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5 Groundwater

5.1 Introduction

This section provides an updated groundwater 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 groundwater:

 describes mitigation to reduce Project effects on groundwater resources

 assesses potential effects of the Project on groundwater conditions 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, and in the revised assessment provided in response to

ESRD/CEAA Round 1 SIR 45, Appendix 45a.2. Key changes reflected in the updated

assessment for groundwater 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 groundwater local study area (LSA) boundary has been revised to

reflect these changes.

 This assessment incorporates information collected since filing the Integrated

Application, including:

 additional baseline information collected about geological and hydrogeological

conditions to the end of 2013. This data has helped better characterize the basal

water sands (BWS).
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 additional information about traditional land use and Aboriginal community

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

technical reviews and statements of concern

 The numerical hydrogeological (MODFLOW) model was updated to incorporate new

data and was used to complete assessment calculations. The updated MODFLOW

model is presented in Appendix 5A. For example, Teck has previously revised the

groundwater flow model and parts of the original groundwater assessment (e.g.,

January 2013; see the response to ESRD/CEAA Round 1 SIR 45, Appendix 45a.2).

Comparisons here to the ‘2013 revised assessment’ refer to that version

(see Appendix 45a.2).

 The updated assessment considers BWS depressurization during preproduction. For

stability and operability considerations, depressurization will be required as the mine

footprint advances and to facilitate excavation of the off-stream storage pond and

crusher slot. Effects of depressurization on groundwater resources were modelled

using the updated MODFLOW model, and results for the preproduction period are

discussed as part of the water management plan (see Volume 1, Section 7). Effects of

depressurization following production of first oil are discussed as part of the updated

groundwater assessment.

Since filing the Integrated Application, Teck has received SIRs from provincial and

federal agencies that have focused on the following themes:

 BWS depressurization and salinity distribution

 shallow karst and BWS depressurization

 deep-seated karst and salinity

 shallow karst and seepage of process-affected groundwater

 external tailings areas (ETAs) and seepage of process-affected groundwater

Industry understanding of groundwater flow north of Fort McMurray has improved since

the Integrated Application was filed in 2011, particularly as groundwater flow relates to

the Devonian strata and the overlying BWS. Teck has acquired additional site-specific

data relating to the Quaternary strata. This data provides a better understanding of the

necessary ETA seepage interception system. The additional baseline data has also

improved the characterization of the BWS.
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Assessment Summary

The assessment update for groundwater considers knowledge gained since filing the

Integrated Application. This includes:

 additional baseline data collected since 2011 to help better characterize the BWS

 an improved industry understanding of groundwater flow north of

Fort McMurray, especially as it relates to the Devonian strata and the overlying

BWS

 additional site-specific data relating to the Quaternary strata, providing a better

geological understanding near the ETA seepage interception system

The updated groundwater assessment reflects this new knowledge and understanding

of groundwater flow and potential interactions. Specifically, the new information

regarding the Quaternary strata has facilitated the update of this component of the

MODFLOW models, which are used to estimate the rates of inflow and seepage

patterns in the pit area as well as the ETAs. In addition, new information about the

distribution and extent of the BWS hydrostratigraphic unit within the model served

to refine estimates of depressurization rates during operations.

Assessment conclusions related to groundwater generally are consistent with those

presented in the Integrated Application and revised assessment. Although the rates

of flow to the depressurization and dewatering well systems differ as a result of

changes to the Project and additional baseline data, the volumes extracted during

operations remain similar to those estimated in the revised assessment.

Two differences are noted in the assessment conclusions: (1) the extent of drawdown

near the ETAs, and (2) interactions between the Project and the disclosed but

indefinitely delayed Pierre River Mine (PRM). With respect to PRM (should it

proceed), there will be negligible interference between these two developments in

terms of groundwater levels, flows and flow patterns.

Assessment conclusions about potential effects on groundwater quality are

consistent with the Integrated Application and the 2013 revised assessment, namely

that seepage of process-affected waters can be effectively mitigated during both

operations and in the far future. Through linkages with the surface water quality and

ecological assessments, groundwater seepage from the PDA following closure has a

negligible effect on the aquatic health of the receiving environment (including

Ronald Lake, Redclay Creek, Big Creek and the Athabasca River).
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5.2 Scoping the Assessment

The scope of the groundwater assessment has not changed since the Integrated

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

Specific regulatory and public stakeholder inputs were also considered, as well as

concerns from potentially affected Aboriginal communities.

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.

Teck has also participated in various committees and organizations (e.g., Oil Sands

Groundwater Association, Joint Oil Sands Monitoring Program and Canada’s Oil Sands

Innovation Alliance) whose work continues to inform aspects of the Project and this

assessment update.

5.2.1 Aboriginal Community Concerns

In preparing this 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 groundwater and has considered these concerns as part of

the updated groundwater 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.
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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 groundwater:

 potential cumulative and long-term effects of oil sands development on groundwater

 conservation of groundwater resources

 potential hydraulic connection between the BWS and the Athabasca River

 contamination of groundwater and contaminated water travelling north to the

Peace-Athabasca Delta (PAD)

 seepage to groundwater and surface water, and protection of groundwater quality

downgradient of the Project

 presence and extent of karst terrain in the PDA

 scope and approach of the groundwater monitoring program and karst management

plan

 a need to address ultimate open pit development rather than at the initial phase

 potential effects on groundwater resources as a result of groundwater extraction for

Project operation

 a need to identify measures to preserve Quaternary aquifer deposits related to their

use as process water

 duration of solute transport modelling (i.e., it should run for sufficient time so that

peak concentrations can be assessed)

 that, if attenuation of polycyclic aromatic hydrocarbons (PAHs) by biodegradation is

included, biodegradation rates should first be proven

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

issue.

5.2.2 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 groundwater assessment (see Table 5-1). These key issues are the same as those

identified in the Integrated Application.
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Table 5-1 Key Issues – Groundwater

Project Phase Key Issue Relevance to Project

Construction and operation Changes in groundwater
levels, seepage rates and
flow patterns

Potential influence of overburden dewatering and BWS
depressurization on groundwater levels, seepage rates
and flow patterns

Operation and far future Migration of process-
affected seepage water to
receiving groundwater and
surface water

The Project is upgradient of the Athabasca River and fish
habitat compensation lakes proposed for the Project and
for the PRM project

Far future Changes in groundwater
quality

Some process-related constituents could continue to be
mobilized after cessation of mine dewatering or
depressurization (e.g., constituents leaching from ETAs
and backfill)

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

details of related assessments, see:

 hydrology – Section 6

 surface water quality – Section 7

 resource use – Section 15

 traditional land use – Section 17

5.3 Approach

Although the overall approach for the updated groundwater assessment is the same as

described in the Integrated Application, the updated assessment incorporates new

information. Teck has provided this information 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 groundwater assessment through the

regulatory process, see Section 2, Figure 2-5.

5.3.1 Study Areas

5.3.1.1 Local Study Area

Following the asset exchange with Shell, the PDA no longer extends into or south of the

catchment for Eymundson Creek (see Figure 5-1). The updated groundwater LSA is

consistent with the LSA for other aquatics disciplines (i.e., hydrology, surface water

quality and fish and fish habitat).

5.3.1.2 Regional Study Area

The groundwater regional study area (RSA) is identical to the Integrated Application

(see Figure 5-1).
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5.3.2 Assessment Cases

Groundwater 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

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

5.3.3 Temporal Considerations

5.3.3.1 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 groundwater assessment, reference conditions

were evaluated at two specific points (snapshots) in time:

 predevelopment (no disturbance)

 existing (2013)

Because groundwater is relatively slow moving and change is commonly buffered by a

relatively large storage capacity, predevelopment and existing conditions are generally

similar. However, for sites that are depressurizing water levels in the BWS, groundwater

elevations will be lower than predevelopment levels.

For groundwater quality, existing conditions are considered equivalent to predevelopment

on a local level because there is no ongoing development in the LSA.

5.3.3.2 Snapshots

The following temporal snapshots were used to evaluate changes in groundwater

conditions:

 regional maximum build-out (2026) (approximate timing of the maximum northern

build-out of the PRM as publically disclosed)
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 regional maximum build-out (2036) (approximate timing of the maximum build-out

of the Horizon project, Fort Hills project and the southern maximum build-out of the

PRM as publically disclosed)

 maximum build-out for the Project (Year 41) (2066)

 far future (defined as end of mine + 100 years) (2166)

The maximum build-out snapshot for the Project (2066) considers all Project mine

features operating simultaneously and represents the maximum extent of potential effects

on groundwater. In fact, all mine features (i.e., the entire pit footprint) will not be

operating simultaneously, so this snapshot overestimates potential effects.

For a summary of mines that will be actively operating in the region for each snapshot

and assessment case scenario, see Table 5-2. As indicated, the Joslyn North Mine exists

in the Base Case even though it has been indefinitely delayed and its Approval

Amendment application withdrawn. Similarly, the PRM remains in the PDC even though

Shell has noted the project exists only in their very long term plans (Shell 2015).

Inclusion of these now-withdrawn developments increases the conservativeness of the

assessment.

Table 5-2 Operational Oil Sands Mines at Each Temporal Snapshot

Oil Sands Mine
Active in 2036

Base Case
Active in 2066

Application Case
Active in 2026

PDC
Active in 2036

PDC

Aurora North No No Yes No

Muskeg River Mine South No No Yes No

Fort Hills Yes No Yes Yes

Horizon Yes No Yes Yes

Aurora South Yes Yes Yes Yes

Base Mine Yes Yes Yes Yes

Hammerstone Yes Yes Yes Yes

Jackpine Mine Phase 1 Yes Yes Yes Yes

Jackpine Mine Phase 2 Yes Yes Yes Yes

Joslyn North Mine Yes Yes Yes Yes

Kearl Yes Yes Yes Yes

Mildred Lake Yes Yes Yes Yes

Muskeg River Mine North Yes Yes Yes Yes

North Steepbank Extension Yes Yes Yes Yes

Steepbank Millennium Mine Yes Yes Yes Yes

Frontier No Yes Yes Yes

PRM North No No Yes Yes

PRM South No No Yes Yes

Voyageur South No No Yes Yes
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5.3.4 Key Indicators

To focus the assessment, key indicators were chosen to represent environmental effects

on groundwater. For each key indicator, at least one measurable parameter was selected

to provide a means of measuring and assessing effects of the Project. Table 5-3

summarizes the key indicators and measurable parameters for each key issue.

Table 5-3 Key Indicators – Groundwater

Key Question Key Issue Key Indicator
Measureable
Parameters

Spatial
Consideration

GW1: Could the
Project contribute to
cumulative changes in
groundwater levels,
flows or flow patterns?

Change in
groundwater levels,
seepage rates and
flow patterns

 Groundwater levels
as measured in
aquifers

 Groundwater flow
patterns in aquifers

 Baseflow discharge
to watercourses and
waterbodies

 Groundwater
surface
elevation

LSA and RSA
(when
appropriate)

GW2: Could the
Project contribute to
cumulative changes in
groundwater quality?

Change in
groundwater quality

 Groundwater quality
in aquifers

 Groundwater
baseflow quality

 Specific
hydrochemical
constituents or
surrogates

LSA and RSA
(when
appropriate)

Key indicators and measurable parameters for the updated groundwater 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:

 groundwater levels, seepage rates and flow patterns, see Section 5.4

 groundwater quality, see Section 5.5

5.3.5 Data Sources

The updated groundwater assessment considers baseline data for the Project available to

the end of 2013. This includes interpretation of monitoring data from additional

piezometers installed in the aquatics LSA, and ongoing refinements of the overall

regional hydrogeological setting (particularly with respect to Devonian bedrock).

The number of piezometers monitored from 2008 to 2010, and as part of the 2013

supplemental field program, are listed by geologic unit in Table 5-4. For piezometer

locations, see Figure 5-2.

A detailed and updated description of hydrogeologic conditions for the Project is

provided in the groundwater baseline update (see Volume 2, Section 3). The numerical

groundwater model developed to represent these baseline conditions is provided with the

assessment update (see Appendix 5A).
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Table 5-4 Piezometers Installed in Each Geologic Unit

Geologic Unit
Number of Piezometers

as of 2010
1

Number of Piezometers
as of December 2013

1

Quaternary (shallow and deep) 54 79

Cretaceous McMurray Formation (intra-orebody) 9
(and 1 abandoned)

9
(and 1 abandoned)

Cretaceous McMurray Formation (BWS) 17 17

Devonian (Waterways Formation) 3 3

NOTE:
1

Number of piezometers in 2010 includes those installed in the former south development area (SDA). The number
of piezometers as of December 2013 includes only those installed in the PDA.

5.4 Groundwater Levels, Seepage Rates and Flow Patterns

5.4.1 Introduction

This section addresses Key Question GW1: Could the Frontier Project contribute to

cumulative changes in groundwater levels, flows or flow patterns?

The updated groundwater assessment follows the same methods as presented in the

Integrated Application and the revised assessment. Linkages to other assessment

components (e.g., hydrology, surface water quality, vegetation and soils) are also

identical to those previously described.

The updated 3D MODFLOW model reflects dewatering of the Quaternary sediments and

depressurization of the BWS during preproduction excavations and Project operations.

The model also incorporates updated data regarding groundwater flow patterns and

process-water seepage rates in the far future after closure. The following sections

summarize adjustments made to the calibrated (predevelopment) MODFLOW model.

5.4.2 Model Assumptions

Changes made to the MODFLOW model to simulate effects of the Project on

groundwater levels (elevations), flow directions and seepage rates are listed below.

Changes in groundwater conditions were modelled during operations and in the far future

(post-closure). Conceptually, these changes are consistent with the approach followed in

the revised groundwater assessment.

 Table 5-5 summarizes the model parameters for the operational periods, and

Figures 5-3a, 5-3b and 5-3c illustrate the boundary conditions applied in the model to

represent the Base Case, Application Case and PDC. Model parameters were derived

from the calibration process and from the storage properties assigned to each

stratigraphic unit. The main adjustment for the forecast simulations during operations

is the implementation of boundary conditions in the model to reflect dewatering and

depressurization activities for the proposed development footprints. MODFLOW’s

drain boundary package is used in the assignment of these boundary conditions.

Groundwater elevations assigned in the drains represent seepage faces into the mine
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pits for the Quaternary sediments. Approximate elevations relative to BWS

depressurization reflect the pit floor (in the case of the Project) or the top of the BWS

(for other developments in the groundwater RSA).

 Table 5-6 summarizes the model parameters for the far future simulations (defined as

end of mine + 100 years) (2166). Key additions to model parameters include:

 implementation of boundary conditions at surface to reflect the closure drainage

patterns (see Figure 5-4)

 assignment of hydraulic conductivities for the materials backfilled in the mined

out pits (see Figure 5-5)

The updated Project includes a hydraulic barrier such as a wall or equivalent form of

control to be constructed at the end of mining. This post-closure seepage collection

system is simulated along the north, east and southern sides of the external tailings areas

(ETA 1 and 2) for the far future simulation to limit lateral seepage in the surficial sands.

With the simulation, lateral seepage in the surficial sands primarily discharges to the

upstream drainage features along the toe of the ETAs including the east and south

reclamation lakes.

In completing the groundwater modelling simulations, the numerical mass (water)

balance errors were maintained below one percent for all cases.

Table 5-5 Groundwater Model Parameters during Operations

Basic Model Construction – MODFLOW Mesh Details

Number of grid blocks per layer 205,755

Grid spacing Regional - 500 m; Local - 125 m

Number of layers 25

Model top variable (as defined by topography)

Model bottom variable (defined by bottom of Middle Devonian Aquifer)

Hydraulic Properties of Model Hydrostratigraphic Units
1

Horizontal Hydraulic
Conductivity, Kh

(m/s)

Vertical Hydraulic
Conductivity, Kv

(m/s) Sy

Glaciofluvial deposits (Outwash Sand) 8x10
-5

8x10
-6

0.2

Alluvial deposits along the Athabasca (Silt,
Clay, Sand)

1x10
-5

, 1x10
-6

, 2x10
-6

1x10
-6

, 1x10
-7

, 2x10
-7

0.01 - 0.02

Ice-contact deposits 1x10
-6

, 5x10
-6

1x10
-7

, 5x10
-6

0.02

Mixed glacial and bedrock material (Slump) 5x10
-7

5x10
-8

0.02

Glacial deposits (ground moraine till) and
Glaciolacustrine deposits (silt, clay, sand)

5x10
-6

5x10
-7

0.02

Aeolian sand and alluvial deposits (bedded
sand, silts, clays)

5x10
-6

5x10
-7

0.02

Glaciofluvial deposits (outwash sand and
gravel)

1x10
-4

1x10
-6

0.02

Grand Rapids and Clearwater Formation 2x10
-11

, 5x10
-11

2x10
-12

, 5x10
-13

0.01
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Table 5-5 Groundwater Model Parameters during Operations (cont’d)

Horizontal Hydraulic
Conductivity, Kh

(m/s)

Vertical Hydraulic
Conductivity, Kv

(m/s) Sy

McMurray Formation Oil Sands 1x10
-10

, 6x10
-10

, 5x10
-9

5x10
-12

, 6x10
-11

, 5x10
-10

0.01

McMurray Formation Basal Water Sands 3.5x10
-5

3.5x10
-5

0.2

Upper Weathered Devonian 2x10
-9

2x10
-10

0.01

Upper Devonian Aquitard 2x10
-9

2x10
-10

0.01

Middle Devonian Aquifer 3x10
-6

3x10
-7

0.01

New Quaternary Facies Incorporated in the Block Geology Model

Clayey Silt Till (LSA) 3.8x10
-8

3.8x10
-9

0.02

Sandy Till (LSA) 4.9x10
-6

4.9x10
-7

0.02

Silty Sand (LSA) 4.9x10
-6

4.9x10
-7

0.02

Sand (LSA) 4x10
-5

4x10
-6

0.2

Alluvial Silt Sand (LSA) 4.9x10
-6

4.9x10
-6

0.02

McMurray Formation Basal Clays 6x10
-9

6x10
-10

0.01

Model Boundary Conditions – Recharge Rates in mm/y
2

Alluvial deposits (silt, clay, sand) 0

Glacial deposits (ground moraine till) 20

Ice-contact deposits 10

Glaciofluvial deposits (outwash sand) 40

Mixed glacial and bedrock materials
(slump) 15

Glaciolacustrine mixed deposits (silt, clay,
sand) 5

Aeolian sand and alluvial (bedded sand,
silts, clays) 5

Model Boundary Conditions
3

Lakes Constant Head (Variable - defined at topography elevation)

Tributaries Rivers (Variable - defined at topography elevation)

Upper reaches of tributaries Drains (Variable - defined at topography elevation)

Dewatering and depressurization
zones for open pits

Drains (Variable - see Figure 5-3a (Base Case), 5-3b
(Application Case), 5-3c (PDC)). Drain elevations
for BWS depressurization were assigned at the
base of feed; drain elevations for dewatering
were assigned near the base of the overburden.

NOTES:
1

See Appendix 5A for spatial distribution of hydraulic conductivity zones in the groundwater RSA. With respect to
hydraulic conductivities for the tailings materials, see Table 5-6.

2
See Appendix 5A for spatial distribution of recharge in the groundwater model.

3
See Appendix 5A for definition of model boundary conditions in the groundwater RSA. Figure 5-4 illustrates the
boundary conditions assigned in the LSA.
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Table 5-6 Groundwater Model Parameters for the Far Future

Basic Model Construction – MODFLOW Mesh Details

Number of grid blocks per layer 206,190

Grid spacing Regional ~ 500 m; Local ~ 125 m

Number of layers 25

Model top Variable (as defined by topography)

Model bottom Variable (defined by base of Middle Devonian)

Hydraulic Properties of Model Hydrostratigraphic Units
1

Horizontal
Hydraulic

Conductivity
(m/s)

Vertical
Hydraulic

Conductivity
(m/s)

Effective
Porosity Model Layers

Glacial deposits (silt, clay, sand) See Table 5-5 See Table 5-5 0.3 Variable

(Quaternary and
Cretaceous units
above the BWS
aquifer distributed in
layers 1 to 20 based
on the geologic block
model developed)

Glaciofluvial deposits (outwash
sand)

0.3

Alluvial deposits along the
Athabasca (silt, clay, sand)

0.3

Ice-contact deposits 0.3

Mixed glacial and bedrock materials
(Slump)

0.3

Glacial deposits (ground moraine till)
and Glaciolacustrine deposits (silt,
clay, sand)

0.3

Aeolian sand and alluvial deposits
(bedded sand, silts, clays)

0.3

Glaciofluvial deposits
(outwash sand and gravel)

0.3

Grand Rapids and Clearwater
Formation

0.05

McMurray Formation Oil Sands 0.05

McMurray Formation Basal Sand 0.3 21

Upper Weathered Devonian See Table 5-5 See Table 5-5 0.01 21, 22, 23

Upper Devonian Aquitard 0.01 24

Middle Devonian Aquifer 0.01 25

CFT (centrifuge cake) 1x10
-7

1x10
-8

0.3 1-20 (ITA1/2)

CCT-SFT-TSRUT tailings (combined
coarse tails; secondary flotation tails;
froth treatment tails)

1x10
-7

1x10
-8

0.3 1-14 (ITA3, ETA1/2)

Sand cap over CFT 1x10
-4

1x10
-5

0.3 1-6 (ITA1/2)

External disposal areas (mine waste) 1x10
-8

1x10
-9

0.3 1

Internal disposal areas (mine waste) 1x10
-7

1x10
-8

0.3 1-21

Hydraulic barrier
4

1x10
-9

1x10
-9

0.3 1-21
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Table 5-6 Groundwater Model Parameters for the Far Future (cont’d)

Model Boundary Conditions – Recharge Rates in mm/y
2

Alluvial deposits (silt, clay, sand) See Table 5-5

Glacial deposits (ground moraine till)

Ice-contact deposits

Glaciofluvial deposits (outwash sand/gravel)

Mixed glacial and bedrock materials (slump)

Glaciolacustrine mixed deposits (silt, clay, sand)

Aeolian sand and alluvial (bedded sand, silts, clays)

CCT-SFT-TSRUT tailings (combined coarse tails; secondary
flotation tails; froth treatment tails)

5

Sand cap over CFT 40

External disposal areas (mine waste) 20

Internal disposal areas (mine waste) 5

Model Boundary Conditions
3

Lakes Constant head (Variable – defined at topography elevation)

Tributaries Rivers (Variable – defined at topography elevation)

Upper reaches of tributaries Drains (Variable – defined at topography elevation)

In-pit lakes Constant head North pit lake – Elevation 298 m amsl, defined
through Layers 1 to 17
Central pit lake – Elevation 290 m amsl, defined
through Layers 1 to 20
South pit lake – Elevation 296 m amsl, defined
through Layers 1 to 20

Drainage features within aquatics
LSA

Rivers (Variable – defined at closure topography elevation)

Drainage features on external
disposal areas

Rivers Defined at closure topography elevation.

Constructed wetlands on ETAs Rivers Defined at closure topography elevation.

Constructed reclamation
lakes/compensation lakes

Constant head South reclamation lake – Elevation 278 m amsl
East reclamation lake – Elevation 268 m amsl
Fish habitat compensation lake – Elevation
263 m amsl

NOTES:
1

See Appendix 5A for spatial distribution of hydraulic conductivity zones in the groundwater RSA. Figure 5-5
illustrates the distribution of hydraulic conductivity zones in the backfilled pits.

2
See Appendix 5A for spatial distribution of recharge to the groundwater model.

3
See Appendix 5A for boundary condition definition within the groundwater RSA. Figure 5-4 illustrates the boundary
conditions assigned in the aquatics LSA for the Frontier Project.

4
A hydraulic barrier with a hydraulic conductivity of 1x10

-9
m/s was assumed. A localized equivalent hydraulic

conductivity was applied in the model to recognize a nominal width of 1 metre within a coarser scale finite
difference grid.
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5.4.3 Reference Conditions

Reference conditions reflect predevelopment groundwater flow patterns across the LSA

and groundwater RSA. These are analogous to steady-state conditions and were

simulated as part of the updated groundwater model calibration (see Appendix 5A). The

reference condition provides the basis for calculating drawdown maps (i.e., groundwater

elevation changes) for the development cases.

Groundwater extraction has potential to change the local and regional groundwater

balance. The updated MODFLOW model was used to assess changes in the water

balance in the LSA (see Table 5-7). These results differ from those presented in the

revised assessment; however, the difference is largely due to the adjusted spatial

coverage of the updated groundwater LSA. As discussed earlier, the groundwater LSA is

smaller than that was previously defined in the Integrated Application. As such, some of

the groundwater balance components are less than previously estimated. For example, in

the revised assessment total inflows to the LSA were approximately 960 L/s, whereas the

total inflows are now estimated at approximately 770 L/s.

Table 5-7 Groundwater Balance Major Components (Predevelopment)

Groundwater Component
Flow Rate

(L/s)

Inflows Recharge from precipitation 451

Lateral groundwater flow into the LSA 322

Inflows from aquifer storage N/A

Total Inflow ~ 770

Outflows Outflow to watercourses
1

407

Outflow to Athabasca River 285

Lateral groundwater flow leaving the LSA 81

Dewatering or seepage to pits N/A

Depressurizing of the BWS N/A

Total Outflow ~ 770

NOTE:
1

Outflows to watercourses, waterbodies, wetlands and muskeg are included, but the Athabasca River is excluded.

N/A = Not applicable
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5.4.4 Base Case

5.4.4.1 Effects Analysis – Water Balance

Developments included in Base Case do not affect the water balance conditions in the

groundwater LSA. Depressurization and dewatering drawdown cones resulting from the

Base Case developments are too far from the Project to influence the LSA groundwater

balance (see Section 5.4.4.2). Therefore, at Base Case, the groundwater balance in the

LSA remains the same as for predevelopment (see Table 5-7).

5.4.4.2 Effects Analysis – Groundwater Drawdown

Basal Water Sands

Figure 5-6 illustrates the simulated drawdown in the BWS for Base Case at 2036. This

represents the maximum build-out of mining at several of the developments located

closest to the PDA (i.e., Horizon and Fort Hills projects). There is low likelihood of

groundwater interference between the PDA and nearby operating and approved

developments. This conclusion is based on the BWS drawdown cone resulting from

depressurization at these sites not extending into the PDA. Figure 5-6 shows the extent of

drawdown for the 2036 Base Case snapshot, which is similar to that presented in the

Integrated Application.

Quaternary Deposits

Figure 5-7 illustrates the simulated drawdown in the Quaternary deposits for the Base

Case at 2036. As shown in Figure 5-7, the likelihood that dewatering from operating and

approved developments could influence groundwater elevations in the PDA is low.

Consistent with the Integrated Application and the revised assessment, drawdown within

the Quaternary deposits is local to each development area and less extensive than those in

the BWS.
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5.4.5 Application Case

5.4.5.1 Mitigation

The mitigation strategy for groundwater is generally consistent with the information

presented in the Integrated Application and in the revised assessment. Depressurization

and dewatering activities around the pits will be used to maintain safe operations and

provide containment of seepage from in-pit tailings disposal areas. A perimeter seepage

collection system will be employed around the ETAs to limit seepage from moving to

downgradient receptors.

Seepage Interception

To ensure acceptable water quality conditions in the downstream surface water systems, a

post-closure seepage control system exists on the downstream side of the ETA and

provides a passive solution to seepage management. Teck has refined its mitigation

strategy for the Project to capture process-affected water using pumping wells around the

perimeter of the ETAs during operations, and to install the post-closure seepage control

system close to the end of mining. The refined strategy addresses a key issue from a

water quality perspective, and one raised as an Aboriginal concern. Figure 5-8 shows the

general location of the seepage control corridor around the ETA. For additional

discussion about seepage control for the Project, see Volume 1, Section 2.1.9.

Teck will continue to develop and enhance the seepage assessment and control strategy

as additional information is gained and technology advances. Monitoring, refined

groundwater modelling and quality assurance or quality control programs will be

implemented before, during and after the seepage control system is designed and installed

to ensure acceptable performance is realized and the receiving environment protected

(see Volume 1, Section 14.11.2).

For the maximum build-out snapshot (2066), depressurization and dewatering activities

are considered with a perimeter seepage collection system. These components and

activities have been included in updated groundwater modelling for the Project. For the

far future snapshot, the modelling also includes the post-closure seepage collection

system.

The groundwater monitoring plan will incorporate monitoring wells located east of the

ETA. Teck will monitor the performance of the perimeter seepage collection system

(see Volume 1, Section 14.11.2). Should monitoring identify the need for enhanced

collection of process-affected groundwater seepage, additional interception wells will be

installed.

BWS Depressurization

Potential locations for BWS depressurization wells will be evaluated using the

groundwater flow model; this work will be completed during future stages of

engineering. The groundwater model will also be used to simulate and estimate

depressurization discharge salinity.
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Sentinel monitoring wells will be installed in the BWS to enable early detection of any

lateral migration of saline BWS groundwater. Comparisons between observed trends with

modelled predictions will allow for iterative refinement of the flow model over the life of

the Project. Monitoring data will also assist in identifying any required changes to

depressurization of the BWS to maintain subsurface separation of saline and non-saline

groundwater. This information will also support the design of the post-closure seepage

collection system.

Groundwater Seepage Potential at the Base of the McMurray Formation

As part of the regulatory review of the Integrated Application, additional information

requests were made with respect to the potential for groundwater seepage to occur at the

base of the McMurray Formation. The potential was related to weathering of the upper

few metres of the Waterways Formation or related to karst. Teck responded to these

concerns through the SIR process and has provided a summary in the updated

groundwater baseline (see Volume 2, Section 3.6.1.5). Overall, the shallow Waterways

Formation under the PDA is interpreted to be of low hydraulic conductivity with

insufficient continuous lateral permeability to consider it a site-wide, mappable feature

that would constitute a significant flow path for process-affected groundwater. Similarly,

evidence of deep-seated karst features providing significant hydraulic connection

between lower Devonian aquifers to the base of the McMurray Formation has not been

observed in the information collected in the PDA.

Confidence in the preceding interpretation is considered sufficient to inform mine

planning and this assessment update. The understanding of potential risks will continue to

be verified throughout the life of the Project as required to enable safe mining and to

evaluate the potential for seepage of process-affected groundwater. The groundwater

monitoring program, including its linkage to the karst management plan (see Volume 1,

Section 14.11.5) will be designed to track performance indicators (e.g., increases in

salinity or unexpected pressure responses in the BWS) such that potential mitigation

measures can be refined during operations.

As noted above, based on the current hydrogeologic interpretation of the PDA, the risk of

vertical migration of saline water is considered low. However, through the groundwater

monitoring programs and karst management plan, Teck will continue to assess mitigation

strategies to minimize operational risks (e.g., adjusting the mine plan to balance in-pit

pressures; reducing permeability locally as required).
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5.4.5.2 Effects Analysis

Water Balance

Table 5-8 presents updated estimates of the groundwater balance in the groundwater LSA

for the Application Case. As noted in Section 5.4.4, there is no interaction between the

Project and the Base Case developments in the aquatics LSA. Changes between

predevelopment (see Table 5-7) and the Application Case (see Table 5-8) are, therefore,

all related to the Project.

The groundwater balance presented in Table 5-8 represents average conditions simulated

over the active mining period (i.e., operations). These findings are similar to those in the

Integrated Application in that groundwater discharge to natural drainages in the LSA is

reduced compared to predevelopment conditions. This is due to the diversion of

groundwater to the closed-circuit operations. A change from the Integrated Application

(and the revised assessment) is that there is some regional groundwater (i.e., non-PDA)

captured by the pumping wells around the perimeter of the ETA. This is in addition to the

groundwater being intercepted by the pit dewatering and depressurization systems. This

additional groundwater capture, as well as the depressurization and dewatering rates, is

provided as part of the Project’s updated water management plan (see Volume 1,

Section 7).

Table 5-8 Groundwater Balance Major Components (Application Case)

Groundwater Component

Flow Rate
1

(L/s)

Inflows Recharge from precipitation
2

451

Lateral groundwater flow into the LSA 331

Inflows from aquifer storage 97

Total inflow ~ 880

Outflows Outflow to watercourses
3

227

Outflow to the Athabasca River 281

Lateral groundwater flow leaving the LSA 80

Outflows to aquifer storage 13

Dewatering/seepage to the pits
4

137

Depressurization of the BWS
4

52

Groundwater captured (net) by ETA seepage interception system
4

96

Total outflow ~ 885

NOTES:
1

The flow rates are averaged from the start of operations to the end of the simulation (2026 to 2066).
2

The assigned recharge rate (see Appendix 5A) was constant over the duration of the simulation, including its
application over the development footprints.

3
Outflows include those to watercourses, waterbodies, wetlands and muskeg, but exclude the Athabasca River.

4
These represent a flow component to the Project. Mining operations for the Frontier Project begin in 2026 and
advance through to 2066.
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Groundwater Drawdown at Maximum Build-out (Year 41) (2066)

The extent of the drawdown cone in the BWS, resulting from depressurization and

groundwater drawdown in the Quaternary, is shown in Figures 5-9 and 5-10. These maps

are at maximum build-out of the Project and illustrate the incremental changes due to the

Project. Predictions for the updated groundwater assessment are consistent with previous

work.

The BWS drawdown simulated by the updated model is similar to the simulation

presented in the Integrated Application, with some differences given the updated

interpretation of the lateral extent of the BWS. Although the drawdown cone is simulated

to extend beyond the PDA to the west, it does not interfere with other operating or

approved developments (i.e., the Base Case). The drawdown extent is simulated to the

10 metre drawdown contour line. This is consistent with the approach used in the revised

assessment.

Drawdown contours of 1 m (for the Quaternary strata) and 10 m (for the BWS) were

selected in the revised groundwater assessment to determine the potential extent of

drawdown from dewatering and depressurization activities. The selection of simulated

drawdown contours to zero (or near zero) was considered beyond the “numerical

resolution” of the groundwater model because the theoretical zero drawdown contours

would extend beyond the limits of the available information upon which the model is

based.

Drawdown in Quaternary deposits, as simulated in the updated model, is similar to the

revised assessment, although drawdown is predicted to extend further east, near the ETAs

(see Figure 5-10). The additional drawdown in the area of the ETAs results from seepage

interception measures during operations that rely on pumping wells around the north, east

and south perimeter of the ETAs. As a result of pumping in this area, the 1 metre

drawdown cone in the overburden extends about 2 km to 4 km from the edge of the PDA

during operations. Regionally, the extent of drawdown within the Quaternary is limited to

the LSA with low likelihood of interference with other operating and approved

developments.

Far Future (2166)

The hydraulic heads for the Application Case (far future) were simulated using the

updated MODFLOW model. Results are shown in Figure 5-11 (BWS) and Figure 5-12

(Quaternary).The figures are for far future post-reclamation groundwater flow conditions,

and are focused on the aquatics LSA. Groundwater elevations beyond the LSA would be

unchanged from those simulated under predevelopment or Base Case conditions.

Based on the groundwater elevations shown in Figure 5-11 and Figure 5-12, groundwater

flow patterns across the aquatics LSA are the same in the far future as predevelopment

(i.e., flow from west to east in both the BWS and Quaternary units). On a local scale,

drainage patterns of the reclamation landscape affect groundwater contours (and flow

patterns).
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The reclamation landscape includes pit lakes, and (for the Quaternary groundwater flow

patterns in particular), stream drainages across the mined-out pits and around the ETAs.

Conceptually, this is consistent with results in the Integrated Application as well as the

revised assessment, although minor differences are noted given changes in the

reclamation drainage for the updated Project. Note that for both the internal tailings areas

(ITAs) and ETAs, seepage of process-affected waters is predicted to occur into both the

Quaternary and BWS following closure. Specific groundwater flow patterns and seepage

rates from these areas in the far future are presented as part of the groundwater quality

discussion in Section 5.5.

5.4.6 Planned Development Case

5.4.6.1 Effects – Water Balance

Table 5-9 provides estimates of the groundwater balance in the LSA for the Planned

Development Case (PDC). As shown in Table 5-9, the groundwater balance components

are essentially the same for the PDC as those estimated for the Application Case. Where

small differences are noted, these are considered a function of small changes in the

groundwater flow patterns and rates at the edges of the LSA.

Table 5-9 Groundwater Balance Major Components (PDC)

Groundwater Component

Flow Rate
1

(L/s)

Inflows Recharge from precipitation
2

451

Lateral groundwater flow into the LSA 323

Inflows from aquifer storage 96

Total inflow ~ 870

Outflows Outflow to watercourses
3

222

Outflow to the Athabasca River 274

Lateral groundwater flow leaving the LSA 79

Outflows to aquifer storage 9

Dewatering/seepage to pits
4

137

Depressurization of the BWS
4

51

Groundwater captured (net) by ETA Interception system
4

96

Total outflow ~ 870

NOTES:
1

The flow rates are averaged from the start of operations to the end of the simulation (2026 to 2066).
2

The assigned recharge rate (see Appendix 5A) was constant over the duration of the simulation, including its
application over the development footprints.

3
Outflows include those to watercourses, waterbodies, wetlands and muskeg, but exclude the Athabasca River.

4
These represent a flow component to the Project. Mining operations for the Frontier Project will begin in 2026 and
advance through to 2066.
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Some minor interference was noted between the Project and the PRM as part of the 2013

revised assessment. However, in the updated groundwater assessment, there is no longer

any notable interference between the dewatering and depressurization activities of these

planned operations. Following the lease exchange with Shell, the pit operations for the

Frontier Project and PRM are now separated by a greater distance. This is further

illustrated in Section 5.4.6.3, which discusses the effects of groundwater elevation

changes (i.e., drawdown) in the PDC.

5.4.6.2 Effects – Groundwater Drawdown

The extent of depressurization in the BWS and groundwater drawdown in the Quaternary

was assessed using two snapshots that represent regional maximum build-out of the PRM

open pits (2026 and 2036) as publically disclosed. There is expected to be little to no

interaction between the Project and other developments included in the PDC and as a

result a Year 41 (2066) snapshot was not completed for the PDC.

 Figures 5-13 and 5-14 show the simulated drawdown in 2026 for the BWS and

Quaternary for the PDC. This snapshot reflects the maximum build-out of the

northern part of the PRM (as publically disclosed), which is closest to the Frontier

Project’s PDA. These figures show that there is negligible interference in the

drawdown between the two developments at this time. While there is some minimal

encroachment of PRM’s drawdown cone within the BWS (simulated across the

southern part of the aquatics LSA), the drawdown does not extend to the main pit.

Drawdown is simulated in the PDA as this snapshot reflects the start of the first year

of Project operations.

 Figures 5-15 and 5-16 provide the simulated drawdown in 2036 for the BWS and

Quaternary for the PDC. This snapshot was selected because it reflects the maximum

build-out of the southern part of the PRM as publically disclosed, approximately

10 years into operations of the updated Project. Consistent with that predicted for

2026, there is negligible interference in the drawdown cones between the two

developments in 2036.

Based on these simulations, there is very low likelihood of interaction between the

Project and other developments included in the PDC. The potential exists for interference

effects during development (particularly with respect to depressurization activities) given

the location of the PRM project and uncertainties with its timing. Refinements to the

conceptual hydrogeological model through ongoing mapping and hydraulic testing

activities will continue through use of this information, in combination with available

information on development plans for PRM, to define potential interference effects and

their potential influence on depressurization and dewatering activities for the Project.
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5.4.7 Prediction Confidence

Prediction confidence in the numerical models used to assess changes to groundwater

elevations, flow patterns and seepage rates remains moderate. The updated

characterization improves the model; however, uncertainty remains regarding natural

variability in material properties and continuity of the aquifers.

The additional baseline information and updated characterization of the Quaternary

deposits provides an improved understanding of groundwater conditions compared to the

Integrated Application and the revised assessment. Prediction confidence will continue to

increase over time as additional data are collected and used to refine the conceptual

hydrogeological model. These data will also be used to update the groundwater flow

model through the detailed engineering phases of project development and over the life

of the mine.

In an integrated groundwater-surface water-water quality context, confidence in

predictions of potential effects of the Project on groundwater resources remains moderate

to high. This is consistent with the Integrated Application and the revised assessment.

Since filing the Integrated Application in 2011, Teck has improved its understanding of

groundwater flows north of Fort McMurray, especially as it relates to the Devonian strata

and hydraulic interaction with the overlying BWS. Additional site-specific data combined

with a better understanding of how local conditions fit regional trends have improved the

predictive capacity of the flow model and the level of confidence in the impact

assessment outcomes.

5.4.8 Responses to Aboriginal Community Concerns

During consultations for the Project, concern was expressed about the cumulative long-

term effects of oil sands development on groundwater. Groundwater is a renewable

resource and dewatering of the surficial geologic materials (Quaternary deposits) will

result in a temporary and local lowering of the water table. After pumping shuts down,

the water table will rebound relatively quickly in response to recharge from rainfall and

snowmelt. Rebound of groundwater levels in the BWS will be slower.

The potential exists for interference effects during development (in particular with

respect to depressurization activities) given the location of the PRM and uncertainties

with the timing of that project. Refinements to the hydrogeological model through

ongoing mapping and hydraulic testing activities will continue through use of this

information (in combination with available information on development plans for PRM)

to explore potential interference effects and the associated potential influence on the

depressurization and dewatering activities for the Project.
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5.4.9 Management and Monitoring

The groundwater management and monitoring plans for the Project are the same as

presented in the Integrated Application and the karst management discussion

(see Volume 1, Section 14.11.5). Effective and proactive management of groundwater

control measures requires ongoing monitoring for Project design and operational

purposes. The results of this monitoring, and the information collected as part of Project

operations, will be applied in an adaptive management process that iterates through the

following steps:

 ongoing characterization and flow model development to improve prediction

confidence

 identification of physical performance indicators such as:

 pressures in the BWS within safe operating ranges

 pressures in the Quaternary strata, adjacent to the ETA, that indicate containment

of process-affected groundwater

 monitoring for those performance indicators at strategic locations

 mitigation of areas lying outside of safe operating conditions

 iterating through flow model revision to improve predictions

5.4.10 Summary

Potential effects of the Project on groundwater levels, flows and flow patterns are

consistent with those predicted in the Integrated Application. Although some differences

exist that relate to the updated numerical MODFLOW model and the approach to

groundwater seepage management during operation, these differences do not materially

change the outcomes of the assessment. For example:

 The exclusive use of pumping wells during operations results in some additional

capture of groundwater from beyond the footprint of the ETAs. Additionally, the

Quaternary drawdown cone adjacent to the ETAs is predicted to extend beyond that

presented in the revised assessment.

 Elimination of the south development area has increased the distance between the

Frontier Project and the PRM as publically disclosed. Based on this, the modelling

results indicate there is no longer any notable overlap in the BWS or Quaternary

drawdown cones from these two developments.
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5.5 Groundwater Quality

5.5.1 Introduction

This section addresses Key Question GW2: Could the Project contribute to cumulative

changes in groundwater quality?

Methods and linkages to other assessment components (i.e., primarily surface water

quality) are the same as those presented in the revised assessment. The updated 3D

MODFLOW model, in combination with MODPATH and ZoneBudget programs, was

used to understand the flow rate and direction of flow from areas affected by process

waters. Model simulations included both operational and far future conditions. This

approach enables an understanding of the rate of transport for conservative species in the

groundwater flow system (e.g., for a non-decaying, non-adsorbing parameter such as

chloride) to be developed.

Although the modelling results presented here illustrate the rate of transport for a

conservative species such as chloride, the updated assessment also considers the

influence of adsorption and decay on groundwater quality downstream of tailings

disposal areas. This approach is consistent with the revised assessment. In the Project

Update, these processes were simulated using GoldSim.

For results of expanded solute transport modelling, see Volume 1, Section 13.6.5. This

section focuses on conservative parameter migration during operations and in the far

future. Source areas for process-affected waters considered in the updated groundwater

assessment include in-pit areas (i.e., the west tailings disposal area [WTDA] and the

south tailings disposal area [STDA]) and the ETAs.

5.5.2 Reference Conditions and Base Case

The PDA is located at sufficient distance from other oil sands developments that these

operations will not affect groundwater quality conditions in the aquatics LSA. As a result,

groundwater quality in the aquatics LSA under existing conditions, and those expected at

the beginning of its development, are considered representative of predevelopment

conditions.

5.5.3 Application Case

5.5.3.1 Mitigation

Mitigation measures planned for the Project Update are similar to those considered in the

Integrated Application, including Teck’s commitment to not place tailings in the

watershed that flows north to Ronald Lake. One change in the seepage interception

strategy is the use of pumping wells during operations. A post-closure seepage collection

system will be installed at the end of operations and establishment of the final drainage

pattern. As discussed in Section 5.4.5.1, hydraulic containment using pumping well

systems is a proven approach that provides flexibility during operations to respond to

local site conditions. Deferring construction of the hydraulic barrier such as a wall or an
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equivalent system to the end of mining provides more time to collect additional data,

refine the geological model and improve the technical basis for engineering design.

Figure 5-8 shows the general location of the seepage control corridor around the ETA.

The final configuration of the system will be optimized during a later stage of

engineering.

5.5.3.2 Effects Analysis

Operations (Maximum Build-out) (2066)

During operations, dewatering and depressurization activities act as regional groundwater

sinks that will mitigate downstream migration of process-affected water and seepage

from materials placed in-pit. During operations, seepage of process-affected waters will

occur from tailings in the ETAs. The water will flow vertically into the underlying

Quaternary deposits and then outward to the perimeter of the ETAs. Pumping wells are

planned around the north, east and south perimeter of the ETAs during operations to limit

migration of process-affected waters to downstream receptors.

For results of MODFLOW/MODPATH particle tracking simulations during operations,

see Figure 5-17. The model output shows where particles released from the base of the

ETA migrate.

Far Future (2166)

Following operations, and after mine closure (when pumping from the ETA seepage

interception system has ceased), seepage will be controlled by the post-closure seepage

control system and will be directed to reclamation lakes for treatment before being

released to the natural environment. This is consistent with the approach presented in the

Integrated Application and in the revised assessment. For the updated Project, this

includes seepage from the ETAs and the two in-pit tailings disposal areas (WTDA and

STDA).

Table 5-10 provides estimated seepage rates from the source to the various surface water

assessment nodes. Figures 5-18 to 5-20 show the solute transport pathways simulated for

the Project. Results from the updated MODFLOW model are summarized as follows:

 Seepage from the ETAs primarily occurs in the surficial sands underlying the ETA.

Once the post-closure seepage collection system is present, this seepage will be

directed to the perimeter surface water drainage system along the toe of the ETAs

(see Figure 5-18). This seepage will enter one of two reclamation lakes at the toe of

the ETAs, before flowing into the Project’s fish habitat compensation lake (FHCL).

Part of this shallow seepage will also flow westwards, discharging to the central pit

lake as part of the closure drainage plan.

 Small components of seepage will also enter the lower-permeability sediments

beneath the ETAs and migrate eastward through the underlying Quaternary and

McMurray Formation. This seepage follows a deeper and much longer flow path that

extends eastwards towards the Athabasca River (see Figure 5-19). Results here are

similar to those presented in the revised assessment. In addition to the Athabasca
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River, small fractions of this seepage were simulated to report to a tributary of

Big Creek and to the FHCL. Groundwater velocities along these deeper-flow

pathways would be very low, with unretarded travel times to surface water receptors

in the order of hundreds of years or more. As noted in the Integrated Application,

incremental effects on downstream water quality from the deeper flow pathways is

expected to be negligible given the existing saline water quality of the deeper

groundwaters and natural attenuation processes over these long time periods for the

small amounts of seepage estimated to follow these longer flow paths. For further

discussion about these attenuation mechanisms, see Volume 1, Section 13.6.5.

 Seepage from the in-pit tailings deposits (WTDA and STDA) primarily occur to the

local drainage system of the reclamation landscape, with discharge to the central and

south pit lakes. Small components of seepage were also simulated along deeper flow

paths to Big Creek, as well as towards the Athabasca River (see Figure 5-20). Travel

times along these deeper flow paths are in the hundreds to thousands of years and are

subject to natural attenuation processes over these long timeframes.

In terms of groundwater quality, these results are similar to those presented in the revised

assessment. Specifically:

 The directions and rates of seepage remain comparable to those previously assessed.

 The post-closure seepage control system is expected to reduce lateral seepage in

shallow flow pathways. The deeper and longer flow pathways to downstream surface

water receptors require travel times of hundreds to thousands of years.

 All seepage pathways and rates presented as part of the updated assessment

(including those to the FHCL and Big Creek) are included in the detailed attenuation

modelling (see Volume 1, Section 13.6.5) and in the surface water quality modelling

provided as part of the Project Update.
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Table 5-10 Estimated Groundwater Discharge Rates (Application Case)

Source

Discharge Location
(Surface Water

Assessment Node)

Discharge Rate
1

(L/s)

Closure
2

Far Future

ETA 1 (East
side of ETA)

South reclamation lake 2.7 2.7

East reclamation lake 27.7 27.7

Big Creek 3.3 3.3

Athabasca River 1.9 1.9

ETA 2 (West
side of ETA)

South reclamation lake 4.8 4.7

East reclamation lake 13.3 13.1

Central pit lake 3.9 3.9

Frontier FHCL 0.6 0.6

Big Creek 1.4 1.3

Athabasca River 4.2 4.2

STDA Central pit lake 1.3 1.3

South pit lake 0.3 0.3

Big Creek 1.2 1.2

Athabasca River 2.0 2.0

WTDA Central pit lake 5.0 5.0

Athabasca River 1.1 1.1

NOTES:
1

Groundwater discharge rates reflect the incremental seepage amount from each source (i.e., area of
process-affected water).

2
Closure groundwater discharge rates represent the seepage rates from process waters in Year 2081,
approximately 15 years following the end of operations.

5.5.4 Planned Development Case

Only one development in the PDC, Shell’s PRM project, is close enough to the Project to

have potential for overlapping effects on groundwater. Some potential exists for

interaction of groundwater quality due to the possible proximity of the PRM tailings

facility to the PDA (see Section 7, Figure 7-10). Shell has committed to implement

mitigation measures to intercept seepage of process-affected water (Shell 2007);

therefore, cumulative effects from the PRM on surface water quality in the LSA are not

expected to occur.

As noted in Section 5.5.3, a small amount of seepage from the ETAs might follow deeper

flow paths that could reach a tributary of Big Creek. In the PDC, this seepage would then

report to the Shell compensation lake. Travel times along these deeper flow paths are in

the hundreds to thousands of years and subject to natural attenuation processes over these

long time frames. The results provided in Table 5-10 for the Application Case would be

applicable to those for the PDC.
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Including the PRM project as publically disclosed is conservative as it may not proceed

during the life of the Project. This is a result of Shell withdrawing their application and

considering PRM only in their very long term plans (Shell 2015).

5.5.5 Responses to Aboriginal Community Concerns

During consultations with potentially affected Aboriginal communities, concern was

expressed about contamination of groundwater and potential downstream effects of

contaminated groundwater. Specific concerns expressed were:

 contamination of groundwater and contaminated water travelling north to the PAD

 seepage to groundwater and surface water

 the need to protect groundwater quality, with special concern for downgradient

receptors

Seepage interception measures will be put in place to prevent seepage from source areas.

In addition, there are no plans to place tailings in the northern catchment that drains to

Ronald Lake. These responses are consistent with the Integrated Application and the

revised assessment. As a result, process-affected water from tailings material will be

controlled and treated before being released to the receiving environment.

These dedicated mitigation measures will be put in place at appropriate Project

milestones. Considering mitigation measures and the distance of the PAD from oil sands

developments, seepage from the Project in conjunction with operating, approved or

planned developments in the Athabasca Oil Sands Region is not expected to adversely

affect downgradient receptors.

5.5.6 Management and Monitoring

The groundwater management and monitoring plans for the Project are in general the

same as presented in the Integrated Application. For groundwater quality, this includes

monitoring groundwater quality, providing early detection of any emerging trends in key

indicators, and implementing adaptive management measures.

Volume 1, Section 14 provides additional information on intended groundwater

monitoring, modelling and management. This includes more detailed discussion specific

to the karst management plan as it relates to management of potential risks from the

localized presence of karst features beneath the PDA (see Volume 1, Section 14.11.5).

The Project’s overall groundwater monitoring program will consider the above indicators

and include:

 monitoring pressures and groundwater quality at strategic locations in the BWS

 monitoring flow rates and water quality from interception wells located east of the

ETA to evaluate performance

 monitoring of the post-closure seepage control system
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Installation of additional interception wells will be completed if needed.

The upper Devonian bedrock under the PDA has been demonstrated to be of low

hydraulic conductivity from the available information collected. The groundwater

monitoring plan considers the possibility of seepage through the Devonian.

5.5.7 Summary

A regional-scale groundwater flow model was used to assess the potential effects of the

Project on groundwater quality in the groundwater RSA. Analysis of the model results

identified the rates and directions of flow, indicating locations of possible changes to

groundwater quality in the far future.

Strategies to mitigate these changes consist of pumping wells around the perimeter of the

ETAs to achieve control during operations and a post-closure seepage collection system

Modelling results indicate the potential for limited discharge of seepage from ETAs to

watercourses in the LSA in the long term. Effects of this seepage have been evaluated

through linkages with the surface water quality and ecological assessments

(see Section 7). As discussed in Volume 3, Section 7, the Project is predicted to have

negligible effects on aquatic health in Ronald Lake, Redclay and Big Creeks and the

Athabasca River. Ongoing monitoring of groundwater quality and updated groundwater

modelling will occur to assess the effectiveness of mitigation measures. This data will be

used to inform decision making for adaptive management, a commitment that remains

consistent with the Integrated Application.

5.6 Conclusions

5.6.1 Groundwater Levels, Flows and Flow Patterns

5.6.1.1 Analysis

The conclusions from the Project Update are consistent with those presented in the

Integrated Application and the revised assessment. Although the rates of flow to the

depressurization and dewatering well systems differ as a result of changes to the Project

and additional baseline data, the volumes extracted during operations remain similar to

those estimated in the revised assessment. Further, although there will be drawdown in

both the BWS and Quaternary deposits during operations as a result of these activities,

these water levels will recover following operations to a far future condition similar to

predevelopment conditions (with some local variability resulting from the closure

landscape). This is consistent with the conclusions in the Integrated Application.

Two differences are noted in the assessment conclusions: (1) the extent of drawdown

near the ETAs, and (2) interactions between the Project and the PRM as publically

disclosed. During operations, seepage control around the ETAs is provided by a system

of pumping wells in the Quaternary around the perimeter of the ETAs. During operations,

there will be an extension of a drawdown cone beyond the footprint of the ETAs. As a

result of the extended drawdown cone, additional groundwater will be captured and
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incorporated into the closed-circuit operations of the Project. This has been incorporated

into the overall water management plan (see Volume 1, Section 7). This represents a

reduction of the Athabasca River intake requirements. With respect to the PRM project,

should Shell reapply for it, there will be negligible interference between these two

developments in terms of groundwater levels, flows and flow patterns.

5.6.1.2 Confidence in Predictions

Confidence ratings for the updated groundwater assessment are similar to those presented

in the revised assessment.

 Overall confidence in the numerical modelling predictions is moderate. Although the

numerical model was updated to incorporate additional baseline data to the end of

2013, uncertainty in the spatial distribution and hydrogeological properties of key

units remains. Teck is committed to refining and updating the model as new

information is obtained to further advance and better constrain the groundwater

estimates as the design of the Project evolves.

 Assessment predictions in the updated groundwater assessment and linkages with

surface water quality and site-wide water management increase confidence in the

capability of the Project to manage and mitigate potential groundwater conditions at

the site. In this context, the confidence in the predictions remains moderate to high.

5.6.2 Groundwater Quality

5.6.2.1 Analysis

Assessment conclusions about potential effects on groundwater quality are consistent

with the Integrated Application and the revised assessment, namely that seepage of

process-affected waters can be effectively mitigated during both operations and in the far

future. This is achieved for the ETAs through a seepage interception system during

operations and a post-closure seepage collection system to mitigate seepage effects in the

far future. Teck will also use progressive in-pit tailings disposal as mined out areas are

available.

The updated groundwater assessment has identified that, in addition to the reclamation

lakes, the pit lakes and the Athabasca River, small components of seepage of

process-affected waters may enter Big Creek and the FHCL in the far future. These

seepage components have been estimated with the numerical models, and the results are

included in the updated surface water quality assessment. The assessment concludes that

Project effects on the aquatic health of the receiving environment are negligible

(see Section 7). Teck is committed to developing a groundwater quality monitoring plan

for use during operations that will be used to assess the effectiveness of the mitigation

measures, and to enable informed decision-making for adaptive management. This

commitment is consistent with that provided in the Integrated Application.
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5.6.2.2 Confidence in Predictions

Confidence remains high in assessment predictions for groundwater quality and

assessment conclusions are consistent with both the Integrated Application and the

revised assessment. Use of seepage interception systems, and the implementation of

monitoring programs to provide feedback on groundwater quality and the performance of

mitigation systems, are common geotechnical and hydrogeological practices in the

industry. Teck is committed to implementing an adaptive management strategy that will

enable design adjustments so that:

 seepage will be contained during operations

 groundwater seepage rates at post-closure are in ranges low enough to protect

downstream receptors and meet regulatory requirements. This aspect of the

assessment update is discussed in Volume 1, Section 7.
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