion (Year 25) (2050)

Habitat Area

The 2050 snapshot includes additional diversions in the upper Redclay Creek and upper

Big Creek watersheds (see Volume 1, Section 7, Figure 7.7-5). The Redclay Creek

intercept point is moved from the middle of the PDA to the west boundary of the PDA.

Water from the additional Redclay Creek diversion will flow to the existing diversion

channel and will be returned to lower Redclay Creek at the same location as in the 2024

snapshot. The upper Big Creek watershed diversion is also moved to the west PDA

boundary and water from the additional diversion will flow to the existing diversion

channel and will be returned to lower Big Creek at the same location as in the 2024

snapshot. The 2050 snapshot also includes diversion of the portion of Unnamed Creek 17

in the PDA, with water returned to the watercourse immediately downstream of the PDA.

The Unnamed Creek 17 diversion will be combined with the Redclay Creek diversion

until it passes the downstream boundary of the PDA. As in the Integrated Application, a

flow splitter will be used at the downstream boundary to appropriately reapportion the

flow in the diversion between the downstream portions of Redclay Creek and Unnamed

Creek 17 to limit potential flow changes to these watersheds downstream of the PDA

(i.e., Redclay Creek and Ronald Lake) (see Section 6).

Construction of these additional diversions and subsequent development activities will

result in the loss of the watercourse segments in the portions of the watersheds affected

by the diversions, including:

 Redclay Creek, between the west PDA boundary and the diversion described in the

2024 snapshot

 the portion of Unnamed Creek 17 in the PDA, located immediately upstream of the

forested wetland complex on Unnamed Creek 17

 portions of the upper Big Creek watershed between the west PDA boundary and the

diversion described in the 2024 snapshot

All of these habitats are located upstream of forested wetland complexes and were

identified as non-fish-bearing because they lack connectivity to fish-bearing habitats and

no fish were encountered in these areas during the original baseline study or

supplemental baseline study. Therefore, no additional losses in productive fish habitat

area are expected during this snapshot.
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Flow and Water Levels

Watercourse diversions within the PDA will maintain flows to downstream portions of

the affected watercourses. However, landscape and drainage changes and close-circuiting

within the PDA might affect downstream flows or water levels. For the 2050 snapshot,

flow decreases are predicted for some of the watercourses downstream of the PDA

because of Project activities. The changes in mean annual discharge (watercourses) or

mean water levels (waterbodies) for watercourses and waterbodies downstream of the

PDA were predicted to be as follows:

 Unnamed Creek 19: -7.6% (-0.003 m3/s)

 Redclay Creek: -10.6% (-0.04 m3/s)

 Big Creek: -13.5% (-0.08 m3/s)

 Ronald Lake: 0 m

Unnamed Creek 19 does not provide productive fish-bearing habitats, and the small

reduction in mean annual flow is not expected to adversely affect fish habitat. The flow

decreases in Redclay Creek and Big Creek have adverse effects on fish habitat

productivity, but effects on these creeks are discussed in a later snapshot since that is

when the maximum predicted effects will occur.

Channel Regime

Changes in peak flows for this snapshot are predicted for some of the watercourses

downstream of the PDA, whereas, no changes are predicted for Ronald Lake water levels

during high flow periods. The changes in peak flows for watercourses downstream of the

PDA were predicted to be as follows:

 Unnamed Creek 19: -7.1% (-0.07 m3/s)

 Redclay Creek: -26.8% (-2.79 m3/s)

 Big Creek: -12.7% (-1.80 m3/s)

Unnamed Creek 19 does not provide productive fish-bearing habitats. The predicted

decrease in peak flows in Redclay Creek and Big Creek have the potential to affect fish

habitat, but effects on these creeks are discussed in a later snapshot since that is when the

maximum predicted effects will occur.

Water Quality

For this snapshot, water temperatures are expected to be similar to existing conditions.

Therefore, there are no potential effects on fish habitat productivity.

Lower-Trophic Level Productivity

The planned diversions and drainage changes for Redclay Creek and Big Creek, in

combination with predicted flow reductions, have the potential to alter the nature of

nutrients or detritus in the lower portions of these watercourses and the nutrient and

detrital inputs to the Athabasca River. However, for both watercourses the largest
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changes are predicted for later snapshots, and the potential effects of drainage changes

and flow reductions on lower-trophic level productivity is assessed for the snapshots with

the maximum change from existing conditions (i.e., 2066 and 2081 for both

watercourses).

Benthic Invertebrates

Potential changes in benthic invertebrate communities were assessed in relation to fish

habitat productivity. Potential changes were assessed based on valid linkages to changes

in habitat (i.e., changes in habitat area, flow and water levels, and temperature). The

pathway between potential changes in habitat and changes in benthic invertebrates is

assessed for the snapshots with the greatest predicted changes in habitat area

(construction and closure snapshots), flow and water levels (2066 and 2081), and water

temperatures (construction and closure).

Maximum Build-out (Year 41) (2066)

Habitat Area

Additional diversions associated with the 2066 snapshot include diversion of the portion

of Unnamed Creek 18 in the PDA, with water returned to the watercourse immediately

downstream of the PDA. Construction of this additional diversion and subsequent

development activities will result in the loss of the portion of the watercourse affected by

the diversion, consisting of Unnamed Creek 18 within the PDA, which is located

immediately upstream of the forested wetland complex on Unnamed Creek 18. The

affected habitats are located upstream of the forested wetland complex and were

identified as non-fish-bearing because they lack connectivity to fish-bearing habitats and

no fish were encountered in the area during the baseline studies. Therefore, no additional

losses in habitat area are expected during this snapshot.

Flow and Water Levels

Stream diversions within the PDA will maintain flows to downstream portions of the

affected watercourses. However, landscape and drainage changes and maximum close-

circuiting within the PDA might affect downstream flows or water levels. For the 2066

snapshot, flow decreases are predicted for some of the watercourses downstream of the

PDA because of Project activities. The changes in mean annual discharge (watercourses)

or mean water levels (waterbodies) for watercourses and waterbodies downstream of the

PDA were predicted to be as follows:

 Unnamed Creek 19: -7.6% (-0.003 m3/s)

 Redclay Creek: -17.4% (-0.07 m3/s)

 Big Creek: -15.9% (-0.09 m3/s)

 Ronald Lake: +0.01 m
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Unnamed Creek 19 does not provide productive fish-bearing habitats. The flow decrease

in Big Creek has the potential for adverse effects on fish habitat productivity; however,

larger flow reductions are predicted for later snapshots and the potential effects of flow

reductions on habitat productivity in this watercourse are assessed for the snapshot with

the maximum change from existing conditions (i.e., 2081). The small increase in Ronald

Lake water level is negligible compared to the normal seasonal water level variation

(see Section 6.4.5.3) and is not expected to adversely affect habitat quantity or fish

habitat productivity in Ronald Lake.

The predicted reduction in mean annual flow for Redclay Creek (and equal reduction in

mean open-water flow) has the potential for adverse effects on fish habitat productivity.

As a preliminary screening assessment, the predicted flow reduction in Redclay Creek

was evaluated using the Desk-top Method for Establishing Environmental Flows in

Alberta Rivers and Streams (GOA 2011). This method provides a ‘percentage of natural

flow’ recommendation based on studies that evaluated constant percent reductions in

flow in terms of fish habitat reduction, riparian vegetation recruitment and changes in

channel forming flows. The change in mean annual flow in Redclay Creek was used to

represent changes in average habitat conditions, one of the key metrics identified for

evaluating effects on habitat. The method provides some recommended maximum

percent flow reductions intended to identify a flow regime that provides a high level of

protection to fish habitat. Changes in average habitat were viewed as an indicator of

chronic effects of flow reduction on habitat availability, with a reduction of 10%

considered the threshold value for a high level of protection of the aquatic ecosystem.

Compared to this threshold, the predicted 17.4% (0.07 m3/s) reduction in the mean annual

flow of Redclay Creek downstream of the PDA could potentially have an adverse effect

on fish habitat.

Based on the preliminary screening assessment, additional flow statistics (i.e., mean

weekly flows) were calculated for Redclay Creek under predevelopment conditions and

during the 2066 snapshot for application in the desktop method. Based on IFN studies of

Alberta rivers, 15% was found to be the most conservative flow reduction factor and is

the recommended weekly maximum percent flow reduction for the protection of fish

habitat (GOA 2011). Assessment of the predicted reductions in mean weekly flows in

Redclay Creek for the flow simulation period (1954 to 2013) show 19 of 52 weeks in

which the flow reduction is greater than 15%. This indicates that flow-related effects on

fish habitat availability could occur in the portion of Redclay Creek located downstream

of the PDA. A main effect of changing flow and water levels on watercourse habitat

characteristics is change in the amount of available habitat (Hill and Cichra 2002). To

evaluate potential effects of the flow reduction on fish habitat, the predicted change in

mean wetted area for Redclay Creek was estimated based on the predicted change in

mean annual flow. Cross-sectional profile data collected for the hydrology assessment at

various flow levels in Redclay Creek were used to calculate the average change in wetted

width, which would equate with the predicted change in overall habitat area for the

affected length of the watercourse. The estimated reduction in average wetted width and

total wetted area for Redclay Creek because of the reduction in mean annual flow is

0.75%. Therefore, a small reduction in habitat area is expected in Redclay Creek and fish
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habitat offsets are incorporated into the CFOP (see Volume 1, Section 15) to

counterbalance the loss of fish habitat productivity.

In addition to the potential effects of reduced flows on habitat quantity (i.e., reduced

surface area because of reduced widths) in lower Redclay Creek, the predicted flow

reductions might also affect habitat quality within the remaining watercourse width

because of reductions in water depths and velocities. However, predicted reductions in

water depths for lower Redclay Creek based on the change in mean annual flow are in the

range of 0.01 m (-2.7%). This small change in depth is expected to have negligible effects

on habitat conditions, and therefore negligible effects on fish habitat productivity or

seasonal use of the watercourse by migratory fish from the Athabasca River. The

reduction in mean annual flow predicted for this snapshot is temporary and will be

reversed at closure.

Changes in flow or water levels resulting from the Project are predicted to have no

residual adverse effect on overall fish habitat productivity given the planned mitigation

and provision of fisheries offsets (i.e., the CFOP).

Channel Regime

Changes in peak flows for this snapshot are predicted for some of the watercourses

downstream of the PDA, whereas, no changes are predicted for Ronald Lake water levels

during high flow periods. The changes in peak flows for watercourses downstream of the

PDA were predicted to be as follows:

 Unnamed Creek 19: -7.1% (-0.07 m3/s)

 Redclay Creek: -27.0% (-2.81 m3/s)

 Big Creek: -12.5% (-1.78 m3/s)

Unnamed Creek 19 does not provide productive fish-bearing habitats. The predicted

decrease in peak flows in Redclay Creek and Big Creek are similar to the 2050 snapshot

and have the potential to affect fish habitat productivity. However, larger reductions in

peak flows are predicted for both watercourses in later snapshots, and the effects of peak

flow reductions on habitat productivity in these watercourses is assessed for the snapshot

with the maximum change from existing conditions (i.e., 2081 for both watercourses).

Water Quality

At maximum build-out, water temperatures are expected to be similar to existing

conditions. Therefore, there are no effects on fish habitat productivity.

Lower-Trophic Level Productivity

The planned diversions and drainage changes for Redclay Creek and Big Creek, in

combination with predicted flow reductions, have potential to alter (1) the nature of

waterborne constituents (nutrients or detritus) in the lower portions of these watercourses

and (2) nutrient and detrital inputs to the Athabasca River. These changes could result

from flow changes in the lower portion of these watercourses, or from the diversion of

water through constructed channels. Subsequent changes could also occur in waterborne
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constituents from Redclay Creek and Big Creek into the Athabasca River at the mouths

of the creeks.

Waterborne Constituents

Water in the Redclay Creek and Big Creek diversion channels will be returned to natural

watercourses downstream of the PDA to maintain flow in these watercourses. Therefore,

delivery of waterborne constituents to the Athabasca River will be maintained. However,

changes in drainage patterns and flows might alter the composition of waterborne

constituents.

The diversion channels will bypass the large forested wetland complexes present within

the middle reaches of both watercourses (see Section 8.4), which might alter the biotic

conditions of the downstream reaches. Under predevelopment conditions, the forested

wetland complexes serve as biological filters for nutrients and organic matter, and might

limit the export of waterborne material to the Athabasca River under existing conditions.

Sedimentation ponds in the diversion channels will provide a similar effect as the

forested wetlands; waterborne constituents will settle out through retention of water

before moving downstream into the natural watercourses.

Potential changes to nutrient levels and detrital levels were assessed based on the planned

diversions and drainage changes.

Nutrients

Because of the diversion plans for Redclay Creek and Big Creek, the filtering effect of

the forested wetlands on biotic components in the water, including nutrients, will be

excluded from the drainage system. Therefore, nutrient levels in both watercourses

downstream of the diversions in the Application Case are expected to be more similar to

existing conditions in the upper reaches. Sedimentation ponds within both diversion

channels, and the FHCL downstream of the Redclay Creek diversion channel will

provide some settling of waterborne constituents, providing a similar filtering effect

within the watercourses as the existing forested wetlands. For example, nutrients

associated with suspended sediments (e.g., phosphorus) might settle in the FHCL and

sedimentation ponds.

Under existing conditions, median total nitrogen and total phosphorus are higher in the

upstream reach of Redclay Creek compared to the lower creek downstream of the

forested wetland, indicating the filtering effect of the forested wetland complex. Higher

nutrient concentrations are expected in such systems because headwater streams are

typically characterized by a large volume of organic matter relative to stream size (Wipfli

et al. 2007; Grabs et al. 2015). In Big Creek, median total phosphorus values were also

higher upstream of the forested wetland compared to downstream, but median total

nitrogen was more similar between reaches upstream and downstream of the forested

wetland complex. This result might be explained by the forested wetland area in Big

Creek being smaller than for Redclay Creek, and by less-productive conditions in the

upper reaches of Big Creek compared to the upper reaches of Redclay Creek. Big Creek

has low total organic carbon throughout the length of the watercourse compared to

Redclay Creek, where total organic carbon is high in the upper creek and low in the
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portion of the creek downstream of the forested wetland (see Volume 2, Section 5;

RAMP 2014).

Under existing conditions, nutrient concentrations were highly variable in Redclay Creek

and Big Creek. For example, nitrates + nitrites ranged from non-detectable to

0.175 mg N/L. Total phosphorus concentrations were frequently measured in the

eutrophic range, and sometimes in the hyper-eutrophic range (>0.750 mg/L; Wetzel

2001). During Project operations, a slight increase in total nitrogen and total phosphorus

are predicted in Redclay Creek and Big Creek (see Section 7); however, the nutrient

status is not expected to change in either watercourse, remaining in the eutrophic range

with periods of potentially hyper-eutrophic conditions.

During periods of reduced flow in Redclay Creek and Big Creek, a slight decrease could

occur in nutrient load. However, total nitrogen and total phosphorus levels are expected

to increase slightly during operations, so any decrease in nutrient load in Redclay Creek

and Big Creek and any changes to the input of nutrients into the Athabasca River are

expected to be negligible. Furthermore, nutrients are not considered a limiting resource in

the Athabasca River (RAMP 2014), and reduced flows in Redclay Creek and Big Creeks

associated with maximum build-out represent only 0.02% of Athabasca River flows.

Therefore, any change in nutrient input into the Athabasca River from Redclay Creek and

Big Creek is expected to have a negligible effect on nutrient levels in the Athabasca

River. No ecologically relevant changes in nutrient load in Redclay Creek or Big Creek

or nutrient input into the Athabasca River are anticipated as a result of the diversion

channels or from flow changes, and no adverse effects on habitat productivity are

expected.

RAMP (2014) classified differences in water quality, including nutrients, in 2013 as

negligible-low at all monitoring stations in the Athabasca River compared to regional

existing conditions. Concentrations of water quality parameters at RAMP test stations in

the Athabasca River in 2013 were also generally similar to those at upstream baseline

stations and consistent with regional baseline conditions (RAMP 2014). These results

suggest that cumulative effects on nutrient levels in the Athabasca River are not

occurring at a measurable level. Furthermore, the key limiting factors to productivity in

the Athabasca River are likely physical, rather than organic or nutrient inputs.

Specifically, the Athabasca River is turbid with a largely shifting sand bottom, which is

not conductive to algal growth because of limited light availability and lack of stable

substrates for algal growth (Barton and Lock 1979). Therefore, small changes to nutrient

inputs are unlikely to affect the productivity of the river.

Detritus

Detrital inputs to Redclay Creek and Big Creek downstream of the PDA may be affected

by:

 increased connectivity between the upper and lower watercourses provided by the

diversion channels

 the presence of upstream sediment ponds on both watercourses and the FHCL in the

Redclay Creek drainage
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 replacement of natural watercourse channels and forested wetlands with a

constructed diversion channel

 changes in flows

A discussion of the potential effects of the Project on detritus were provided in response

to ESRD/CEAA Round 2 SIR 10a, SIR 34a and b, and ESRD/CEAA Round 3 SIR 4a,

SIR 8c, SIR 25a and b, SIR 25c, and SIR 26a and b.

Detritus in watercourses consists of organic matter originating from within the

watercourse, referred to as ‘autochthonous’ organic matter (e.g., benthic algal growth,

secretion, egestion and excretion), and external inputs from the terrestrial ecosystem,

referred to as ‘allochthonous’ inputs (e.g., leaf litter, conifer needles) (Wetzel 2001). The

trophic structure of watercourses largely depends on active detrital processes. Detritus

has strong influences on food web dynamics and often increases the stability and

persistence of systems, with substantial effects on biodiversity and trophic structure

(Moore et al. 2004; Rolls et al. 2012). Most of the organic matter in a stream is

undergoing microbial degradation, the rate of which typically is greater than

autochthonous production (Wetzel 2001). Therefore, allochthonous inputs of terrestrial

organic matter are commonly the dominant source of material and energy in watercourse

ecosystems. Headwater streams are particularly important sources of organic matter,

including detritus, with large volumes of organic matter relative to stream size (Wipfli

and Gregovich 2002; Wipfli et al. 2007; Eggert et al. 2012; Grabs et al. 2015). This

suggests that the ability of tributary streams to convey allochthonous organic matter is an

important factor influencing detrital inputs.

The Redclay Creek and Big Creek diversion channels will originate from and connect to

existing watercourse segments and therefore will convey allochthonous and

autochthonous detritus within the system to the lower portions of these watercourses and

to the Athabasca River. The constructed diversion channels themselves will pass through

similar vegetated areas and contribute allochthonous organic inputs, although the

disturbed area adjacent to the constructed channels will require time to revegetate

following construction. It is anticipated that revegetation of diversion channels will begin

within one year of clearing and construction. Revegetation will focus on reestablishing

woody vegetation, especially pioneering species typical of local natural and reclaimed

riparian areas. Following current trends in reclamation, it is anticipated that fast-growing

woody shrubs (e.g., alders and willows) will be planted as seedlings or cuttings and will

produce leaves the first year and reach maturity as early as 4 to 5 years after becoming

established. Once revegetated, allochthonous organic inputs will be similar to a natural

watercourse channel. Although some reductions in detritus inputs will occur during the

initial period after construction of the diversion channels, detrital inputs from the

upstream and downstream reaches will not be altered, and autochthonous production will

establish in the diversion channels. In addition, enhanced connectivity of the upstream

watercourses to the lower watercourses by well-defined channels, as compared to passing

through the forested wetland areas, will also provide enhanced conveyance of organic

material, including detritus, to downstream areas.
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The diversion of water around the forested wetland areas in Redclay Creek and Big Creek

has potential to affect: (1) the quantity and composition of detritus in the lower reaches of

both watercourses; and (2) inputs of detritus to the Athabasca River given that the

biological filtering effect of the forested wetlands will be eliminated. Under existing

conditions, some detritus entering the forested wetlands (in water from the upstream

reaches of both Redclay Creek and Big Creek) is filtered as the water passes through the

forested wetlands before entering the downstream reaches of the watercourses. Within

Redclay Creek, median total organic carbon values are higher upstream of the forested

wetland than downstream under existing conditions, suggesting the filtering of organic

material occurs as water passes through the forested wetland complex. However, in Big

Creek, median total organic carbon values were more similar between reaches upstream

and downstream of the forested wetland. This might be explained by the smaller forested

wetland area in the Big Creek watercourse compared to Redclay Creek, as well as by less

productive conditions in the upper reaches of Big Creek compared to upper Redclay

Creek.

The overall transport distances for coarse particulate organic matter (CPOM) tend to be

short, with much of the CPOM likely retained in the upstream reaches of Redclay Creek

and Big Creek and their tributaries, before being broken down into fine particulate

organic matter (FPOM) (Wallace et al. 1995; Abelho 2001). However, FPOM can travel

long distances and accounts for a substantial amount of the organic output of streams

(Webster et al. 1999). Therefore, levels of CPOM in lower Redclay Creek and Big Creek,

and levels delivered to the Athabasca River from the lower reaches, are expected to be

similar to existing conditions, but conveyance of FPOM from the upstream reaches to the

lower reaches and the Athabasca River could increase during this snapshot due to

connectivity created by the diversion

Some detritus might settle to the bottom of the sedimentation ponds within the Redclay

Creek and Big Creek diversion channels and in the FHCL below the Redclay Creek

diversion, thus these areas would provide a similar filtering effect as the forested wetland

areas under existing conditions. Riparian vegetation surrounding the ponds and the FHCL

following revegetation will, however, input additional allochthonous detritus into the

system. Because riparian habitat dictates the amount of detrital input and its quality (i.e.,

plant type) (Eggert et al. 2012), vegetation along the diversion channels should provide a

similar level of detrital input as predevelopment streams. In addition, given the specific

characteristics of the affected drainages, the overall length of the watercourses and

riparian area that currently contributes detrital mass to the Athabasca River is expected to

be increased by the diversions.

Reductions of flows within Redclay Creek and Big Creek might affect levels of detritus

within the watercourses, and the detritus loads delivered to the Athabasca River. Flows

affect sources and exchange of material and energy in rivers, thereby affecting ecosystem

production and biotic composition (Rolls et al. 2012), with transport distance of FPOM

generally related to discharge (Webster et al. 1999). Therefore, reduced annual flows in

Redclay Creek and Big Creek could reduce delivery of detritus to their lower reaches

and, therefore, to the Athabasca River.
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A reduction in stream habitat area from reduced water levels associated with reduced

flows might also result in slightly reduced levels of autochthonous detritus within

Redclay Creek and Big Creek. However, because of enhanced connectivity between the

upper and lower reaches of Redclay Creek and Big Creek, any change to the quantity of

detritus in the lower creeks and the Athabasca River is expected to be negligible. Further,

given the minor change to the volume of water delivered to the Athabasca River by

Redclay Creek and Big Creek during this snapshot relative to the volume of the

Athabasca River (0.02%), any change to the quantity of detritus in the Athabasca River is

expected to be negligible. Therefore, any decrease in productivity resulting from a

reduction in detrital input to lower Redclay Creek, lower Big Creek and the Athabasca

River during Project operations is expected to also be negligible, with no adverse effects

on fish habitat productivity.

Within the Athabasca River, adjacent to the PDA and immediately downstream, the

reduction of detritus input that might result from cumulative changes in detrital inputs

from tributary watersheds is also expected to be negligible. The Athabasca River is turbid

with a shifting sand bottom, limiting deposition and accumulation of detritus (Barton and

Lock 1979; Barton 1980), and thus much of the detrital inputs from tributary

watercourses are expected to be carried downstream. Therefore, effects on fish habitat

productivity in this section of the Athabasca River from a localized reduction to detrital

inputs are expected to be negligible. The cumulative loss of watershed area for the lower

Athabasca River because of oil sands mining will be just less than 1% for the Application

Case (see Section 6). Cumulative changes in waterborne detritus inputs to the Athabasca

River would be higher than from the Project alone, but would remain negligible since the

tributary inflow changes represent a negligible portion of the overall river volume.

Furthermore, the key limiting factors to productivity in the Athabasca River are likely

physical (i.e., turbidity and shifting sand bottom) rather than organic or nutrient inputs.

As such, small changes to organic inputs are unlikely to affect the productivity of the

river.

Benthic Invertebrates

At maximum build-out, flow and water level changes are predicted for lower Redclay

Creek. Mean annual flow is predicted to decrease by 17.4% (-0.07 m3/s), with an equal

reduction in mean open-water flow. Changes in available habitat area are predicted to

occur because of the flow reduction, but are not expected to result in changes in overall

habitat productivity because of the CFOP, which will offset the change in habitat area

relative to fish habitat quantity and quality (see Volume 1, Section 15). The offsetting

habitats are also designed to provide suitable benthic invertebrate habitat and

communities to support the expected level of fish productivity. Therefore, the offsetting

habitats are expected to provide suitable food resources for the anticipated fish

populations.

In addition to the potential effects of reduced flows on habitat area in lower Redclay

Creek, the predicted flow reductions might also affect habitat quality within the

remaining watercourse width because of reductions in water depths and velocities.

However, predicted reductions in water depths for lower Redclay Creek based on the
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change in mean annual flow are in the range of 0.01 m (-2.7%). This small change in

depth is expected to have negligible effects on habitat conditions and negligible effects

on the benthic invertebrate community of lower Redclay Creek.

Changes in habitat area, flow or water levels in lower Redclay Creek resulting from the

Project are predicted to have no residual adverse effect on benthic invertebrate food

resources given the planned mitigation and provision of offset habitats.

Closure and Far Future (2081+)

Closure is defined as the period when water will start to be released from the pit lakes to

receiving waters.

Habitat Area

Although the closure landscape will be reconfigured during reclamation, no additional

disturbances of watersheds located in the PDA will occur, except for lower Big Creek. At

closure, the location at which the Big Creek diversion returns flow to lower Big Creek

will change from the point immediately below the Big Creek forested wetland complex

(where it was located throughout operations) to the current confluence of Unnamed

Creek 2 and Big Creek (see Volume 1, Section 7, Figures 7.7-3 and 7.7-4). Changing the

diversion outflow location will result in the loss of the segment of Big Creek from the

operational outflow point to the Unnamed Creek 2 confluence. Because Big Creek

downstream of the forested wetland complex is fish-bearing, productive fish habitats will

be lost. Mitigation measures will not fully eliminate the loss to fish habitat area.

Therefore, the CFOP (see Volume 1, Section 15) will offset this potential loss in

productive fish habitat and eliminate the residual adverse effects of the Project on overall

fish habitat productivity.

New drainage channels built at closure and existing diversion channels that will remain

on the landscape permanently will be constructed and reclaimed using natural channel

design techniques. The result will be geomorphic watercourses that resemble natural

watercourse habitats and are similar to natural watercourses in the region (i.e., have

similar topography and flow regimes). This channel construction and reclamation will

create additional watercourses with productive fish habitat as part of the closure drainage

system. The release of water from the pit lakes that connect to watercourses will allow

these systems to develop into viable aquatic habitats. The landscape will also contain

small waterbodies and pit lakes as part of the closure drainage system. The pit lakes alone

have the potential to create an additional 37.9 km² of aquatic habitat above that of the

FHCL and other offsetting options associated with the CFOP. The development of fish

populations is expected in the watercourses, waterbodies and pit lakes of the closure

drainage system where there is connectivity to downstream fish-bearing habitats and for

fish species that would find suitable habitats in the closure drainage system (see

responses to ESRD/CEAA Round 3 SIR 12b and SIR 40a, b, c). However, the habitats of

the closure drainage system are not included as part of the fisheries offset for the Project.
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Flow and Water Levels

Reconfiguration of the landscape and development of the closure drainage system will

result in changes in flows and water levels in downstream watercourses and waterbodies.

Generally, flows will be reduced slightly in summer because of open-water evaporation

and flow attenuation effects of the pit lakes. During ice-covered periods, flows will

increase because of the water storage capacity of the pit lakes. Additional flow changes

will occur in Big Creek due to a portion of the former watershed draining to the Redclay

Creek watershed in the closure drainage system. For the 2066 snapshot, flow changes are

predicted for some of the watercourses downstream of the PDA as a result of the closure

drainage system. The changes in mean annual discharge (watercourses) or mean water

levels (waterbodies) for watercourses and waterbodies downstream of the PDA were

predicted to be as follows:

 Unnamed Creek 19: 0%

 Redclay Creek: +22.4% (+0.09 m3/s)

 Big Creek: -27.8% (-0.16 m3/s)

 Ronald Lake: 0 m

The predicted increase in the mean annual flow of Redclay Creek at closure is because of

a large increase (489%) in the mean ice-cover flow resulting from gradual release of the

large storage capacity of the upstream pit lake in the winter compared to very low winter

flows under existing conditions. The mean open-water flow will decrease (-5.6%); this

decrease is smaller than the -17.4% decrease predicted for the 2066 snapshot and

therefore will not result in additional adverse effects on fish habitat productivity.

Similarly, the predicted reduction in mean annual flow for Big Creek incorporates a large

increase in mean ice-cover flow. The predicted decrease in mean open-water flow for Big

Creek at closure is -42.4%.

A preliminary screening against the 10% threshold in the Alberta Desk-top Method for

Determining Environmental Flows (GOA 2011) indicates the predicted reduction in the

mean annual flow of Big Creek downstream of the PDA could have an adverse effect on

fish habitat. Assessment of the predicted reductions in mean weekly flows in Big Creek

for the flow simulation period (1954 to 2013) show 26 of 52 weeks in which the flow

reduction is greater than 15%. This method indicates there is a likelihood of flow-related

effects on fish habitat availability in the portion of Big Creek located downstream of the

PDA. To evaluate potential effects of the flow reduction on fish habitat, the predicted

change in mean wetted area for Big Creek was estimated based on the predicted

maximum flow reduction (i.e., -42.4% change in mean open-water flow). Cross-sectional

profile data collected for the hydrology assessment at various flow levels in Big Creek

were used to calculate the average change in wetted width, which would equate with the

predicted change in overall habitat area for the affected length of the watercourse. The

estimated reduction in average wetted width and total wetted area for Big Creek because

of the reduction in mean annual flow is 17.1%. A reduction in habitat area is expected in

Big Creek, and fisheries offsets are incorporated into the CFOP to counterbalance the loss

(see Volume 1, Section 15).
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In addition to the effects of reduced flows on habitat quantity (i.e., reduced surface area

because of reduced widths) in lower Big Creek, the predicted flow reductions might also

affect habitat quality within the remaining watercourse width because of reductions in

water depths and velocities. Predicted reductions in water depths for lower Big Creek

based on the change in mean annual flow are in the range of 0.35 m (-36.5%). This

permanent change in depth has the potential for effects on fish habitat productivity in

lower Big Creek and seasonal use of the creek by migratory fish from the Athabasca

River.

Overall, Big Creek after closure will become a smaller watercourse due to a lower flow

regime (i.e., reduced open-water flows and peak flows). The CFOP and fisheries

offsetting framework (see Volume 1, Section 15) includes the development of productive

fish habitats at a compensation level of greater than 1:1 (habitat gains:habitat losses) for

lost watercourse habitat area, including losses in Big Creek because of reduced flows.

Offsetting measures will offset the potential effects on overall fish habitat productivity,

but will not offset potential changes in seasonal use of Big Creek by Athabasca River fish

populations. The exception would be those species that also use Redclay Creek and

would migrate far enough up Redclay Creek to access the offset habitats, such as the

FHCL or other offsetting options associated with the Project’s fisheries offsetting

framework (see Volume 1, Section 15).

Baseline data for Big Creek show that the watercourse does not provide overwintering

habitat for large-bodied fish species; under-ice water depth at the mouth was 0.03 m and

the watercourse was frozen to the bottom further upstream (Shell 2007). However,

baseline data show that migratory large-bodied fish from the Athabasca River use lower

Big Creek on a seasonal basis, including small numbers of Arctic grayling, burbot,

longnose sucker and white sucker. These species likely use lower Big Creek for some

seasonal life stage activities such as spawning, rearing and feeding. This use might be

affected by reduced flows, depths and velocities, either due to altered habitat conditions

or reduced fish passage. In addition, cumulative effects might also occur for Athabasca

River migratory fish populations that use other tributary watersheds that converge with

the Athabasca River in the RSA that are also subject to development activities.

An examination of assessment predictions associated with operating oil sands mine

developments (see response to ESRD/CEAA Round 3 SIR 9a) indicated there have been

no, or negligible, predicted effects on overall fish habitat productivity because of

incorporation of fish habitat compensation or enhancement measures in project design.

However, the earliest developments did not incorporate the same level of compensation

as more recent developments, and some compensation measures are not necessarily

accessible to Athabasca River fish, or replace flowing tributary habitats with waterbody

habitats. In addition, some regional fish population data indicate that changes have

occurred with respect to use of some tributary watersheds by Athabasca River fish

populations.

Use of tributaries by migratory large-bodied fish species is believed to be best detected

using fish-counting fences to trap fish as they migrate upstream and downstream in a

watercourse (Bond and Machniak 1979). Several fish-counting fence operations have

been conducted for Athabasca River tributaries, either historically (Bond and Machniak
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1977, 1979; Fedoruk 1973; Machniak and Bond 1979; Machniak et al. 1980; O’Neil et al.

1982; RRCS 1973) or more recently (Golder 1996, 1999, 2002, 2013; RAMP 2010; Shell

2007). However, only the Muskeg River has both historical and recent data to allow

comparison of predevelopment and current conditions.

Comparing data from fences located in the lower Muskeg River for a representative

portion of the spring period allows for examination of possible trends in seasonal use of

the Muskeg River by large-bodied fish species from the Athabasca River (see response to

ESRD/CEAA Round 3 SIR 9c). Comparison of Muskeg River fish-counting fence data

has been completed by RAMP (Golder 2003) and Schwalbe et al. (2015) for fish

counting fence surveys conducted historically (1976 and 1977) and following oil sands

development (1995, 2003, 2006 and 2009). Four of the five key large-bodied species

captured showed lower numbers in more recent surveys, with declines of 53% to 100%

compared to 1976/1977 surveys (Golder 2003; Schwalbe et al. 2015). For longnose

sucker, Arctic grayling and mountain whitefish, these declines have been consistent for

surveyed years from 1995 to 2009. For white sucker, lower numbers were recorded up to

2006, but the number of fish captured in 2009 were the highest ever recorded, increasing

to 40% above 1976 and 1977 levels. Northern pike numbers have varied but have shown

no overall trend.

The survey results show a high degree of variability in the fish-counting fence data,

including the historical data. For example, comparison of the 1976 and 1977 data shows

that longnose sucker and Arctic grayling numbers were 48% to 53% lower in 1977, while

mountain whitefish numbers were 45% higher and northern pike numbers were 204%

higher. Despite this level of variability, the fish-counting fence results to date appear to

show fewer Arctic grayling, longnose sucker and mountain whitefish using the Muskeg

River watershed on a seasonal basis compared to historical levels.

Examination of fish population monitoring data for the Athabasca River provided by the

RAMP fish inventory shows that, although there has been species-specific variability in

relative abundance among years, there are no long-term trends or changes in abundance

for large-bodied species. The exceptions are an increased abundance over time for

goldeye and lake whitefish populations (see response to ESRD/CEAA Round 3 SIR 9b).

As such, there is no indication of a general decline in the populations of those large-

bodied Athabasca River fish species that currently use the Muskeg River to a lesser

extent compared to historical data.

Fish habitat productivity in lower Big Creek is expected to decrease because of lost

habitat area resulting from reduced flows. This change is considered in the CFOP and

fisheries offsetting framework. Reduced seasonal use of lower Big Creek by Athabasca

River migratory fish is a potential residual effect of the Project. Based on the recorded

level of use of lower Big Creek by migratory species, and available baseline and

monitoring data for Athabasca River fish populations and tributary watercourses, the

effect is considered unlikely to result in changes in fish abundance or diversity for fish

populations in the portion of the Athabasca River in the aquatics RSA. Continued use of

Big Creek by migratory fish is expected after closure; for example, the predicted mean

open-water flow in Big Creek at closure will be somewhat similar to predevelopment

conditions in Redclay Creek, which currently receives use by Athabasca River fish
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populations. In addition, some offsetting options associated with the CFOP and the

fisheries offsetting framework include creation or rehabilitation of watercourse habitats

or accessibility in Athabasca River tributaries that would provide benefits to migratory

fish populations.

Changes in habitat area associated with changes in flow or water levels resulting from the

Project are predicted to have no residual adverse effect on overall fish habitat

productivity given the planned mitigation and provision of fisheries offsets (CFOP).

There are potential residual effects because of changes in habitat conditions in Big Creek

that might affect use of the lower creek by large-bodied Athabasca River fish species.

Because of the knowledge gaps and uncertainty associated with predicting changes in

flows and potential effects on use of Big Creek by Athabasca River fish populations, the

conceptual monitoring plan for the Project (see Volume 1, Section 15.5) will include

monitoring of physical habitat characteristics and fish populations (abundance, diversity

and biomass) for Big Creek below the PDA. This monitoring will supplement regional

monitoring initiatives for Athabasca River fish populations (e.g., AEMERA), and the

data will be used to refine these predictions.

Channel Regime

Larger changes in peak flows are predicted for closure and into the far future for some of

the watercourses downstream of the PDA because of the integration of the pit lakes into

the closure drainage plan and the flood attenuating effects of the lakes. As in the previous

snapshots, no changes are predicted for Ronald Lake water levels during high-flow

periods. The changes in peak flows for watercourses downstream of the PDA were

predicted to be as follows:

 Unnamed Creek 19: -1.0% (0.01 m3/s)

 Redclay Creek: -71.3% (-7.42 m3/s)

 Big Creek: -58.5% (-8.30 m3/s)

The predicted decrease in peak flows in Redclay Creek and Big Creek were examined for

the potential to result in localized sediment accumulation that could affect channel

morphometry and available habitat area.

The updated hydrology assessment (see Section 6) considers the potential for decreased

peak flows to affect channel regime. This was based on the assumption that a reduction in

the peak discharge was considered neutral with respect to changes in channel regime, to

balance the considerations that such a reduction will be beneficial for reducing channel

erosion rates but could also cause localized sediment deposition in the stream channel. In

the case of predicted reductions in peak flows for Big Creek and Redclay Creek

downstream of the PDA at closure, the potential for in-channel sedimentation is low

because of the presence of large waterbodies (pit lakes) upstream, which will result in a

reduced sediment supply to these watercourses and limit the opportunity for sediment

aggradation. However, as described in the response to ESRD/CEAA Round 3 SIR 16b

and 16c, there are knowledge gaps and uncertainty associated with this prediction.
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Effective discharge is the flow parameter generally used to represent geomorphic

processes responsible for determining and maintaining the physical form of alluvial

channels (Harrelson et al. 1994). Because the stream-specific effective channel

maintenance flows are not known for Big Creek or Redclay Creek, the hydrology

assessment prediction that reduced peak flows will have a neutral effect on the

morphology of these two watercourses is uncertain. It is possible that reduced peak flows

might result in localized sediment deposition and encroachment of vegetation in portions

of the Big Creek and Redclay Creek channels that could affect available habitat area in

these two watercourses.

Ultimately, the predicted permanent reduction in peak flows at closure could result in

reduced average widths in portions of Big Creek and Redclay Creek downstream of the

PDA. However, fisheries offsetting measures for reduced widths and associated reduced

habitat area in both these watercourses is incorporated into the CFOP because of

predicted reductions in mean annual or mean open-water flows, as described for the

habitat area assessment. Because it is expected that the widths of the two watercourses

will be maintained at least at the level dictated by the mean open-water flows, any

reduction in width because of reduced peak flows is not expected to be greater than that

associated with reduced open-water flows. Therefore, the level of offsetting would not be

higher than that already incorporated into the CFOP. Therefore, changes in channel

regime resulting from the Project are predicted to have no residual adverse effect on

overall fish habitat productivity given the planned mitigation and provision of fisheries

offsets (CFOP).

Because of the knowledge gaps and uncertainty associated with the prediction of changes

in channel regime and potential effects on fish habitat, the conceptual monitoring plan for

the Project (see Volume 1, Section 15.5) includes monitoring of the flow regime, channel

morphology and physical fish habitat characteristics for Big Creek and Redclay Creek

below the PDA. Data collected during the monitoring will be analyzed to confirm the

prediction and identify whether adverse effects occur beyond the predicted flow-related

changes in habitat area because of reductions in mean annual flow. If so, the data will

help quantify potential effects on fish habit productivity and appropriate offsetting

measures for inclusion in the detailed offsetting plan for the Project.

Water Quality

The updated surface water quality assessment (see Section 7) predicted changes in water

temperatures in some watercourses downstream of the PDA because of incorporation of

the pit lakes and the FHCL in the closure drainage system and the resulting effects on

thermal regime. Predicted changes in mean monthly temperatures are generally minor

(less than 1°C), but changes of 1°C or more are predicted for lower Redclay Creek. These

changes include increases in mean monthly temperatures of 1.7°C in May and

approximately 1°C from June through September.

The predicted increased temperatures in May have the potential to affect egg incubation

for spring-spawning species that spawn in Redclay Creek. Although spawning activity

has not been documented, spring-spawning species that occur in the creek include Arctic

grayling, northern pike, walleye, longnose sucker and white sucker. The increase in mean
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May temperature from 5.1°C to 6.8°C is not expected to affect Arctic grayling incubation

success, which is documented to occur from 5.8°C to 15.5°C (Lohr et al. 1996), but may

affect the duration of the incubation period. Compared to data for Arctic grayling

incubation periods in relation to mean temperatures, the predicted increase in mean

temperature for Redclay Creek can be expected to result in a shortening of the incubation

period by approximately two days (Hubert et al. 1985), assuming the entire incubation

period occurs in May. The baseline mean May temperatures in Redclay Creek are cooler

than the optimal incubation temperatures for northern pike (Inskip 1982), walleye

(McMahon et al. 1984), longnose sucker (Edwards 1983; Golder 2008), and white sucker

(Golder 2008). This data suggests the small temperature increase predicted for this

snapshot could have a minor positive effect on incubation success for these four species.

Compared to temperature-related habitat suitability data for large-bodied fish, both the

baseline and predicted future mean monthly temperatures in Redclay Creek have high

suitability for Arctic grayling (Hubert et al. 1985) and burbot (Golder 2008). However,

examination of daily baseline temperatures (Shell 2007) indicate the predicted

temperature increase could have a minor adverse effect on the growth of these two fish

species because of a small increase in the number of days in late July (i.e., warmest

period of the year) when temperatures might be slightly warmer than the optimal range.

In contrast, both the baseline and predicted future mean monthly temperatures are cooler

than preferred temperatures for northern pike (Inskip 1982; Casselman and Lewis 1996;

DFO 2009), walleye (McMahon et al. 1984; Golder 2008), longnose sucker (Edwards

1983) and white sucker (Twomey et al. 1984). Combined with the recorded daily baseline

temperatures (Shell 2007), the predicted temperature increase could have a minor positive

effect on the growth of these four fish species. A marginal advancement in the onset of

spawning activity might occur for the forage fish species that inhabit Redclay Creek that

spawn in the spring and summer, as temperatures might warm up slightly sooner.

However, in relation to the natural variability and fluctuations in baseline temperatures,

the potential effects, both positive and adverse, are expected to be small for large-bodied

and small-bodied species.

Overall, the predicted increase in mean monthly water temperatures in lower Redclay

Creek at closure are expected to have a relatively minor effect on the habitat productivity

of the watercourse. However, because there is potential for changes in forage fish

spawning and reduced growth of Arctic grayling and burbot, this change represents a

residual effect of Project development and it might act in combination with other effects

on habitat productivity in lower Redclay Creek because of changes in benthic

invertebrate communities (see below). The change in temperature in lower Redclay Creek

is identified as a residual effect of the Project because potential changes in productivity

are uncertain and are not specifically quantified or offset by the CFOP. However, the

CFOP and fisheries offsetting framework (see Volume 1, Section 15.4.3) include

development of productive fish habitats at an offset level of greater than 1:1 (habitat

gains:habitat losses) for lost watercourse habitat area in lower Redclay Creek. These

offset measures will help offset the potential effects on overall fish habitat productivity

such that no effects are expected on fish abundance or diversity in the aquatics LSA or

RSA because of changes in habitat productivity associated with changes in water quality.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 8: Fish and Fish Habitat

June 2015 Page 8-55

Several knowledge gaps are associated with this prediction. For example:

 the specific effects of small temperature changes on forage fish spawning and fish

growth

 variability in the Redclay Creek temperature regime in different years

To address these gaps, the conceptual monitoring plan for the Project (see Volume 1,

Section 15.5) will include monitoring of the thermal regime, fish use and fish production

in lower Redclay Creek to confirm or refine the prediction.

Lower-Trophic Level Productivity

Changes in drainage patterns and flows resulting from reconfiguration of the closure

landscape might alter the quantity and composition of waterborne constituents in

downstream watercourses. The closure landscape will contain small waterbodies,

reclaimed watercourses, pit lakes and closure channels that could alter waterborne

constituents relative to the operation snapshots. These changes in the closure landscape

might alter the nature of nutrients or detritus in the lower portions of Redclay Creek and

Big Creek and inputs to the Athabasca River.

Nutrients

The FHCL, waterbodies and pit lakes incorporated into the closure and far future

landscape will allow some waterborne-constituents, including nutrients (e.g.,

phosphorus), to settle out through retention of water, before moving downstream into the

natural watercourses. This nutrient settling function will be similar to the existing

forested wetlands under predevelopment conditions, and the sedimentation ponds during

the operation period. However, increases in total nitrogen and total phosphorus are

predicted downstream of the pit lakes in both Redclay Creek and Big Creek in the far

future (i.e., 2181). These changes are the result of higher nutrient inputs from the pit

lakes (see Section 7). Overall, nutrient status is not expected to change in either

watercourse, remaining eutrophic with periods of hyper-eutrophic conditions despite a

slight reduction in Big Creek flows. Therefore, any change to the nutrient load in Redclay

Creek and Big Creek and any change to the input of nutrients into the Athabasca River

are expected to be negligible. Furthermore, nutrients are not considered a limiting

resource in the Athabasca River (RAMP 2014), and the change in Athabasca River flows

because of combined flow reductions in Redclay Creek and Big Creek at closure is only

0.01%. No ecologically relevant changes in nutrient load in Redclay Creek or Big Creek,

or nutrient input into the Athabasca River are anticipated at closure or into the far future,

and no adverse effects on habitat productivity are anticipated. RAMP (2014) study results

also suggest that cumulative effects on nutrient levels in the Athabasca River are not

currently measurable.

Detritus

The quantity and composition of detritus in Redclay Creek, Big Creek and delivered to

the Athabasca River by inflows from both watercourses could be altered by

reconfiguration of the LSA landscape at closure. Because of long water retention times in

the large pit lakes, some settling of constituents from the upper watersheds can be
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expected. However, constructed watercourse channels and waterbodies in the closure

landscape will provide additional sources of detritus to Redclay Creek and Big Creek. In

terms of filtering detritus, the pit lakes are likely to function similar to the existing

forested wetland complexes on these two watercourses. However, in the closure system,

the location of the pit lakes higher in the two watersheds relative to the existing forested

wetlands, and the full connectivity of surface flow from the lakes to the creek mouths,

result in a larger proportion of watershed area directly contributing detritus to the lower

watercourses relative to existing conditions.

Within Big Creek downstream of the pit lake, the natural watercourse characteristics of

the closure channel are expected to provide inputs of allochthonous and autochthonous

detritus similar to a natural watercourse, thus maintaining detrital inputs. Therefore, any

change in the quantity or composition of detritus in the Big Creek at closure and into the

far future are expected to be negligible compared to existing conditions.

Within Redclay Creek at closure, the upper watershed will remain connected to the lower

watercourse through the FHCL, providing permanent contributions of detritus from the

upper watershed to lower portions of Redclay Creek and Athabasca River, previously

filtered from the system by the forested wetland under predevelopment conditions.

Furthermore, the Redclay Creek closure channel itself, once naturalized, will provide

addition input of detritus to the system. Although some detritus might settle to the bottom

of the FHCL and pit lake, riparian vegetation along their shorelines will input additional

allochthonous detritus into the system. Therefore, any change to the quantity or

composition of detritus in Redclay Creek is expected to be negligible.

Reductions of flows within Redclay Creek and Big Creek might affect levels of detritus

within the watercourses. Flows affect sources and exchange of material and energy in

rivers, thereby affecting ecosystem production and biotic composition (Rolls et al. 2012),

with transport distance of FPOM generally related to discharge (Webster et al. 1999).

Wallace et al. (1995) showed that export of organic matter to downstream reaches is

highly pulsed, with 63% to 77% of organic matter export occurring during the 20 largest

flood events in an area over a nine-year period. Therefore, reduced peak flows in Redclay

Creek and Big Creek could reduce delivery of detritus to the lower watercourses and to

the Athabasca River.

At closure and into the far future, detritus will continue to be delivered to the Athabasca

River by inflows from Redclay Creek and Big Creek. Autochthonous production will

establish within the closure waterbodies and watercourse channels, and riparian

vegetation will input allochthonous detritus to the Redclay Creek and Big Creek systems.

The construction and reclamation of new drainage channels and existing diversions to

resemble natural watercourses will promote autochthonous and allochthonous detrital

inputs. As a result of the combined effects of enhanced connectivity between the upper

and lower reaches of Redclay Creek, the naturalization of closure channels, the aquatic

habitat provided by the FHCL, and development of additional watercourses and

waterbodies into the closure landscape, any change to the quantity of detritus input to the

Athabasca River from Redclay Creek and Big Creek is expected to be negligible. In

addition, given the minor change to the volume of water delivered to the Athabasca River

by Redclay Creek and Big Creek at closure relative to the volume of the Athabasca River



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 8: Fish and Fish Habitat

June 2015 Page 8-57

(0.01%), any change to the quantity of detritus in the Athabasca River is expected to be

negligible, with no adverse effects on fish habitat productivity. Furthermore, physical

conditions (i.e., turbidity and shifting sand bottom), are likely the limiting factors of

productivity in the Athabasca River, rather than organic or nutrient inputs and, therefore,

small changes to inputs of detritus are unlikely to affect the productivity of the river

(Barton and Lock 1979; Barton 1980).

Benthic Invertebrates

Potential changes in benthic invertebrate communities were assessed in relation to fish

habitat productivity. Potential changes were assessed based on valid linkages to changes

in habitat (i.e., changes in habitat area, flow and water levels and temperature). These

changes and their effects on benthic invertebrates were assessed at closure.

Changes in habitat area at closure differ from the construction snapshot. For example, at

closure, these changes include loss of the portion of Big Creek immediately below the

PDA and development of the permanent pit lakes, waterbodies and watercourses that will

form the closure drainage system. During construction, the CFOP is expected to provide

suitable benthic invertebrate habitats and productivity to support the expected level of

fish productivity. Offsetting habitats are expected to provide suitable food resources for

the anticipated fish populations. As such, no effects are expected for benthic invertebrate

food resources because of changes in habitat area.

The watercourses of the drainage system to be built at closure, and existing diversion

channels that will remain on the landscape permanently will be designed to resemble

natural watercourse habitats that are similar to natural watercourses in the region.

Channel construction and reclamation will create additional watercourse habitats as part

of the closure drainage system. The landscape will also contain small waterbodies and pit

lakes as part of the closure drainage system. These systems are expected to develop into

viable aquatic habitats that will allow colonization by benthic invertebrates and provide

additional benthic invertebrate habitat area.

At closure, flow changes are predicted for lower Big Creek. These changes include a

predicted reduction in mean annual flow of 27.8% and reduction in mean open-water

flow of 42.4%. Reduced flows are expected to reduce the extent of physical stream

habitat in Big Creek, which is also expected to reduce available benthic invertebrate

habitat area in the watercourse. The CFOP accounts for this reduction in habitat area and

offsetting habitats are expected to provide suitable food resources for the anticipated fish

populations. However, a change in benthic invertebrate communities might occur in the

remaining habitats in lower Big Creek because of changes in habitat conditions (i.e.,

water depths and velocities). A change in certain habitat types (e.g., riffles with fast

flowing water) that typically occur at lower flows might reduce the suitability of the

stream for species that occur in those habitat types (Dewson et al. 2007; Kannoje et al.

2012; Rolls et al. 2012; Wills et al. 2006). Streams with heterogeneous channel

morphology (riffle, pool, run habitats) might lose a larger proportion of the habitat types

that are typically more available during higher flows (Dewson et al. 2007), compared to

streams with more homogenous channel morphologies. Therefore, with reduced flows in
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Big Creek at closure, some reductions in benthic invertebrate density and richness might

occur.

There is uncertainty regarding how such changes to the benthic invertebrate community

might affect invertebrate density, and therefore total food availability to fish. Although

the benthic invertebrate community would be expected to be less diverse in a stream with

more homogenous habitat under reduced flows, this does not necessarily translate to

decreased invertebrate densities or overall biomass in the remaining habitat, as habitat

suitability will increase for some species (Dewson et al. 2007; Kannoje et al. 2012;

Sharma and Sharma 2013). Nonetheless, this represents a potential residual effect of

Project development, because it might act in combination with other potential effects on

habitat productivity in lower Big Creek such as potential changes in the use of lower Big

Creek by Athabasca River fish populations.

At closure, changes in water temperatures are predicted for lower Redclay Creek that

might affect benthic invertebrate communities. These changes consist of increases in

mean monthly temperatures of 1.7°C in May, and approximately 1°C from June through

September.

Studies have demonstrated that temperature shifts can cause changes in invertebrate

growth rates, adult size and onset of emergence. Experimental temperature increases of

2.5°C to 3°C have been shown to result in reduced total invertebrate density, and for

some species, faster growth rates, reduced size at maturity and altered sex ratios (Hogg

and Williams 1996).

Overall, the predicted increases in mean water temperatures in Redclay Creek are small,

particularly compared to the range of recorded baseline temperatures, which show large

fluctuations (Shell 2007). In light of this variability, the small increase in mean monthly

temperatures is considered relatively minor. Although the predicted temperature increases

for Redclay Creek are smaller than the increases shown to result in changes to benthic

invertebrate communities (Hogg and Williams 1996), increased temperatures could affect

growth and hatching of benthic invertebrates. Therefore, there is a potential for effects on

benthic invertebrate communities that could affect food resources for fish. In relation to

the natural variability and fluctuations in current (e.g., existing condition), temperatures

in Big Creek (Shell 2007), the potential effects on benthic invertebrate growth and effects

on fish habitat productivity in relation to invertebrate food resources are expected to be

minor. Nonetheless, this represents a residual effect of Project development because it

might act in combination with other effects on habitat productivity in lower Redclay

Creek such as temperature-related effects on fish growth.

Data gaps associated with this prediction include the specific effects of small temperature

changes on benthic invertebrate community density and structure, and the variability in

the Redclay Creek temperature regime in different years. Therefore, the conceptual

monitoring plan for the Project (see Volume 1, Section 15.5) will include monitoring of

the thermal regime and benthic invertebrate communities in lower Redclay Creek.

Invertebrate drift from tributaries watersheds might provide an important food source to

fish in the Athabasca River (Kannoje et al. 2012). Therefore, Project-related changes to

invertebrate drift from the lowermost reaches of Big Creek and Redclay Creek might
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affect food availability to fish in the Athabasca River at and downstream of the two creek

confluences.

Invertebrate drift distances are relatively short, generally from a few centimetres to

several metres (Brittain and Eikeland 1988; Svendsen et al. 2004). Therefore, changes to

the benthic invertebrate communities of the most downstream reaches of Big Creek and

Redclay Creek have the potential to affect the input of benthic invertebrates to the

Athabasca River. If reductions in benthic invertebrate density and richness occur in

lowermost reaches of the two creeks, a corresponding reduction in benthic drift to the

Athabasca River can be expected. Because of the large flow volume of the Athabasca

River and the fact that the cumulative reduction in inflows from tributaries in the aquatics

LSA relative to flows in the Athabasca River is only 0.01% at closure, changes in

invertebrate food availability to fish (i.e., in response to changes in drift density in the

Athabasca River) are expected to negligible. The effect on benthic invertebrate prey

availability to fish using the Athabasca River downstream of the PDA is also expected to

be negligible given the shifting sands and turbid nature of the Athabasca River. These

conditions limit the ability of benthic invertebrates carried to the Athabasca River as drift

to successfully establish or supplement benthic invertebrate communities. Benthic

invertebrate production, including benthic invertebrate growth and abundance, in the

Athabasca River is likely limited by turbidity and a shifting sand bottom. Turbidity is not

conducive to algal growth because of increased light attenuation, which limits this food

source for benthic invertebrates. Frequent disturbance associated with an unstable

substratum can also limit benthic invertebrate growth and community establishment

(Barton and Lock 1979; Barton 1980).

There are uncertainties regarding the response of benthic invertebrate community

structure in Big Creek, and the resulting downstream drift, to temporal changes in flow.

The effects of seasonal flow changes on benthic invertebrate productivity in a

watercourse depends on specific physical, chemical and biotic properties of the

watercourse. For example, in watercourses with high nutrient concentrations like Big

Creek, filamentous green algae and invertebrate density might increase significantly

during summer low flows relative to streams with low nutrient concentrations and

diatom-dominated periphyton assemblages (Dewson et al. 2007; Kannoje et al. 2012). In

addition, downstream transport of invertebrates via drift is not constant, with seasonal

and daily variations in response to a large number of factors (Brittain and Eikeland 1988;

Svendsen et al. 2004).

Because of the uncertainties in the prediction regarding effects on benthic invertebrate

communities and drift in lower Big Creek and Redclay Creek at closure, the conceptual

monitoring plan (see Volume 1, Section 15.5) includes monitoring of benthic invertebrate

communities in lower Redclay Creek and Big Creek for density and richness, and as the

source of drift to the Athabasca River. RAMP initiated monitoring of benthic invertebrate

communities in lower Redclay Creek and Big Creek in 2013. Therefore, regional

monitoring data will be used provided that this monitoring yields appropriate data and

continues at these locations under AEMERA. Otherwise, Teck will initiate a Project-

specific monitoring program. Monitoring of benthic invertebrate communities in Redclay
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Creek and Big Creek will help address uncertainties related to the effects of flow changes

on the benthic invertebrate communities.

The CFOP includes the development of productive fish habitats at an offsetting level of

greater than 1:1 (habitat gains:habitat losses) for lost watercourse habitat area in lower

Big Creek and lower Redclay Creek, which will help offset the effects on overall fish

habitat productivity. Based on this, and the minor effects expected in Redclay Creek,

there are no effects expected on fish abundance or diversity in the aquatics LSA or RSA

because of changes in habitat productivity associated with changes in benthic invertebrate

communities.

No effects are expected for benthic invertebrate food resources because of changes in

habitat area because the offsetting habitats are expected to provide suitable food

resources for the anticipated fish populations. However, changes in benthic invertebrate

communities in lower Big Creek and lower Redclay Creek were identified as a potential

residual effect of Project development that could affect food resources for fish because of

changes in flow and water levels (Big Creek) or temperatures (Redclay Creek). Changes

in invertebrate drift inputs to the Athabasca River from Big Creek and Redclay Creek are

expected to have a negligible effect on habitat productivity and food resources in the

Athabasca River because of the minor change in inflow relative to the river volume and

to the nature of benthic invertebrate habitats in the Athabasca River. Monitoring is

proposed to address uncertainties associated with the prediction regarding changes in

benthic invertebrate communities. Although there remain uncertainties regarding

localized responses within benthic invertebrate communities, the overall combined

changes to benthic invertebrates is expected to be negligible in the far future, given the

addition of other diverse aquatic habitat provided by the watercourses, waterbodies and

pit lakes of the closure drainage system. Benthic invertebrate communities will establish

in these waterbodies and watercourses, as has been demonstrated of constructed habitats

in the oil sands region (Tsui et al. 1978).

8.5.6 Planned Development Case

8.5.6.1 Linkage Analysis

The PDC assessment evaluates the effects of the Project together with operating,

approved and planned developments on fish habitat quality and quantity in the aquatics

LSA and RSA. PDC developments relevant to the fish habitat assessment include the

planned, but deferred PRM project. The PRM could affect fish habitat quantity and

quality in Redclay Creek, Big Creek and the Athabasca River, and its development would

require watercourse diversions, landscape changes and drainage changes. These changes

have cumulative effects with the Project on each of the valid linkages identified in the

Application Case; habitat area, flow and water levels, channel regime, water quality,

lower-trophic level productivity and benthic invertebrates.

The PDC assessment includes an update to the 2007 Shell compensation lake that was

developed as part of the Draft No Net Loss Plan submitted to the Jackpine Expansion

Joint Review Panel (Golder 2012). The mitigation and compensation as described in
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Shell’s application are expected to result in the PRM project having no residual effects on

fish and fish habitat. The Shell compensation lake consists of:

 South Redclay Lake, planned as compensation for PRM

 North Redclay Lake, proposed as part of future fish habitat compensation

requirements for Shell developments

Given that the PRM now exists only in Shell’s very long-term plans (Shell 2015),

inclusion of Shell’s planned development and its associated compensation lake is

conservative because development might not occur during the life of the Project.

8.5.6.2 Effects Analysis

Habitat Area in the Aquatics LSA

Consistent with the description provided in the Integrated Application, the planned

watercourse diversions, landscape changes and drainage changes associated with

development of PRM will result in alteration or loss of productive fish habitats in

portions of Big Creek and Redclay Creek (downstream of the PDA) and alteration of the

lower portion of Unnamed Creek 19. As part of development activities, PRM will create

a raw water storage pond by construction of a dam on lower Big Creek, resulting in the

loss of the portion of the Big Creek watershed downstream of the PDA, including

Unnamed Creek 5, Unnamed Creek 7 and Big Creek from the Unnamed Creek 2

confluence to the confluence with the Athabasca River. A new watercourse channel will

be constructed to act as the raw water storage pond outlet and convey flows from the

pond to the Athabasca River.

The PRM will also construct a fish habitat compensation facility by construction of dams

on Redclay Creek and Unnamed Creek 19 – the Shell compensation lake (i.e., North

Redclay Lake and South Redclay Lake). A portion of South Redclay Lake will be located

on the lower Redclay Creek valley, and the remainder on a remnant channel of the

Athabasca River. A portion of North Redclay Lake will be located on lower Unnamed

Creek 19, and the remainder on the remnant channel of the Athabasca River. After 2018,

PRM will results in flows from Unnamed Creek 19, Redclay Creek and Big Creek

downstream of the PDA being diverted to the Shell compensation lake. South Redclay

Lake will flow to North Redclay Lake and a new watercourse channel will be constructed

to act as the North Redclay Lake outlet and convey flows from the Shell compensation

lake to the Athabasca River. Combined, the Shell compensation lake will result in the

alteration or loss of lower Unnamed Creek 19, and lower Redclay Creek from below the

confluence with the Waterbody 12 outlet channel to the confluence with the Athabasca

River. The Shell compensation lake outlet channel will be constructed as a natural

watercourse analogue and is designed to provide productive fish habitats and to facilitate

fish passage between the Shell compensation lake and the Athabasca River.

Overall, PRM activities will result in the further loss or alteration of productive fish

habitats in the aquatics LSA relative to the Application Case. This includes loss or

alteration of habitats downstream of the PDA, consisting of Unnamed Creek 7, lower Big

Creek and lower Redclay Creek. These habitat losses and alterations have been accounted
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for in the Shell Draft No Net Loss Plan, which includes the development of new

watercourse and waterbody habitats to offset potential adverse effects on overall fish

habitat productivity associated with PRM. With the application of its fish habitat

compensation plan, Shell (2007) concluded that there would be no adverse effects on fish

habitat. Therefore, based on the mitigation incorporated into both the Project and PRM,

there are no predicted residual adverse effects on overall fish habitat productivity in the

aquatics LSA because of changes in habitat area.

Habitat Area in the Aquatics RSA (Athabasca River)

The PRM will include the construction and operation of a water intake structure on the

Athabasca River that has the potential to affect fish habitat area in the Athabasca River

because of physical disturbance during construction and to the footprint of the intake

structure. Shell (2007) recognized the probable need for habitat compensation associated

with the intake. Offsetting habitat required to mitigate effects of intake construction and

operation on fish habitat area in the Athabasca River has been accounted for in the Shell

PRM Draft No Net Loss Plan (Golder 2012). Therefore, based on the mitigation

incorporated into both the Project and PRM, there are no predicted residual adverse

effects on overall fish habitat productivity in the aquatics RSA because of cumulative

changes in habitat area.

Flow and Water Levels in the Aquatics LSA

Productive watercourse habitats in the aquatics LSA with predicted flow or water level

changes because of the Project that might also be affected by the PRM consist of the

portions of lower Redclay Creek and lower Big Creek downstream of the PDA. The PRM

will not result in additional flow changes to these two watercourse; rather, it will result in

the complete loss or alteration of the portions of both watercourses for which flow

changes because of the Project were predicted. PRM will result in the loss or alteration of

all productive fish habitats in these two watercourse segments, with the exception of a

short section of Redclay Creek channel situated between the outlet of the FHCL and

where the creek will flow into the Shell compensation lake. As such, predicted flow

changes for these watercourses in the Application Case are not relevant in the PDC,

except for the sections of Redclay Creek that will not be altered by the PRM project.

Therefore, there are no additional adverse effects predicted in the PDC for these two

watercourses because of flow and water level changes.

As part of the PRM, a new watercourse will be constructed at the Shell compensation

lake outflow to convey flows to the Athabasca River. As part of the compensation plan,

Shell will develop the outlet channel as a geomorphic analogue to a natural watercourse

designed to provide productive fish habitat and to facilitate two-way fish passage

between the Shell compensation lake and the Athabasca River (Golder 2012). The

updated hydrology assessment (see Section 6) provides predicted flow levels for the

constructed Shell compensation lake outflow channel based on the combined

development of the Project and PRM. The flow predictions were examined for potential

effects on the watercourse habitats expected to develop in the new channel.
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The compensation lake outflow channel is not a natural watercourse channel and does not

currently exist, but is designed to be included as a constructed feature for the Shell

compensation lake (Shell 2007). The predicted flow changes compare the flow regime

expected by Shell at the time of the conceptual design to flows predicted with the

development of the Project. Because of cumulative changes in the Redclay Creek and Big

Creek watersheds upstream of the Shell compensation lake, flow reductions are predicted

for the compensation lake outflow channel.

Predicted changes in the expected mean annual flows in the Shell compensation lake

outflow channel include decreases:

 of 6.1% during construction of the Project

 up to 10.6% during Project operations

 of 12.3% at closure of the Project

Changes in mean annual open-water flow are similar to the above changes in mean

annual flow. Overall, reductions in the annual or open-water flow in the lake outflow

channel are predicted to range from about 6% to 12% because of operation and closure of

the Project.

Flow reductions in the Shell compensation lake outflow channel will not affect any

natural fish habitats, but have the potential to affect habitat conditions that Shell is

expecting to develop in the outflow channel with respect to fish habitat and fish passage

between the lake and the Athabasca River. Shell has developed a preliminary concept and

design for the compensation lake outflow channel based on the expected flow regime.

Exact placement and detailed design parameters for the channel will be determined

during future detailed engineering design (Golder 2012). At present, Shell has assumed

the channel will be 3,600 m long with a bankfull width of 11.5 m, providing 41,400 m2 of

surface area. The channel is expected to contain natural features appropriate for the

stream size and to provide some habitat suitability for use by a number of fish species.

If both the Project and the PRM proceed, Shell will need to design the compensation lake

outflow channel based on the predicted flow regime with both developments in operation,

as part of its future detailed engineering design within the integrated drainage plan. A

possible consequence of the reduced flow regime because of the Project might be a

reduction in the bankfull width and consequent reduction in the total habitat surface area

of the channel. There might also be a reduction in the habitat value for some of the fish

species expected to use the channel. Overall, Shell indicates that the Shell compensation

lake outflow channel will provide about 1.5% of the habitat gains to be provided by the

various watercourses and waterbodies to be developed as part of the Shell habitat

compensation plan (Golder 2012).

It is not specifically known how the predicted flow reductions in the outflow channel

would affect the overall habitat value of the channel. Because of the small proportion of

habitat compensation the outflow channel represents, a small reduction in the habitat

value of the channel would have a negligible effect on the total habitat compensation

provided by the Shell compensation plan. The current compensation ratio associated with

the Shell compensation plan (Golder 2012) is expected to be 2.53:1 (ratio of habitat gains



Volume 3: Assessment Update

Section 8: Fish and Fish Habitat Frontier Oil Sands Mine Project Update

Page 8-64 June 2015

to habitat losses). This ratio would be expected to change only marginally given the

predicted flow reduction (the complete loss of the outflow channel would reduce the ratio

to 2.49:1), providing an overall increase in fish habitat productivity in the aquatics LSA.

Based on the expectation that Shell will have to complete the future engineering design of

the outflow channel to match the predicted flow regime with the Project in operation, the

flow alteration is not expected to affect fish passage in the channel between the

Athabasca River and the Shell compensation lake. Based on simulated flow depths for the

outlet channel and a minimum flow depth criteria of 0.10 m, Shell predicts that the

outflow channel will, on average, provide passage for fish 76% of open-water period

days and 90% of the days during the spring-spawning migration period (Golder 2012).

Reductions in flow depth of up to 0.03 m are predicted that would not eliminate fish

passage in the channel but might reduce the number of days per year that have viable fish

passage, based on the 0.10 m minimum depth criteria. However, it will be possible for

Shell to complete the future engineering design of the outflow channel to maintain the

expected flow depth characteristics to maintain the same level of expected fish passage.

Flow and Water Levels in the Aquatics RSA (Athabasca River)

Additional water withdrawals from the Athabasca River will be required by planned

developments in the aquatics RSA. The reduction in mean seasonal Athabasca River

flows from cumulative withdrawals in the PDC in average or dry years ranges from 2.6%

in summer to 14.8% in winter (see Section 6). Based on the SWQMF (GOA 2015),

compliance with framework withdrawal restrictions will prevent cumulative changes in

flows from causing detectable changes in fish habitat productivity in the Athabasca

River. As a result, there are no predicted residual adverse effects on overall fish habitat

productivity in the aquatics RSA because of changes in flow and water levels.

Channel Regime

Portions of lower Redclay Creek and lower Big Creek downstream of the PDA are

productive watercourse habitats in the aquatics LSA where changes in channel regime

might occur because of the Project and PRM. The PRM will not result in additional

changes in peak flows or channel regime to these two watercourse; rather, it will result in

the complete loss or alteration of the portions of both watercourses for which flow

changes because of the Project were predicted. PRM will result in the loss or alteration of

all productive fish habitats in these two watercourse segments, except for a short section

of Redclay Creek channel situated between the outlet of the FHCL and where the creek

will flow into the Shell compensation lake. As such, predicted flow changes for these

watercourses in the Application Case are not relevant in the PDC, except for the sections

of Redclay Creek that will not be altered by the PRM. The PRM will not result in any

additional flow changes to these sections of Redclay Creek.

Water Quality

Productive watercourse habitats in the aquatics LSA with potential changes in thermal

regime include portions of lower Redclay Creek and lower Big Creek downstream of the

PDA. The PRM will not result in additional changes in water temperatures in these two
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watercourses; rather, it will result in the complete loss or alteration of the portions of both

watercourses for which temperature changes because of the Project were predicted. PRM

will result in the loss or alteration of all portions of these two watercourse segments, with

the exception of a short section of Redclay Creek channel situated between the outlet of

the FHCL, and where the creek will flow into the Shell compensation lake. As such,

predicted temperature changes for these watercourses in the Application Case are not

relevant in the PDC, except for the sections of Redclay Creek that will not be altered by

the PRM project. The PRM will not result in any additional temperature changes to these

sections of Redclay Creek.

Lower-Trophic Level Productivity

Productive watercourse habitats in the aquatics LSA that were assessed for potential

changes in lower-trophic level productivity include portions of lower Redclay Creek and

lower Big Creek, specifically those downstream of the PDA, as well as the Athabasca

River downstream of these two tributaries. The PRM will result in the complete loss or

alteration of the portions of both watercourses for which lower-trophic level productivity

was assessed in the Application Case. The PRM will result in the loss or alteration of all

portions of these two watercourse segments, except for a short section of Redclay Creek

channel situated between the outlet of the FHCL, and where the creek will flow into the

Shell compensation lake. As such, predictions regarding changes in lower-trophic level

productivity for these watercourses in the Application Case are not relevant in the PDC,

except for the sections of Redclay Creek that will not be altered by the PRM project. The

PRM will not result in any changes in lower-trophic level productivity in these sections

of Redclay Creek.

In the PDC, flows and waterborne constituents (i.e., nutrients and detritus) from Redclay

Creek and Big Creek will no longer be delivered directly to the Athabasca River because

of the presence of the Shell compensation lake. Both watercourses will discharge to the

Shell compensation lake, which in turn will discharge to the Athabasca River via the

constructed outlet channel. It can be expected that water retention time in this large lake

will result in some settling and retention of nutrients and detritus that might reduce the

amount of waterborne constituents to the Athabasca River. However, as the Project is

expected to deliver similar amounts of waterborne constituents from the PDA to

downstream habitats as under existing conditions, the Project will not contribute to any

reductions in delivery of nutrients or detritus to the Athabasca River.

Benthic Invertebrates

Productive watercourse habitats in the aquatics LSA with potential changes in benthic

invertebrate communities include portions of lower Redclay Creek and lower Big Creek

downstream of the PDA, and the Athabasca River downstream of the Redclay Creek and

Big Creek confluences. The PRM will not result in additional changes in benthic

invertebrates in Redclay Creek and Big Creek; rather, it will result in the complete loss or

alteration of the portions of both watercourses. PRM will result in the loss or alteration of

all portions of these two watercourse segments, except for a short section of Redclay

Creek channel situated between the outlet of the FHCL, and where the creek will flow
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into the Shell compensation lake. As such, predictions regarding benthic invertebrate

communities for these two watercourses in the Application Case are not relevant in the

PDC, except for the sections of Redclay Creek that will not be altered by the PRM

project. The PRM will not result in any changes in benthic invertebrate communities in

these sections of Redclay Creek.

Invertebrate drift from tributary watercourses to the Athabasca River will be altered by

PRM because of the loss of the lower portions of Big Creek and Redclay Creek, and the

development of the Shell compensation lake and lake outlet channel. Invertebrate drift to

the Athabasca River will depend on the characteristics (i.e., species composition, density

and drift) of the benthic invertebrate communities that develop in the Shell compensation

lake and its outflow channel.

8.5.7 Effects Classification

For a summary of Application Case effects classification for fish habitat quantity and

quality, see Table 8-6. This summary considers the mitigation incorporated into the

Project and the development of the CFOP.

Table 8-6 Effects Classification for Fish Habitat

Key Indicator
Geographic

Extent Duration Frequency Reversibility Magnitude

Habitat area Local Long Continuous Reversible
1

Negligible

Flow and water levels –
habitat area

Local Long Continuous Reversible
1

Negligible

Flow and water levels –
habitat conditions

Regional Long Continuous Irreversible Low
2

Channel regime Local Long Continuous Reversible
1

Negligible

Water quality – temperature Local Long Continuous Irreversible Low
2

Lower-trophic level
productivity

Regional Long Continuous Irreversible Negligible

Benthic invertebrates Regional Long Continuous Irreversible Low
2

NOTES:
1

Reversible through compensation habitats provided in the CFOP (see Volume 1, Section 15).
2

Combined effects of assessment linkages in lower Big Creek and lower Redclay Creek.

Habitat Area

There are no predicted residual adverse effects on overall fish habitat productivity

because of changes in habitat area resulting from the Project. The effects are therefore

classified as negligible in magnitude. Habitat losses or alterations will be permanent

(long duration and continuous frequency), local (within the aquatics LSA), and the effects

will be reversible through fisheries offsetting measures.



Volume 3: Assessment Update

Frontier Oil Sands Mine Project Update Section 8: Fish and Fish Habitat

June 2015 Page 8-67

Flow and Water Levels

There are no predicted residual adverse effects on overall fish habitat productivity

because of changes in flow and water levels resulting from the Project. The effects are

therefore classified as negligible in magnitude. The flow alterations will be permanent

(long duration and continuous frequency), local (within the aquatics LSA), and the effects

will be reversible through fisheries offsetting measures.

Predicted flow reductions in Athabasca River tributaries also have the potential for

effects on use of the tributaries by migratory Athabasca River fish populations. This is

identified as a residual effect of the Project, but is not expected to affect the abundance or

diversity of fish in the Athabasca River. Because changes in fish abundance and diversity

are not expected, the effects are classified as low in magnitude. The flow alterations will

be permanent (long duration, continuous frequency and irreversible) and regional (within

the RSA).

Cumulative water withdrawals from the Athabasca River have been managed by the

Athabasca River Water Management Framework (AENV and DFO 2007) and will be

managed in the future by the SWQMF (GOA 2015). The frameworks are designed with

the goal of protecting the ecological integrity of the aquatic ecosystem of the river, and

the Project’s water management plan aligns with both. As such, potential changes in

mean seasonal Athabasca River flows will be limited and will not result in detectable

changes in fish habitat productivity in the Athabasca River.

Channel Regime

There are no predicted residual adverse effects on overall fish habitat productivity

because of changes in channel regime resulting from the Project. The effects are therefore

classified as negligible in magnitude. The reductions in peak flows will be permanent

(long duration and continuous frequency), local (within the aquatics LSA), and the effects

will be reversible through fisheries offsetting measures.

Water Quality

Based on the small temperature changes in relation to baseline variability in temperatures

in Redclay Creek and Big Creek, the effects on habitat productivity are expected to be

minor, but are identified as a residual effect of the Project. Because fish abundance and

diversity in the aquatics LSA and RSA are not expected to be affected, the effects are

classified as low in magnitude. The temperature changes in Big Creek will be permanent

(long duration, continuous frequency and irreversible) and local (within the aquatics

LSA). The temperature changes in Big Creek occur during the construction phase and

will be temporary.

Lower-Trophic Level Productivity

Waterborne constituents are generally expected to remain unchanged in watercourses

downstream of the PDA, as is delivery to the Athabasca River. Based on this, and the

very small proportion of the Athabasca River represented by these two watercourse

inflows, effects on lower-trophic level productivity are classified as negligible. The
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predicted effects on lower-trophic level productivity will be permanent (long duration,

continuous frequency and irreversible) and regional (within the aquatics RSA).

Benthic Invertebrates

Reductions in flows in Big Creek downstream of the PDA and increased temperatures in

Redclay Creek downstream of the PDA have the potential to result in changes in benthic

invertebrates in these two watercourses. This was identified as a residual effect of the

Project. Potential changes in benthic invertebrate communities were considered minor,

and the potential for changes in invertebrate drift in the Athabasca River was considered

negligible because of the relative contribution of the tributary watercourses to the

Athabasca River. Because changes in fish abundance and diversity are not expected, the

effects are classified as low in magnitude. The potential alterations of benthic

invertebrates will be permanent (long duration, continuous frequency and irreversible)

and regional (within the aquatics RSA).

8.5.8 Environmental Consequence

Loss of productive fish habitat area might occur because of loss or alteration of

watercourses and waterbodies, flow and water levels changes, and changes in channel

regime because of the Project. These changes will be offset by the CFOP and result in no

overall adverse effect on fish habitat productivity. After closure, additional fish habitat

will develop naturally within reclaimed diversion channels, watercourses, waterbodies

and pit lakes that form the closure drainage system. Changes in flows, water temperatures

and benthic invertebrates that have potential to affect the habitat productivity of lower

Big Creek, or the use of Big Creek by migratory Athabasca River fish, were identified as

low-magnitude residual effects. Changes in water temperatures and benthic invertebrates

that have potential to affect the habitat productivity of lower Redclay Creek were also

identified as low-magnitude residual effects. Because effects on fish abundance and

diversity are not expected, the environmental consequence was considered low.

8.5.9 Prediction Confidence

Overall, there is a variable degree of confidence in predicting the effects on fish habitat

productivity, with high confidence for most predictions, and moderate or low confidence

for predictions associated with knowledge gaps or uncertainty.

The level of confidence in the baseline data used to describe fish and fish habitat in the

aquatics LSA and RSA is high. A large amount of historical and current monitoring data

is available for the Athabasca River and its tributaries in the Athabasca Oil Sands Region.

The baseline field program for the Project, in combination with similar information for

the PDA provided in the PRM environmental setting report (Shell 2007), provided a

comprehensive description of the watercourses and waterbodies in the aquatics LSA. The

quality and quantity of the available baseline information provides a high level of

confidence in the assessment of the effects of the Project, as they relate to the description

of aquatic habitat conditions, presence and distribution of fish species, and benthic

invertebrate communities.
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Most of the environmental changes evaluated in the fish habitat assessment were based

on data and predictions provided in the updated hydrology and surface water quality

assessments (see Sections 6 and 7, respectively). Prediction confidence in these data and

the techniques associated with these assessments are provided in the relevant sections.

The level of confidence in the prediction of negligible effects on habitat productivity

because of changes in habitat area is high. This applies to changes associated with loss or

alteration of habitats or reductions in flows. The losses or alterations of watercourses and

waterbodies, and the reductions in flow, were used to estimate changes in fish habitat

area. These estimates are based on historical measurements and data collected during the

baseline study and were used to develop the CFOP. As described in the CFOP (see

Volume 1, Section 15), the assessment of habitat changes will be revised during the

development of the detailed fisheries offsetting plan for the Project based on any

additional baseline data collected in the PDA.

The CFOP and fisheries offsetting framework are designed to achieve no overall

reduction in productive fish habitat in the aquatics LSA because of effects on fish and

fish habitat from the Project. The CFOP is predicted to have a high probability of success

based on preliminary monitoring results for similar offsetting measures, development of a

detailed fisheries offsetting plan in consultation with regulators and potentially affected

Aboriginal communities, and in light of the proposed monitoring plan to demonstrate

achievement of the desired level of habitat productivity and allow adjustments of the

offsetting measures, if needed, to meet the offsetting objectives. The CFOP is designed to

provide a level of habitat productivity more than equivalent to what currently exists in

affected habitats. Detailed design of all aspects of the detailed fisheries offsetting plan,

including the planned FHCL, will be done in conjunction with ongoing consultation with

appropriate federal and provincial agencies, such as DFO and ESRD as well as

potentially affected Aboriginal communities.

There is a high level of confidence that the FHCL (as a component of the CFOP) will

provide the expected level of habitat productivity. The quantified measure of habitat units

(HUs) used in the development of the CFOP (see Volume 1, Section 15.2.4) is based on

the amount of habitat and habitat suitability, which describe the ability of key habitat

components to supply the life requisites of each fish species. The habitat suitability was

determined using fish HSI models developed for the oil sands region.

There is some uncertainty associated with the determination of affected and offsetting

HUs because the fish HSI models used in the assessment have not been fully validated

for the oil sands region. Model validation studies are underway, but have not been

completed. This uncertainty is addressed by:

 using the HSI models to quantify productivity levels in affected and compensation

habitats

 including conservative assumptions when applying the models

 providing a more-than-equivalent level of HUs in the compensation habitats
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There is some uncertainty around the FHCL providing the predicted habitat productivity

in that full success has not been demonstrated for similar regional compensation lakes as

these lakes have only been operating for a short time. Monitoring results are preliminary,

but encouraging in relation to development of a diverse fish community (see response to

ESRD/CEAA Round 3 SIR 21a). To address this uncertainty, the conceptual monitoring

plan (see Volume 1, Section 15) includes components designed to determine the

effectiveness of the offsetting measures and identify whether additional measures are

required to meet the objectives of the CFOP.

There is a high level of confidence in the mitigation provided by the Athabasca River

Water Management Framework and the more recent SWQMF (GOA 2015). These

frameworks have and will protect fish habitat productivity in the Athabasca River, and

the Project’s water management plan aligns with both. The level of confidence in the

prediction of negligible effects on habitat productivity because of changes in channel

regime associated with changes in peak flows is moderate. There is uncertainty

associated with the prediction because of a knowledge gap around the determination of

stream-specific effective flows that influence geomorphic processes in the affected

watercourses. There is also uncertainty regarding the interaction of reduced sediment load

and reduced peak flows in channel regime effects, and monitoring is proposed to address

these knowledge gaps. However, there is confidence in the expectation that effects of

reduced peak flows on habitat area will not be greater than the effects of reduced open-

water flows, which are accounted for in the CFOP.

The level of confidence in the prediction of low-magnitude effects on habitat, benthic

invertebrates and use by migratory fish in lower Big Creek because of changes in flow

and water levels and water quality (temperatures) is low because of the uncertainty in

predicting ecological interactions and because of knowledge gaps around the specific

effects of small temperature changes on fish growth and benthic invertebrate community

density and structure. Similarly, the level of confidence in the prediction of low-

magnitude effects on habitat and benthic invertebrates in lower Redclay Creek is also

low. Temperature changes are below levels that have been shown to affect benthic

invertebrates, but specific effects of the predicted temperature reduction in lower Big

Creek and temperature increase in lower Redclay Creek are not known. Monitoring of

temperature regime, fish use and production and benthic invertebrate communities is

proposed to address these uncertainties. Although the CFOP identifies offsetting options

designed to develop or rehabilitate watercourse habitats accessible to migratory

Athabasca River fish, including the development of an larger (170 ha) FHCL to provide

all the necessary offsets for the Project, consultation with regulators and potentially

affected Aboriginal communities around these options will continue. Teck looks forward

to further collaborative efforts in the development of the detailed offsetting plan.

There is a high level of confidence in the prediction of negligible effects on lower-trophic

level productivity based on the available baseline data, regional monitoring data and

literature concerning the nature of detrital inputs to watercourses and the physical

characteristics of Big Creek and Redclay Creek relative to nutrients, detritus and detrital

inputs to the Athabasca River.
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8.5.10 Responses to Aboriginal Community Concerns

Fort McKay provided a list of traditional wildlife species to be used in the assessment

(see Volume 5, Section 5.2.3.2 of the Integrated Application) and Aboriginal

communities expressed general concerns about:

 loss of fish, traditionally used fishing areas and fishing opportunities in the region

 protection of the productivity of the Athabasca River and its tributaries

 replacing watercourse habitats with waterbody habitats and the loss of riverine and

terrestrial habitats important to traditional use species

 the effectiveness of fisheries offsetting measures in providing a viable alternative to

traditional fisheries

 altering terrestrial hunting areas with offsetting habitats

 being consulted regarding the fisheries offsetting and monitoring plans to take into

account traditional land use

Many of the key fish species identified by potentially affected Aboriginal communities

are found near the confluence of LSA watercourses and the Athabasca River and in the

Athabasca River itself, with a few species also found in Ronald Lake and Unnamed

Waterbody 19. This information was used in the assessment of the potential effects on

productive fish habitats in the aquatics LSA and the Athabasca River. Key species

information was also incorporated into the CFOP and the list was used to suggest a

candidate list of species to be supported by the FHCL, which is expected to increase the

amount of productive fish habitat in the aquatics LSA that will support some of the key

sport and sucker species identified as traditional use species.

It is anticipated that the Project, by incorporating the CFOP, will not result in a reduction

in overall fish habitat productivity, and that fish abundance and diversity in the aquatics

LSA and RSA will not be adversely affected by changes in fish habitat. The CFOP is also

intended to address concerns expressed regarding replacing watercourse habitats with

waterbody habitats, and replacing terrestrial habitats with offsetting habitats. The CFOP

includes a list of alternate offsetting options to be considered that include the

development or rehabilitation of watercourse habitats, and alternatives to enlarging the

FHCL, including offsetting measures located in areas that will be disturbed by Project

development.

As described in the CFOP and fisheries offsetting framework (see Volume 1,

Section 15.4.3), additional consultation with potentially affected Aboriginal communities

is part of the process of developing the detailed fisheries offsetting plan for the Project.

This will include: (1) consultation regarding the appropriate fish assemblage for the

FHCL; and (2) monitoring the effectiveness of the offsetting measures in providing the

expected level of fish habitat productivity and with regards to additional offsetting

options discussed in the fisheries offsetting framework.
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Teck began consultation on fisheries offsetting in July 2014 by hosting a meeting with

potentially affected Aboriginal communities and regulators to discuss the CFOP and

FHCL and to outline a fisheries offsetting framework for the Project. Teck is actively

engaged in consultation with Aboriginal communities regarding fisheries offsetting

options for the Project and recently hosted two workshops with DFO and Aboriginal

communities to review and seek input on a variety of fisheries offsetting options. Teck

has also received and responded to a technical memorandum from the Athabasca

Chipewyan First Nation (ACFN) regarding fisheries offsetting for the Project. Teck looks

forward to continued community and technical engagement on fisheries offsetting for the

Project with all potentially affected Aboriginal communities.

8.5.11 Management and Monitoring

8.5.11.1 Regional

The Project will participate in regional monitoring programs (i.e., AEMERA) designed to

monitor fish communities, fish health and water quality parameters in the Athabasca Oil

Sands Region. Monitoring data collected by other oil sands operators that is publicly

available, or available to Teck via data-sharing agreements, will also complement

monitoring conducted for the Project, thereby adding to regional monitoring efforts.

Monitoring results will be used, as appropriate, to inform Teck’s adaptive management

plan for the Project.

8.5.11.2 Project-Specific

A conceptual monitoring plan is included as part of the CFOP. Preliminary requirements

of this monitoring plan are outlined in Volume 1, Section 15. Monitoring results will be

used, as appropriate, to refine the effects assessment and inform Teck’s adaptive

management plan for the offsetting measures. The process of developing the detailed

fisheries offsetting plan for the Project includes additional consultation with regulators

and potentially affected Aboriginal communities.

8.5.12 Summary

Fish habitat in the aquatics LSA is mainly limited to forage fish use as a result of the

Project being located mostly on fluvial fans emanating from the Birch Mountains. Some

sucker species use also occurs in habitats with connectivity to the Athabasca River. Sport

fish are found in the lower portions of Redclay and Big Creeks, the Athabasca River,

Ronald Lake and Unnamed Waterbody 19. A large forested wetland complex associated

with the fluvial fan exists between the Birch Mountains and the Athabasca River, creating

a barrier to fish movement to the upper reaches of the LSA watersheds.

Construction of the Project will result in the loss or alteration of productive fish-bearing

habitats in the aquatics LSA through:

 direct changes in habitat area
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 reduced mean and peak flows in Redclay Creek and Big Creek downstream of the

PDA

 temporarily reduced mean summer water temperatures in lower Big Creek

 increased mean spring and summer water temperatures in lower Redclay Creek

The alteration or loss of productive fish habitat will be offset by the CFOP and associated

fisheries offsetting framework.

Potential changes in lower Big Creek during construction and at closure and far future

snapshot were identified as a residual effect of the Project because of possible low-

magnitude effects on fish growth, benthic invertebrates and seasonal use by migratory

fish. Potential changes in lower Redclay Creek at closure and far future snapshot were

identified as a residual effect of the Project because of possible low-magnitude effects on

fish growth and benthic invertebrates. The environmental consequences were classified

as low, as effects on fish abundance and diversity are not anticipated for the aquatics LSA

or RSA.

The CFOP and associated fisheries offsetting framework are intended to (1) result in no

reduction in overall fish habitat productivity in the aquatics LSA and (2) to increase

available habitats for sport fish and sucker species in the LSA. Some offsetting options

associated with the CFOP include development or rehabilitation of watercourse habitats

accessible to migratory Athabasca River fish, and further evaluation of these concepts

will be conducted as part of the development of the detailed fisheries offsetting plan, in

consultation with regulators and potentially affected Aboriginal communities. In addition

to the CFOP, after Project closure, the watercourses, waterbodies and pit lakes of the

closure drainage system are expected to develop into viable fish habitat, thereby creating

additional productive fish habitat beyond that provided by the CFOP.

A summary table of the linkages, conclusions, mitigation, prediction confidence,

uncertainties and knowledge gaps for the fish and fish habitat assessment is provided in

Appendix 8A.

8.6 Fish Abundance

8.6.1 Introduction

This section addresses key question F2: Could the Project contribute to cumulative

changes in fish abundance?

Project activities will affect watercourses and waterbodies in the aquatics LSA,

potentially resulting in changes to fish abundance. Changes in fish abundance could

affect the local Aboriginal communities and the recreational fishery. Changes in fish

abundance are also closely tied to potential changes in fish habitat productivity (e.g., loss

or alteration of fish habitat quantity or quality), aquatic health, fishing pressure, and fish

entrainment or impingement at intake structures.
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Key indicators of fish abundance used in this assessment are:

 fish habitat productivity (see Section 8.5.5)

 aquatic health, including potential acute or chronic effects on fish or benthic

invertebrates (as a food source for fish), as evaluated in the updated surface water

quality assessment (see Section 7)

 fish entrainment or impingement at the RWI

 fishing pressure, including access to exploitable fish populations and level of fishing

activity

8.6.2 Methods

8.6.2.1 Data Sources

Data for the fish abundance assessment were obtained from the following sources:

 Historical and baseline fish and fish habitat inventories (see Volume 2, Section 6)

 PRM (Shell 2007)

 ESRD FWMIS Internet Mapping Tool (ESRD 2014b)

 RAMP annual reports (RAMP 2014)

 AEMERA 2014 program report (AEMERA 2015)

8.6.2.2 Models and Assumptions

Changes in fish habitat because of loss or alteration of habitat area (quantity) or habitat

conditions (quality) are described in Section 8.5. Potential effects on fish abundance

related to changes in fish habitat were assessed based on predicted effects on fish habitat

productivity because of changes in habitat area, flow and water levels, channel regime,

water quality, lower-trophic level productivity and benthic invertebrates. In cases where

watercourse or waterbody habitat areas will be eliminated, fish rescue operations will be

in place to transplant the fish community to secure habitats to limit effects on fish

abundance.

Potential changes to aquatic health were assessed as part of the updated surface water

quality assessment (see Section 7). The conclusions of the aquatic health assessment were

carried forward to the assessment of fish abundance, based on predicted effects on fish

and benthic invertebrate communities (i.e., chronic or acute effects on survival, growth or

reproduction).

The potential for fish entrainment or impingement at the RWI structure was assessed

based on regulatory guidelines for intake screening specifically designed to exclude fish

from intake systems (DFO 1995).
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The potential for the Project to result in increased fishing pressure was assessed based on

the access plan for the Project, distribution of sport fish and sucker populations that

provide potential commercial, recreational or Aboriginal fisheries, trends in recreational

fishing in the oil sands region, and changes in commercial fishing regulations in Alberta.

Where a potential change to fish abundance was identified, the effect was assessed taking

into account mitigation designed to reduce potential effects. If the effect remained after

mitigation, offsetting measures are proposed to counterbalance the effect, where

appropriate. Any residual effects remaining after the application of mitigation and

offsetting measures were evaluated for environmental consequence.

8.6.3 Reference Conditions

Data on predevelopment (pre-1965) fish abundance in the aquatics LSA are limited.

Therefore, fish abundance in the LSA was extrapolated from information obtained

through existing industrial activities and Project field sampling.

Watercourses in the aquatics LSA primarily contain a forage fish community dominated

by lake chub and brook stickleback. Sport fish species are found only in the lower

portions of Redclay Creek and Big Creek, in the Athabasca River, and in Ronald Lake

and Unnamed Waterbody 19. Suckers are also present in these habitats, as well as

Unnamed Lake 1, Unnamed Creek 2, Unnamed Creek 7 and Unnamed Creek 8. The

remaining fish-bearing watercourses and waterbodies in the aquatics LSA support

communities composed of forage fish.

Industrial activity in the aquatics LSA consists of limited oil and gas drilling activity and

logging. Roads created for logging have increased access into the upper reaches of the

watercourses in the LSA. All access is during winter, and watercourses are crossed using

ice bridges, so no permanent bridges exist. It is unlikely that the small footprint of the

roads would result in an effect on the abundance of the forage fish species known to

occur in the fish-bearing habitats. Logging in the aquatics LSA has maintained

appropriate setbacks from fish-bearing watercourses and is also unlikely to have affected

fish abundance.

Given the fish community and the limited nature of the existing disturbances, it is likely

that the pre-1965 abundance of the forage fish community within the tributary watersheds

in the aquatics LSA is comparable to the current fish abundance.

The lower portions (i.e., near the confluence with the Athabasca River) of the main

watercourses within the aquatics LSA (i.e., Redclay Creek and Big Creek) have a fish

community typical of small tributary watercourses accessible to the fish community of

the Athabasca River (ESRD 2014b; Shell 2007). These tributary streams support a forage

fish community and typically also act as seasonal spawning, rearing and feeding areas for

large-bodied Athabasca River fish species that use small tributary watercourses.

No detailed scientific studies of fish population prior to 1965 could be found for the

aquatics LSA. Some information on the commercial fishery in the Athabasca Delta and

Lake Athabasca exists before 1965 (Donald et al. 2004), but it covers areas outside of the

LSA.
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Detailed surveys of the portion of the Athabasca River in the aquatics LSA were first

conducted in 1976 and 1977 (Bond 1980). The 1976 and 1977 surveys, which used gill

and seine nets, found that the large fish community was dominated by goldeye (33% of

large-bodied fish), lake whitefish (24% of large fish) and walleye (12% of large fish)

(Bond 1980). Since then, similar methods have not been used to collect fish, so

comparisons to current populations cannot be made. More intensive sampling began in

1987, just before the major expansion in the oil sands area (RAMP 2010). RAMP has

been monitoring large-bodied fish populations of the Athabasca River in the oil sands

region on an annual basis since 1997, with standardized sampling methods and sampling

reaches. The RAMP and AEMERA monitoring data shows there have been no long-term

trends or changes in fish abundance in the Athabasca River over the 18-year monitoring

period from 1997 to 2014.

8.6.4 Base Case

Although there are no existing or approved developments that might affect watercourses

or waterbodies in the Athabasca River tributary watersheds in the aquatics LSA, some

existing or approved developments operate water intakes on the Athabasca River that

might affect fish abundance in the aquatics RSA. These changes might result from

changes in habitat productivity because of changes in flow and water levels, or through

fish entrainment or impingement.

In the aquatics RSA, the SWQMF (GOA 2015) manages cumulative water withdrawals

and the IFN of the Athabasca River with the goal of “protecting the ecological integrity

of the aquatic ecosystem in the lower Athabasca River”. Because the framework is

expected to prevent effects on fish habitat productivity, no effects on fish abundance are

expected for the lower Athabasca River because of cumulative water withdrawals.

Approved and recently constructed water intakes on the Athabasca River include

appropriate intake screens, as defined by the regulatory guidelines (DFO 1995), to

exclude fish from these intakes. It is not known if intakes constructed prior to the

guidelines are screened in a manner that is consistent with the current requirements. As

such, there might be an unquantified amount of fish entrainment occurring at these

intakes under existing conditions, resulting in some loss of small-sized fish, either forage

fish or young life stages of large-bodied fish.

As described for the reference conditions (see Section 8.5.3), there are no fish species of

interest to recreational commercial or Aboriginal fisheries in the aquatics LSA, other

than:

 sport fish in the lower portions of Redclay Creek, Big Creek, in the Athabasca River,

and in Ronald Lake and Unnamed Waterbody 19

 suckers in these habitats as well as in Unnamed Lake 1, Unnamed Creek 2, Unnamed

Creek 7 and Unnamed Creek 8
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8.6.5 Application Case

8.6.5.1 Mitigation

The updated hydrology and surface water quality assessments (see Sections 6 and 7,

respectively) outline mitigation measures to reduce the effects of the Project on fish

habitat productivity through changes in flows, water levels, channel regime, sediment

loading, water quality and sediment quality. Additional mitigation measures for limiting

effects on habitat productivity are presented in Section 8.5.5.1. The following additional

measures will be employed to reduce the effects on fish abundance:

 Whenever practical, activities will be scheduled to avoid sensitive time periods in

downstream watercourses

 The CFOP and fisheries offsetting framework are designed to offset potential

changes in fish habitat productivity to mitigate changes in fish abundance

 The RWI will be screened in compliance with regulatory guidelines designed to limit

the potential for fish entrainment or impingement through appropriate screen size and

appropriate water velocities through the screen (DFO 1995)

 Teck will develop and implement an access management plan to limit access by the

general public to fish-bearing watercourses or waterbodies

 Project personnel will be prohibited from fishing in watercourses or waterbodies in

the PDA and those that are accessible to Project workers but not the general public

 Teck will develop and implement a fish rescue plan according to regulatory

requirements

8.6.5.2 Linkage Analysis

Habitat Productivity

Changes in habitat productivity have the potential to result in changes in fish abundance.

The fish habitat assessment (see Section 8.5) identified valid linkages to potential

changes in fish habitat productivity because of watercourse diversions, landscape changes

and changes to drainage patterns associated with Project development. Therefore, the

linkage between potential changes in habitat productivity and changes in fish abundance

is valid and the potential effects are assessed.
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Aquatic Health

Potential changes to aquatic health in the Athabasca River and the tributary watersheds in

the aquatics LSA were assessed as part of the updated surface water quality assessment

(see Section 7.11). Predicted changes in water and sediment quality parameters were

assessed in relation to potential effects on aquatic biota (algae, invertebrates and fish),

including acute and low-level chronic effects on survival, growth and reproduction. The

aquatic health assessment evaluated direct effects as well as indirect effects related to

accumulation of substances in fish tissues and determined that:

 toxicity levels would be below guideline levels throughout the life of the Project and

into the far future

 parameter concentrations in fish tissue would be similar to predevelopment

concentrations

The aquatic health assessment concluded that the environmental consequences of

potential changes in aquatic health were negligible. Therefore, the linkage between

changes in aquatic health and changes in fish abundance is not valid, and the potential

effects are not considered further in the assessment.

Fish Impingement and Entrainment

The Project includes a RWI to withdraw water from the Athabasca River. During

pumping activities associated with water withdrawal, there is the potential for fish to

become entrained (sucked into the intake). Because the intake will be screened, there is

also a potential for fish to be impinged (trapped against the intake screen) due to the force

of water passing through the screen. Entrainment or impingement of fish could result in a

decrease in fish abundance in the Athabasca River.

Guidelines for intake screens have been developed by DFO to exclude fish from intake

systems (DFO 1995). The screen guidelines include criteria regarding screen mesh size

and water velocities through the screen, relative to minimizing entrainment and

impingement of the specified size of the fish species and life stages to be protected. The

RWI for the Project will be designed to comply with federal and provincial screening

criteria. The final design of the intake will incorporate the criteria as appropriate for the

fish species and life stages known to occur in the Athabasca River. With the application

of these measures, there are no predicted cumulative changes in fish abundance in the

Athabasca River relative to the Base Case. As such, the linkage between Project activities

and changes in fish abundance because of intake operation is not valid, and the potential

effects are not considered further in the assessment.

Fishing Pressure

The Project will include development of new roads to provide access to the PDA, which

might result in increased access to watercourses and waterbodies in the aquatics LSA. An

increase in the human population is also expected in the PDA and the region as a result of

the Project workforce and general population increase associated with support services.

Increased access has the potential to result in increased fishing pressure at new

watercourse and waterbody access points, and the increase in the regional population
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might result in additional fishing pressure because of the presence of additional anglers.

Increased fishing pressure has the potential to result in changes in fish abundance where

increased fish harvest also occurs. Therefore, the linkage between Project activities and

changes in fish abundance because of changes in fishing pressure is valid and the

potential effects are assessed.

8.6.5.3 Effects Analysis

Construction to Maximum Build-out Snapshots (2024, 2050 and 2066)

Habitat Productivity

The fish habitat assessment (see Section 8.5) determined that construction of the Project

will result in the loss or alteration of productive fish-bearing habitats in the aquatics LSA

through:

 direct changes in habitat area

 reduced mean and peak flows in Redclay Creek and Big Creek downstream of the

PDA

 reduced mean summer water temperatures in lower Big Creek and increased mean

spring and summer temperatures in lower Redclay Creek

The alteration or loss of productive fish habitat will be offset by the CFOP and fisheries

offsetting framework, which is intended to (1) result in no reduction in overall fish

habitat productivity in the LSA and (2) increase available habitats for sport fish and

sucker species. Although, some potential changes in lower Big Creek and lower Redclay

Creek were identified as a residual effect of the Project because of possible low-

magnitude effects on fish growth, benthic invertebrates or seasonal use by migratory fish,

effects on fish abundance and diversity are not anticipated for the aquatics LSA or RSA.

The development of the FHCL, as a component of the CFOP, will provide habitat for

large-bodied fish species that is currently limited within the aquatics LSA and will

support sport fish that are not generally found in the affected habitats. Among the

offsetting options identified in the CFOP is development or rehabilitation of watercourse

habitats accessible to migratory Athabasca River fish. Teck will continue to evaluate

these concepts in consultation with DFO, ESRD and potentially affected Aboriginal

communities and further these collaborative efforts in developing the detailed offsetting

plan.

Because of the CFOP, no reduction in overall fish abundance is expected for the aquatics

LSA. The CFOP is intended to provide a higher level of fish habitat productivity than the

existing habitats in the LSA (as measured by Habitat Units), and through development of

the FHCL, to provide increased habitat for large-bodied fish species. The net effect will

be an overall gain in productive fish habitat, a gain in suitable habitat for sport fish and

suckers and the potential for an increase in the overall distribution and abundance of

large-bodied fish in the aquatics LSA.
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Based on the mitigation incorporated into the Project, CFOP and fisheries offsetting

framework, there are no predicted residual adverse effects on overall fish abundance in

the aquatics LSA or RSA because of changes in habitat productivity resulting from the

Project.

Fishing Pressure

There are no known commercial fishing locations in the aquatics LSA, and all lakes in

Alberta were closed to commercial fishing as of August 2014. Therefore, there are no

potential effects of the Project on commercial fishing pressure. Based on review of the

traditional use studies outlined in Section 8.2.1, there are no identified traditional use

fishing sites near the PDA or in the Athabasca River tributary watersheds in the aquatics

LSA. Identified traditional use fishing sites within the aquatics LSA consist of locations

on the Athabasca River, including the west side of the river near the Redclay Creek

confluence, and the east side of the river near the Firebag River confluence (see

Volume 1, Section 17). Current access to watercourses and waterbodies in the PDA is

limited, and no instances of angling were observed in the aquatics LSA during baseline

field studies, with the exception of angling in Ronald Lake, which is located at the

northernmost extent of the aquatics LSA and is outside of the PDA. In addition, with the

fish communities dominated by forage fish, there are no species of recreational interest

within the PDA. Sport fish populations occur in the LSA in the lower portions of Redclay

Creek and Big Creek, in the Athabasca River, and in Ronald Lake and Unnamed

Waterbody 19, which is connected to Ronald Lake.

Development of access roads in the PDA will not increase access for recreational anglers

to any watercourse or waterbody habitats that support sport fish, and there will be no

change in access to any of the identified fishing sites. In addition, the access management

plan for the Project will limit access by the general public and any potential recreational

anglers. Therefore, no changes in fishing pressure are anticipated in association with the

development of access roads.

Although there will be an increase in the human population in the PDA because of the

Project workforce, Project personnel and contractors will be prohibited from fishing

while working on the Project to prevent an increase in angling pressure in the PDA.

There will also be a general increase in the regional population associated with

construction and operation of the Project, which has the potential to result in an increased

number of recreational anglers and increased fishing pressure in the region, particularly at

key recreational fishing sites on the Athabasca River and some regional lakes. However,

because the Project is planned to be a fly-in/fly-out operation, there is expected to be a

limited increase in the general regional population.

To assess the potential influence of cumulative human population increases resulting

from expanding industrial activity on regional recreational fishing pressure, available

data for the Regional Municipality of Wood Buffalo (RMWB) was examined. This

included population trends over the past 10 to 15 years and the number of recreational

fishing licences sold (see response to ESRD/CEAA Round 3 SIR 36a). Alberta

Sustainable Resource Development’s summary of sport fishing in Alberta (ASRD 2012)

includes data on recreational angling from 2010, and from seven previous angler surveys
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conducted between 1975 and 2005. Data was analyzed for Fish Management Zone NB4

(which closely corresponds to the area of the RMWB) to identify the number of active

licensed anglers and estimate the number of unlicensed youth and senior anglers. The

total number of active anglers was calculated based on fishing licence sales, expanded to

include typical proportions of unlicensed youth and senior anglers, using the information

provided in ASRD (2012).

Trends in regional cumulative population growth, fishing licence sales and estimated

number of active anglers show that:

 licence sales in recent years (2002 to 2011) are not correlated with increased regional

population

 recreational fishing pressure has not increased proportionally with population growth

The trends demonstrate that, despite consistent population growth, changes in fishing

licence sales over time have been variable and relatively small. Although steady

population growth has occurred for Fort McMurray (59% increase) and the RMWB

(144% increase, including temporary workers), fishing licence sales have not increased

proportionally. Compared to licence sales in 2002, changes in annual sales for the period

2003 to 2011 have ranged from decreases of -18% to increases of 10%, with an overall

average of -0.8%. Overall, the trends show a slight increase in fishing license sales and

estimated numbers of active anglers in the more recent years. However, it is clear that the

increase in recreational fishing pressure has not been proportional to the increase in the

regional population. Factors that likely contribute to the small change in recreational

fishing pressure relative to the large change in the regional population include recent

declining trends in the proportion of the general population that engages in fishing

activities (ASRD 2012; Econometric Research Ltd. 2008), the demographics of

population growth in the region, and limited fishing activity conducted by the large

temporary workforce included in the cumulative population increase (Nichols Applied

Management 2007).

Therefore, although future population growth is expected in the RMWB, current trends

indicate that fishing pressure is likely to increase at a much slower rate, if at all. The

potential for future increases in fishing pressure assumes the proportion of the population

in the RMWB that fishes remains similar to recent levels and does not follow the

declining national trend. It is anticipated that with a continued slow increase in the

number of recreational anglers in the region, ESRD will continue to be able to manage

regional fisheries resources and support sustainable fish populations.

Overall, the potential for changes in fish abundance because of changes in fishing

pressure resulting from increased access, increased local human presence or increased

regional population is considered negligible.

Closure and Far Future (2081+)

The reclaimed diversion channels, watercourses, waterbodies and pit lakes that will form

the closure drainage system are expected to develop into viable fish habitats. This will

provide new productive habitats not accounted for in the CFOP and is expected to result

in an increase in fish abundance in the aquatics LSA in the far future. With habitat
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connectivity established at closure, natural colonization of the closure drainage system is

expected for the fish populations from the lower portions of Redclay Creek and Big

Creek, for those species that access the new habitats and find them suitable for use.

8.6.6 Planned Development Case

Additional changes in habitat availability and productivity in the aquatics LSA would

occur in the PDC because of the PRM should Shell reapply for and construct the project.

As described in the PDC assessment for fish habitat (see Section 8.5.6), changes to fish

habitat would be offset by the Shell compensation lake, resulting in no expected

reduction in fish habitat productivity or fish abundance in the LSA. Flow-related habitat

changes predicted in the Application Case for lower Redclay Creek and Big Creek

because of the Project are largely not relevant in the PDC.

In the aquatics RSA, additional water withdrawals from the Athabasca River will be

required by planned developments, but no additional effects are expected on fish

abundance in the Athabasca River because of cumulative water withdrawal activities.

Water intake operations will need to comply with guidelines established to prevent

effects on fish habitat productivity or fish losses in the Athabasca River (AENV and DFO

2007; GOA 2015; DFO 1995).

8.6.7 Effects Classification

For a summary of Application Case effects classification for fish habitat, see Table 8-7.

This classification considers the mitigation incorporated into the Project and the

development of the CFOP.

Table 8-7 Effects Classification for Fish Abundance

Key Indicator
Geographic

Extent Duration Frequency Reversibility Magnitude

Habitat productivity Local/Regional Long/Medium Continuous Reversible¹ Negligible

Fishing pressure Regional Medium Continuous Reversible Negligible

NOTE:

¹ Reversible through compensation.

Habitat Productivity

There are no predicted residual adverse effects on overall fish abundance because of

changes in habitat productivity resulting from the Project. Effects on fish abundance are

therefore classified as negligible in magnitude. The expected habitat changes in the

aquatics LSA will be permanent (long duration and continuous frequency), local (within

the aquatics LSA), and reversible through fisheries offsetting measures. Potential changes

associated with water withdrawals will occur only during operations (medium duration),

throughout operations (continuous frequency), are regional (within the aquatics RSA) and

are reversible at closure through termination of withdrawal activities.
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Fishing Pressure

The limited distribution of sport fish in the aquatics LSA, combined with mitigation

regarding access control, prohibitions of fishing by Project workers, and lack of

correlation between increased regional population and fishing pressure are expected to

fully mitigate any potential reductions in fish abundance because of increased fishing

pressure in the aquatics LSA. Effects on fish abundance are therefore classified as

negligible in magnitude. Changes in access and population will occur during Project

operations (medium duration), throughout operations (continuous frequency), occur

regionally (within the aquatics RSA), and the effects will be reversible at closure through

access reclamation and reduction of the Project workforce.

8.6.8 Environmental Consequence

The overall effect of the Project on fish abundance is expected to be negligible, with

negligible environmental consequence. Potential changes in productive fish habitats will

be offset by the CFOP and the fisheries offsetting framework, which are intended to

result in no reduction of fish habitat productivity and no overall reduction in fish

abundance in the aquatics LSA or RSA. The potential for changes in fish abundance

because of an increase in fishing pressure is considered negligible, based on available

data regarding trends in regional population and recreational fishing activity.

8.6.9 Prediction Confidence

Overall, there is a variable degree of confidence in predicted effects on fish abundance.

The potential for a reduction in fish abundance is closely tied to the loss or alteration of

productive fish habitat (see Section 8.5). The level of confidence in the prediction that

changes in fish habitat productivity will have negligible effects on fish abundance is the

same as the level of confidence for the habitat assessment (see Section 8.5.9).

The level of confidence in the prediction of negligible effects on fish abundance because

of changes in fishing pressure are high. The available data for fishing licence sales, sport

fishing activities in Alberta and the oil sands region, and recreational pursuits of oil sands

workers is complete and current.

8.6.10 Responses to Aboriginal Community Concerns

Reduction in fish abundance is a concern identified by Aboriginal communities. Potential

loss of fish abundance because of changes in productive fish habitat is addressed through

the development of new fish habitats or the rehabilitation of existing habitats, as

identified in the CFOP and the fisheries offsetting framework. The CFOP includes

development of a FHCL as well as other offsetting options, which together are intended

to negate potential loss in fish abundance by providing new, productive fish habitats,

including an increase in suitable habitats for large-bodied fish species. The FHCL will

provide additional habitat in the aquatics LSA for traditional use fish species identified

by potentially affected Aboriginal communities (e.g., sport fish species and suckers under

consideration for inclusion in the FHCL community) (for details, see Volume 1,
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Section 15). After closure, the watercourses, waterbodies and pit lakes in the closure

drainage system are expected to naturally develop into productive aquatic habitats that

will be able to support fish populations, thereby contributing to fish abundance in the

area.

Fish abundance can be affected by increased recreational fishing. To mitigate the

potential effects of increased recreational fishing, an access management plan will be

developed and workers at the Project will not be allowed to participate in recreational

fishing activities. In addition, the mine operator has entry control over the PDA, which

would further restrict potential access by recreational anglers.

Overall, no reduction in fish abundance is predicted as a result of the Project. The CFOP

identifies habitat offsets designed to provide productive habitats for forage fish, suckers

and sport fish, and is intended to increase the distribution and abundance of large-bodied

fish in the aquatics LSA.

As described in Section 8.5.10, Teck has begun consultation and plans to continue

consultation with regulators and potentially affected Aboriginal communities as part of

its efforts to further develop the detailed offsetting plan for the Project.

8.6.11 Management and Monitoring

8.6.11.1 Regional

Teck will participate in regional monitoring programs (i.e., AMERA) designed to

monitor fish communities, fish health and water quality parameters in the Athabasca Oil

Sands Region. Monitoring data collected by other oil sands operators that is publicly

available, or available to Teck via data-sharing agreements, will also complement

monitoring conducted for the Project, thereby adding to regional monitoring efforts.

Monitoring results will be used, as appropriate, to inform Teck’s adaptive management

plan for the Project.

8.6.11.2 Project-Specific

A conceptual monitoring plan is included as part of the CFOP. Preliminary requirements

of this monitoring plan are outlined in Volume 1, Section 15.5. Monitoring results will be

used, as appropriate, to refine the effects assessment and inform Teck’s adaptive

management plan for the offsetting measures. The process of developing the detailed

fisheries offsetting plan for the Project includes additional consultation with regulators

and potentially affected Aboriginal communities.

8.6.12 Summary

Potential effects on fish abundance were assessed in relation to potential changes in fish

habitat productivity and fishing pressure.

Effects on fish habitat productivity associated with changes in fish habitat in the aquatics

LSA were predicted to be negligible, in combination with development of the CFOP and

the fisheries offsetting framework, with no effects on overall fish abundance in the
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aquatics LSA or RSA (see Section 8.5). Guidelines governing cumulative water

withdrawals and intake screening are expected to mitigate potential effects of cumulative

water withdrawals on fish abundance in the Athabasca River because of changes in

habitat productivity or direct loss of fish. Based on the mitigation incorporated into the

Project, and development of the CFOP, there are no predicted residual adverse effects on

overall fish abundance because of changes in habitat productivity resulting from the

Project. The CFOP includes an increase in suitable habitats for large-bodied fish species

in the aquatics LSA and is intended to increase the distribution and abundance of large-

bodied fish in the LSA. After closure, the watercourses, waterbodies and pit lakes in the

closure drainage system are expected to naturally develop into productive habitats that

will be able to support fish populations, thereby contributing to fish abundance in the

aquatics LSA.

The limited distribution of sport fish in the aquatics LSA, combined with mitigation

regarding access control and prohibitions of fishing by Project workers, are expected to

fully mitigate any potential reductions in fish abundance because of increased fishing

pressure in the LSA. For the aquatics RSA and the oil sands region in general, the

available data clearly indicate there is no correlation between increased regional

population and fishing pressure. Trends in the available data indicate the potential

increase, if any, would be minor and unlikely to affect regional sport fish abundance.

A summary table of the linkages, conclusions, mitigations, confidence, uncertainties and

knowledge gaps for the fish and fish habitat assessment is provided in Appendix 8A.

8.7 Fish and Fish Habitat Diversity

8.7.1 Introduction

This section addresses key question F3: Could the Project contribute to cumulative

changes in fish and fish habitat diversity?

Project activities will affect watercourses and waterbodies in the aquatics LSA,

potentially resulting in changes to fish and fish habitat diversity because of changes in

aquatic habitat or fish abundance. Changes in fish and fish habitat diversity are closely

tied to potential changes in habitat (see Section 8.5) that might alter habitat diversity or

benthic invertebrate diversity, and changes in fish abundance (see Section 8.6) that might

alter fish species diversity.

Key indicators of fish and fish habitat diversity are:

 fish habitat diversity (types of aquatic habitats)

 fish species diversity (species richness and evenness)

 fish trophic level diversity (ratio of predator species to prey species)

 benthic invertebrate diversity
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8.7.2 Methods

8.7.2.1 Data Sources

Data for the fish habitat assessment were obtained from the following sources:

 Historical and baseline fish and fish habitat inventories (see Volume 2, Section 6)

 PRM (Shell 2007)

 ESRD FWMIS Internet Mapping Tool (ESRD 2014b)

 RAMP annual reports (RAMP 2014)

 AEMERA 2014 program report (AEMERA 2015)

8.7.2.2 Models and Assumptions

Potential effects on fish habitat diversity and on benthic invertebrate communities were

assessed based on predicted changes in:

 habitat area or conditions in relation to changes in habitat types (see Section 8.5),

including potential effects on fish habitat quantified by the updated hydrology and

surface water quality assessments

 fish abundance (see Section 8.6) in relation to potential changes in species abundance

and distribution

Where a potential change to fish diversity was identified, the effect was assessed, taking

into account mitigation designed to reduce potential effects. If the effect remained after

mitigation, compensation habitat is proposed to offset the effect. Residual effects

remaining after mitigation and compensation measures were evaluated for environmental

consequence.

8.7.3 Reference Conditions

Fish habitat diversity is similar for existing and predevelopment (pre-1965) conditions.

There are no currently operating developments near the Project. Industrial activity has

included a limited amount of oil and gas drilling activities and logging. A brief summary

of existing fish community and fish habitat diversity is provided below. For more detail,

see Volume 2, Section 6.3.

Watercourses and waterbodies in the PDA provide limited habitat potential that is

generally of low diversity as a result of the Project’s location primarily on the fluvial fan

from the Birch Mountains. Watercourses and waterbodies within and upstream of the

PDA generally do not provide productive fish habitats and are non-fish-bearing. Some

habitats near the downstream boundary of the PDA contain fish-bearing habitats that are

also of low diversity and the associated fish communities consist exclusively of forage

fish species, or are dominated by forage fish species with low numbers of suckers.

Habitat diversity and species diversity increases in the lower portions of the watersheds

that drain the PDA (Redclay Creek and Big Creek), and to a lesser extent for the

Unnamed Creek 18 watershed in the vicinity of Ronald Lake. Sport fish habitat and sport
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fish populations in the aquatics LSA occur in the lower portions of Redclay Creek, Big

Creek, in Ronald Lake and Unnamed Waterbody 19, and in the Athabasca River.

8.7.4 Base Case

The Base Case includes existing (operating) and approved developments in the area. For

the Base Case, there are no existing or approved developments that might affect

watercourses or waterbodies in the Athabasca River tributary watersheds in the aquatics

LSA. As a result, Base Case and existing conditions are similar.

8.7.5 Application Case

8.7.5.1 Mitigation

The updated hydrology and surface water quality assessments (see Sections 6 and 7)

outline mitigation measures to reduce the effects of the Project on habitat because of

changes in area, flows, water levels, channel regime, sediment loading and water quality.

Additional measures for the protection of fish habitat are outlined in Section 8.5, and for

the protection of fish abundance are outlined Section 8.6. These mitigation measures will

also aid in reducing potential effects on fish and fish habitat diversity.

8.7.5.2 Linkage Analysis

Fish Habitat Diversity

The fish habitat assessment (see Section 8.5) identified valid linkages to potential

changes in fish habitat because of watercourse diversions, landscape changes and changes

to drainage patterns associated with Project development, including development of new

habitats as part of the CFOP. Changes in habitat have the potential to result in changes in

fish habitat diversity. Therefore, the linkage between potential changes in habitat and

changes in fish habitat diversity is valid and the potential effects are assessed.

Fish Species Diversity

The fish abundance assessment (see Section 8.6) identified valid linkages to potential

changes in fish abundance because of potential changes in habitat productivity and

fishing pressure. Changes in fish abundance have the potential to result in changes in fish

species diversity. Therefore, the linkage between potential changes in fish abundance and

changes in fish species diversity is valid and the potential effects are assessed.

Fish Trophic Level Diversity

The fish abundance assessment (see Section 8.6) identified valid linkages to potential

changes in fish abundance because of potential changes in habitat productivity and

fishing pressure. Changes in fish abundance have the potential to result in changes in fish

species diversity and thereby changes in fish trophic level diversity. Therefore, the

linkage between potential changes in fish abundance and changes in trophic level

diversity is valid and the potential effects are assessed.
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Benthic Invertebrate Diversity

The fish habitat assessment (see Section 8.5) identified valid linkages to potential

changes in fish habitat because of watercourse diversions, landscape changes and changes

to drainage patterns associated with Project development, including development of new

habitats as part of the CFOP. Changes in habitat have the potential to result in changes in

benthic invertebrate communities, including diversity. Although benthic invertebrate

communities in the aquatics LSA are typical of communities in the Athabasca Oil Sands

Region, some local changes in community diversity might occur. Therefore, the linkage

between potential changes in habitat and changes benthic invertebrate diversity is valid

and the potential effects are assessed.

8.7.5.3 Effects Analysis

Construction to Maximum Build-out Snapshots (2024, 2050 and 2066)

Fish Habitat Diversity

Expected changes in habitat types associated with Project development include the

replacement of some shallow waterbody habitats of low diversity with habitats in the

FHCL with higher diversity of depths, substrates and cover types. In addition, some of

the affected waterbody habitats have poor connectivity to the Athabasca River, whereas

the FHCL will be directly connected to the Athabasca River via Redclay Creek. This is

expected to increase the amount of suitable overwintering habitat in the PDA, which is

currently limited in the watercourses and waterbodies in the aquatics LSA, and to

increase the amount of suitable spawning, rearing and feeding habitats for large-bodied

sport fish and sucker species in the LSA. For example, the FHCL is designed to provide

habitat for sport fish and suckers and expand the distribution of these species in the

Redclay Creek watershed, where it is currently limited to the lower portion of the

watercourse.

The CFOP identifies offsetting options in addition to the FHCL that could provide

watercourse habitats to offset loss of affected watercourse habitats. Also, should the

option of enlarging the FHCL to offset all habitat losses be selected, there would be some

replacement of affected watercourse (lotic) habitat with waterbody (lentic) habitat. The

proportion of habitat losses associated with watercourses compared to waterbodies is

relatively minor (see Volume 1, Section 15). Overall, there is an expectation of an

increase in suitable habitat for large-bodied species in the aquatics LSA, with no adverse

effects on fish habitat diversity.

Fish Species Diversity

As described in the fish abundance assessment (see Section 8.5), effects on fish habitat

productivity were predicted to be negligible, with no effects on overall fish abundance in

the aquatics LSA or RSA. Direct fish losses because of changes in fishing pressure are

also not anticipated. There is no expectation of loss of any fish species that currently uses

the LSA or of any reduction in fish species richness. Based on the expectation that the

CFOP will result in an increase in the amount of suitable habitats for sport fish and
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suckers in the LSA, abundance and distribution of these species is predicted. This will

result in increased species evenness, with more large-bodied species in the LSA

compared to current communities, which are dominated by forage fish. For example, the

FHCL is designed to provide sport fish and sucker habitat in a portion of the Redclay

Creek watershed currently dominated by forage fish species, low numbers of suckers and

no sport fish species. Overall, there is an expectation of an increase in large-bodied

species in the aquatics LSA, with no adverse effects on fish species diversity.

Fish Trophic Level Diversity

Similar to fish species diversity, the expectation that the CFOP will result in an increase

in the abundance and distribution of sport fish species will result in increased abundance

and distribution of predatory species in in the aquatics LSA compared to the current prey

species (forage fish) dominated communities. Therefore, there is an expectation of an

increase in the predator:prey ratio, with no adverse effects on fish trophic level diversity.

Benthic Invertebrate Diversity

Potential reductions in benthic invertebrate diversity are expected to result from

conversion of natural watercourse habitats to diversion channel habitats in the affected

sections of Redclay Creek, Unnamed Creek 17, Unnamed Creek 18, upper Unnamed

Creek 2 watershed and Big Creek because of reduced habitat diversity in the diversion

channels compared to the natural habitats. Increases in benthic invertebrate diversity are

expected to result from the replacement of shallow waterbody habitats in affected

waterbodies with the more diverse waterbody habitats in the FHCL. For example,

monitoring data for constructed lakes in the oil sands region (Canadian Natural Horizon

project fish compensation lake [Horizon Lake] and Shell Jackpine Mine compensation

lake [Jackpine Lake]) show the potential for increased benthic invertebrate diversity.

Benthic invertebrate community results are available for one of the largest of the affected

waterbodies (Unnamed Lake 1), and show low density, low richness and low diversity,

with a total of five invertebrate taxa recorded. The available monitoring data for annual

benthic invertebrate surveys completed for the first four years of development of the

Horizon Lake (2009 to 2012) indicate the developing community has so far achieved low

to moderate taxonomic richness and moderate to high diversity compared to natural lakes

in the oil sands region (Golder 2013). This level of benthic invertebrate diversity is

associated, in part, with sampling the larger range of depths available in the

compensation lake relative to natural lakes, with a range of 7 to 24 taxa recorded for the

individual sampling sites throughout the lake. The available benthic invertebrate

monitoring data for the first three years of development of Jackpine Lake (2010 to 2012)

indicate that the number of recorded taxa ranged from 2 to 17, depending on the sampling

site (Hatfield 2013). The benthic invertebrate communities in both Horizon Lake and

Jackpine Lake represent a higher level of diversity than the waterbodies to be affected by

the Project, even though the Horizon and Jackpine compensation lakes are only in the

early stages of development.

Overall, adverse effects on benthic invertebrate diversity are not expected because the

current diversity of benthic invertebrate taxa in lotic and lentic habitats the aquatics LSA
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will be maintained by commonly occurring habitats in unaffected watercourses and

waterbodies, coupled with the expected development of new benthic invertebrate

communities in new habitat types provided by the CFOP.

Closure and Far Future (2081+)

In addition to habitats that will be developed as part of the CFOP, the closure landscape

will include a number of watercourses, waterbodies and pit lakes that will provide

additional lotic and lentic habitats for fish and benthic invertebrates. Aquatic habitats in

the closure drainage system will further support habitat, fish and benthic invertebrate

diversity by providing a variety of habitat types for colonization.

8.7.6 Planned Development Case

Additional changes in aquatic habitat in the aquatics LSA occur in the PDC because of

the assumption that the withdrawn PRM will proceed. Construction and operation of

PRM would result in habitat losses in lower Big Creek and its tributaries, as well as

habitat alteration in lower Redclay Creek. Changes to fish habitat would be compensated

for by the Shell compensation lake.

The habitat changes related to development of PRM would also have the potential to

affect fish and fish habitat diversity because of conversion of some natural watercourse

habitats to constructed channel habitats, and to the replacement of lotic habitats in

affected watercourses with lentic habitats in the compensation lake. Shell concluded that

the PRM fish habitat compensation plan has the potential to increase fish species

richness, diversity and trophic complexity (Shell 2007), with no predicted adverse effects

on fish species diversity. The change in habitat type from lotic to lentic included in the

PRM fish habitat compensation plan was considered to have the potential to result in low-

level effects on fish habitat diversity and the diversity of benthic invertebrate

communities. Shell predicted that the overall adverse effect on fish and fish habitat would

be negligible, based on additional aquatic habitats to be developed in the watercourses

and waterbodies to be included in the closure landscape, although some delay is expected

in the development of suitable fish and invertebrate habitats in constructed habitats.

8.7.7 Effects Classification

For a summary of effects classification for fish and fish habitat diversity, see Table 8-8.

Table 8-8 Effects Classification for Fish and Fish Habitat Diversity

Key Indicator
Geographic

Extent Duration Frequency Reversibility Magnitude

Habitat diversity Local Long Continuous Reversible¹ Negligible

Fish species diversity Local Long Continuous Reversible¹ Negligible

Fish trophic level diversity Local Long Continuous Reversible¹ Negligible

Benthic invertebrate diversity Local Long Continuous Reversible¹ Negligible

NOTE:

¹ Reversible through compensation.
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Fish Habitat Diversity

The CFOP and fisheries offsetting framework provide the expectation of an increase in

suitable habitat for large-bodied species in the aquatics LSA, with no adverse effects on

fish habitat diversity. The potential effects on fish habitat diversity are therefore

classified as negligible in magnitude. The expected habitat changes in the aquatics LSA

will be permanent (long duration and continuous frequency), local (within the aquatics

LSA), and the effects will be reversible through fisheries offsetting measures.

Fish Species Diversity

There is no expectation of loss of any fish species that currently uses the aquatics LSA or

of any reduction in fish species richness. Based on the expectation that the CFOP will

result in an increase in the amount of suitable habitats for sport fish and suckers in the

aquatics LSA, abundance and distribution of these species is predicted to increase.

Overall, there is an expectation of an increase in large-bodied species in the aquatics

LSA, with no adverse effects on fish species diversity. The potential effects on fish

species diversity are therefore classified as negligible in magnitude. The expected habitat

changes in the aquatics LSA will be permanent (long duration and continuous frequency),

local (within the aquatics LSA), and the effects will be reversible through fisheries

offsetting measures.

Fish Trophic Level Diversity

The expectation that the CFOP will result in an increase in the abundance and distribution

of sport fish species will result in increased abundance and distribution of predatory

species in in the aquatics LSA, increasing the predator:prey ratio, with no adverse effects

on fish trophic level diversity. The potential effects on fish trophic level diversity are

therefore classified as negligible in magnitude. The expected habitat changes in the

aquatics LSA will be permanent (long duration and continuous frequency), local (within

the aquatics LSA), and any potential effects will be reversible through fisheries offsetting

measures.

Benthic Invertebrate Diversity

Adverse effects on benthic invertebrate diversity are not expected because the current

diversity of benthic invertebrate taxa in lotic and lentic habitats the aquatics LSA will be

maintained by commonly occurring habitats in unaffected watercourses and waterbodies,

coupled with the expected development of new benthic invertebrate communities in new

habitat types provided by the CFOP. The potential effects on fish species diversity are

therefore classified as negligible in magnitude. The expected habitat changes in the

aquatics LSA will be permanent (long duration and continuous frequency), local (within

the aquatics LSA), and any potential effects will be reversible through fisheries offsetting

measures.
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8.7.8 Environmental Consequence

The overall effect of the Project on fish and fish habitat diversity is expected to be

negligible, with negligible environmental consequence. Potential changes in fish and fish

habitat diversity consist of an increase in the amount and distribution of habitats and

populations for large-bodied fish.

8.7.9 Prediction Confidence

The prediction of fish and fish habitat diversity effects is tied to the level of prediction

confidence previously described for fish habitat effects (see Section 8.5) and fish

abundance effects (see Section 8.6).

8.7.10 Responses to Aboriginal Community Concerns

Fish habitat diversity was not specifically identified as an Aboriginal community

concern; however, concern for potential fish diversity was identified in relation to fishing

effort and success. The loss of fish habitat diversity could lead to lower abundance for

key fish species, which has also been raised as an Aboriginal concern. The Project will

not result in the loss of either fish or fish habitat diversity and therefore these parameters

will not affect fish abundance. Predicted changes in diversity include an increase in the

amount and distribution of sport fish, sucker habitat and populations, providing a

potential increase in habitat and abundance for some traditionally used and preferred fish

species.

8.7.11 Management and Monitoring

8.7.11.1 Regional

Teck will participate in regional monitoring programs (i.e., AEMERA) designed to

monitor fish communities, fish health and water quality parameters in the Athabasca Oil

Sands Region. Monitoring data collected by other oil sands operators that is publically

available, or available to Teck via data-sharing agreements will also complement

monitoring conducted for the Project, thereby adding to regional monitoring effort.

Monitoring results will be used, as appropriate, to inform Teck’s adaptive management

plan for the Project.

8.7.11.2 Project-Specific

A conceptual monitoring plan is included as part of the CFOP. Preliminary requirements

of this monitoring plan are outlined in Volume 1, Section 15.5. Monitoring results will be

used, as appropriate, to refine the effects assessment and inform Teck’s adaptive

management plan for the offsetting measures. The process of developing the detailed

fisheries offsetting plan for the Project includes additional consultation with regulators

and potentially affected Aboriginal communities.
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8.7.12 Summary

Construction of the Project will result in the loss or alteration of productive, fish-bearing

habitats in the aquatics LSA. The alteration or loss of habitat will be offset by the CFOP

and associated fisheries offsetting framework, which are intended to (1) result in no

reduction in overall fish habitat productivity in the aquatics LSA and (2) increase

available habitats for sport fish and sucker species. Expected changes in habitat types

associated with Project development include the replacement of some shallow waterbody

habitats of low diversity with habitats in the FHCL with higher diversity. In addition,

some of the affected waterbody habitats have poor connectivity to the Athabasca River,

whereas the FHCL will be directly connected to the Athabasca River via Redclay Creek.

This is expected to increase the amount of suitable overwintering habitat in the PDA and

to increase the amount of suitable spawning, rearing and feeding habitats for large-bodied

sport fish and sucker species in the aquatics LSA such that abundance and distribution of

these species is predicted to increase in the LSA. This will result in increased species

evenness and an increase in the ratio of predatory to prey species. Adverse effects on

benthic invertebrate diversity are not expected because the current diversity of benthic

invertebrate taxa in lotic and lentic habitats the LSA will be maintained by commonly

occurring habitats in unaffected watercourses and waterbodies, coupled with the expected

development of new benthic invertebrate communities in new habitat types provided by

the CFOP and fisheries offsetting framework. The overall effect of the Project on fish and

fish habitat diversity is expected to be negligible, with negligible environmental

consequence.

A summary table of the linkages, conclusions, mitigations, confidence, uncertainties and

knowledge gaps for the fish and fish habitat assessment is provided in Appendix 8A.

8.7.13 Integrating Key Issues and Effects

The updated fish and fish habitat assessment concluded that most effects on fish habitat

would be offset through the CFOP and fisheries offsetting framework. However,

potential residual effects were identified for lower Big Creek and lower Redclay Creek

relative to habitat productivity or use by Athabasca River fish. Overall, potential effects

on fish habitat productivity were considered negligible, with the exception of lower Big

Creek and lower Redclay Creek where the effects were classified as low in magnitude

with no predicted reduction in fish abundance or diversity.

The results of the habitat assessment were carried forward to the fish abundance

assessment, which examined potential effects on habitat productivity on fish abundance

along with potential changes in aquatic health and direct fish losses associated with

operation of the RWI and changes in fishing pressure. Overall effects on fish abundance

were considered negligible, and the results of the fish habitat and abundance assessments

were carried forward to the fish and fish habitat diversity assessment. Overall effects on

fish and fish habitat diversity were also considered negligible.
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For lower Big Creek, potential effects on habitat productivity and fish use were

determined to be due to interacting effects of changes in flow and water levels and

benthic invertebrate communities. For lower Redclay Creek, potential effects on habitat

productivity and fish use were determined to be due to interacting effects of changes in

water temperature and benthic invertebrate communities.

8.8 Conclusions

The aquatics LSA has low fish and fish habitat diversity as a result of the Project being

located primarily on fluvial fans that emanate from the Birch Mountains and because of

the associated presence of a series of large forested wetland complexes between the Birch

Mountains and the Athabasca River. In spite of this, construction of the Project will result

in the loss or alteration of productive fish-bearing habitats in the aquatics LSA through:

 direct changes in habitat area

 reduced mean and peak flows in Redclay Creek and Big Creek downstream of the

PDA

 temporarily reduced mean summer water temperatures in lower Big Creek

 increased spring and summer water temperatures in lower Redclay Creek

The alteration or loss of productive fish habitat will be offset by the CFOP and fisheries

offsetting framework, which are intended: (1) to result in no reduction in overall fish

habitat productivity in the aquatics LSA; and (2) to increase available habitats for sport

fish and sucker species. However, potential changes in lower Big Creek were identified

as a residual effect of the Project because of possible interacting low-magnitude effects

on fish growth, benthic invertebrates and seasonal use by migratory fish. Potential

changes in lower Redclay Creek were also identified as a residual effect of the Project

because of possible low-magnitude effects on fish growth and benthic invertebrates

because of effects of increased water temperatures. The environmental consequences

were classified as low, as effects on fish abundance and diversity are not anticipated for

the aquatics LSA or RSA.

There are no predicted residual adverse effects on overall fish abundance because of

changes in habitat productivity resulting from the Project. The CFOP and fisheries

offsetting framework include an increase in suitable habitats for large-bodied fish species

and are intended to increase the distribution and abundance of large-bodied fish in the

aquatics LSA. Guidelines governing cumulative water withdrawals and intake screening

are expected to mitigate potential effects of cumulative water withdrawals on fish

abundance in the Athabasca River because of changes in habitat productivity or direct

loss of fish. The limited distribution of sport fish in the aquatics LSA, combined with

mitigation regarding access control and prohibitions of fishing by Project workers, are

expected to fully mitigate any potential reductions in fish abundance because of increased

fishing pressure in the LSA. For the aquatics RSA and the oil sands region in general, the

available data clearly indicate there is no correlation between increased regional

population and fishing pressure. Therefore, there are no predicted adverse effects on fish

abundance resulting from the Project.
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Expected changes in habitat types associated with Project development include the

replacement of some shallow waterbody habitats of low diversity with habitats in the

FHCL with higher diversity. This is expected to increase the amount of suitable

overwintering habitat in the PDA and to increase the amount of suitable spawning,

rearing and feeding habitats for large-bodied sport fish and sucker species in the aquatics

LSA such that abundance and distribution of these species in the LSA is predicted to

increase. This will result in increased species evenness and an increase in the ratio of

predatory to prey species. Adverse effects on benthic invertebrate diversity are not

expected because the current diversity of benthic invertebrate taxa in lotic and lentic

habitats the aquatics LSA will be maintained by commonly occurring habitats in

unaffected watercourses and waterbodies, coupled with the expected development of new

benthic invertebrate communities in new habitat types provided by the CFOP. Therefore,

there are no predicted adverse effects on fish and fish habitat diversity resulting from the

Project.

In addition to the CFOP, after closure of the Project, the watercourses, waterbodies and

pit lakes of the closure drainage system are expected to develop into viable fish habitat,

thereby creating additional fish habitat beyond that provided by the CFOP. These habitats

are expected to naturally develop into productive habitats that will be able to support fish

and benthic invertebrate populations, thereby contributing to habitat productivity, fish

abundance and fish and fish habitat diversity in the aquatics LSA.
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9 Terrain and Soils

9.1 Introduction

This section provides an updated terrain and soils assessment for the Frontier Oil Sands

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

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

updating the assessment, Teck has considered and incorporated additional information,

where applicable, including:

 baseline data obtained since 2008 (see Volume 2)

 advances in science and research, including new research on the buffering capacity of

dust and its effect on potential acid input (PAI)

 changes to regulations and guidance documents

 four rounds of supplemental information requests (SIRs)

 input provided by Aboriginal communities and third-party technical reviewers

 input obtained through stakeholder consultation

The assessment update for terrain and soils:

 describes mitigation to reduce Project effects on terrain and soils

 assesses potential effects of the Project on terrain and soils during construction,

operation and closure (including decommissioning)

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

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

 considers updated temporal snapshots based on the revised mine schedule

The assessment approach has changed from that presented in Volume 3, Section 1 of the

Integrated Application. Key changes reflected in the updated assessment for terrain and

soils include the following:

 Spatial areas: The Project disturbance area (PDA) and study areas have been

updated as a result of the Teck–Shell asset exchange, changed tailings management

strategy and revised mine plan. The terrestrial local study area (LSA) boundary has

been revised to reflect these changes. The PAI study area used to assess the effects of

acidification on soils has been modified to include the vegetation and wildlife RSA.

 Additional information: This assessment incorporates information collected since

filing the Integrated Application, including:

 results of supplemental soil field surveys conducted in 2011, 2012, 2013 and

2014. Detailed soil surveys were completed at 700 additional soil inspection sites

since the Integrated Application. Given the changes to the PDA, the additional



Volume 3: Assessment Update

Section 9: Terrain and Soils Frontier Oil Sands Mine Project Update

Page 9-2 June 2015

field work occurred entirely in the revised terrestrial LSA. This additional field

data formed the basis for refinements to soil map units, soil maps and ratings for

the terrestrial LSA.

 additional information about traditional land use and Aboriginal community

concerns provided through consultation, traditional use studies, third-party

technical reviews and statements of concern

 Methods: The updated assessment incorporates two changes in assessment inputs

and approach. Both changes apply to analytical methods and were made in response

to SIRs and feedback received from regulatory reviewers:

 It uses a controlled soil mapping legend instead of the uncontrolled legend used

in the Integrated Application (for details, see the response to ESRD/CEAA

Round 1 SIR 179).

 The updated assessment also uses mode to characterize slope class and land

capability class (LCC) instead of weighted average, which was used in the

Integrated Application. In statistical terms, the mode is the value that occurs most

often in a dataset. For topographic diversity, the mode is the slope class of

greatest extent, while for forest land capability it is the LCC of greatest extent.

Although these changes contribute to differences in the soils data between the

Integrated Application and Project Update, their influence on topographic diversity

and LCC is relatively minor compared to changes to data inputs (i.e., the results of

additional field surveys in the terrestrial LSA and exclusion of data for areas that no

longer fall within Project boundaries).

Assessment Summary

Assessment conclusions for terrain and soil resources differ somewhat from those in
the Integrated Application. These differences result from changes to the PDA,
additional data collected from supplemental soils surveys, and differences in the
assessment approach. Changes in approach were incorporated in response to SIRs
and feedback received from regulatory reviewers.

The updated assessment incorporates soils data collected since filing the Integrated
Application. Soil inspection sites for the Integrated Application were more
concentrated in the south development area (SDA), with less intensive sampling in
the main development area (MDA). The updated assessment includes data only for
the MDA and a higher soil sampling intensity. These changes to assessment inputs
(i.e., dataset) are extensive; for example, the updated assessment includes soils data
from 700 additional sites in the revised terrestrial LSA. As such, the updated dataset
is considered more representative of soil classes and conditions in the PDA.

Differences in the soils datasets also stem from fundamental differences in the
assessment approach (e.g., use of a controlled soil mapping legend, mode versus
average) and soil variability (i.e., different soil characteristics) between samples
collected in the SDA versus the MDA. These differences in assessment approach
have implications in particular for soil series diversity and forest land capability
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metrics. The controlled legend has reduced the extents of low-frequency soil series
while additional data collection has introduced more variability in the properties of
individual soils series compared to the Integrated Application.

For the updated terrain and soils assessment:

 Effects on topographic diversity are the same as the Integrated Application
(moderate environmental consequence). Modal slope class is expected to be
reduced at closure although there will be a broader range of slopes in the
terrestrial LSA.

 Effects of the Project on soil series diversity in the terrestrial LSA are considered
of low environmental consequence for the Application Case (closure). This is
because soil distribution will change at closure, including a reversible effect on
Gleysolic soils, which will develop in response to wet soil processes. This
conclusion aligns with the Integrated Application, which also indicated a low
environmental consequence for soil series diversity.

 Although there are changes in soil capability to support forestry in the PDA at
closure, there is no change in modal LCC when compared to predevelopment. As
in the Integrated Application, Project effects are considered to have a low
environmental consequence.

 Potential acid input modelling shows a much smaller area with greater than
critical loads compared to predictions made in the Integrated Application. This is
largely because the updated terrain and soils assessment considers the buffering
effect associated with base cation deposition rates from dust. As a result, Project
effects are considered to have a low environmental consequence.

9.2 Scoping the Assessment

The scope of the terrain and soils assessment has not changed since the Integrated

Application and complies with the terms of reference for the Project (AENV 2009).

Although the scope of the assessment has not changed, new regulatory guidance is

provided by the Alberta Wetland Policy (GOA 2013) and the Lower Athabasca Regional

Plan (LARP) (GOA 2012). Relevant companion documents to LARP such as the Draft

Lower Athabasca Region Biodiversity Management Framework have also been released

(GOA 2014) and provide additional guidance on strategies and mitigation measures to

reduce the Project’s incremental contribution to cumulative effects.

Regional committees and organizations, and the monitoring and research they support,

have evolved since the Integrated Application. Teck has participated in various

committees and organizations (e.g., Joint Oil Sands Monitoring [JOSM] program and

Canada’s Oil Sands Innovation Alliance [COSIA]), whose work continues to inform

aspects of the Project and this assessment update.

Since filing the Integrated Application in 2011, Teck has continued to seek input from

regulators, stakeholders and Aboriginal communities as part of the regulatory review and

consultation process. These inputs have helped identify and refine key issues of concern

and define the key questions that are the focus of this assessment.
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9.2.1 Aboriginal Community Concerns

In preparing the assessment update, Teck has reviewed Aboriginal-led traditional use

studies, third-party technical reviews, statements of concern and input received from

ongoing consultation. Based on these inputs, Teck has documented Aboriginal

community concerns related to terrain and soils and has considered these concerns as part

of the update terrain and soils assessment.

The following traditional use studies were considered in preparing this update:

Athabasca Chipewyan First Nation:

 Candler, C. and the Firelight Group Research Cooperative. 2013a. Athabasca

Chipewyan First Nation Knowledge and Use Report and Assessment for Teck

Resources Limited Proposed Frontier Oil Sands Mine Project.

Mikisew Cree First Nation:

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

Nation Indigenous Knowledge and Use Report and Assessment for Teck Resources

Limited’s Proposed Frontier Oil Sands Mine Project.

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

Proposed Teck Resources and SilverBirch Energy Frontier Oil Sands Project.

Fort McKay First Nation and Métis Community:

 Fort McKay Sustainability Department and Integral Ecology Group. 2011.

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

Métis Local 1935:

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

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

During consultations since Project disclosure, Aboriginal communities have expressed

the following concerns related to terrain and soils:

 the amount of disturbed land and reclamation timelines

 reclamation success, what constitutes success, as well as putting the land “back the

way it was”

 effects of Project emissions on soil quality

 oil-sands-related substances in soil making their way into the food chain

 loss of wetland soils, especially peatlands

 loss of dry sandy soils

 the terrain at closure being a different landscape than what existed before

development
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Teck has provided responses to these concerns following the assessment of each key

issue.

9.2.2 Key Issues

Based on input gathered from regulators and consultations with potentially affected

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

the terrain and soils assessment (see Table 9-1). These key issues are the same as those

identified in the Integrated Application.

Table 9-1 Key Issues – Terrain and Soils

Project Phase Key Issue Relevance to the Project

Construction, reclamation Change in topographic diversity Mining activities and reclamation alter the landscape
and result in a change in topographic diversity

Construction, reclamation Change in soil series diversity Mining activities and reclamation alter the landscape
and result in changes in soil series extent and
distribution

Construction, reclamation Change in LCC extent Soil disturbance and reclamation prescriptions have
the potential to affect soil quality and overall land
capability

Operation Soil acidification Acidifying air emissions have the potential to change
soil chemistry and soil quality

Other parts of the assessment update also identify issues related to terrain and soils. For

details of related assessments, see:

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

 vegetation – Section 10

 resource use – Section15

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

9.3 Approach

Although the overall approach for the updated terrain and soils assessment is the same as

described in the Integrated Application, the update uses the mode to characterize central

tendency for slope class and LCC instead of the weighted average. In addition, a

controlled soil mapping legend was used in the updated assessment instead of the

uncontrolled legend used in the Integrated Application. Where applicable, Teck has

incorporated changes to address SIRs from regulators and SOCs from potentially affected

Aboriginal communities. A concordance table for SIRs (Rounds 1 to 4) is included as

part of the Project Update (see Volume 1, Appendix 1G). For a flow chart summarizing

the evolution of the terrain and soils assessment through the regulatory process,

see Section 2, Figure 2-9.
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9.3.1 Study Areas

9.3.1.1 Local Study Area

The terrestrial LSA includes the PDA and a buffer area (see Figure 9-1). The PDA

reflects the anticipated limit of disturbance at the completion of operations in 2066. The

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

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

largest wildlife modelling zone of influence.

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

terrestrial LSA is 43,349 ha.

9.3.1.2 PAI Study Area

The PAI study area (see Figure 9-2) is identical to the vegetation and wildlife RSA. It is

1,195,560 ha and includes the Mineable Oil Sands Area (MOSA), which represents

39.6% of the RSA. The PAI study area differs from the one used in the Integrated

Application; in that case, the PAI study area was delineated using PAI isopleths

associated with the Project, together with operating, approved and planned developments

in the region. The Integrated Application used the 0.17 keq H+/ha/a (kiloequivalent

hydrogen ion/ha/a) isopleth because this loading is the level for sensitive soils that

triggers monitoring or research under the current Alberta Acid Deposition Management

Framework (AENV 2008). For the Integrated Application, this isopleth was a contiguous

boundary formed around the major oil sands developments. The change in how the PAI

study area was defined was made to address SIRs that specifically requested that the

terrestrial LSA be fully present in the PAI study area to achieve consistency between

terrestrial disciplines.

Recent research has identified that constituents in dust can buffer acid deposition and that

this buffering is relevant to the MOSA (Watmough et al. 2014; Fenn et al. 2015; Clair

and Percy 2015). The updated assessment considers the buffering capacity of dust as part

of the PAI assessment (see Sections 4 and 6). As a result of that buffering, the

0.17 keq H+/ha/a isopleth now occurs as isolated small polygons primarily located around

emission point sources (see Figure 9-2). The PAI study area for the assessment update

was selected to include all of the discrete 0.17 keq H+/ha/a isopleth polygons and the

PDA.



Figure 9-1: Terrestrial LSA
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9.3.2 Assessment Cases

Terrain and soils key issues and associated key indicators were evaluated in the context

of the following development scenarios:

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

construction, and activities approved but not yet constructed

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

the Project added

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

disclosed or applied for, but not yet approved

For more details on the assessment cases and the developments and activities included in

each case, see Section 2, Appendix 2A.

9.3.3 Temporal Considerations

9.3.3.1 Reference Conditions

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

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

Aboriginal communities and stakeholders to provide perspective on change from

undisturbed conditions. For the updated terrain and soils assessment, reference conditions

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

 predevelopment (no disturbance)

 existing (2013)

A predevelopment landscape was generated by assigning terrain and soils conditions to

all existing visible surface disturbances on the landscape using the same process

described in the Integrated Application.

The existing snapshot is a summary of the conditions as they existed in 2013 when data

collection and analysis referenced in the baseline report was completed (see Volume 2,

Section 7). Note that this differs from the Integrated Application, where existing

conditions were assessed at 2008. This distinction is important because in the time

between these assessments, the understanding of existing conditions was considerably

expanded as a result of additional field surveys and further refinement of the soils dataset.

For both the Integrated Application and the assessment update, the existing snapshot

includes any terrain or soil disturbances present at the time baseline data were collected.

In the terrestrial LSA, soil disturbances included an historical cabin and excluded

disturbance where vegetation has been cleared, but soil has not been stripped (e.g.,

cutblocks, well pads, cutlines and well pad access roads). Areas of vegetation clearing

without soil stripping were identified during field work conducted since the Integrated

Application, with the result that the actual areas of soil disturbance are reduced from

those reported in the Integrated Application. This reduction is the result of low-impact

winter exploration activities that have been completed by Teck.
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9.3.3.2 Snapshots

The following temporal snapshots were used to evaluate changes in terrain and soils due

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

 maximum build-out (Year 41) (2066)

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

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

 closure (2081)

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

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

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

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

Disturbances associated with other developments are always included as unreclaimed.

With this approach, any predicted cumulative effects are conservative (i.e., the

assessment overpredicts cumulative effects associated with terrain and soils disturbance).

9.3.4 Key Indicators

The updated assessment uses the same key indicators and measureable parameters as in

the Integrated Application (see Table 9-2).

Table 9-2 Key Indicators – Terrain and Soils

Key Question Effects Pathway Key Indicator
Measureable

Parameter
Spatial

Considerations

TS1: Could the Project
affect topographic
diversity in the LSA?

Mining activities and
reclamation alter the
landscape and will change
topographic diversity

Slope
characteristics

Modal slope class
distribution and
extent

LSA

TS2: Could the Project
contribute to changes in
soil series diversity in the
LSA?

Natural soils will be
disturbed and replaced by
reclamation prescriptions

Soil series Soil series
distribution and
extent summarized
by great group

LSA

TS3: Could the Project
affect land capability
class extents in the LSA?

Mining activities and
reclamation alter the
landscape and will change
soil quality and overall
land capability

LCC Modal LCC
distribution and
extent

LSA

TS4: Could the Project
contributions to
cumulative acidifying
emissions affect soils?

Acidifying emissions have
the potential to affect soil
chemistry and quality

Soil series critical
loads

Soil series critical
loads distribution
and extent
exceeded

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

Project are described in the following sections:

 topographic diversity, see Section 9.4

 soil series diversity, see Section 9.5

 forest land capability, see Section 9.6

 air emissions and changes in soil quality, see Section 9.7

9.3.5 Effects Classification

The effects classification used for the updated terrain and soils assessment is the same as

the Integrated Application (see Table 9-3).

Table 9-3 Effects Classification Criteria – Terrain and Soils

Criteria Criteria Definitions

Geographic extent Local Effects occurring within the terrestrial LSA

Regional Effects occurring within the RSA beyond the boundary of the terrestrial LSA

Provincial Effects occurring within the provincial boundary, extending beyond the RSA

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

Duration Short Effects lasting less than 1 year

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

Long Effecting persisting beyond closure

Frequency Continuous Effects occurring continually over assessment period

Isolated Effects occurring once

Periodic Effects occurring intermittently but repeatedly over assessment period

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

Irreversible Measurable parameter does not return to levels prior to disturbance

Magnitude Quantitative change in measureable parameter (e.g., percent change)

9.3.6 Environmental Consequence

As in the Integrated Application, assessment conclusions are framed around the

environmental consequence of identified effects. Environmental consequence refers to

the potential for the Project to contribute to long-term regional changes to terrain and

soils. Three environmental consequence ratings have been defined (low, moderate or

high) based on changes in soil series diversity, slope class and LCC, and PAI critical

loads (see Table 9-4). Although these ratings are the same as those presented in the

Integrated Application, their definitions have been revised and are now based on class

mode rather than a weighted average.
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Table 9-4 Environmental Consequence – Terrain and Soils

Environmental
Consequence Rating

Soil Series Diversity
1

and
Land Capability Class PAI

Low <10% change in soil series diversity, or a shift
in slope class or LCC but no decrease in the
modal slope class or LCC unit

2

Critical loads (50-year fixed case) are
exceeded for an area <5,000 ha in any
four-township floating block in the RSA

Moderate >10% change in soil series diversity, or a
decrease of 0.5 for modal slope class or LCC
unit

2
that is considered reversible.

Critical loads (50-year fixed case) are
exceeded for an area of 5,000 ha to
10,000 ha in any four-township floating
block in the RSA

High >20% change in soil series diversity, or a
decrease of one for modal slope class or LCC
unit

2
that is considered irreversible.

Critical loads (50-year fixed case) are
exceeded for an area >10,000 ha in any
four township floating block in the RSA

NOTES:
1

Soil series diversity refers to soil series diversity summarized by great group relative to the study area.
2

Modal LCC and topographic unit represent the class with greatest extent for LCC and slope class.

Changes to the ratings definitions reflect input and SIRs that Teck received from

regulators and technical reviewers since filing the Integrated Application. These SIRs

suggest that central tendency for slope classes and for LCC distributions should be

determined based on class mode rather than a weighted average. For details, see the

response to ESRD/CEAA Round 1 SIR 191 and ESRD/CEAA Round 3 SIR 47.

The mode is a statistical term that identifies the value that occurs most often in a dataset.

For topographic diversity, the mode is the slope class of greatest extent, while for forest

land capability it is the LCC of greatest extent. When mode is used as the indicator of

central tendency, changes between assessment cases will be larger than when a weighted

average is used because it is limited to whole numbers, not decimal fractions as is the

case of the weighted average.

The ratings definitions for terrain and soils also reflect terrestrial resource objectives. For

example, environmental consequence ratings for land capability are based on achieving

land capability equivalent to conditions present prior to disturbance. Ratings for soil

series diversity align with other terrestrial components (e.g., vegetation and wildlife)

where resource objectives have been set following the Terrestrial Ecosystem

Management Framework (TEMF) (CEMA 2008). In the case of PAI, environmental

consequence ratings are based on critical load exceedances for a standard area as

recommended by Recommendations for the Acid Deposition Management Framework for

the Oil Sands Region of North-Eastern Alberta (CEMA 2004).

9.3.7 Prediction Confidence

As in the Integrated Application, uncertainty is part of the predictive nature of the

assessment. Confidence in assessment predictions considers:

 the quality and quantity of baseline data used in the assessment

 confidence in measurements and analytical techniques
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 confidence in the success of Project-specific mitigation measures

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

influences on terrain and soils

The effects of climate change are included in prediction confidence discussions because

of the uncertainty that climate change might contribute to predictions as well as the

uncertainty associated as to what particular climate changes might occur. Project design

and mitigation measures have been developed with the recognition of climate change.

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

9.4 Topographic Diversity

9.4.1 Introduction

This section addresses key question TS1: Could the Project affect topographic diversity

in the terrestrial LSA?

9.4.2 Methods

Methods used to assess changes in topographic diversity are based on slope class

distribution and extent; these methods closely follow those used in the Integrated

Application. A soil polygon database was generated for the terrestrial LSA and used with

elevation data generated for the revised CC&R plan (see Volume 1, Section 13) to

determine slope class distribution and mode. Environmental consequence for topographic

diversity is now measured with the mode, rather than the weighted average to align with

regulatory SIRs.

9.4.3 Reference Conditions

Predevelopment and existing (2013) conditions for topographic diversity are essentially

the same. The only difference is the addition of a very small disturbance (<0.1 ha) for

existing conditions (see Table 9-5 and Figure 9-3). Modal slope in the terrestrial LSA is

Class 1–2 for both reference conditions.

9.4.4 Base Case

9.4.4.1 Effects Analysis

At Base Case, slope classes in the terrestrial LSA are the same as for existing conditions

because there are no approved developments in the terrestrial LSA (see Table 9-5). Slope

class ranges from 1 to 6–7 at Base Case. Modal slope class for Base Case is 1–2,

representing no change relative to predevelopment.
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Table 9-5 Changes in Topographic Diversity

Slope
Class

Predevelop-
ment

Existing/
Base
Case

Change from
Predevelopment to
Existing/Base Case Application Case

Change from Predevelopment to
Application Case PDC

Change from
Predevelopment to

PDC

Maximum Build-out

Project
Maximum
Build-out

Project
Closure

Project Maximum
Build-out Project Closure

Maximum
Build-out Maximum Build-out

ha ha ha

Percent of
Revised

Terrestrial
LSA ha ha ha

Percent of
Revised

Terrestrial
LSA ha

Percent of
Revised

Terrestrial
LSA ha ha

Percent of
Revised

Terrestrial
LSA

1 5,693.6 5,693.6 0.0 0.0 2,425.9 8,900.9 -3,267.7 -7.5 3,207.3 7.4 1,936.9 -3,756.7 -8.7

1–2 10,863.3 10,863.3 <0.1 <0.1 2,310.4 2,715.0 -8,552.9 -19.7 -8,148.3 -18.8 2,092.5 -8,770.8 -20.2

2 10,441.9 10,441.9 0.0 0.0 1,682.3 7,690.1 -8,759.6 -20.2 -2,751.8 -6.3 1,571.6 -8,870.3 -20.5

2–3 6,678.6 6,678.6 0.0 0.0 3,245.5 3,584.9 -3,433.1 -7.9 -3,093.7 -7.1 3,222.8 -3,455.8 -8.0

3 3,119.4 3,119.4 0.0 0.0 1,202.4 6,160.9 -1,917.0 -4.4 3,041.5 7.0 1,142.9 -1,976.5 -4.6

3–4 4,302.8 4,302.8 0.0 0.0 1,823.4 2,836.9 -2,479.4 -5.7 -1,465.9 -3.4 1,717.4 -2,585.5 -6.0

4 9.9 9.9 0.0 0.0 9.7 2,926.4 -0.2 <0.1 2,916.5 6.7 8.2 -1.7 <0.1

4–5 1,210.7 1,210.7 0.0 0.0 690.1 842.4 -520.6 -1.2 -368.3 -0.8 690.0 -520.7 -1.2

5 0.0 0.0 0.0 0.0 0.0 1,366.4 0.0 0.0 1,366.4 3.2 0.0 0.0 0.0

5–6 731.8 731.8 0.0 0.0 635.8 726.8 -96.1 -0.2 -5.0 <0.1 581.8 -150.1 -0.3

6 0.0 0.0 0.0 0.0 0.0 584.1 0.0 0.0 584.1 1.3 0.0 0.0 0.0

6–7 77.5 77.5 0.0 0.0 77.5 77.5 0.0 0.0 <0.1 <0.1 62.4 -15.1 <0.1

7 0.0 0.0 0.0 0.0 0.0 22.7 0.0 0.0 22.7 <0.1 0.0 0.0 0.0

8 0.0 0.0 0.0 0.0 0.0 4.1 0.0 0.0 4.1 <0.1 0.0 0.0 0.0

9 0.0 0.0 0.0 0.0 0.0 <0.1 0.0 0.0 <0.1 <0.1 0.0 0.0 0.0

Disturbed
land

0.0 <0.1 <0.1 <0.1 29,217.4 <0.1 29,217.4 67.4 <0.1 <0.1 30,294.0 30,294.0 69.9

Water and
Littoral

219.5 219.5 0.0 0.0 28.8 4,910.1 -190.8 -0.4 4,690.6 10.8 28.8 -190.8 -0.4

Total 43,349 43,349 0.0 0.0 43,349 43,349 0 0 0 0 43,349 0 0

Mode of
Slope

1–2 1–2 No change in mode 2–3 1 One class change in
mode

One half class change
in mode

2–3 One class change in
mode



Figure 9-3: Slope Classes – Base Case
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9.4.5 Application Case

9.4.5.1 Mitigation

The revised CC&R plan (see Volume 1, Section 13), outlines the measures that will be

used to recreate landforms in the terrestrial LSA during reclamation. The following

mitigation measures have been designed to limit the duration and magnitude of these

changes:

 The mine advance plan includes progressive terrain reestablishment, as well as

stabilization and reclamation measures to be completed as soon as practical.

 The CC&R plan integrates sustainable drainage features with upland terrain to restore

topographic complexity (see Volume 1, Section 13.6.1).

 Closure landforms will have similarities to natural landforms that are characterized

by relief and drainage features such as littoral zones; drainage channels and

floodplains; shallow wetlands; kames; eskers; moraine; fluvial terraces; flutings and

drumlines; and abandoned beach ridges.

 Results of research by Teck’s global operations and by COSIA will be applied to the

construction of microtopographical features (e.g., swales and drainage channels to

reduce salinization).

 Feathered slope edges will reduce straight-line features.

 Slope ratios will be managed to provide stability and limit erosion.

 The constructed closure landscape will be based on designs that are sustainable with

respect to stability and erosion.

 The constructed closure landscape will include features important for traditional land

use as identified through ongoing consultation with potentially affected Aboriginal

communities

 Landform and soil reclamation design will be integrated with the Pierre River Mine

(PRM) as part of the Teck–Shell Projects Agreement should Shell reapply for and

build the PRM project.

9.4.5.2 Effects Analysis

Maximum Build-out (Year 41) (2066)

Extents of all slope classes are reduced for the Application Case as most of the terrestrial

LSA is disturbed (see Table 9-5). The change in disturbed land relative to

predevelopment is equal to the area of the PDA (29,217 ha).

The slope classes range from 1 to 6–7 at maximum build-out, unchanged from

predevelopment. Modal slope class for maximum build-out is 2–3, representing an

increase of one slope class relative to predevelopment.
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Closure (2081)

Although there is an increase in topographic diversity at closure with the addition of

slope classes 7, 8 and 9, there is an overall shift in topography towards flatter slopes (see

Table 9-5 and Figure 9-4). The modal slope class for closure is 1, rather than 1–2,

representing a slight change (one half slope class) relative to predevelopment. This

differs from the conclusions of the Integrated Application, which predicted an increase in

average slope at closure.

The shift to flatter topography at closure in the Project Update is primarily a function of

the design requirements of the closure landscape. Closure drainage features have been

designed so that stream channels will have lower velocity and erosion potential.

Additionally, Teck has designed the closure landscape to increase the number of wetlands

relative to Integrated Application.

9.4.6 Planned Development Case

For the analysis of topographic diversity for the PDC, the PRM is added to the effects

assessment. Slope class ranges between 1 and 6–7 at PDC, with the modal slope class

being 2–3 (see Table 9-5 and Figure 9-5). At PDC, there is a one class increase for the

modal slope class relative to predevelopment.

9.4.7 Effects Classification

Table 9-6 summarizes the effects classification for topographic diversity at closure.

Effects of the Project on slope class will be isolated (i.e., they will occur once the land is

disturbed) and will be of medium duration (i.e., effects will cease at closure). The Project

will result in a modal slope class decrease of one half class relative to predevelopment.

9.4.8 Environmental Consequence

As in the Integrated Application, the environmental consequence of changes in

topographic diversity is considered moderate. There will be a broader range of slopes in

the terrestrial LSA and a decrease in the area of some slope classes relative to

predevelopment. Modal slope class is expected to decrease by one half class relative to

predevelopment. Considering the wide range of slopes in the terrestrial LSA, the change

from predevelopment (mode of Class 1–2; 0% to 2% slopes) to closure (mode of Class 1;

0% to 0.5% slopes), means that the center of the distribution has changed very little due

to the Project and will not affect major landscape-scale processes. This change will allow

Teck to create stream channels with lower velocity, better mimicking existing streams

and increasing the amount of wetlands on the closure landscape

9.4.9 Prediction Confidence

As with the Integrated Application, there is a moderate level of prediction confidence

related to the assessment of topographic diversity.



Figu re 9-4: Slope Classes – Application Case (Closu re)
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Figure 9-5: Slop e Classes – PDC (Maximum Build-out)
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Table 9-6 Effects Classification of Topographic Diversity

Key
Indicator

Study
Area

Geographic
Extent Duration Frequency

Ability to
Recover

Magnitude of Change

From
Predevelopment
to Existing/Base

Case
(Modal Class)

From
Predevelopment
to Application

Case (Maximum
Build-out)

From
Predevelopment
to Application
Case (Closure)

From
Predevelopment

to PDC

Slope
class

Terrestrial
LSA

Local Medium Isolated
(i.e., effects
occur once)

Irreversible No change One class increase Half class decrease One class increase
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9.4.10 Responses to Aboriginal Community Concerns

Aboriginal communities have raised concerns about what constitutes reclamation success,

how it will be measured, timelines for reclamation completion, and whether the terrain

(features) at closure will result in a different landscape then what naturally occurred. The

post-closure landscape will be different from what presently exists. In some areas, flat

areas will be replaced with hills. There will also be more open water because of the

presence of pit lakes in the closure plan. In spite of this, the post-closure landscape has

been designed to provide ecological integrity and sustainability. In the future, it will show

relatively little change in topographic diversity relative to predevelopment. Overall, the

post-closure landscape will be sustainable and will support a diverse assemblage of soil

types.

With the Project Update, Teck has made efforts to address the concerns of Aboriginal

communities to the extent possible. For example, the PDA is smaller than the Integrated

Application even though additional resource is being recovered. This was achieved by

making a concerted effort to avoid additional disturbance during the mine planning

process. For example:

 reclamation material stockpiles will be placed over mined land

 the off-stream storage pond has dual use as a sedimentation pond

 alternate construction methods will be used to design the plant, enabling the lodge to

be placed in the saved space

Understanding that the final landscape will not be “put back the way it was” and how

important changes to the landscape are to Aboriginal communities, Teck is committed to

continue to work with potentially affected Aboriginal communities to refine reclamation

planning before and during operations. Reclamation Working Groups will be co-created

to seek input about the Project’s reclamation plan and to incorporate traditional values

into the reclaimed landscape. This effort will continue for the life of the mine and will

include setting measures and targets to determine reclamation success. Complementary to

closure planning efforts is planning for biodiversity, wildlife mitigation and monitoring.

These elements, which are discussed in Volume 1, Section 14.8, will also require

extensive input from potentially affected Aboriginal communities.

9.4.11 Management and Monitoring

Teck’s participation in COSIA initiatives will enable access to a variety of research

programs directed at establishing and creating sustainability on reclaimed oil sands sites,

including evaluating effects on topographic diversity.

A reclamation monitoring plan will be implemented. For information on the reclamation

monitoring plan, see the CC&R plan in Volume 1, Section 13.10.1.
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9.5 Soil Series Diversity

9.5.1 Introduction

This section addresses key question TS2: Could the Project contribute to cumulative

effects in soil series diversity in the terrestrial LSA?

9.5.2 Methods

Methods used for the updated assessment of soil series diversity are largely consistent

with those used in the Integrated Application, with two exceptions:

 The updated assessment incorporates additional baseline data collected since the

Integrated Application through field sampling. This data is extensive and was

collected primarily in the former main development area (MDA) (see Volume 2,

Section 7, Figure 7-3). The updated assessment excludes data from the former south

development area (SDA) since it is no longer part of the Project. As a result, the

updated assessment and Integrated Application are based on two different baseline

datasets.

 Soil mapping for the updated assessment was conducted using a controlled legend.

The purpose of the controlled legend is to eliminate soil series of low relative extent

from the mapping legend and to focus on soil types of greater extent. A controlled

legend will result in some loss of precision (i.e., fewer soil series) compared to

mapping conducted using an uncontrolled legend (as was the case for the Integrated

Application). This change would be reflected in terms of fewer soil series at

predevelopment for the updated assessment than for the Integrated Application.

Changes in soil series diversity (Application Case) were assessed by comparing soil

series extent at maximum build-out (2066) and a closure (2081). For the PDC, only the

maximum build-out snapshot was assessed.

9.5.3 Reference Conditions

Table 9-7 shows the distribution of soil series for predevelopment and existing (2013)

snapshots.

9.5.4 Base Case

9.5.4.1 Effects Analysis

For the Project Update, there is virtually no change in the distribution of soil series from

predevelopment to Base Case in the terrestrial LSA. No soil series are eliminated from

the terrestrial LSA at Base Case (see Table 9-7 and Figure 9-6).
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Table 9-7 Changes in Soil Series Diversity

Soil Map
Unit

Predevelopment

Existing/
Base
Case

Change from
Predevelopment to
Existing/Base Case Application Case

Change from Predevelopment to
Application Case PDC

Change from
Predevelopment to

PDC

Maximum
Build-out

Project
Maximum
Build-out

Project
Closure

Project Maximum
Build-out Project Closure

Maximum
Build-out

Maximum
Build-out

ha ha ha
Percent
of LSA ha ha ha

Percent
of LSA ha

Percent
of LSA ha ha

Percent
of LSA

Brunisolic Soils

Eymundson 2,082.1 2,082.1 0.0 0.0 373.2 373.2 -1,709.0 -3.9 -1708.9 -3.9 353.6 -1,728.5 -4.0

Marguerite 3,643.5 3,643.5 0.0 0.0 1,159.6 1159.6 -2,483.9 -5.7 -2,483.9 -5.7 1,126.4 -2,517.0 -5.8

Mildred 6,633.1 6,633.1 0.0 0.0 4,986.5 4986.5 -1,646.6 -3.8 -1646.6 -3.8 4,799.4 -1,833.7 -4.2

Ruth Lake 269.2 269.2 0.0 0.0 265.8 265.8 -3.4 <0.1 -3.4 <0.1 225.2 -44.0 -0.1

Subtotal 12,627.9 12,627.9 0.0 0.0 6,785.0 6,785.1 -5,842.9 -13.5 -5,842.8 -13.5 6,504.7 -6,123.2 -14.1

Luvisolic Soils

Horse River 1,374.0 1,374.0 0.0 0.0 0.0 0.0 -1,374.0 -3.2 -1,374.0 -3.2 0.0 -1,374.0 -3.2

Kilome 94.5 94.5 0.0 0.0 0.0 0.0 -94.5 -0.2 -94.5 -0.2 0.0 -94.5 -0.2

Surmont 1,284.3 1,284.3 0.0 0.0 554.1 554.1 -730.2 -1.7 -730.2 -1.7 554.0 -730.3 -1.7

Winefred 116.0 116.0 0.0 0.0 0.0 0.0 -116.0 -0.3 -116.0 -0.3 0.0 -116.0 -0.3

Subtotal 2,868.8 2,868.8 0.0 0.0 554.1 554.1 -2,314.8 -5.3 -2,314.8 -5.3 554.0 -2,314.8 -5.3

Regosolic Soils

McMurray 555.6 555.6 0.0 0.0 329.7 329.7 -226.0 -0.5 -225.9 -0.5 310.3 -245.3 -0.6

Namur 7,486.7 7,486.7 0.0 0.0 1,463.7 1,463.7 -6,023.0 -13.9 -6,023.0 -13.9 1,422.3 -6,064.3 -14.0

Subtotal 8,042.3 8,042.3 0.0 0.0 1,793.3 1,793.4 -6,249.0 -14.4 -6,249.0 -14.4 1,732.6 -6,309.7 -14.6

Gleysolic Soils

Asphalt 14,417.1 14,417.1 0.0 0.0 2,567.2 2,567.2 -11,849.9 -27.3 -11,849.9 -27.3 2,474.5 -11,942.6 -27.5

Bitumont 1,988.3 1,988.3 <0.1 <0.1 1,002.3 1,002.3 -986.0 -2.3 -986.0 -2.3 854.5 -1,133.8 -2.6

Els River 166.1 166.1 0.0 0.0 4.5 4.5 -161.6 -0.4 -161.6 -0.4 3.8 -162.3 -0.4

Mamawi 30.7 30.7 0.0 0.0 30.7 30.7 0.0 0.0 0.0 0.0 29.0 -1.7 <0.1

Subtotal 16,602.2 16,602.2 <0.1 <0.1 3,604.7 3,604.7 -12,997.5 -30.0 -12,997.5 -30.0 3,361.9 -13,240.4 -30.5



Volume 3: Assessment Update

Section 9: Terrain and Soils Frontier Oil Sands Mine Project Update

Page 9-24 June 2015

Table 9-7 Changes in Soil Series Diversity (cont’d)

Soil Map
Unit

Predevelopment

Existing/
Base
Case

Change from
Predevelopment to
Existing/Base Case Application Case

Change from Predevelopment to
Application Case PDC

Change from
Predevelopment to

PDC

Maximum
Build-out

Project
Maximum
Build-out

Project
Closure

Project Maximum
Build-out Project Closure

Maximum
Build-out

Maximum
Build-out

ha ha ha
Percent
of LSA ha ha ha

Percent
of LSA ha

Percent
of LSA ha ha

Percent
of LSA

Organic Soils

Albian 1,011.4 1,011.4 0.0 0.0 729.7 729.7 -281.7 -0.6 -281.7 -0.6 448.6 -562.7 -1.3

Mariana 56.8 56.8 0.0 0.0 11.9 11.9 -44.9 -0.1 -44.9 -0.1 11.9 -44.9 -0.1

McLelland 1,775.4 1,775.4 0.0 0.0 563.3 563.3 -1,212.1 -2.8 -1,212.1 -2.8 354.7 -1,420.7 -3.3

Muskeg 138.2 138.2 0.0 0.0 58.8 58.8 -79.4 -0.2 -79.4 -0.2 55.7 -82.5 -0.2

Subtotal 2,981.8 2,981.8 0.0 0.0 1,363.7 1,363.7 -1,618.1 -3.7 -1,618.1 -3.7 871.0 -2,110.8 -4.9

Cryosolic Soils

Mikkwa 6.5 6.5 0.0 0.0 2.2 2.2 -4.3 <0.1 -4.3 <0.1 2.2 -4.3 <0.1

Subtotal 6.5 6.5 0.0 0.0 2.2 2.2 -4.3 <0.1 -4.3 <0.1 2.2 -4.3 <0.1

Other Land Units

Disturbed 0.0 <0.1 <0.1 <0.1 29,217.4 <0.1 29,217.4 67.4 <0.1 <0.1 30,294.0 30,294.0 69.9

Water 219.5 219.5 0.0 0.0 28.8 4,910.6 -190.8 -0.4 4,691.1 10.8 28.8 -190.8 -0.4

Subtotal 219.5 219.5 <0.1 <0.1 29,246.1 4,910.6 29,026.6 67.0 4,691.1 10.8 30,322.7 30,103.2 69.4

Reclaimed Land

Well
drained

0.0 0.0 0.0 0.0 0.0 7,352.2 0.0 0.0 7,352.2 17.0 0.0 0.0 0.0

Imperfectly
drained

0.0 0.0 0.0 0.0 0.0 3,332.7 0.0 0.0 3,332.7 7.7 0.0 0.0 0.0

Poorly
drained

0.0 0.0 0.0 0.0 0.0 6,641.6 0.0 0.0 6,641.6 15.3 0.0 0.0 0.0

Very poorly
drained

0.0 0.0 0.0 0.0 0.0 7,009.0 0.0 0.0 7,009.0 16.2 0.0 0.0 0.0

Subtotal 0.0 0 0.0 0.0 0.0 24,335.5 0.0 0.0 24,335.5 56.1 0.0 0.0 0.0

Totals 43,349 43,349 0 0 43,349 43,349 0 0 0 0 43,349 0 0



Figure 9-6: Soil Classification – Base Case
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9.5.5 Application Case

9.5.5.1 Mitigation

The revised CC&R plan (see Volume 1, Section 13) outlines the measures that will be

used to develop a diverse closure landscape that will support a diversity of soil types. To

enhance soil diversity in the post-closure landscape, Teck will implement the following

mitigation measures:

 A sustainable drainage plan has been developed that integrates recontouring terrain

features to restore topographic complexity. For details on the closure drainage plan,

see Volume 1, Section 13.

 The closure plan will incorporate a high degree of variation in slope gradients and

aspects (e.g., undulating and rolling topography). The inclusion of swales, drainage

channels and a variety of slope positions will encourage development of diverse

moisture regimes, nutrient regimes and soil types.

 Teck will implement progressive reclamation, where feasible, including direct

placement of forest floor materials from upland sites (leaf litter layer [LFH] plus

surface horizons) to reduce storage losses and degradation.

 Soil prescriptions will include a variety of nutrient and moisture regimes based on the

thickness and texture of topsoil and subsoil combinations and on slope position.

Within a single soil prescription (e.g., coarse-textured material over fine-textured

material), there will be some variance of textures because of the natural variability in

the salvaged materials (Leatherdale et al. 2012). This will enhance long-term soil

series diversity through the recreation of a broader set of soil conditions.

 Some of the prescriptions emphasize use of nutrient-enriched materials from the

fluvial fan deposits. The fluvial fans that supported aspen forests are particularly

valuable in balancing the pH and nitrogen content of these soils.

 A total of 19 soil prescriptions are provided for the reclamation landscape

(see Table 9-8). They consist of a range of combinations of salvaged materials,

substrates, and anticipated drainage regimes. Salvage materials will be separated into

different piles. Coarse soil salvage consists of Pile A (first lift), and Pile B (second

lift). Fine-textured salvage consists of Pile C (first lift), Pile D (second lift) or Pile F

(first lift from select soil series). Six prescriptions are based on material from piles C

and D overlying either fine overburden or coarse tailing sand substrate. Two are

based on material from piles A and B placed over coarse tailing sand substrate. Five

are based on material from Pile F placed above fine or coarse overburden. Five

prescriptions are based on material from Pile C placed above fine-textured

overburden. For more information on soil prescription composition, see Volume 1,

Section 13.

 Conditions suitable for supporting wetlands will be established in selected areas by

combining drainage and hydrology planning, and appropriate soil prescriptions.
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 Material handling plans will be prepared with the objective of placing unsuitable
reclamation materials at depth (e.g., saline-sodic Clearwater Formation overburden)
to achieve non-saline/sodic soil prescriptions.

 Overburden material salvage will be managed so that subsoil materials are suitable
for placement on reclaimed surfaces.

The prevalence of erosion-prone landscapes in the PDA (coarse-textured soils subject to
wind erosion and fine-textured soils subject to water erosion), coupled with the nature of
the disturbance (i.e., complete removal), requires that care be taken to prevent or reduce
erosion. Planned mitigation to limit soil loss due to erosion includes:

 using tackifiers, erosion fences or netting, or matting to limit soil loss from erosion

 capping reclaimed areas with suitable overburden

 direct placement might be used to reduce erosion and encourage vegetation
reestablishment

Additional mitigation measures are described in the water management plan
(see Volume 1, Section 7).

9.5.5.2 Effects Analysis

Maximum Build-out (Year 41) (2066)

Approximately 29,217 ha, or 67.4% of the terrestrial LSA will be disturbed by the Project
(see Table 9-7). The soil type with the largest losses are the Gleysolic
(12,997.5 ha, -30.0%) relative to predevelopment. However, Regosolic
(6,249.0 ha, -14.4%) and Brunisolic (5,842.9 ha, -13.5%) losses relative to
predevelopment are also notable.

Closure (2081)

At closure, a total of 14,103.0 ha, or 32.5% of the terrestrial LSA will remain as natural
soil map units (see Table 9-7 and Figure 9-7). The rest will either be reconstructed
(reclaimed) soil profiles (24,335.5 ha, 56.1%), disturbed land (<0.1 ha, <0.1%), or water
and littoral areas (4,910.6 ha, 11.3%). Reclaimed soils will develop across a range of
drainage and associated moisture regimes. Reclaimed soils with poor and very poor
drainage that will develop wet soil processes characteristic of Gleysolic soils occupy
13,650.6 ha (31.5%) of the terrestrial LSA. Three Luvisolic soil series (Horse River,
Kilome and Winefred) will be absent from the terrestrial LSA at closure; however,
several reclamation soil prescriptions will mimic soil moisture and texture regimes of the
Horse River and Kilome soil series.

Relationships between soil prescriptions and soil series are presented in Table 9-9. Most
soil series have a prescription that replicates material and drainage regimes. Two soils
common in the terrestrial LSA are not reproduced in the prescriptions developed for the
closure landscape. The Mildred and Marguerite soil series are coarse-textured Brunisolics
that often support Jack pine forest communities. The less-common Ruth series also does
not have direct equivalent reclamation prescription. Although these combinations of
material and drainage are not reproduced in the PDA at closure, they remain in the
terrestrial LSA.
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Table 9-8 Soil Prescription Composition

Prescription Horizon Sequence

First Lift
Thickness

(cm)

Second Lift
Thickness

(cm) Substrate

Substrate
Thickness

(cm)
Drainage
Regime Material and Drainage LCC

1b C/D over coarse 20 30 Coarse sand 50 Imperfectly C/D over coarse +
imperfectly

1

1c C/D over fine 20 30 Fine overburden 50 Imperfectly C/D over fine +
imperfectly

1

2b A/B over coarse 20 30 Coarse sand 50 Imperfectly A/B over coarse +
imperfectly

2

2f C/D over fine 20 30 Fine overburden 50 Well C/D over fine + well 2

2g F over coarse 50 0 Coarse sand 50 Well F over coarse + well 2

2h F over fine 50 0 Fine overburden 50 Poor - hygric 7a F over fine + poor - hygric
7a

2

2i F over fine 50 0 Fine overburden 50 Well F over fine + well 2

3d C over fine overburden 20 30 Fine overburden 50 Poor - hygric 7a C over fine overburden 3

3e C over fine overburden 20 30 Fine overburden 50 Imperfectly C over fine overburden 3

3f C over fine overburden 20 30 Fine overburden 50 Well C over fine overburden 3

4d C/D over fine 20 30 Fine overburden 50 Poor - hygric 7r C/D over fine + poor -
hygric 7r

4

4g C over fine overburden 20 30 Fine overburden 50 Poor - hygric 7r C over fine overburden 4

5a A/B over coarse 20 30 Coarse sand 50 Very poor A/B over coarse + very
poor

5

5c C/D over coarse 20 30 Coarse sand 50 Very poor C/D over coarse + very
poor

5

5d C/D over fine 20 30 Fine overburden 50 Very poor C/D over fine + very poor 5

5e F over coarse 50 0 Coarse sand 50 Very poor F over coarse + very poor 5

5f F over fine 50 0 Fine overburden 50 Very poor F over fine + very poor 5

5g C over fine overburden 20 30 Fine overburden 50 Very poor C over fine overburden 5

Peat/mineral mix 20 0 Coarse sand or
fine overburden

50 Very poor E over coarse or fine
overburden+ very poor

5



Figure 9-7: So il Classificatio n – Applicatio n Case (Clo sure)
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Table 9-9 Soil Series and Corresponding Soil Prescription

Series Soil Taxon Code Textural Class Typical Drainage Prescriptions Code

Albian ALB Fibric Very poor N/A

ALBte Fibric over mineral Very poor N/A

Asphalt AST Fine to very fine Poor 2h, 3d

ASTco Very fine to very coarse Poor 2h, 3d

ASTcopt Very fine to very coarse Poor to very poor 4d, 4g

ASTpt Fine to very fine Poor to very poor 4d, 4g

Bitumount BMT Moderately to very coarse Poor 5a

BMTpt Moderately to very coarse Poor to very poor 5a

Els River ELS Medium to fine Poor 2h, 3d

Eymundson EYM Fine to very fine Imperfect 1c, 3e

Horse River HRR Medium to moderately fine Well to moderately well 2f, 3f

HRRgl Medium to moderately fine Imperfect 3e

Kilome KME Fine to very fine Imperfect 1c, 3e

Marguerite MAR Very coarse to moderately
coarse

Well to rapid No direct equivalent

MARgl Very coarse to moderately
coarse

Imperfect 2b

Mildred MIL Very coarse to moderately
coarse

Well to rapid No direct equivalent

MILgl Very coarse to moderately
coarse

Imperfect 2b

Mikkwa MKW Organic, Ice Very poor N/A

McLelland MLD Mesic Very poor N/A

MLDte Mesic over mineral Very poor N/A

Mamawi MMW Medium to moderately fine Poor 3d

McMurray MMYgl Medium to moderately
coarse

Imperfect 2b

Mariana MRN Mesic over mineral Very poor N/A

Muskeg MUS Mesic to fibric Very poor N/A

MUSte Mesic to fibric over mineral Very poor N/A

Namur NAMgl Fine to very fine Imperfect 3e

NAMglco Fine to very coarse Imperfect 3e, 1b

Ruth Lake RUT Gravelly coarse Rapid No direct equivalent

Surmount SRTfi Moderately fine to fine Moderately well to well 2i, 3f

SRTfigl Moderately fine to fine Imperfect 1c

Winefred WNF Moderate coarse over
moderately fine

Moderately well to well No direct equivalent

WNFgl Moderate coarse over
moderately fine

Imperfect No direct equivalent

NOTE:

N/A = Not applicable
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For the Application Case (closure), the soil class with the greatest reduction at closure is

the Gleysolic soil order. These poorly drained soils are being replaced by reclaimed soil

prescriptions, many of which will have poorly drained moisture regimes that will

reproduce conditions associated with Gleysolic soils.

There is also some loss of Organic soils that includes peatlands. Although peatlands are

not currently included in the closure plan, Teck expects that marshes and swamps in the

terrestrial LSA will initiate peat accumulation and move towards peatlands as salinity

decreases. It has been noted that saline marshes do accumulate peat in northern Alberta.

Salt-tolerant species have lower decomposition rates than their freshwater counterparts

(Trites and Bayley 2009). Teck recognizes that peatlands are an important traditional use

area for Aboriginal communities. As such, Teck will make efforts to include peatlands in

the CC&R plan should research results and recommendations prove feasible and

appropriate. In spite of emerging research results, an irreversible loss of some organic

soils and peatlands is predicted.

9.5.6 Planned Development Case

For the PDC, a total of 13,026.4 ha, or 30.0% of the terrestrial LSA will remain as natural

soil map units (see Table 9-7 and Figure 9-8). The rest will either be disturbed land

(30,294.0 ha, 69.9%) or waterbodies (28.8 ha, 0.1%).

9.5.7 Effects Classification

Table 9-10 summarizes the effects classification for soil series diversity. As with the

Integrated Application, effects on soil series in the terrestrial LSA will be long-term and

will likely persist past closure as reconstructed soil processes move towards naturally

functioning soils. For mineral soils, effects are considered reversible. For organic soils,

particularly those associated with peatlands, effects might be irreversible, though

well-humified organic soils are known to develop in the reclamation landscape in

marshes (see Trites and Bayley 2009).

The largest loss in soil series is for Gleysolic soils, with an expected decline of 30.0%

(12,997.5 ha) from predevelopment. This represents a high-magnitude change; however,

these effects are largely reversible because of reclamation. Several soil prescriptions are

planned for the reclamation landscape and these will provide seasonally saturated and

anaerobic soil conditions that are likely to result in Gleysolic soil genesis. In turn, these

soils will support plant communities adapted to the wet soil conditions (see Section 10).

Between predevelopment and closure, there will be a net gain of Gleysolic soils (or soils

that are similar to Gleysolic soils) in the terrestrial LSA (i.e., natural Gleysolic soils

[3,604.7 ha] plus areas of reclaimed land that function as gleysols and have similar

drainage regimes [13,650.6 ha]). The net result is positive (i.e., more Gleysolic soils will

be present at closure [17,255.3 ha]); this represents a 1.5% increase in Gleysolic soils

relative to predevelopment.



Figure 9-8: Soil Classification –  PDC (Maxim um  Build-out)
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Table 9-10 Effects Classification of Soil Series Diversity

Key
Indicator

Study
Area

Geographic
Extent Duration Frequency

Ability to
Recover

Magnitude of Change

From
Predevelopment
to Existing/Base

Case
(%)

From
Predevelopment to
Application Case at
Maximum Build-out

(%)

From
Predevelopment
to Application

Case at Closure
(%)

From
Predevelopment

to PDC
(%)

Gleysolic
soils

LSA Local Long Isolated
(i.e., effects
occur once)

Reversible
1

0.0 -30.0 -30.0 -30.5

NOTE:
1

Much of the PDA will be reclaimed with poor to very poor drainage regimes, conditions also shared by Gleysolic and Organic soil soils.
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9.5.8 Environmental Consequence

As with the Integrated Application, effects of the Project on soil series diversity are

considered to have low environmental consequence with the exception of organic

peat-forming soils. Although there is a 30.0% decrease in natural Gleysols in the

terrestrial LSA for the Application Case at closure, these losses are considered reversible.

Reclamation plans for the Project indicate that these poorly drained soils will be replaced

by reclaimed soil prescriptions. Many of these soil prescriptions will have poorly drained

moisture regimes that will reproduce conditions associated with Gleysolic soils and will

result in a net increase relative to predevelopment.

9.5.9 Prediction Confidence

Overall, there is a moderate level of confidence in the methods and results used to assess

the effects of the Project on soils series diversity. Additional field data have been

collected and used to update soils mapping for the terrestrial LSA. In addition, using a

controlled legend is considered more accurate than an uncontrolled legend (Valentine and

Lidstone 1985).

Climate change has potential implications for soil series diversity. Upland soils may shift

towards Chernozemic as soil temperature, precipitation and potential evapotranspiration

respond to climate warming. In addition, changes to potential evapotranspiration under a

climate change scenario have implications for soil development on potentially saline

parent materials associated with former tailings pond features.

9.5.10 Responses to Aboriginal Community Concerns

Aboriginal community members have raised concerns about the loss of dry, sandy soils

and wetland soils (especially peatlands), the amount of disturbed land, reclamation

timing, and whether soils will be different in terms of the plants they will support after

reclamation.

Teck has made a concerted effort to reduce the size of disturbance and disruption of soil

and terrain in the terrestrial LSA. Teck recognizes that peatlands are an important

traditional use area for Aboriginal communities. As such, Teck will make efforts to

include peatlands in the CC&R plan should research results and recommendations prove

feasible and appropriate.

To reduce the amount of Project-related disturbed land, progressive reclamation has been

included in the CC&R plan as feasible (see Volume 1, Section 13). Coupled with

topographic, moisture regime and aspect diversity, the closure landscape will allow for a

diverse assemblage of soil landscapes. Emphasis will be placed on natural ecosites with

traditional land uses and for key species that are traditionally hunted or harvested.

Also as described in the Integrated Application, Teck will participate in reclamation

research towards the development of diverse ecosystems in the terrestrial LSA, including

efforts towards methods for assessing reclamation success.
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Teck will continue to work with potentially affected Aboriginal communities to refine

reclamation planning. It plans to co-create Reclamation Working Groups with potentially

affected Aboriginal communities to seek input on the Project’s reclamation plan,

measures and targets to determine its success.

9.5.11 Management and Monitoring

Teck continues to participate in regional committees and research organizations that

include groups such as COSIA. Ongoing research and new guidance documents and

frameworks will be examined for potential application to the Project’s reclamation

program to help meet reclamation goals and objectives.

Implementation of a reclamation monitoring program will be necessary to comply with

anticipated approval conditions (see Volume 1, Section 13). The following measures are

part of the updated CC&R plan:

 As reclamation occurs, monitoring results (Project-specific and in the broader oil

sands region) and research will lead to adaptive management, and will help identify

refinements to the plan that could improve successive reclamation efforts.

 Measureable outcomes will be identified (one or more for each key indicator) that are

relevant for assessing reclamation performance and practical to document during

field inspection and monitoring programs.

Teck will also work with potentially affected Aboriginal communities, as part of its

Reclamation Working Groups, and include them in monitoring activities.

9.6 Forest Land Capability Class

9.6.1 Introduction

This section addresses key question TS3: Could the Project affect forest land capability

class extents in the terrestrial LSA?

9.6.2 Methods

As in the Integrated Application, land capability for forestry ratings were calculated for

each mapped soil series based on the soil’s chemical and physical characteristics, and

according to the methods detailed in Land Capability Classification System for Forest

Ecosystems in the Oil Sands, 3rd Edition (AENV 2006). Chemical and physical data were

obtained through plot records and laboratory testing of soil samples. These values were

used to estimate the extent of each capability class in the terrestrial LSA. For the

Application Case at closure, land capability ratings were assigned based on the

anticipated characteristics of reconstructed soils.
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The process of assigning land capability ratings includes three main activities:

 developing reclamation soil prescriptions based on the anticipated qualities and

quantities of salvaged materials, including overburden materials

 assessing the characteristics of each reclamation soil prescription

 assigning LCC ratings based on AENV (2006)

These activities and the assumptions made are detailed below. Generally, the approach

used to develop soil prescriptions, assess soil characteristics and assign LCC ratings was

the same for both the updated assessment and the Integrated Application. However, key

differences exist in the two datasets and these differences influence the LCC ratings. For

example:

 the updated assessment incorporates additional baseline data and excludes data from

the former SDA since it is no longer part of the Project. Differences in soil chemistry

and characteristics were noted in the SDA dataset. Additional soil profiles were

sampled whose chemistry differed appreciably from profiles of the same soil series

obtained for the Integrated Application. Nitrogen content, in particular, was lower in

samples collected since 2011, and resulting nutrient regimes are more moderate than

before. Some of the reduction in nutrient concentrations can also be attributed to a

larger dataset for soil bulk density.

 environmental consequence ratings for forest land capability are now based on mode

(i.e., LCC of greatest extent), rather than the weighted average.

Soil Prescription Development

Six distinct soil types will be salvaged and stored on site. These include:

 Pile A – the upper 20 cm (coarse-textured Brunisolic and Gleysolic soil taxa (A,

upper B horizons), estimated at 9.8 million m3.

 Pile B – the next 20 cm (B and C horizon of coarse-textured Brunisolic and Gleysolic

soil units), estimated volume is 8.2 million m3.

 Pile C – the upper 35 cm (medium to very fine textured Gleysolic, Luvisolic and

Brunisolic soils), estimated volume is 62.8 million m3.

 Pile D – the next 20 cm (B and C horizons of units of medium to very fine textured

Luvisolic, Gleysolic, and Brunisolic soils, estimated at 10.6 million m3.

 Pile E – all organic material plus 10 cm to 20 cm of underlying mineral material

(estimated volume 14.2 million m3).

 Pile F – upper 50 cm of NAMgl and NAMglco soil series (estimated

23.1 million m3).

Overburden material will be used in the design of some soil prescriptions, both as upper

subsoil and as substrate. This is consistent with the Integrated Application, where

overburden material was planned for use as a subsoil replacement. (See Volume 1,

Section 13.5.2.2).
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As in the Integrated Application, physical and chemical characteristics were assigned to

soil prescriptions as follows:

 assign representative chemistry data to each soil series (i.e., particle size, bulk

density, total nitrogen (N), total carbon (C), pH, electrical conductance (EC), sodium

adsorption ratio (SAR) integrated by relevant horizon)

 weight soil chemistry by relative thickness of soil horizons

 weight the contribution of each soil series to each soil unit in terms of chemical and

physical parameter estimated for each unit

 weight the contribution of each soil unit in terms of chemical and physical parameter

based on relative volume contributed to the salvage pile

For detailed calculations of land capability of reclamation prescriptions,

see Appendix 9A.

Soil Prescription Characteristics

Several of the assumptions used in the Integrated Application are retained for the updated

assessment:

 The chemical and physical characteristics of each salvage pile are a composite of the

chemical and physical qualities of the units being added to the salvage pile. Chemical

parameters for each salvage pile are assumed to be represented accurately by the

weighted average.

 Nutrients behave conservatively. There is no loss of nutrient or material in storage or

transit (e.g., ammonia volatilization, phosphorus leaching, carbon dioxide or methane

loss under aerobic and anaerobic conditions respectively).

 Bulk density of the salvage pile is equal to the bulk densities (weighted by extent) of

the soil materials being added to the pile. There is no change in bulk density from

original conditions to reclaimed soils, although bulking and compaction might occur

during salvage and storage.

 Upper organic horizons that overlay mineral soil contribute to the chemical

characteristics of Piles A, C and F.

 Pile F contains entrained organic material from mineral soil horizons that contribute

to its chemical characteristics.

 The pH of the 0 cm to 50 cm zone of several of the prescriptions was adjusted on the

assumption that low pH in the 0 to 20 cm layer would blend with high pH in the 20 to

50 cm zone, eventually reaching moderate levels throughout the entire 0 to 50 cm

zone; this will result in no pH deduction.

 Tailing sands will have weathered and become nonsaline and nonsodic in the upper

1 m of depth by the time reclamation proceeds. The chemical properties of tailing

sands were estimated from C horizons of coarse-textured mineral soils. If tailing

sands are sodic or saline they will be capped with 1 m of material, so this assumption

is reasonable.
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In response to SIRs from regulatory reviewers, Teck has modified its approach to salvage

since the Integrated Application. These changes were driven by the adoption of a

controlled legend and the emphasis on map units (not soil series) in defining salvage

requirements. In the Integrated Application, areas of individual soil series within soil

delineations were assumed to be salvaged into their respective pile. For the updated

assessment, all soil series within each delineation are placed in one salvage pile. As such,

the salvage pile is now based on the salvage requirements of the dominant soil series

within each delineation. All soil types within a salvage pile still contribute to its

properties, but their contributions are weighted by their relative volume.

Reclamation Soil Prescription LCC Ratings

LCC ratings were calculated for each prescription as in the Integrated Application.

Table 9-8 lists each soil reclamation prescription in terms of material origin and

conceptual layer composition. For reconstructed soil LCC calculations, see Appendix 9A.

9.6.3 Reference Conditions

Forest land capability was assessed using two temporal snapshots: predevelopment and

existing conditions (2013). Because existing soil disturbances are minimal (<0.1%) in the

terrestrial LSA, predevelopment and existing snapshots are nearly identical.

The LCC with the greatest extent in the terrestrial LSA for existing conditions is Class 2,

with 21,878.6 ha (50.5%) (see Table 9-11). Further information about LCC for existing

conditions is presented in the baseline update (see Volume 2, Section 7).

The LCC distribution for existing conditions has shifted compared to the Integrated

Application. Specifically:

 Modal LCC was Class 3 for the Integrated Application and is Class 2 for the updated

assessment.

 Class 1 land is reduced for the Project Update.

These shifts reflect changes in the PDA, but also reflect key differences in the datasets

used to calculate LCC ratings. These differences and their influence on LCC ratings are

briefly summarized as follows:

 Additional soil surveys and baseline data – Since the Integrated Application was

filed, new soil profiles were sampled whose chemistry differed appreciably from

profiles of the same soil series obtained for the Integrated Application. Nitrogen

concentration, in particular, was lower in samples collected since 2011. As a result,

nutrient regimes are more moderate than before. For some series, a larger sample size

was used to characterize chemical and physical properties.

 Changes in the location of the PDA – The SDA is no longer part of the PDA, so

soils data from the SDA is not included in the updated assessment. As a result

sampling different profiles in the MDA has introduced additional variation of key

parameters present in a given type of soil.
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 Sampling intensity in the SDA – In the Integrated Application, soil characteristics

(e.g., nitrogen, pH) were strongly influenced by the higher intensity of sampling from

the SDA, where intensity and sampling intensity were more concentrated. Sampling

was less intensive in the MDA, with fewer sites per unit area. As a result, the

description of any given series reflected the larger contribution of the SDA relative to

the MDA. Because data from the SDA are not included in the updated assessment,

the additional soils surveys conducted in the MDA introduced both random and

systematic spatial variation (Upchurch and Edmonds1991).

 Distribution of individual soil series – Changes in LCC ratings since the Integrated

Application also reflect the skewed distribution of individual soil series (i.e., a few

soil series make up most of the area). For the Integrated Application, the five most

common soil series comprised 60% of the terrestrial LSA. For the updated

assessment, the same five most common series comprise 71% of the LSA. As a

result, estimates of land capability are particularly sensitive to any changes in the

rating of these dominant soil series, especially the mode of the distribution.

9.6.4 Base Case

Table 9-11 and Figure 9-9 show LCC distribution for the Base Case. Base Case is

identical to existing conditions as there are no approved developments in the terrestrial

LSA.
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Table 9-11 Changes in Forest Land Capability Extent

Land
Capability

Class

Predevelopment

Existing/
Base
Case

Change from
Predevelopment

to Base Case Application Case
Change from Predevelopment to Application

Case PDC

Change from
Predevelopment to

PDC

Maximum
Build-out

Project
Maximum
Build-out

Project
Closure

Project Maximum
Build-out Project Closure

Project
Closure Project Closure

ha ha ha
Percent
of LSA ha ha ha

Percent of
Revised

Terrestrial
LSA ha

Percent
of LSA ha ha

Percent
of LSA

1 908.4 908.4 0.0 0.0 439.0 613.1 -469.4 -1.1 -295.3 -0.7 412.8 -495.6 -1.1

2 21,878.6 21,878.6 <0.1 <0.1 4,552.4 12,245.3 -17,326.2 -40.0 -9,633.3 -22.2 4,295.1 -17,583.5 -40.6

3 1,803.2 1803.2 0.0 0.0 545.1 6,978.1 -1,258.1 -2.9 5,174.9 11.9 537.2 -1,265.9 -2.9

4 15,385.0 15,385.0 0.0 0.0 7,196.2 10,222.7 -8,188.9 -18.9 -5,162.3 -11.9 6,904.3 -8,480.8 -19.6

5 3,154.4 3,154.4 0.0 0.0 1,370.4 8,379.4 -1,784.0 -4.1 5,225.0 12.1 877.0 -2,277.4 -5.3

Disturbed 0.0 <0.1 <0.1 <0.1 29,217.4 <0.1 29,217.4 67.4 <0.1 <0.1 30,294.0 30,294.0 69.9

Unclassified
land (Water
and littoral)

219.5 219.5 0.0 0.0 28.8 4,910.6 -190.8 -0.4 4,691.1 10.8 28.8 -190.8 -0.4

Total 43,349 43,349 0.0 0.0 43,349 43,349 0 0 0 0 43,349 0 0

Modal Land
Capability
Class

2 2 No change in
mode

4 2 Two class change in
mode

No change in
mode

4 Two class change
in mode



Figu re 9-9: Modal Forest Land Capability Classes – Base Case
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9.6.5 Application Case

9.6.5.1 Mitigation

The methods that allow for a return to equivalent land capability are outlined in the

CC&R plan (see Volume 1, Section 13). The most important factors include soil quantity

and quality conservation, properly designed reclamation soil prescriptions and a

well-designed closure landscape. The reconstructed soil must contain the appropriate

thickness and quality of material for each layer to create conditions that will meet land

capability objectives. The prescription also must be properly positioned within the

landscape to maintain an appropriate level of soil moisture. This requires careful design

and execution of the CC&R plan. The following mitigation measures will be used to

reduce Project effects on land capability and provide conditions to support a return to

similar land capability:

 A detailed soils map that includes associated topsoil and subsoil depths has been

developed and will be used to ensure materials are properly salvaged (see Volume 2,

Section 7, Figures 7-5 through 7-11.

 Environmental monitors will be on hand during salvage operations to maximize

material recovery.

 Opportunities for direct placement of upland coversoil (forest floor materials from

upland sites, LFH plus surface horizons) will be maximized to the degree practical.

The direct placement of these materials provides an abundant native seed bank,

provides an inoculation of natural soil organisms, and helps reduce evaporation from

soil.

 Storage piles will be established and maintained in such a way as to minimize soil

loss and degradation. This will include separating topsoil and subsoil piles, fine

textured surface soil, fine-textured upper subsoil, coarse-textured surface soil,

coarse-textured upper subsoil and transitional (shallow organic with underlying

mineral) soil.

 Overburden material salvage will be managed so that suitable subsoil materials are

selected for placement on reclaimed surfaces. Saline overburden and Clearwater

formation materials not to be used as subsoil replacement or for the lower subsoil

zone (50 cm to 100 cm).

 Storage piles will be designed to ensure slope stability and limit potential erosion.

 Material handling plans will be employed with the objective of placing unsuitable

reclamation materials at depth (e.g., saline-sodic Clearwater Formation overburden)

to achieve non-saline/sodic soil prescriptions.

 Progressive reclamation will be employed when practical to limit soil storage and

movement.

 The closure plan has been designed to maintain topographic and edaphic complexity

by prescribing a variety of coversoil prescriptions on the different closure landforms.
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 An environmental management plan will be implemented that complies with

regulatory standards and incorporates appropriate practices to minimize potential

effects on the conserved reclamation materials.

 Efforts will be taken to prevent spills of materials that would contaminate soil

(e.g., diesel fuel). A spill remediation plan will be in place if a spill should occur.

9.6.5.2 Effects Analysis

Maximum Build-out (Year 41) (2066)

The areas of all land capability classes are reduced for the Application Case (maximum

build-out) because disturbance associated with the Project is removed from the analysis

(see Table 9-11). The change in disturbed land relative to predevelopment is equal to the

area of the PDA (29,217 ha). At maximum build-out, the modal LCC is Class 4, which

represents a shift of two classes towards lower productivity soils compared to

predevelopment. This results from the removal of productive classes at maximum

build-out.

Closure (2081)

Table 9-11 and Figure 9-10 show the distribution of LCCs for the Application Case at

closure. Overall, the modal LCC at closure is Class 2, which is the same as

predevelopment. The area of land that can support forestry (Class 1 to 3) will decrease

(-4,753.7 ha or -11.0%) overall, with the largest decrease in the amount of Class 2 land

(-9,633.3 ha or -22.2%). This decrease is offset somewhat by an increase in Class 3 land

(5,174.5 ha or 11.9%). There is also a decrease in Class 4 land (-5,162.3 ha or -11.9%)

and a corresponding increase in Class 5 land (5,224.9 ha or 12.1%).

The shift towards lands of lower forest capability is partly a reflection of the trade-off

involved in increasing the amount of wetland habitat types. Teck committed to increase

wetland habitat in the terrestrial LSA in response to SIRs it received since filing the

Integrated Application, preferences expressed by Aboriginal communities, and new

regulatory guidance introduced by the Alberta Wetland Policy (GOA 2013). As

Table 9-11 shows, there is also an increase in unclassified land (primarily waterbodies).

These trade-offs in LCCs illustrate that while there are reductions in the area that can

support commercial forestry, the Class 5 areas, littoral fringes and waterbodies have high

potential for certain wildlife species (e.g., beaver, short-eared owl, rusty blackbird,

waterfowl, western toad and bison) (see Volume 3, Section 11).

The Class 5 areas will be managed for wildlife habitat, waterfowl and fisheries and will

offer the opportunity to improve the overall wildlife and wetlands habitat value of the

reclaimed landscape. These land uses are important to Aboriginal traditional users as

expressed in statements of concern received for the Project.
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9.6.6 Planned Development Case

The PDC includes the Project and PRM at maximum build-out. The modal LCC for

predevelopment is Class 2, while for the PDC it is Class 4 (see Table 9-11 and

Figure 9-11). There is a two-class shift towards lower productivity for the modal PDC

slope class, without consideration of reclamation.

9.6.7 Effects Classification

For a summary of effects classification for land capability diversity, see Table 9-12.

Changes in LCC ratings will persist until reclamation is complete at closure. Because

LCCs are similar at closure, effects are considered reversible.

9.6.8 Environmental Consequence

Assessment conclusions for forests land capability are generally the same as in the

Integrated Application. As there is no change in modal LCC, Project effects are

considered to have a low environmental consequence. There is a shift from lands that

support forestry (classes 1 to 3) towards classes that cannot support forestry (classes 4

and 5) at closure. There is also an increase in the area occupied by waterbodies, primarily

pit lakes. These changes in soil capability will be confined to the terrestrial LSA.

Although there will be a decrease in the area of higher forest capability, this constitutes a

trade-off given Teck’s decision to increase wetland extent and the valuable habitats they

represent for certain wildlife species (e.g., beaver, short-eared owl, rusty blackbird,

waterfowl, western toad and bison). This decision is consistent with regulatory change

such as the Alberta Wetland Policy (GOA 2013) and with commitments made to

Aboriginal communities.

9.6.9 Prediction Confidence

As with the Integrated Application, overall prediction confidence in changes to LCCs is

moderate. Additional field data have been collected and integrated into the updated soils

mapping and LCCs for the terrestrial LSA. The calculation of forest land capability at

closure has followed the same procedures as used for the Integrated Application. Climate

change has implications for LCC because changing soil temperature, precipitation, and

potential evapotranspiration patterns may affect forest productivity.
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Table 9-12 Effects Classification of LCC Extent

Key Indicator
Study
Area

Geographic
Extent Duration Frequency

Ability to
Recover

Magnitude of Change

From
Predevelopment
to Existing/Base

Case
(Modal Class)

From Predevelopment
to Application Case at

Maximum Build-out
(Modal Class)

From
Predevelopment
to Application

Case at Closure
(Modal Class)

From
Predevelopment
to PDC (Modal

Class)

Land capability
class

LSA Local Medium Continuous Reversible No change Two classes lower,
mode changes from
Class 2 to Class 4

No change Two classes lower,
mode changes
from Class 2 to
Class 4



Figure 9-10: Modal Forest Land Capability Classes – Application Case (Closure)
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Figure 9-11: Mo dal Fo rest Land Capability Classes –  PDC (Maximum Build-o ut)
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9.6.10 Responses to Aboriginal Community Concerns

Concerns have been raised about the range of services that a reclaimed terrestrial

ecosystem is able to provide to Aboriginal traditional land users, and whether it will be

the same as before. The use of LCC ratings has a tendency to discount the importance of

uses that Aboriginal communities may find beneficial (i.e., collection of traditional plants

and medicines) and that might not correlate with potential timber productivity. For

example, soils that have lower LCC ratings might provide resources not found in soils

that have higher LCC ratings. Based on Aboriginal community concerns, Teck made a

concerted effort to increase the amount of wetlands in the closure landscape. This

resulted in there being an additional 477 ha of wetlands in the closure landscape for the

Project Update.

Teck has considered a variety of land uses in developing the closure landscape for the

Project (see Volume 1, Section 13.3.1) and has considered species of traditional use

value. The closure design incorporates a wide range of material and drainage-based soil

prescriptions, and the reclamation plan has developed a diverse closure landscape that

will support a diverse assemblage of land uses. Teck plans to co-create Reclamation

Working Groups with potentially affected Aboriginal communities to seek input to the

Project’s reclamation plan, measures and targets to determine its success.

9.6.11 Management and Monitoring

9.6.11.1 Regional

Teck continues to participate in regional committees and research organizations that

include groups such as COSIA. It also plans to continue to participate in a variety of

research programs designed to understand ecosystem dynamics and to enhance

reclamation efforts in the Athabasca Oil Sands Region. Ongoing research will be

examined for potential application to the Project’s reclamation program to help meet

reclamation objectives.

For details about Teck’s reclamation experience, see Volume 1, Section 13.9.2 of the

Integrated Application and the response to ESRD/CEAA Round 3 SIR 78.

9.6.11.2 Project-Specific

A reclamation monitoring program will be implemented for the Project (see Volume 1,

Section 13). In addition to commitments made in the Integrated Application, Teck will

continue to participate in COSIA research priorities for the oil sands region and will

develop methods to determine reclamation success.
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9.7 Air Emissions and Changes in Soil Quality

9.7.1 Introduction

This section addresses key question TS4: Could Project contributions to cumulative

acidifying emissions affect soils?

The relevance of cumulative air emissions effects to soils in the assessment and the

assumptions inherent to the assessment are discussed in the Integrated Application.

9.7.2 Methods

Methods used to assess potential changes in soil acidification due to cumulative air

emissions generally follow those used in the Integrated Application except that the

updated assessment considers the buffering capacity of dust (see Section 9.7.2.1). Data

sources include:

 PAI air modelling results

 soil unit map

 critical loads of each soil unit

9.7.2.1 PAI Air Modelling

As with the Integrated Application, methods used to assess the effects of PAI on soils

follow recommendations of the Acid Deposition Management Framework for the Oil

Sands Region of North-Eastern Alberta (CEMA 2004).

PAI data (expressed in keq H+/ha/a) was obtained from air modelling for the peak

operation snapshot (2041) (see Section 4). PAI represents the sum of the sulphur

substance (e.g., SO2 and SO4
2-) and the nitrogen substance (e.g., NO, NO2, HNO3, and

NO3
-) contributions minus the neutralizing effects of the base cation (e.g., Ca2+ and Mg2+)

contribution. Recent measurements suggest much greater base cation deposition in the oil

sands region than previously assumed, with fugitive dust being a major source of these

cations (Fenn et al. 2015). Subsequent studies have indicated that the risk of soil

acidification is minimal due to these high levels of base cation deposition (Watmough

et al. 2014). In addition:

 modelled weathering rates of soils in the oil sands region are among the lowest

measured in Canada. Data from 63 sites shows a median value of 0.17 kmol+/ha/a

(Watmough et al. 2014), indicating that internal buffering is limited in these

acid-sensitive soils.

 measured acid and base cation deposition levels decrease logarithmically with

distance from industrial centres in the oil sands region, but in most cases, base cation

deposition rates exceed rates of acidic deposition

 modelling of soil chemistry to account for atmospheric inputs has shown that the

calcium:aluminum ratio, pH and base saturation are forecast to increase if the current

loading rates for acidic and base cation deposition continue for the next 50 years
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In light of this recent information, the updated terrain and soils assessment considers the

buffering capacity of dust in determining effects of the Project on soil acidification.

9.7.2.2 Soil Unit Map

The updated terrain and soils assessment uses the same spatial soil data as the Integrated

Application, but updated air emissions data (see Section 4) that accounts for buffering

from base cation deposition associated with dust. As a result, fewer soil series are

affected by PAI above critical loads (see Table 9-13). The PAI study area

(see Figure 9-2) defined in the updated assessment is much larger than in the Integrated

Application, in part for consistency with the vegetation and wildlife RSA, but also to

fully include the terrestrial LSA and the same set of soil series that were evaluated from

the Integrated Application.

9.7.2.3 Soil Unit Critical Loads

As with the Integrated Application, critical loads of acid inputs were determined for:

 the 50-year fixed case, because it represents the actual threshold

 the 50-year mid-case, as recommended by CEMA (2004)

It is important to understand that the 50-year mid-case threshold does not indicate a

potential impact; rather, it signifies a change in soil chemistry half-way to the fixed case

(or potential impact level). The effects analysis presented here uses the 50-year fixed case

because this endpoint indicates potential effects of the Project. For information on

mid-case critical loads, see Appendix 9B.

Table 9-13 Potential Acid Input Critical Loads for the PAI Study Area

Soil Series Soil Type
50-Year Fixed-Case Critical Load

(keq H
+
/ha/a)

Algar Mineral 1.1

Buckton Mineral 1.1

Bitumount Mineral 1.1

Bayard Organic 0.7

Conklin Organic 1.1

Dover Mineral 1.1

Firebag Mineral 1.0

Fort Mineral 1.1

Gregoire Organic 0.5

Hartley Organic 1.1

Horse River Mineral 1.1

Joslyn Mineral 1.1

Kearl Mineral 1.1

Kinosis Mineral 1.1

Legend Mineral 1.1

Livock Mineral 1.1
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Table 9-13 Potential Acid Input Critical Loads for the PAI Study Area (cont’d)

Soil Series Soil Type
50-Year Fixed-Case Critical Load

(keq H
+
/ha/a)

Marguerite Mineral 0.8

Mildred Mineral 1.0

Mikkwa Organic (Cryosol) 1.1

McLelland Organic 1.1

McMurray Mineral 1.1

Mariana Organic 1.1

Muskeg Organic 1.1

Namur Mineral 1.1

Ruth Lake Mineral 1.1

Surmont Mineral 1.1

Steepbank Mineral 1.1

Wabasca Organic 1.1

9.7.3 Reference Conditions

For the extent of soil map units in the PAI study area, see Table 9-14.

Table 9-14 Soil Map Unit Areas and Extents in the PAI Study Area

Soil Map Unit Soil Type
Area
(ha)

Percent of
PAI Study Area

2

Algar Mineral – Gleysols 9,507.2 0.8

Buckton Mineral – Luvisols 27,920.9 2.3

Bitumount Mineral – Gleysols 9,045.6 0.8

Bayard Organic 4,463.6 0.4

Conklin Organic 40,836.5 3.4

Dover Mineral – Luvisols 34,341.9 2.9

Firebag Mineral – Brunisols 67,349.0 5.6

Fort Mineral – Luvisols 3,286.7 0.3

Gregoire Organic 11,939.1 1.0

Hartley Organic 198,908.9 16.6

Horse River Mineral – Luvisols 13,612.9 1.1

Joslyn Mineral – Solonetzes 82,527.8 6.9

Kearl Mineral – Brunisols 726.0 0.1

Kinosis Mineral – Luvisols 33,616.7 2.8

Legend Mineral – Luvisols 34,535.6 2.9

Livock Mineral – Luvisols 10,765.1 0.9

Marguerite Mineral – Brunisols 39,582.6 3.3

Mildred Mineral – Brunisols 134,499.9 11.2

Mikkwa Organic (Cryosol) 22,307.7 1.9

McLelland Organic 61,676.4 5.2
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Table 9-14 Soil Map Unit Areas and Extents in the PAI Study Area (cont’d)

Soil Map Unit Soil Type
Area
(ha)

Percent of
PAI Study Area

2

McMurray Mineral – Regosols 39,431.2 3.3

Mariana Organic 48,159.1 4.0

Muskeg Organic 119,628.7 10.0

Namur Mineral – Regosols 46,593.2 3.9

Ruth Lake Mineral – Brunisols 19,397.1 1.6

Surmont Mineral – Luvisols 13,284.4 1.1

Steepbank Mineral – Gleysols 10,336.2 0.9

Wabasca Organic 7,080.1 0.6

Unclassified
1

N/A 50,195.4 4.2

Totals
3

1,195,560 100

NOTES:
1

Unclassified land includes disturbed lands, Indian Reserves, waterbodies and watercourses, areas without soil
data, and areas where soil has not developed (i.e., rough, broken lands).

2
Calculated based on a PAI study area of 1,195,556 ha.

3
Areas and proportions might not add up to totals because of rounding.

N/A = Not applicable

Average background PAI deposition ranges from -0.043 to -0.005 keq H+/ha/a. A

negative value indicates that the base cation deposition contribution is greater than the

acid-forming emission contribution, and that the total deposition is not acidifying

(see Section 4 for details on how background values [i.e., predevelopment] were

determined). This negative value is below the 50-year fixed-case critical loads defined for

all soil units in the PAI study area.

9.7.4 Base Case

For a summary of the area of soils that receive PAI greater than the fixed-case critical

load for the Base Case, see Table 9-15 and Figure 9-12.

At Base Case, a total of 8.7 ha are predicted to receive emissions greater than fixed-case

critical loads. This is a reduction from predictions made in the Integrated Application and

represents new findings regarding the neutralizing effect of base cation deposition in the

region (Fenn et al. 2015; Watmough et al. 2014). The most sensitive areas contain high

proportions of coarse-textured upland soils, but these areas are distant from emission

sources. Portions of one township had soils that received acid inputs greater than the

fixed-case critical load in the PAI study area at Base Case, and no township floating

blocks had total areas above the 10,000-ha threshold recommended by CEMA (2004).
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Table 9-15 Area Greater than Fixed-Case Critical Loads in the PAI Study Area

Location and Area (ha)
of Township in PAI

Study Area
1

Base Case
Area of

Townships
Exceeded

(ha)

Application
Case Area of
Townships
Exceeded

(ha)

Change from Base Case to
Application Case PDC Area of

Townships
Exceeded

(ha)

Change from Base Case to PDC

ha % of Township ha % of Township

095-11W4; 9,495 0.0 0.0 0.0 0.0 90.9 90.9 1.0

096-11W4; 9,496 8.7 9.1 0.4 <0.1 28.8 20.1 0.4

Total Area Exceeded
and Percentage of PAI
Study Area

8.7 9.1 0.4 <0.1 119.8 111.1 <0.1

NOTE:
1

Only townships with exceedances for the PDC are reported.
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9.7.5 Application Case

9.7.5.1 Mitigation

Although recent data indicates that acidification is less of a concern than previously

thought, managing PAI remains necessary, particularly if dust mitigation is planned on a

regional basis. For a description of specific strategies that Teck will use to limit the

Project’s acidifying emissions, see Volume 3, Section 4. Strategies for controlling dust

emissions are discussed in Volume 1, Section 14.4.

9.7.5.2 Effects Analysis

For a summary of the area that receives PAI greater than the fixed-case critical load for

the Application Case, see Table 9-15 and Figure 9-13.

When comparing the Application Case to the Base Case for fixed-case critical loads,

there is less than a 0.1% increase in area of land that receives PAI greater than the critical

load (0.4 ha). Therefore, the addition of acidifying emissions from the Project is expected

to contribute less than an additional 0.1% of the PAI study area. Portions of one township

have PAI greater than the fixed-case critical load in the PAI study area at Application

Case, and no four-township floating block had total areas above the 10,000-ha threshold

recommended in the CEMA (2004) acidification framework.

9.7.6 Planned Development Case

9.7.6.1 Effects Analysis

For a summary of the area with PAI greater than the fixed-case critical load for PDC,

see Table 9-15 and Figure 9-14.

When comparing PDC to Base Case, there is less than a 0.1% increase in area of land

with PAI that is greater than the critical load (111.1 ha). Therefore, the addition of

acidifying emissions associated with PDC is expected to contribute less than an

additional 0.1% of the PAI study area. Portions of two townships receive inputs that are

greater than the fixed-case critical load in the PAI study area at Base Case, and no

four-township floating block had total areas greater than the 10,000-ha threshold

recommended in the CEMA (2004) acidification framework.
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9.7.7 Effects Classification

For a summary of effects classification for air emissions, see Table 9-16.

The Project will contribute to a 0.4 ha (<0.1%) increase in the total area of land with PAI

greater than the 50-year fixed-case critical load. The Project contribution is small, and

predicted effects are reversible over time (see Section 10). Effects are considered

reversible because soil weathering and associated base cation production and atmospheric

deposition of base cations will continue, eventually allowing for a return to a natural

steady state. Such changes have already been observed in the oil sands region in terms of

soil pH increase (Jung et al. 2013). This work showed that hydrogen ion inputs at two

sites in the oil sands region were negative, not positive as regional modelling has tended

to predict. These authors conclude that soils in the region are probably now recovering

from higher atmospheric loading of the past. It might be that PAI modelling has been

overly conservative and studies such as Jung et al. (2013) independently corroborate

more recent studies that show base cation inputs to models have been underestimated.

Table 9-16 Effects Classification for Critical Load Exceedances in the PAI
Study Area

Key
Indicator Study Area

Geographic
Extent Duration Frequency

Ability to
Recover

Magnitude of Change
from Predevelopment
Reference Condition

(%)

Critical load
exceedance

PAI study area Regional Long Continuous Reversible <1

9.7.8 Environmental Consequence

No four-township floating block had total areas above fixed-case critical loads greater

than the 10,000-ha threshold recommended in the CEMA (2004) acidification framework

for the Base Case, Application Case or PDC. As a result, a management trigger is not

predicted. The total area that is greater than the fixed-case critical load for the PDC

(119.8 ha) represents less than one percent of the 1,195,560 ha PAI study area. The small

change results in the cumulative effects of PAI on soils being of low environmental

consequence.

9.7.9 Prediction Confidence

As with the Integrated Application, there is a moderate level of prediction confidence for

assessing the effects of PAI because of the:

 quality of soil mapping information

 accuracy of PAI estimates

 accuracy of critical load estimates
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9.7.10 Responses to Aboriginal Community Concerns

Concerns have been raised that air emissions in the region have affected terrestrial

ecosystems. Soils over much of the PAI study area are relatively unaffected by acidifying

emissions and recent measurements indicate much greater base cation deposition in the

oil sands region than previously assumed, with fugitive dust being a major source of

these cations (Fenn et al. 2015). Based on this recent information, subsequent studies

have indicated that the risk of soil acidification is minimal due to these high levels of

base cation deposition (Watmough et al. 2014). Further, natural soils possess sufficient

capacity to neutralize the acids that these emissions produce.

Teck understands that Aboriginal communities consider dust on the surface of water and

plants to be an indicator of poor air quality and safety of traditional resources. Although

dust has some beneficial effects as discussed in this section, Teck will develop a dust

management plan (see Volume 1, Section 14.4) to control such fugitive emissions. Teck

will continue to work with potentially affected Aboriginal communities with regards to

air emissions effects on terrestrial ecosystems.

9.7.11 Management and Monitoring

9.7.11.1 Regional

Teck plans to participate in regional committees responsible for managing and

monitoring effects of air emissions on soils. Currently, this includes Terrestrial

Environment Effects Monitoring (TEEM), a working group of WBEA.

To address PAI deposition in the oil sands area, an Acid Deposition Management

Framework has been developed for the region (CEMA 2004).

9.7.11.2 Project-Specific

Air quality monitoring will be undertaken across the monitoring network established in

the region by WBEA.

9.8 Conclusions

For a summary of the environmental consequence and prediction confidence for terrain

and soils, see Table 9-17.

Table 9-17 Environmental Consequence and Prediction Confidence

Key Issue Key Indicator
Environmental
Consequence Prediction Confidence

Topographic diversity Slope class Moderate Moderate

Soil series diversity Soil series Moderate Moderate

Land capability diversity Land capability Low Moderate

Air emissions and soil diversity Potential acid input Low Moderate
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9.8.1 Topographic Diversity

Topographic diversity will increase following reclamation with the development of some

steeper slope gradients that were not present at predevelopment. However, there will also

be an increase in level areas as modal slope drops one-half class, from 1–2 to 1, for the

Application Case at closure relative to predevelopment. Effects on topographic diversity

were considered to be of moderate environmental consequence, which is consistent with

the Integrated Application.

Overall prediction confidence in the assessment of topographic diversity is moderate.

9.8.2 Soil Series Diversity

Approximately 67.4% of soils in the terrestrial LSA will be disturbed, including organic

soils. A wide variety of soil prescriptions with varying moisture regimes will serve to

replace disturbed soil series and maintain soil series diversity near predevelopment levels.

Gleysolic soils are expected to experience the largest overall cumulative decline relative

to predevelopment (-12,997.5 ha and -30.0% at Application Case), but effects are largely

reversible because topography at closure can reproduce poor and very poor drainage

regimes, allowing gleysols to develop. Cumulative effects on soil series diversity are

considered to have low environmental consequence with Gleysolic soils expected to

develop in the 13,650 ha of reclaimed closure landscape where poor to very poor

drainage regimes are expected.

Overall prediction confidence in the assessment of soils series diversity is moderate.

9.8.3 Forest Land Capability

The area of land that can support forestry (LCC classes 1 to 3) will decrease (-4,757.5 ha

or -11.0%). Class 1 land will decrease slightly, while Class 2 will decrease substantially

(-9,636.6 ha and -22.2%). Class 3 lands will increase by 5,174.5 ha or 11.9%. The net

decrease in Class 1 to 3 land is partly the result of a greater emphasis on wetlands in the

closure landscape. There is also a decrease in Class 4 land and a slight increase in Class 5

land. Overall, the modal LCC for the Application Case at closure remains at Class 2.

Changes in soil capability associated with the Project will be confined to the terrestrial

LSA and are expected to persist until reclamation is complete at closure. Because the

modal LCC rating has not changed between predevelopment and closure, Project effects

are considered to have low environmental consequence. This conclusion aligns with the

assessment conclusions presented in the Integrated Application.

Overall prediction confidence in assessing changes in LCC ratings is moderate.

9.8.4 Air Emissions and Changes in Soil Quality

The Project will potentially result in a small increase (0.4 ha) in the total area of land that

receives more than the 50-year fixed-case critical load. This is a reduction from

predictions made in the Integrated Application and represents new findings regarding the
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neutralizing effect of base cation deposition in the region (Fenn et al. 2015; Watmough et

al. 2014). Although effects in this small area are anticipated to persist post-closure,

emissions effects are eventually reversible (see Section 10).

No four-township floating block had total areas above critical loads greater than the

10,000 ha threshold recommended in the CEMA (2004) acidification framework for the

Base Case, Application Case or PDC. As a result, a management trigger is not predicted.

The total area of land that may receive greater than the 50-year fixed-case critical load for

the PDC (119.8 ha) represents less than one percent of the PAI study area. Therefore, the

cumulative effects of PAI on soils are predicted to be of low environmental consequence.

This conclusion aligns with the assessment conclusions presented in the Integrated

Application.

9.9 References

AENV (Alberta Environment). 2006. Land Capability Classification for Forest Ecosystems in the Oil

Sands, Volume 1: Field Manual for Land Capability Determination. Third Edition. CEMA:

Cumulative Effects Monitoring Association, Soil and Vegetation Subgroup. Fort McMurray,

Alberta.

AENV. 2008. Acid Deposition Management Framework. Alberta Environment, Edmonton, Alberta.

AENV. 2009. Final Terms of Reference Environmental Impact Assessment Report for the Proposed UTS

Energy Corporation/Teck Cominco Limited Frontier Oil Sands Mine Project. Edmonton, Alberta.

Candler, C. and the Firelight Group Research Cooperative. 2013a. Athabasca Chipewyan First Nation

Knowledge and Use Report and Assessment for Teck Resources Limited Proposed Frontier Oil

Sands Mine Project.

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

Knowledge and Use Report and Assessment for Teck Resources Limited’s Proposed Frontier Oil

Sands Mine Project.

CEMA (Cumulative Environmental Management Association). 2004. Recommendations for the Acid

Deposition Management Framework for the Oil Sands Region of North-Eastern Alberta. Fort

McMurray, Alberta.

CEMA. 2008. Terrestrial Ecosystem Management Framework for the Regional Municipality of Wood

Buffalo. Fort McMurray, Alberta.

Clair, T.A. and K.E. Percy [eds.]. 2015. Assessing forest health in the Alberta Oil Sands Region. Wood

Buffalo Environmental Association Technical Report. 2015-05-25.

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

Resources and SilverBirch Energy Frontier Oil Sands Project.

Fenn, M.E., A. Bytnerowicz, S.L. Schilling and C.S. Ross. 2015. Atmospheric deposition of nitrogen,

sulfur and base cations in jack pine stands in the Athabasca Oil Sands Region, Alberta, Canada.

Environmental Pollution 196: 497–510.

Fort McKay Sustainability Department and Integral Ecology Group. 2011. Traditional Land Use Study

for the Teck and SilverBirch Frontier Project.



Volume 3: Assessment Update

Section 9: Terrain and Soils Frontier Oil Sands Mine Project Update

Page 9-62 June 2015

GOA (Government of Alberta). 2012. Lower Athabasca Integrated Regional Plan 2012–2022: Strategic

Plan, Implementation Plan and Regulations. Edmonton, Alberta.

GOA. 2013. Alberta Wetland Policy. Available at: http://www.waterforlife.alberta.ca/documents/

Alberta_Wetland_Policy.pdf. Accessed February 2015.

GOA. 2014. Lower Athabasca Region Draft Biodiversity Management Framework. Edmonton, Alberta.

Jung, K., S.X. Chang, Y.S. Ok and M.A. Arshad. 2013. Critical loads and H+ budgets for forest soils by

air pollution from oil sands mining in Alberta, Canada. Atmospheric Environment 69: 56–64.

Leatherdale, J., D.S. Chanasyk and S. Quideau. 2012. Soil water regimes of reclaimed upland slopes in

the oil sands region of Alberta. Canadian Journal of Soil Science 92: 117–129.

Trites, M. and S.E. Bayley. 2009. Organic matter quality in reclaimed boreal forest soils following oil

sands mining. Organic Geochemistry 4: 510–519.

Upchurch, D.R. and W.J. Edmonds. 1991. Statistical procedures for specific objectives, pp. 49-71 In:

Spatial Variabilities of Soils and Landforms. SSSA Special Publication No 28. Madison,

Wisconsin.

Valentine, K.W.G. and A. Lidstone. 1985. Specifications for soil survey intensity (survey order) in

Canada. Canadian Journal of Soil Science. 65: 543–553.

Watmough, S.A., C.J. Whitfield and M.E. Fenn. 2014. The importance of atmospheric base cation

deposition for preventing soil acidification in the Athabasca Oil Sands region of Canada. Science

of the Total Environment 493: 1–11.

Willow Springs Strategic Solutions Inc. 2014. Métis Traditional Land Use and Occupancy Study: Teck

Resources Limited – Frontier Oil Sands Project.


	FP_Update_Volume_3_June2015_Part9
	FP_Update_Volume_3_June2015_Part10
	FP_Update_Volume_3_June2015_Part11
	FP_Update_Volume_3_June2015_Part12



