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Infrastructure

10.1

Introduction

Volume 1: Project Description
Section 10: Infrastructure

This section discusses the infrastructure required for the Frontier Oil Sands Mine Project
(the Project) including:


plant site scope, location and development



administration, support facilities and the lodge



transboundary infrastructure, including: road and bridge access, aerodrome, power
transmission, and pipelines for water, natural gas, diluent supply and diluted bitumen
product

Infrastructure requirements for the Project are the same as for the Integrated Application
with some modifications resulting from the reduction in phases and changes in layout
associated with Teck–Shell asset exchange (e.g., removal of the satellite plant at the south
development area and corridor to the main development area).

10.2

Plant Site and Mine Services Facility

10.2.1

Scope
A single plant site will be developed for the Project. The plant site will comprise the
following facilities and components:
 extraction:
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ore preparation plant and slurry hydrotransport



bitumen extraction and froth treatment



tailings preparation and deposition



extraction administration and control centre

utilities:


electric power connection to Alberta Interconnected Electric System and
substations



electric power generation and distribution system



natural gas metering and distribution system



river water storage



water treatment



steam and hot water production
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potable water system

offsites


tank farm for solvent, diluents, and diluted bitumen product



custody transfer facilities



plant civil works



miscellaneous offsites

administration, lodge and support facilities

A mine services facility will be required to support the operation of shovels, haul trucks
and other mobile mining and support equipment. The facility will be located on a
peninsula extending into the main pit.
A preliminary plot plan for the plant site is shown in Figure 10.2-1.

10.2.2

Plant Site Location
The plant was moved southeast from the location that was proposed in the Integrated
Application for the reasons discussed in Section 2.2.5.

10.2.3

Plant Site Development
Plant site development will start with additional geotechnical investigations and
evaluation to refine the design for foundation structures and associated earthworks. This
work will build on preliminary investigations completed to date.
Site preparation will begin with site clearing, including the harvest of merchantable
timber. General site clearing will begin in winter 2019, followed by site drainage.
Reclamation soil materials will be recovered and stockpiled. Drainage water will be
released to the watershed, with sedimentation control as required (see Section 7.7).
Development of the plant site will require the construction of an all-weather access road
including a bridge over the Athabasca River (see Volume 3, Section 18).
Exploration has not identified sufficiently sized or quality developable aggregate
resources local to the Project. If suitable local aggregate resources are not found,
aggregates will come from regional sources, which is the current design basis.
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Figure 10.2-1
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Plant Site Plot Plan
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Administration, Lodges and Support Facilities
Consistent with the Integrated Application, the plant site will include the following
administration and support facilities:

10.3.1



temporary construction lodge



permanent operations lodge



main administration building



security entrance and parking



fire hall, emergency service and site medical facility



laboratory



warehouse facility with warm and cold storage



light vehicle maintenance shop



central maintenance shops



weigh scale and truck receiving



laydown areas



chemical storage



hazardous waste storage area



communications, utilities distribution, potable water, and sanitary sewage collection
and treatment



waste collection system and Class II and III landfills

Construction and Operations Lodge
Consistent with the Integrated Application, Teck plans to accommodate most of the
construction and operations workforce on site in a lodge. The lodge has been relocated
since the Integrated Application to take advantage of the updated general site layout. The
new lodge is adjacent to the plant and associated administration complex (see Section 1,
Figure 1.3-1).
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The lodge will consist of permanent operations and temporary construction facilities that
will each have a capacity of 2,000 to 2,500 rooms. The lodge will be built to
accommodate most of the Phase 1 construction workforce and all operations workers
required for Phase 1 start-up, which represents the peak for on-site workforce
accommodation for the Project. The increase in on-site lodging requirements from
3,500 beds for the Integrated Application to 4,000 to 5,000 beds for the updated Project is
because Phase 1 of the Project now includes two process trains that will be under
construction at roughly the same time. In contrast, the Integrated Application anticipated
a three-year gap between process train construction. Accommodating most of the
workforce on-site has several benefits, including:


reduced travel time



fewer buses and associated emissions



control of the quality of accommodations, food and other amenities



reduced traffic volumes on Highway 63 and the Fort Chipewyan winter road



greater appeal to workers than open lodges

Teck will use the existing 300-person drilling camp to enable construction of the Project
lodge and other early works from 2017 to 2019. As camp demand increases from 2019 to
2021, open commercial camps will be used until the Project lodge is complete. Teck
plans to dismantle and remove the construction lodge from the site once the peak
workforce need has passed. The strategy for optimizing the use of the lodge will be
refined during future stages of engineering.
Commercial camps have become a feature of the industrial landscape in the Regional
Municipality of Wood Buffalo (RMWB) over the past decade. These camps are provided
by third-party companies in public-access locations, and are open to workers from
various developments. No decision has been reached regarding the number of open
camps that will be used, although early estimates suggest an average demand of between
300 and 800 beds during Phase 1 construction. Teck’s response to ERCB Round 1
SIR 121a provides a list (including capacity and average occupancy) of open camps that
are available in the region. Occupancy rates vary from camp to camp and over time,
depending on the construction schedules of oil sands developments. Historically,
occupancy rates have been high, which has led to the continued increase in supply over
the past several years. Teck is confident that sufficient open camp supply will be
available and will continue to monitor accommodation options.

10.4

Transboundary Infrastructure

10.4.1

Road Access Including Athabasca River Bridge
Access across the Athabasca River is required to transport materials, equipment and
supplies during Project construction and operation. Some of the Project workforce will
use the Athabasca River bridge, although most will fly in/fly out. Currently, ground
access to the Project is only by winter road.
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Consistent with the Integrated Application, the planned access route to the Project will
follow Highway 63 north from Fort McMurray to the Fort Chipewyan winter road. From
that point, the access road and Athabasca River bridge proposed by Shell for the
now- withdrawn Pierre River Mine (PRM) project will be used to cross to the west side
of the river (see Figure 10.4-1). From the bridge, an all-weather access road will proceed
north along the west bank of the Athabasca River to the plant site. The bridge has been
part of the regional development plan since at least 2007 when Shell first applied for the
PRM. It has been assessed in several different ways:


Shell assessed the bridge as part of the PRM application (Shell 2007).



The Integrated Application identified that the bridge was the preferred Project access
and assessed it as part of Base Case.



The Round 2 SIR responses assessed the bridge as part of the Planned Development
Case (PDC) associated with PRM.



The Project Update assesses the bridge as part of the Project Case (see Volume 3,
Section 18) and as part of the PDC associated with PRM (see Volume 3, Sections 3
to 17)

Since Shell has withdrawn its regulatory application for the PRM, Teck intends to build
the bridge as part of the Project and will complete all necessary regulatory applications
before starting construction of the bridge and access road. The bridge location and design
will remain the same as originally proposed by Shell. The bridge design loading will
provide for:


live load classification CL-800 Highway Traffic loading according to the Canadian
Highway Bridge Design Code CAN/CSA S6-00



ice loading



overhead or special vehicle loading, consisting of a double wide, Scheuerle trailer
and tractor that has a gross vehicle weight of 1,024 tonnes

Teck will continue to work with Shell on the details of the bridge, including timing and
construction as these relate to PRM should Shell reapply for it. It is important to note that
only one Athabasca River crossing is proposed, and the bridge location is the one
identified and assessed by Shell in its PRM application and subsequent regulatory
submissions. Although the location is the same, Teck is planning two changes from what
was proposed by Shell:
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The bridge will not be decommissioned as it is assumed that it will have value to the
Government of Alberta or neighbouring developments in 2081 when access to the
Project is no longer required by Teck (licences of occupation will be transferred).



The bridge will not be used to support pipelines because Teck continues to believe
that third-party service providers will seek to install Project pipelines on the west side
of the Athabasca River.
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Design and Construction
The Frontier Project is anticipated to begin construction in 2019 and first production is
planned for 2026. To support this, the bridge and road access will be required to be
constructed and open to access by 2021.
Approximately 27.8 km of the winter road will require upgrading and the 2.7 km east
access road will be designed and constructed according to Alberta Transport
requirements. While there are currently no plans for upgrading of this road by Alberta
Transportation, Teck assumes upgrading would be done by the province and has not
included it as part of the scope of work for Project access.
Teck will complete detailed designs of the bridge and access road during future stages of
engineering for formal application to Transport Canada. The Canadian Highway Bridge
Design Code CAN/CSA – S6 will serve as minimum criteria for the detailed design. A
conceptual drawing of the bridge is shown in Figure 10.4-2.
The bridge will be designed so that access and navigation of the Athabasca River will not
be impeded and resource use capability is not affected by the Project. Navigational
openings will align with the designs for the Peter Lougheed bridge and the Suncor
Athabasca bridge, which suggests a size of 15.2 m high by 60 m wide. Abutment to
abutment, the bridge will measure roughly 808 m long and include 7 supporting piers.
The bridge superstructure will consist of a 300 mm thick, reinforced concrete deck
supported on three 3.6 m deep steel girders. The deck would be 13.8 m wide with 1 m
high reinforced concrete barriers or an equivalent traffic containment system. The girders
will be supported on pot bearings on the reinforced concrete pier cap beam and on the
abutment beams. Construction will take place either via coffer dams or through
equipment supported on barges. Any instream work will be completed within a defined
window as approved by Fisheries and Oceans Canada and this is typically allowed midJuly to mid-September.
About 21 km of new road will be required from the bridge to the plant site. This road is
included in the Project disturbance area (PDA). Rationale for the selection of the
all-weather main plant access road is provided in Volume 1, Section 2.2.3.4 of the
Integrated Application. The plant access road will be designed as a rural arterial,
undivided two-lane roadway with a 10 m top width (Alberta Transportation Standard
RAU-210-110). The new road sections will initially have a gravel surface that might be
resurfaced with asphalt later in the Project life. The lodge will be accessed from the plant
access road, and the aerodrome will be accessed from an arterial road that will connect to
the main access road. The construction of an all-weather plant access road would be
coordinated with the bridge construction.
A gatehouse and weigh scale will be located along the plant access road close to the plant
site. This gatehouse will house security personnel, who will restrict and control access to
the Project. The truck weigh scale will be used for weighing materials delivered in bulk
to the plant site.
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Environmental Mitigation
Wildlife passageways will be provided under the bridge to allow for north-south wildlife
movement along the Athabasca River by installing an underpass above the high water
mark. To provide adequate movement space under the bridge, the height will exceed
2.5 m. The width of the passageway from the river to the bridge abutment might vary
seasonally, but it will exceed 10 m throughout the year because the escarpment is higher
than the river at the current location and the bridge will be built from escarpment to
escarpment.
Fencing will be installed along bridge approaches to direct wildlife to the passageways
under the bridge and reduce the likelihood of wildlife-vehicle collisions. In addition to
fencing, vegetative cover and woody debris will provide cover on the approaches to the
bridge and under it. Stationary lighting with shields to reduce glare and to direct light
away from the adjacent corridor will minimize the effect of lighting on the corridor. The
bridge will be finished in neutral low-glare materials and the cleared area leading to the
bridge will be mostly obscured by vegetation buffers to maintain a natural look to the
landscape.
The area of the proposed access road is forested. As such, it will be cleared and managed
in a manner consistent with the rest of the PDA (see Section 13.5.1).
Teck is committed to ensuring that construction and ongoing use of the Project bridge
and access road results in as little disturbance and prolonged effects on the surrounding
environment as possible. Best management practices and mitigation measures will be
employed so that any potential effects on fish or fish habitat during construction are
minimized or eliminated. Upon completion of detailed engineering design, a separate
application will be submitted for a federal Fisheries Act Section 35(2) Authorization.
This Authorization will specify mitigation, habitat compensation and monitoring that
Teck will be required to complete.

10.4.2

Aerodrome
The location of the aerodrome has changed since the Integrated Application, as discussed
in Section 2.1.6. The rationale for the aerodrome and the design parameters remains the
same as presented in the Integrated Application. However, additional information related
to responses to supplemental information requests is provided here.
Daily commuting to the Project site is impractical for all but a few workers because the
driving time between the Project site and Fort McMurray is at least 2.5 hours one way.
Therefore, the workforce will travel to and from the Project by air transport. Most flights
will probably originate from Edmonton or Calgary; however, there is a possibility that
other hub locations within Canada or North America will be identified during future
stages of engineering and planning. In addition to southern hub locations, Teck has
committed to provide flights to Fort Chipewyan and may consider other northern
locations.
Air transport will also be needed for critical supplies and emergency services such as air
ambulance.
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A preliminary analysis indicates that during construction and operations between 300 and
500 passengers will travel on three flights per day. These numbers will be affected by
shift schedules and other factors that will be refined during future stages of engineering.
A number of existing aerodromes were considered for use by the Project. Teck has
assumed that during the early stages of the Project, the Fort McKay airport as well as the
aerodromes at the Canadian Natural Resources Limited Horizon project and the Shell
Albian project could be used to transport some staff and cargo. However, the driving
distances from the Horizon and Albian aerodromes are 100 km and 75 km, respectively,
and require more than a 1 hour commute from the Project lodge. Teck considers a
reasonable commute time to be less than 30 minutes from the aerodrome. A reasonable
commute time is important to attract and retain contractors and employees, address safety
concerns and limit traffic congestion on roads.
The aerodrome design is based on Boeing 737-600 or similar aircraft. A suitable location
was identified east of the external tailings area (see Section 1, Figure 1.3-1). The site will
accommodate a 2,300 metre-long airstrip, which is required for the aircraft and provides
sufficient clearance to allow development of a class 4D non-precision airport (as detailed
in Transport Canada’s Publication TP312E, Aerodrome Standard and Practices). The
facility will be registered with Transport Canada. The aerodrome will require the
following equipment:

10.4.3



a global positioning system



runway and taxiway lighting, including a medium-intensity lighting system
controlled by an aircraft radio control



a visual approach slope indicator system or precision approach path indicator system



an automated weather observation system



a windsock and illuminated beacon



a passenger terminal and maintenance buildings



aircraft and runway de-icing equipment

Regional Utility Corridor
A utility corridor including an electric power transmission line, a natural gas pipeline, a
diluent supply pipeline and a diluted bitumen product pipeline will be a required
component of the Project (see Section 2.2.6). Consistent with the Integrated Application,
these utilities will be assessed and applied for by parties other than Teck. Accordingly,
they are not part of the Project Update.

10.4.4

Water Supply
A river water intake at the Athabasca River and a water pipeline to the plant site will be
part of the Project infrastructure. The location of the intake has changed since the
Integrated Application for the reasons discussed in Section 2.1.7. Additional information
about the river water intake is provided Volume 1, Section 8.6.1.1.
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Material and Energy Balances

11.1

Introduction
This section provides a quantitative description of the updated Frontier Oil Sands Mine
Project (the Project) material and energy performance under steady-state conditions.
Material and energy balances are used for the design of utility inputs under a range of ore
quality and seasonal conditions. The sequence of the section is the same as the Integrated
Application; however, it has been revised to reflect changes to the Project schedule. The
Project will now be developed in two phases, with three similar process trains
representing the full-build scenario (see Section 1, Table 1.3-2).

11.2

Material Balances

11.2.1

Calculation Basis
Material balances were developed to account for the following streams under steady-state
conditions:


maltenes and asphaltenes



solids



water



process solvent

A material balance was developed based on stream-day production rates. The stream-day
rate represents the maximum rate (design capacity) for the production system under
continuous operation over a 24-hour period for a specific ore type. The predicted facility
availability factors (see Table 11.2-1) were determined by phase using simulation
modelling that considered equipment reliability, availability and maintainability.
Processing facilities for the Project are designed to accommodate a range of ore grades
and seasonal scenarios. The ore grade and seasonal assumptions used for the Project’s
material balance simulations represent most of the operating period when Phases 1 and 2
are both online. These assumptions are listed in Table 11.2-2. The Project material
balance for combined Phase 1 and 2 production is shown in Figure 11.2-1, on a streamday basis assuming average-grade ore and spring-fall conditions.

Table 11.2-1

Facility Availability Factors

Plant on-stream factor

Phase 1

Phase 1+2

Factor

86%

87%

A

Mine availability factor

99%

99%

B

Product pipeline availability factor

99%

99%

C

Overall availability factor

84%

86%

A*B*C
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Legend
Maltene, tph
Asphaltene, tph
Water, tph
Solid, tph
Solvent, tph
TOTAL, tph

Ore Feed

Breaker Rejects

2,155
441
1,392
20,011
0
24,000

24
5
29
422
0
480

0
0
9,849
10
0
9,859

Hot water to Breaker

Ore Preparation

Stripping Steam to
Froth Deaerator

2,131
437
11,212
19,599
0
33,379

0
0
99
0
0
99

6
1
10,083
35
0
10,125

Extraction
Hot Water to PSC

1
0
2,330
8
0
2,340

0
0
60
0
0
60

SFT
50
10
9,313
4,209
0
13,582

1,978
405
1,320
502
0
4,205

Vent to atm

Dilution Warm Water
to PSC

CCT
103
21
13,137
14,900
0
28,162

Extraction Tailings

Froth Storage Tank

0
0
105
0
0
105

1,978
405
1,425
502
0
4,310
0
0
0
0
4
4

TSRU Steam

0
0
38
0
0
38

0
0
36
0
0
36

46
212
1,425
502
256
2,442

TSRU Tailings

0
0
0.3
0
0
0

VRU
Condensate
Water

Figure 11.2-1
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TSRU
Recycled
Solvent

0
0
0
0
1
1
Vapour Recovery
Unit (VRU)

2,000
198
3
0
3,956
6,158

Tailing Solvent Recovery
Unit (TSRU)
40
212
1,600
502
2
2,356

Off Gas to
Fuel Gas

0
0
0.2
0
10
11
Froth Settling Unit (FSU)

Make-Up Solvent

Dilution Water

Steam and
Gland
Water

0
0
0.3
0
17
17

Stripping Steam
to SRU
0
0
43
0
0
43

Solvent Recovery Unit
(SRU)
67
0
3
0
3,939
4,010
6
0
0
0
244
250

0
0
0
0
25
26

SRU
Recycled
Solvent

0
0
41
0
0
41

1,938
193
1.5
0
0
2,133

Transportation
Diluent
0
0
0
0
640
640

Bitumen
Product

Sour Water
To TSRU
VRU
Recycled
Solvent

Dry solid free Bitumen production
320,000 bpsd

Material Balance for Phases 1 and 2 Combined – Average-Grade
Ore during Spring-Fall Conditions (Stream-Day)
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Material Balance Ore Grade and Seasonal Assumptions
Parameter

Phases 1 and 2

Ore quality
High grade (bitumen wt%)

11.1

Average grade (bitumen wt%)

10.8

Low grade (bitumen wt%)

10.7

Distribution of ore grade
High grade (% of time)

20

Average grade (% of time)

60

Low grade (% of time)

20

Operating conditions
Winter (% of time)

25

Summer (% of time)

25

Spring-fall (% of time)

50

The maximum ore feed to a rotary breaker is approximately 7,000 tonnes per hour (tph).
To achieve the higher extraction feed rates for average and high grade ores, an extra
rotary breaker will be added for each phase compared to the Integrated Application. This
will allow the ore preparation plant (OPP) to operate at the higher feed rates for
extraction while not exceeding the limitations of the rotary breakers, which is referred to
as partial rates. A schematic of this process is shown in Figure 11.2-2.

Figure 11.2-2

June 2015

Ore Preparation Plant Partial Rates Schematic
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The hydrotransport flow distributor (described in Section 5.4.3.3) is assumed to be online
50% of the time, and bypassed because of:


maintenance requirements



low line velocities through the distributor (i.e., below the solids depositional velocity
to prevent plugging)

The 50% online factor and the partial flow rates of slurry makeup in the rotary breaker
are shown in Table 11.2-3 for a single train and full build (i.e., Phases 1 and 2). The
yearly average single-train stream ore feed rate is 7,500 tph.

Table 11.2-3

Partial Rates and Hydrotransport Flow Distributor Utilization
Single Train
Ore grade

Phases 1 and 2

Low

Average

High

Low

Average

High

Ore feed rate with distributor online (tph)

7,000

8,000

9,000

21,000

24,000

27,000

Ore feed rate with distributor offline (tph)

7,000

7,000

7,000

21,000

21,000

21,000

Average ore feed rate (tph)

7,000

7,500

8,000

21,000

22,500

24,000

Distribution of ore grade (%)

20

60

20

20

60

20

Distribution of ore feed rate (tph)

1,400

4,500

1,600

4,200

13,500

4,800

Yearly average ore feed rate (tph)

7,500

22,500

Example densities for stream components are provided in Table 11.2-4.

Table 11.2-4

Material Densities
Material

Bitumen
Maltenes

Density
3
(kg/m )
1,007
995

Asphaltenes

1,210

Solids (sand)

2,650

Solvent (60/40 normal/isopentane at 20°C)
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11.3

Energy Balances

11.3.1

Operating Scenarios
The energy balances for the combined Phases 1 and 2 presented in this section describe
operating performance in the range of conditions expected to be encountered as follows:


low-grade ore operation in winter – this scenario will have the highest utility demand
(see Figure 11.3-1)



average-grade ore operation for spring-fall – this scenario will have an average utility
demand and is expected to be the dominant operating case (see Figure 11.3-2)



high-grade ore operation in summer – this scenario is expected to result in the lowest
utility consumption (see Figure 11.3-3)

Major process stream flows and associated stream temperatures for combined Phases 1
and 2 on a stream-day basis are shown in:


Figure 11.3-4 for low-grade ore winter conditions



Figure 11.3-5 for average-grade ore spring-fall conditions



Figure 11.3-6 for high-grade ore summer conditions

Heating values used in the energy balance calculations are shown in Table 11.3-1.

Table 11.3-1

Heating Values

Component

Units

Lower Heating Value

Bitumen

kJ/kg

41,940

Natural gas

kJ/kg

47,141

Diesel

kJ/kg

42,640

Gasoline

kJ/kg

47,300

Solvent

kJ/kg

45,270

Electric energy conversion

GJ/MWh

June 2015
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GJ/h
Ore feed

0

Make-up water

67

Natural Gas

8015

Solvent makeup

0.0

Diesel + Gasoline

1276

Diluent

Dry Bitumen Production
323,374 bbl/d
2142 m³/h
51,412 m³/d

Dilbit product

192

Cogen + Utility boiler losses

948

Tailings Losses

6577

Electric Power

658

Process plant losses

201

2

Power Import

Automotive & Machinery
Fuel Consumed

490

Total energy input, GJ/h

Figure 11.3-1

GJ/h

9,851

Total energy output, GJ/h

1276

9,851

Energy Balance for Low-Grade Ore during Winter Conditions
(Stream-Day)

GJ/h

GJ/h

Ore feed

124

Dilbit product

192

Make-up water

255

Cogen + Utility boiler losses

864

Natural Gas

7411

Solvent makeup

0.1

Diesel + Gasoline

1276

Diluent

490

Total energy input, GJ/h
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323,298 bbl/d
2142 m³/h
51,400 m³/d

6378

Electric Power

658

Process plant losses

201

12

Power Import

Figure 11.3-2

Dry Bitumen Production

Tailings Losses

9,568

Automotive & Machinery
Fuel Consumed

Total energy output, GJ/h

1276

9,568

Energy Balance for Average-Grade Ore during Spring-Fall
Conditions (Stream-Day)
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GJ/h

GJ/h

Ore feed

139

Dilbit product

192

Make-up water

776

Cogen + Utility boiler losses

732

Natural Gas

5246

Solvent makeup

0.2

Diesel + Gasoline

1276

Diluent

490

Total energy input, GJ/h

Figure 11.3-4

June 2015

323,294 bbl/d
2142 m³/h
51,400 m³/d

4894

Electric Power

658

Process plant losses

201

25

Power Import

Figure 11.3-3

Dry Bitumen Production

Tailings Losses

7,952

Automotive & Machinery
Fuel Consumed

Total energy output, GJ/h

1276

7,952

Energy Balance for High-Grade Ore during Summer
Conditions (Stream-Day)

Stream Properties for Low-Grade Ore during Winter Conditions
(Stream-Day)
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Figure 11.3-5

Stream Properties for Average-Grade Ore during Spring-Fall
Conditions (Stream-Day)

Figure 11.3-6

Stream Properties for High-Grade Ore during Summer Conditions
(Stream-Day)
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Project Energy Consumption
For a summary of the Project energy consumption for ore grade and operating conditions
on a stream-day basis per unit of bitumen, see Table 11.4-1. A direct comparison to the
Integrated Application is not possible because the basis of froth treatment feed has
changed. For the Integrated Application, the froth treatment feed bitumen rate was
determined by the OPP ore feed grade and relevant extraction recovery. In contrast, the
froth treatment feed bitumen rate for the updated Project is based on the average grade
ore extraction recovery, and is kept constant for all ore grade and operating conditions.
These bases are not directly comparable.

Table 11.4-1

Project Energy Consumption – Stream-Day
Season/Ore Grade

Energy Consumption
3
1
(GJ/m of bitumen product )

Winter/Low grade (worst case)

4.60

Spring-fall/Average grade (average case)

4.47

Summer/High grade (best case)

3.71

NOTE:
1
Partially deasphalted bitumen

11.5

Measurement and Reporting

11.5.1

Measurement
Mined materials, selected process unit internal streams and inter-unit transfers will be
measured for monitoring and process control purposes. Inputs such as natural gas, water,
electric power, solvent and diluent will also be measured. A custody transfer station will
measure product sales. The measurement and control systems will be designed using
regulatory requirements and generally accepted industry practices and standards, and will
be established during future stages of engineering.

11.5.2

Reporting
Teck will report operational information to the Alberta Energy Regulator (AER) through
the Monthly Oil Sands Processing Plant Statement S-23. Teck will consult AER to
establish the required measurement systems and reporting methodology during future
stages of engineering.
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Implementation

12.1

Introduction
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This section discusses the Project:


milestone schedule



execution stages



personnel loading schedule

This section closely follows the Integrated Application, except that content has been
updated where necessary to reflect changes to the Frontier Oil Sands Mine Project (the
Project) and development schedule.

12.2

Schedule
The Project will be developed in two phases. For a schedule of Project milestones,
see Table 12.2-1. The date of first oil is in 2026 (Phase 1). Teck continues to investigate
means to advance the date of first oil and activities occurring before this milestone.

Table 12.2-1

Project Milestone Schedule
Milestone

Date

Public disclosure

March 2008

Final EIA terms of reference received

February 2009

Application filed

November 2011

Round 1 SIR responses filed

January 2013

Round 2 SIR responses filed

October 2013

Round 3 SIR responses filed

October 2014

Round 4 SIR responses filed

July 2015

Project Update submitted

June 2015

Joint Review Panel Hearing

Mid 2016

Joint Review Panel Decision Statement

Late 2016 or early 2017

Associated Project approvals, licences and permits received for Phase 1

2017 to 2018

Teck Board of Directors Project sanction decision

2019

Detailed engineering for Phase 1

2019 to 2023

Phase 1, production train 1 – site preparation and construction

2019 to 2025

Phase 1 – first oil

1

2026

Phase 1, production train 2 – construction

2019 to 2026

Phase 1, production train 2 – first oil

2027

Phase 2 – construction

June 2015
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2030 to 2036
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Project Milestone Schedule (cont’d)
Milestone

Phase 2 – first oil

Date
2037

Phases 1 and 2 – end-of-mine life
3

Closure complete

2066
2081

NOTES:
1
First oil production is assumed to occur on January 1, so 2026 comprises Year 1 of production.
2
Phase 2 site preparation starts in 2030 and construction of production train 3 starts in 2033.
3
Closure is considered complete when major closure works and reclamation have been completed; this includes pit
lakes being fully integrated with the surrounding receiving waters (see Section 13).

12.3

Project Execution
Consistent with the Integrated Application, the Project will progress through a series of
distinct steps:

12.3.1



Project definition



Project implementation



commissioning and start-up



operation



closure

Project Definition
Project definition has not changed from the Integrated Application. This step involves
identifying the business opportunity, progressing to stages of engineering for the purpose
of regulatory approval and board sanction, and preparing engineering specifications and
drawings for the next step.
The engineering stages of Project definition include:
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prescoping studies (complete)



scoping studies (complete)



initial prefeasibility study (complete)



engineering studies, an update to the prefeasibility study, and assessments related to
the Project Update (complete)



feasibility studies and Project execution plan (pending)
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Prescoping and Scoping Studies
Prescoping studies were conducted (2005 to 2009) before the initial prefeasibility study
and Integrated Application and involved:


geotechnical drilling, resource exploration and delineation



baseline environmental data collection



preliminary environmental and social assessments



technology screening and selection



capital and operating cost estimates (±50%)



economic evaluation

Exploration drilling for these studies began in the winter of 2005/2006 and continued
during the winters of 2006/2007 and 2007/2008.
Teck began preliminary baseline studies in 2007. A public disclosure document
describing the proposed development was issued in March 2008, signalling the start of
the regulatory process. The EIA terms of reference were formally approved in February
2009. Public consultation began, especially with Aboriginal communities.
The following scoping activities and documents were completed in 2009:

12.3.1.2



preliminary mine plan



engineering scoping studies



cost estimate



economic analysis



ore processability test at the Fort McKay pilot facility



installation of groundwater monitoring wells



program to assess geotechnical conditions for the mine, facility and tailings

Prefeasibility Studies
Initial Prefeasibility Study
An initial prefeasibility study, carried out in 2010 and 2011, formed the basis for the
Integrated Application. The prefeasibility study included:
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confirmation of Project scope and determination of key Project plan decisions



confirmation of technology selection



resource and geotechnical drilling programs (2009/2010 and 2010/2011)



development of annual mine plans, including operational and closure drainage plans



development of extraction facility designs
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development of tailings management plans



preparation of process flow diagrams and mass-energy balances



development of a water management plan



determination of requirements for utilities



confirmation of infrastructure decisions and location plot plans



geotechnical evaluation of the plant sites



continued Aboriginal community and public stakeholder consultation



preparation of manpower loading estimates



analysis of market and transportation



estimation of capital and operating costs (+25%)

The Integrated Application presented baseline information, a conceptual closure,
conservation and reclamation (CC&R) plan and detailed assessment of socio-economic
and environmental impacts, all of which were developed using information from this
initial prefeasibility study.
Update to Prefeasibility Study
Teck conducted additional engineering studies and prepared an update to the
prefeasibility study from 2012 to 2015. This update involved:
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reviewing and updating the Project scope and key Project plan decisions



conducting a high-temperature froth treatment pilot program



re-evaluating technology selection



conducting resource and geotechnical drilling programs (2012/2013 and 2013/2014)
as well as a large-diameter corehole program and a 2D seismic program



completing ore processability programs (2013 and 2014)



developing a mine plan that reflected the addition of new lease areas acquired from
the Teck–Shell asset exchange (2013) and removal of the south development area



revising extraction facility designs



updating the plant configuration and plot plan



completing an evaluation of alternative construction materials and methods to be
incorporated into the Project execution plan



updating the tailings management plan



reviewing and updating non-process building locations and configuration



completing an evaluation of lodge options



reviewing and updating process flow diagrams and mass-energy balances
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updating the water management plan



revisiting and confirming requirements for utilities



reviewing and updating infrastructure decisions and plot plans



relocating the plant site based on new geotechnical information



relocating the river water intake location



revising the crusher and ore preparation plant locations



incorporating input obtained through continued Aboriginal community and public
stakeholder consultation



re-estimating capital and operating costs (+25%)

Information presented in the Project Update, including baseline information collected
since filing the Integrated Application, and updates to the conceptual CC&R plan and
assessment of socio-economic and environmental impacts are based on information from
the update to the prefeasibility study.
Feasibility Preparation
Feasibility preparation involves developing a comprehensive prefeasibility package
incorporating all of the work executed in the prefeasibility studies. Feasibility preparation
work in 2015 and 2016 will include:

12.3.1.3



evaluating additional ways to optimize the plant configuration and plot plan



reviewing and refining diesel fuel supply logistics requirements



reviewing and refining process flow diagrams and mass-energy balances



optimizing power and heat integration



reviewing and refining power distribution requirements



reviewing and refining site access, power and pipeline corridors



evaluating and selecting an overall Project management contractor



conducting an extensive resource and geotechnical drilling program

Feasibility Studies and Project Execution Plan
This stage will begin in 2017 and will continue into 2019. It involves producing a
detailed Project execution plan and engineering design specifications that will be the
basis for subsequent detailed engineering.
The products of this stage include:
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a comprehensive Project execution plan



a comprehensive Project scope definition



a fixed plant layout
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preliminary piping and instrumentation diagrams



a detailed phasing strategy



quarterly mine and tailings plans and schedules



detailed plans to support predevelopment field activities



hazard and operability assessments



a detailed cost estimate (+15%)

A Project execution plan is a key product of the feasibility study stage. It will address the
components necessary for successful Project execution. These components include:
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specific corporate and Project objectives and principles



critical Project issues



social and environmental responsibilities



Project execution principles and strategies



risk analysis and management



safety and loss control plan



quality assurance and quality control objectives



organization and staffing strategy



labour relations strategy and plan



schedule management and controls



cost control objectives and plan



design management principles



engineering integration and improvement



information technology support systems



procurement strategy and plan



materials transport, laydown and warehousing management



contracting strategy and plan



construction management strategy and plan



modularization and prefabrication strategy



constructability strategy and plan



preliminary commissioning plan



preliminary start-up plan



preliminary operations handover plan
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Project Implementation
Project implementation involves detailed engineering, procurement and construction.

12.3.2.1

Detailed Engineering and Procurement
This stage provides a detailed engineering plan that is the basis for material and services
procurement and construction. The bulk of detailed engineering and procurement is
expected to be completed before construction begins. Industry experience shows that
precise engineering definition leads to higher efficiency and cost savings in the
construction stage, and improves the Project execution plan level of detail and certainty.
This step includes:

12.3.2.2



detailed engineering deliverables required for construction



purchase of requisite material and contract services



pre-purchase of long-lead-time components

Construction
In preparation for commissioning and start-up, construction will involve:


site and access preparation (e.g., clearing and grubbing, soil reclamation, ditching
and draining, road construction)



overburden removal



tailings starter dyke construction



construction of a bridge across the Athabasca River



construction of the extraction facilities



construction of utilities and offsites



river water intake construction



aerodrome construction



construction of the lodge facilities and all other non-process buildings



foundation and civil work



prefabrication, onsite construction and assembly



connections to electric power



connections to natural gas, product pipelines and water

The Project is now made up of two phases and three process trains. Phase 1 consists of
two process trains that start up one year apart. Phase 2 adds a third process train twelve
years into production. The time between process trains 1 and 2 was compressed in
relation to the Integrated Application to improve economics by taking advantage of
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economies of scale through a continuous-build strategy. The timing of Phase 2 (process
train 3) is coincident with the move to in-pit tailings containment.

12.3.3

Commissioning and Start-up
The commissioning and start-up stage will involve a disciplined sequence of events,
resulting in the acceptance and commissioning of individual units of the facilities and the
safe and reliable start-up of operations.
A staffing strategy will be developed during the detailed engineering step. Operating
personnel will be employed well in advance of commissioning to ensure they are oriented
to the site, thoroughly trained, competent, and have a high level of safety awareness.

12.4

Personnel Loading
Preliminary personnel loading estimates updated since the Integrated Application are
provided in Table 12.4-1. A more precise estimate by skill will be available on
completion of the feasibility studies.

Table 12.4-1

Personnel Loading (Preliminary Estimate)

Implementation Step

1

Period

Personnel Required

Phase 1

2019 to 2025

4,000 to 5,000

Phase 2

2030 to 2036

2,000 to 2,500

2026 to 2066

2,000 to 2,300

Construction

Operations
Phase 1
Phase 2

2037 to 2066

600 to 800

Closure

2066 to 2081

150 to 250

NOTE:
1
Represents the total personnel required at peak for each implementation step
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Closure, Conservation and Reclamation Plan

13.1

Introduction
The conceptual closure, conservation and reclamation (CC&R) plan describes how the
updated Project disturbance area (PDA) of the Frontier Oil Sands Mine Project (the
Project) will be returned to a productive capacity after reclamation. The intent remains
the same as the Integrated Application—to allow comparable land use activities to be
pursued after the Project development is complete.
The updated CC&R plan reflects changes to the Project that are summarized in Section 2
and detailed in the remainder of Volume 1. When updating the plan, Teck has considered
and incorporated additional information, where applicable, including:


baseline data obtained since 2008 (see Volume 2)



advances in science and research related to land closure and reclamation



changes to regulations and guidance documents



four rounds of supplemental information requests (SIR)



input provided by Aboriginal communities and third-party technical reviewers



input obtained through stakeholder consultation

According to the updated schedule, preproduction activities (e.g., clearing, ditching and
draining) will commence in 2019. Initial reclamation will occur in 2024 (two years before
production commences), with extensive reclamation starting in 2034 and continuing until
2067. The pit lakes will begin to be filled in 2063 and filling will continue through 2080.
It is anticipated that pit lakes will be full and of suitable water quality to begin
discharging in 2081.

13.1.1

Scope of the CC&R Plan
The scope of the CC&R plan has not changed since the Integrated Application and
complies with the terms of reference for the Project (AENV 2009), specifically
Section 2.10.
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. The updated CC&R plan reflects these inputs.
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Objectives and Goals
The objectives and goals of the CC&R plan remain the same as the Integrated
Application:

13.1.3



provide a predictable closure landscape with integrated, stable and fully functioning
ecosystems that will support a diversity of land uses that are similar to those carried
out under baseline conditions



reclaim the disturbed areas in a way that will allow Aboriginal use of the landscape
for cultural and traditional practices



reclaim the disturbed areas such that the closure landscape will have equivalent land
capability for primary land uses, similar to what was present before Project
development



obtain reclamation certification and return the lands to the Crown

Project Components
The PDA is the area subject to direct disturbance from Project components and activities.
The PDA has been updated as a result of the Teck–Shell asset exchange, the changed
tailings management strategy, the revised mine plan and the addition of the bridge over
the Athabasca River (originally proposed for the Pierre River Mine application which has
been withdrawn). The bridge is discussed in Volume 3, Section 18.
Certain components described in the Integrated Application are no longer part of the
Project design:


the south development area (SDA)



the utility and access corridor linking the SDA to the main development area



the south pit lake in the SDA



the thin lift drying area

The PDA is 29,217 ha, which is 118 ha smaller than in the Integrated Application and
reflects the anticipated limit of disturbance at the completion of operations in 2066. At
any given point in time, the active disturbance area will be less because of the mine
development sequence and progressive reclamation.
The PDA includes the following components, which will be redressed by reclamation and
closure activities:
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external tailings areas (ETAs):


ETA 1, tailings area (coarse combined tailings (CCT), secondary flotation
tailings (SFT), froth treatment tailings (FTT)



ETA 2, tailings area (adjacent to ETA 1, but will be filled at a different time than
ETA 1)

external overburden disposal areas (EDAs)
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plant site



mine services facility



three crusher locations (CR)



two borrow sources (BS) for sand



an aerodrome



a construction and operation lodge



mine access road



river water intake and river intake pipeline



fish habitat compensation lake (FHCL)



reclamation material stockpiles (RMS)



internal tailings areas (ITA):


ITA 1, consolidated fine tailings centrifuged fluid tailings (CFT)



ITA 2, consolidated fine tailings (ITA 2 – CFT)



ITA 3, coarse combined tailings (ITA 3 – CCT)



internal disposal areas (IDA)



off-stream storage ponds (OSSP)



ore preparation plant (OPP)



temporary in-pit fluid area (TIFA)

The pit lakes, which will be developed over the course of Project operation, will form
integrated reclamation features within the closure landscape. They include:


north pit lake within the north pit



central pit lake within the main pit



south pit lake within the main pit

For additional information about the Project components and footprint, including figures
showing their spatial dispositions, see Section 2.
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13.2

Regulatory, Aboriginal Community and Public Stakeholder
Input

13.2.1

Regulatory and Regional Requirements
Acts, regulations, guidance documents, regional plans and industry best practices used to
inform and guide the Integrated Application remain the same as listed in the Integrated
Application with the following changes and additions:


Alberta Wetland Policy (ESRD 2013a)



Guidelines for Wetland Establishment on Reclaimed Oil Sands Leases (CEMA 2014)
replaces the AENV 2008 document



Lower Athabasca Regional Plan 2012–2022 (LARP; Government of Alberta 2012)

Guidance from the following new documents was also considered:

13.2.2



Oil Sands Marshes: A Knowledge Transfer (Charette et al. 2012)



Best Management Practices for Conservation of Reclamation Materials in the
Mineable Oil Sands Region of Alberta (AEW 2012)



Restoration and Reclamation of Boreal Ecosystems: Attaining Sustainable
Development (Vitt and Bhatti 2012)



Riparian Classification and Reclamation Guide, Revised Edition (Mihajlovich 2012)

Aboriginal Community Concerns
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 reclamation and
closure and has considered these concerns as part of the updated CC&R plan.
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:
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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.
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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 reclamation and closure:


direct disturbance to traditional lands



decrease in quality of traditional use resources



decrease in diversity of traditionally used species



presence, location and accessibility of traditional resources (plants, fish and wildlife)
on the reclaimed landscape



physical impediment to access and travel on or to traditional lands



loss of traditional trails



changing land use patterns



ability to “put the land back the way it was”



increased access for non-Aboriginal hunters and resource users



impacts to bison habitat and other valued species



the ability of wildlife to recolonize the closure landscape



impacts to drainage systems intersected by the Project and related downstream
impacts



loss and reestablishment of peatlands



impacts of groundwater seepage



ability to successfully reclaim linear disturbances and fragmentation



monitoring of reclamation and determination of what constitutes success including
having clear targets of reclamation success (particularly for traditional land use)

Teck has provided responses to these concerns in Section 13.9.
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Design Approach
The design approach used for the Project Update follows that used for the Integrated
Application and considers:


identification and stewardship of end land use (see Section 13.3.1)



spatial and temporal aspects (see Section 13.3.2)



reclamation planning and guidelines and principles (see Section 13.3.3)



adaptive management (see Section 13.3.4)

The design approach for closure landscape surface relief and topography has been
optimized since the Integrated Application to allow for stream channels that have a lower
velocity and erosion potential and an increase in the area of wetlands. As a result of these
changes, the closure landscape now includes:

13.3.1



a decrease of 2,037 ha in upland areas from 20,754 ha in the Integrated Application
to 18,717 ha in the updated Project



an increase in wetlands including littoral areas of 477 ha from 6,023 ha in the
Integrated Application to 6,500 ha (this includes 886 ha of littoral area around the pit
lakes) for the updated Project



an increase in open water areas (note shallow open waters are wetlands) of 1,437 ha
from 2,558 ha in the Integrated Application to 3,995 ha in the Project Update

Identification and Stewardship of End Land Use
The end land use goals for the Project remain consistent with those described in the
Integrated Application: to provide a stable closure landscape that comprises fully
functional ecosystems that will support a range of activities similar to those carried out
under existing conditions. As with the Integrated Application, these activities include, but
are not limited to, commercial forestry, hunting, trapping and the collection of medicinal
and traditional use plants. Teck places a high value on land stewardship and biodiversity
(see Section 14.8) and has gained extensive mine reclamation experience over the past
40+ years (see the response to ESRD/CEAA Round 3, SIR 78a, Appendices 78a.1
and 78a.2).
The degree to which these activities can be carried out, and the timeframes in which they
may occur, will be constrained by changes in the landscape that result from Project
development and reclamation including:
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changes in surface relief and topography



alteration of soil profiles – upland soils will be salvaged and either directly placed on
prepared sites (to maximize the seed bank and nutrients bank contained in the surface
leaf litter [LFH] or forest floor component) or stockpiled and later replaced to reclaim
the disturbed lands; however, the naturally occurring horizon sequences and internal
characteristics will be disrupted and require time to become reestablished
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Consistent with the Integrated Application, target ecosite and wetland classes have been
developed to support, to the degree practical, a suite of potential land uses similar to
those that currently exist. Wetland areas have been increased from the Integrated
Application to promote a more diverse final landscape at the expense of some
commercial forest potential. Many of the upland ecosites require the mid-to-later stages
of community maturity before they are viable (e.g., certain understory species require a
mature canopy cover to produce favorable growing conditions, and the commercial
forestry industry requires trees of specific dimensions that would not be present in the
early seral stages).
Along with regulatory requirements (e.g., the terms and conditions of the anticipated
Environmental Protection and Enhancement Act [EPEA] approval for the Project),
ongoing Aboriginal community and public stakeholder consultation will determine how
end land use decisions for the Project evolve over time. Ultimately, the PDA must be
reclaimed to meet the regulatory requirements for obtaining reclamation certification and
for returning lands to the Crown.

13.3.2

Spatial and Temporal Considerations
Consistent with the Integrated Application, the Project will be developed and reclaimed
progressively over time. However, the exact timing of reclamation events reflects the
overall schedule for the Project, which is different from the Integrated Application.
The schedule extends from vegetation clearing and site drainage beginning in 2019,
initial reclamation in 2024, with continual reclamation proceeding from 2034 through
2067 (filling of the pit lakes will continue through 2080). The Project’s geology and mine
plan, including associated overburden handling and tailings placement strategies, place
spatial and temporal limits on the extent and timing of reclamation activities (e.g., the
first EDA surface is not fully constructed and available for reclamation to begin until
2034 to 2035). In contrast to the Integrated Application, a portion of the ETA 1 will be
progressively reclaimed during operations as a result of the changed tailings management
strategy (see Section 6).
The CC&R plan addresses end land uses in the PDA, as outlined in Section 13.3.1. The
PDA includes areas where vegetation will be cleared and soil stripping or stockpiling will
occur. The PDA is 29,217 ha in extent and reflects the expected limit of disturbance at
the completion of operations in 2066. Importantly, the updated Project recovers
200 million more barrels of resource from a smaller PDA (29,217 ha vs. 29,335 ha) than
the Integrated Application.
For additional information on the spatial and temporal aspects of Project development
and reclamation activities, see Section 13.4.1.
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Reclamation Planning Guidelines and Principles
The guiding concepts and principles and their application remain consistent with those
described in the Integrated Application and are repeated here to provide context. In a
departure from the Integrated Application and in response to the Alberta Wetland Policy
and preferences and recommendations expressed by Aboriginal communities, the planned
closure landscape increases the opportunity for wetland development at the expense of
more productive forest.
The CC&R plan was developed using planning concepts and principles related to end
land use objectives and achieving reclamation certification that allows the leased lands to
be returned to the Crown for subsequent use. The following planning principles pertain
specifically to the conservation aspect of the plan:


The surface disturbance footprint will be kept to a minimum, to reduce environmental
effects within the constraints imposed by the primary objective of recovering the oil
sands resource.



Site clearing and reclamation material salvage activities will be progressive over an
extended period of Project development, and will be conducted in a way that
conserves soil to optimize its quality for reclamation.



Reclamation materials salvage and stockpiling strategy is based on the soil conditions
at the site, the land capability of the original landscape, the closure landscape
reclamation objectives and the soil replacement prescriptions required to obtain
equivalent land capability.



Refinements to the mine plan and development schedule will occur on an ongoing
basis over the life of the Project and will, by extension, require ongoing detailed
planning, modifications and improvements to the CC&R plan.

The following principles were used in the development of the reclamation plan:
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Wherever possible, coversoils will be directly placed to preserve their seed bank and
integrity and improve efficiency of operations (and reduce associated greenhouse gas
emissions).



To the degree practical and in consideration of competing imperatives, the
reconstructed landscape will have a land capability for forestry and forest ecosystems
that is equivalent to what is present under existing conditions.



Coversoil prescriptions have been developed using the latest version of the Land
Capability for Forest Ecosystems in the Oil Sands Region, 3rd Edition (AENV 2006)
calculator to allow for a variety of reconstructed soil types that include all the
recognized site types and will support varied revegetated communities that enhance
the biodiversity of the reclaimed landscape.



By placing reclamation materials to the appropriate thickness and quality, and with
the inputs of natural processes over time, the reconstructed landscape will support
land uses similar to those supported by naturally occurring soils.
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Revegetation objectives and Project costs are based on the most current regulatory
guidelines.



The reclamation soil and revegetation objectives were developed using currently
accepted best models that can be revised and updated over time.

The closure plan and associated end land uses are based on the following planning
principles:

13.3.4



The land capability and vegetation distributions in the closure landscape are
conceptual, and their development over time will be affected by natural variables
such as climate change and wildfire that cannot be incorporated in the present
models.



The closure vegetation communities and ecosystems can be developed to allow a
variety of uses. For example, the Guidelines for Reclamation to Forest Vegetation in
the Athabasca Oil Sands Region, 2nd Edition (AENV 2010) indicate that by varying
the species composition, crown cover and planting densities, it should be possible to
target a given ecosite to commercial forest production, traditional use or wildlife
habitat depending on the desired end land use. Therefore, over time the vegetation
communities and ecosystems can be modified using silviculture practices to address
changes in regulatory requirements and input from stakeholders and Aboriginal
communities.



EPEA approvals for oil sands require that an updated mine reclamation plan (MRP)
be submitted 3 years after the initial approval date and every 3 years thereafter. The
MRP must provide a detailed development and reclamation plan for the next 10 year
operations period. This allows the MRP to reflect recent experience at the site, new
technological developments, advances in reclamation techniques, changes in
regulatory requirements and ongoing input and advice from Aboriginal communities.

Adaptive Management
The application of adaptive management mechanisms is generally unchanged from that
outlined in the Integrated Application and discussed here in greater depth as a result of
supplemental information requests from regulators.
The CC&R plan has been developed in the context of the current regulatory
requirements, conservation and reclamation techniques, input from potentially affected
Aboriginal communities and public stakeholders, and end land use objectives. It is
expected that as reclamation occurs, monitoring results (both those specifically within the
Project itself and in the broader oil sands region) and research will identify refinements to
the plan that will improve successive reclamation efforts. The benefits of progressive
reclamation include a feedback-loop approach to continual application, analysis and
improvement of techniques with time. Elements of the adaptive management aspect of
the reclamation program will include:


June 2015

specific key performance indicators that are consistent with those used in the
Cumulative Environmental Management Association’s (CEMA) regional initiatives
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measureable characteristics – one or more for each key indicator that are relevant for
assessing reclamation performance, informed by input from Aboriginal communities
and practical to collect during field inspection and monitoring programs



evaluation criteria based on the protocols implemented for the Alberta Biodiversity
Monitoring Program



clearly defined performance benchmarks against which to evaluate the measured
characteristics

Teck will follow adaptive management practices for mine operation and closure in
general, and for pit lake management in particular. Adaptive management is defined by
BC Ministry of Forests and Range (BCFR 2011) as:
A systematic process for continually improving management policies and
practices by learning from the outcomes of operational programs. It’s most
effective form – "active" adaptive management – employs management programs
that are designed to experimentally compare selected policies or practices, by
evaluating alternative hypotheses about the system being managed.
According to BCFR (2011), all adaptive management programs include the following key
characteristics, which are universal and fundamental: reducing key uncertainties through
learning; using learnings to revise policy and practice; focusing on improving
management; applying management activities as experiments to explore competing
hypotheses; and using a structured, formal, and systematic approach.
The processes involved in adaptive management are shown in Figure 13.3-1.

Source: Williams et al. 2009

Figure 13.3-1
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Teck will follow the strategies for the adaptive management approach suggested by Allen
and Gunderson (2011), Williams et al. (2009), and Williams and Brown (2012), which
are summarized as follows:
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engage stakeholders and potentially affected Aboriginal communities



define the challenges and objectives



set out management actions, including mitigation



design a monitoring plan to evaluate the progress toward achieving objectives



develop and refine predictive models



implement the Project, including mitigation



monitor and observe performance of operational and closure mitigation. Compare
monitoring data with desired outcomes to evaluate the effectiveness of management
and mitigation



revise the design of the Project, including mitigation as necessary (cycle back). The
iterative cycle of decision making, monitoring, and assessment, repeated over the life
of Project, leads to a better understanding of Project dynamics and an adjusted
management strategy based on what is learned

Environmental Setting
The following section summarizes existing conditions for climate, terrain and soils,
vegetation-wetlands and wildlife to provide context for the updated CC&R plan that is
outlined in Sections 13.5 and 13.6. It reflects changes to the location of the PDA, changes
in approach and incorporates additional baseline information collected since filing of the
Integrated Application. The changes include:


an additional four years (2009 to 2014) of climate measurements taken since the
Integrated Application



a change in soil unit mapping philosophy



more accurate descriptions of the parameters most important to these calculations,
including bulk density, organic carbon and nitrogen, and soil pH. The greater
accuracy was made possible by the incorporation of data from supplementary field
programs conducted since submission of the Integrated Application.



additional wildlife field surveys conducted in 2012, 2013 and 2014. These surveys
targeted key indicator species and focused particularly on describing the distribution
of species of management concern in the terrestrial local study area (LSA).

Updated baseline reports for the terrestrial disciplines are presented in Volume 2 of the
Project Update.
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13.4.1

Frontier Oil Sands Mine Project Update

Spatial Extent and Study Area
The environmental setting descriptions are based on the conditions in the updated PDA,
which is 29,217 ha. Information on wildlife species is provided for the terrestrial LSA,
which includes the PDA and a buffer that is about 500 m wide except where it has been
extended or truncated along the eastern margin of the Athabasca River. The buffer is
included as sensory disturbance from the Project (e.g., sound and light) can affect
wildlife.

13.4.2

Climate
The climate of the PDA is relevant to reclamation because it influences both revegetation
strategies and the degree to which the end land use objectives can be achieved.
Table 13.4-1 summarizes key climate statistics in the PDA. The data is similar to that
presented in the Integrated Application. The effective growing season (that during which
the mean temperature is greater than 5°C) generally extends from May through
September. The period of highest average precipitation generally coincides with the
effective growing season, a situation that is favourable for germination. For a more
detailed discussion on climate see Volume 2, Section 2.

Table 13.4-1

Key Climate Statistics for the PDA
Derived Average
1
Temperature
(C)
-19.5
-15.0
-8.0
2.5
10.1
14.5
17.0
15.2
9.4
2.8
-8.3
-16.7
0.4

Recorded Average
2
Temperature
(C)
-17.6
-13.9
-7.3
2.7
11.1
16.5
18.9
17.0
10.7
4.3
-6.1
-19.6
0.5

Derived Average
3
Precipitation
(mm)
15.5
12.3
13.7
16.4
27.4
57.1
66.4
48.0
36.9
20.4
17.3
16.3
348

Recorded Average
4
Precipitation
(mm)
18.4
7.2
2.7
10.4
17.9
75.9
60.9
58.9
48.0
24.3
9.0
9.6
343

Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual
NOTES:
1
September to April temperature is elevation-adjusted data from Fort McMurray Airport climate station. May to
August temperature is elevation-adjusted data from Birch Mountain Lookout. These results are based on climate
data from 1953 to 2013.
2
Based on data recorded at the Redclay Creek climate station (Station CS01, elevation 346 m amsl) from
September 2007 to October 2013.
3
September to April precipitation is elevation-adjusted data from Fort McMurray Airport Station. May to August
precipitation is elevation-adjusted data from Birch Mountain Lookout. Derived precipitation is based on data from
1953 to 2013.
4
Recorded precipitation is based on data recorded at the Redclay Creek climate station (Station CS01, elevation
346 m amsl) from September 2007 to October 2013.
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Terrain and Soils

13.4.3.1

Terrain Features and Distributions in the PDA
Surficial Materials
The distribution of surficial materials is similar to that presented in the Integrated
Application; however, the areas and proportions differ as a result of changes to the PDA.
Table 13.4-2, Figure 13.4-1a and Figure 13.4-1b describe the distribution of the surficial
materials in the PDA.

Table 13.4-2

Terrain Features and Surficial Materials in the PDA

Areal Extent
Terrain Feature/Surficial Material
(ha)
(%)
Fluvial fan
14,680
50.2
Organic
3,208
11.0
Glaciofluvial
2,130
7.3
Fluvial
2,837
9.7
Till
2,308
7.9
Eolian
2,588
8.9
Glaciolacustrine
1,255
4.3
Lacustrine
9
<0.1
Colluvial
9
<0.1
1
Waterbody
191
0.7
Total
29,217
100
NOTES:
Areas and proportions might not add up to totals because of rounding.
1
The areas of waterbodies vary among terrain, soils and vegetation-wetlands due to the differences in the specific
criteria used by each discipline to define a waterbody.

Similar to the Integrated Application, areas of open water reported in this updated CC&R
plan vary by discipline (as discussed in the response to ESRD/CEAA Round 1 SIR 169a).
These variations reflect how water was mapped at baseline as well as differences between
disciplines in the definition of open water. For existing conditions, the terrain and the
soils disciplines identified 191 ha of open water in the PDA; in contrast, the vegetation
discipline identified 349 ha of shallow open water, water (i.e., wetlands) and true aquatic
ecosystems (i.e., deep water that is not considered wetlands). The discipline-specific
criteria for delineating water are as follows:
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Terrain – water is mapped as visible open water with no particular depth criteria and
often assigned water as a proportion of a polygon.



Soils – water is defined as non-vegetated land areas having 60 cm of water or more
during the driest part of the year (CanSIS 1982).



Vegetation and wetlands – water includes true aquatic systems as well as the shallow
open water wetland class. Shallow open water represents a transitional area to truly
aquatic systems and may have up to 2 m of water. Shallow open water is
distinguished from marsh by a low cover (<25%) or lack of emergent vegetation.
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Acknowledgements: Base data: AltaLIS, Hydrology ground truthed by Golder (2008, 2010 & 2013)

Figure 13.4-1a: Surficial Materials in the PDA
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Figure 13.4-1b: Distribution of Organic Terrain in the PDA
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Topographic Diversity
Analysis of slope classes indicates that the PDA is characterized by subdued relief with
approximately 89% of the area having slopes of less than 5% (3º) (see Table 13.4-3),
which is consistent with the findings of the Integrated Application.

Table 13.4-3

Distribution of Slope Classes and Slope Gradients in the PDA

Slope Class

Slope

Gradient

Areal Extent

(%)

(degrees)

(ha)

1

0.0–0.5

0.0

3,268

11.2

1–2

0.0–2.0

0.0–1.1

8,553

29.3

2

>0.5–2.0

0.3–1.1

8,760

30.0

2–3

>0.5–5.0

>1.1–3.0

3,433

11.8

3

>2.0–5.0

>1.1–3.0

1,917

6.6

3–4

>5.0–9.0

>1.1–5.0

2,479

8.5

4

>5.0–10.0

>3.0–5.0

<1

<0.1

4–5

>5.0–15.0

>3.0–8.5

521

1.8

5–6

>15.0–30.0

>8.5–16.5

96

0.3

191

0.7

Water

N/A

Total

29,217

(%)

100

NOTES:
Percentage totals might not add up to 100% because of rounding.
N/A = Not applicable

13.4.3.2

Soil Type Distribution and Characteristics in the PDA
The changes in soil type distribution compared to the Integrated Application reflect
changes to the PDA and a change in mapping philosophy. Specifically, the uncontrolled
mapping approach used in the Integrated Application was revised at the request of
regulatory reviewers to incorporate a controlled legend with each soil map unit having a
limited number of slope classes. This change was made possible by the incorporation of a
larger dataset than was available for the Integrated Application. In this approach, each
map unit corresponds to one or more soil taxa, each with a defined proportion. The taxa
are soil series or phases of a soil series. Although some units comprise only one named
taxon, most are compound units of two to four soil taxa.
The extent of different soil classes has changed since the Integrated Application because:
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The adoption of a controlled legend for soil mapping tended to reduce the amount of
taxonomic complexity that was present in the Integrated Application, resulting in
fewer soil series or phases of series.



The use of map units tended to increase average polygon size and reduce the number
of very small polygons. The application of the controlled legend also simplified the
interpretation of spatial soil variation over the terrestrial LSA as compared to the
Integrated Application where an uncontrolled legend had been applied.
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Analysis of existing and additional data collected since filing the Integrated Application
resulted in the identification of 32 soil series or phases of series. These soil series or
phases form the taxonomic basis of soil mapping units for the terrestrial LSA (soil taxa).
Based on combinations or sets of these soil taxa, 56 soil map units were used to map the
soil landscapes.
In spite of the different approach to mapping enabled by the larger dataset, the site setting
has not changed. The majority of the PDA is comprised of fluvial fan material eroded
from the Birch Mountains. Soils on the west side of the PDA are comprised of eolian and
glacial fluvial deposits and an area of glacial till occupies the south central portion of the
PDA (see Figure 13.4-1a). Within this overall setting the following conditions were
characterized:


Topsoil thicknesses for the Brunisols range from 11 cm to 24 cm, whereas the upper
subsoil thicknesses range from 23 cm to 42 cm. The Brunisols occur primarily in the
eastern portion of the PDA and occupy approximately 20% of the total area.



Topsoil thicknesses for the Luvisols range between 23 cm and 37 cm, with average
subsoil thicknesses for this group ranging from 28 cm to 36 cm. These soils are
concentrated in the west-central and far south-central portions of the PDA and cover
an area less than 1% of the PDA.



Topsoil thicknesses for the Regosols range between 10 cm and 15 cm, whereas
subsoil thicknesses range from 0 cm to 8 cm. As a result of ongoing erosion of the
east slope of the Birch Mountains and deposition on the flatter lands below, younger
Regosolic soils are found throughout the central and western portions of the PDA and
cover approximately 21% of the land surface.



Topsoil thickness for the Gleysols is variable, ranging from 9 cm to 40 cm, with
upper subsoil thickness typically up to 5 cm. They occur mostly in the central, north
and northwestern portions of the PDA and occupy approximately 52% of the PDA.

There are no areas of soil disturbance mapped in the PDA. This represents a change from
the Integrated Application and reflects the results of soil sampling in areas where
vegetation clearing has occurred to enable exploration activities. Areas of other potential
soil disturbance were reviewed against field data obtained for those areas. Most areas of
disturbed vegetation (e.g., cutlines or well pads) possessed normal (i.e., undisturbed) soil
profiles. This result is expected given that winter drilling programs completed by Teck in
the area have followed low-impact methods that do not include stripping topsoil. For a
more detailed discussion, see Volume 2, Section 7.
The data presented in the Project Update is considered more accurate compared to the
Integrated Application as additional soil information (i.e., 700 additional sites) has been
collected. The soil survey intensity level (SIL) remains at level 2.
For the characteristics and extents of the soils in the PDA, see Table 13.4-4 and
Figure 13.4-2. See Figure 13.4-3 for the distribution of topsoil by average depth and
see Figure 13.4-4 for the distribution of upper subsoils by average depth.
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Table 13.4-4
Soil Map Unit
(Soil Order)
Brunisolic soils

Frontier Oil Sands Mine Project Update

Soil Map Unit Characteristics and Extents in the PDA
Areal Extent
Parent Material Types

Texture

(ha)

Fluvial/Glaciolacustrine

Fine (C, SiC)

2,484

8.5

Eolian

Very coarse (S, LS)

1,709

5.8

Glaciofluvial

Very coarse (S, LS)
Subtotal

Luvisolic soils

Fluvial, Glaciolacustrine,
Lacustrine

Fine

Glaciofluvial/Till

Coarse over Moderately fine
Subtotal

Regosolic soils

Organic soils
Cryosolic soils

Water

1,650

5.6

5,843

19.9

95

0.3

116

0.4

211

0.7

Fluvial

Fine

226

0.8

Fluvial, Lacustrine

Fine to Coarse

474

1.6

Fluvial, Lacustrine

Fine to Very fine

5,549

19.0

6,249

21.4

Fluvial, Lacustrine

Fine to Very coarse

663

2.3

Fluvial, Lacustrine

Fine to Very fine

11,187

38.3

Glaciofluvial

Very coarse

986

3.4

Till

Moderately fine to Fine

Subtotal
Gleysolic soils

(%)

Organic

Organic

N/A

2,266

7.8

Subtotal

15,102

51.8

Subtotal Mineral Soils

27,405

93.8

Mesic peat

1336

4.6

Fibric peat

282

1.0

4

<0.1

Subtotal Organic Soils

1,622

5.6

Subtotal Terrestrial

29,027

99.4

191

0.7

Fibric to Mesic

N/A

Total

29,217

100

NOTES:
Percentage totals might not add up to 100% because of rounding.
PDA = Project development area
N/A = Not applicable
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Acknowledgements: Base data: AltaLIS, Hydrology ground truthed by Golder (2008, 2010 & 2013)

Figure 13.4-2: Soil Classification in the PDA
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Acknowledgements: Base data: AltaLIS, Hydrology ground truthed by Golder (2008, 2010 & 2013)

Figure 13.4-3: Topsoil Depths in the PDA
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Upper Subsoil Depth
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Acknowledgements: Base data: AltaLIS, Hydrology ground truthed by Golder (2008, 2010 & 2013)

Figure 13.4-4: Upper Subsoil Depths in the PDA
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Reclamation Suitability
The reclamation suitability rating system has not changed from that described in the
Integrated Application. The areas, relative proportions and specific limitations are
different from those presented in the Integrated Application as a result of the changes in
the extent of the PDA and the incorporation of additional soil data.
Reclamation suitability ratings for the soil map units are listed in Table 13.4-5.
Table 13.4-6 and Table 13.4-7 present the cumulative areas in each suitability class for
the upper and lower lifts, respectively.

Table 13.4-5
Soil
Series

Upper
Lift
Rating

Reclamation Suitability Ratings for Soil Map Units

Upper Lift Limitation

Lower Lift
Rating

Lower Lift
Limitation

Area
(ha)

Percent
of PDA

Brunisolic Soils
EYM

Poor

Texture

Poor

Texture

1,709

5.8

MAR

Poor

Texture

Poor

Texture

2,469

8.4

MARgl

Fair

Fair – Reaction,
Texture, Consistence

Poor

Texture

15

<0.1

MIL

Poor

Texture

Poor

Texture

1,521

5.2

MILgl

Poor

Texture

Poor

Texture

126

0.4

RUT

Poor

Texture

Poor

Texture

3

<0.1

5,843

19.9

1,152

3.9

Subtotal
Luvisolic Soils
HRR

Good

None

Fair

Texture

HRRgl

Poor

Reaction

Fair

Reaction

221

0.8

KME

Fair

Saturation%, Texture

Poor

Texture

95

0.3

SRTfi

Good

None

Poor

Texture

605

2.1

SRTfigl

Good

None

Poor

Texture

126

0.4

WNF

Poor

Saturation%

Fair

Reaction

93

0.3

WNFgl

Poor

Saturation%

Fair

Reaction

23

0.1

2,315

7.9

Subtotal
Regosolic Soils
NMYgl

Poor

Reaction

Good

None

226

0.8

NAMgl

Poor

Saturation%, Texture

Poor

Texture

5,549

19.0

NAMglco

Poor

Saturation%, Texture

Poor

Texture

474

1.6

6,249

21.4

Subtotal
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Upper
Lift
Rating

Soil
Series
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Reclamation Suitability Ratings for Soil Map Units (cont’d)

Upper Lift Limitation

Lower Lift
Rating

Lower Lift
Limitation

Area
(ha)

Percent
of PDA

Reaction, Texture

7,240

24.8

Gleysolic Soils
AST

Poor

Saturation%, Texture

Poor

ASTco

Poor

Texture

Fair

Reaction, Texture

417

1.4

ASTcopt

N/A

N/A – Rego variant

Fair

Reaction,
Saturation%, Texture

246

0.8

ASTpt

Poor

Texture

Poor

Texture

3,947

13.5

BMT

Poor

Texture

Poor

Saturation%, Texture

983

3.4

BMTpt

Fair

Consistence

Fair

Consistence

ELS

Poor

Reaction

Poor

Reaction

3

<0.1

162

0.6

Subtotal

12,998

44.5

Subtotal Mineral Soils

27,405

93.5

Organic Soils
ALB

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

16

<0.1

ALBte

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

266

0.9

MLD

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

238

0.8

MLDte

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

974

3.3

MRN

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

45

0.2

MUS

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

42

0.1

MUSte

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

37

0.1

1,618

5.5

4

<0.1

191

0.7

Subtotal Organic Soils
Cryosolic Soils
MKW
Water
Total

N/A Organic

N/A - Organic

N/A - Organic

N/A- Organic

N/A

N/A

N/A

1

29,217

100

NOTES:
N/A = Not applicable
1
Areas and proportions might not add up to totals because of rounding.
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For the upper lift, 6% of the soils in the PDA were rated as having good reclamation
suitability while the majority, 86%, were classified as poor. No soils were deemed
unsuitable for reclamation. Deep organic soils and water comprised 6% of the PDA and
were not rated. See Table 13.4-6 for a summary of upper lift reclamation suitability
ratings.

Table 13.4-6

Upper Lift Reclamation Suitability Ratings

Reclamation Suitability Rating
Good
Fair
Poor
Unsuitable

Extent
(ha)

Percent of PDA

1,883

6.4

358

1.2

25,163

86.1

0

0.0

1,622

5.6

Water

191

0.7

1

29,217

N/A - Organic material
Total

100

NOTES:
1
Areas and proportions might not add up to totals because of rounding.
N/A = Not applicable

Lower lift material rated good or fair comprised 8% of those in the PDA, the majority of
the lower lift, 86%, was rated as having poor suitability for reclamation. Similar to the
upper lift, no unsuitable material was encountered. See Table 13.4-7 for a summary of the
lower lift reclamation suitability ratings.

Table 13.4-7

Lower Lift Reclamation Suitability Ratings

Reclamation Suitability Rating
Good

Extent
(ha)

Percent of PDA

226

0.8

Fair

2,156

7.4

Poor

25,022

85.6

0

0.0

1,622

5.6

Water

191

0.7

1

29,217

Unsuitable
N/A - Organic material
Total

100

NOTES:
1
Areas and proportions might not add up to totals because of rounding.
N/A = Not applicable

Page 13-24

June 2015

Frontier Oil Sands Mine Project Update

Volume 1: Project Description
Section 13: Closure, Conservation and Reclamation Plan

Land Capability Classification
The land capability distributions in the updated Project are different than the land
capability distributions in the Integrated Application. A number of soil series that were
rated as Class 1 for the Integrated Application have been reduced to Class 2 or lower,
while some soils previously rated as Class 5 have changed to Class 4, with an overall
shift to a bimodal distribution. Reasons for this change include the following:


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.



In the Integrated Application, soil characteristics (e.g., nitrogen, pH) were strongly
influenced by the higher intensity of sampling from the SDA, where sampling
intensity was more concentrated. Sampling was less intensive in the MDA, with
fewer sites per unit area and, as a result, the description of any given series reflected
the larger contribution of the SDA relative to the MDA.



The SDA is no longer part of the PDA, so soils data from the SDA is not included in
the updated assessment while the inclusion of more and different profiles from the
MDA has introduced additional variation of key parameters present in a given type of
soil.



The parameters most important to the calculations, including bulk density, organic
carbon and nitrogen, and soil pH are now described more accurately than in the
Integrated Application. The greater accuracy was made possible by the incorporation
of data from supplementary field programs conducted since submission of the
Integrated Application.

Revised land capability class (LCC) distributions are presented in Table 13.4-8 and
Figure 13.4-5.

Table 13.4-8

Forest Land Capability Classes for the PDA
Areal Extent
Integrated Application

Land Capability Class

ha

%

Project Update
(ha)

(%)

1

5,869

20.0

469

1.6

2

3,952

13.5

17,326

59.3

3

9,164

31.2

1,258

4.3

4

3,188

10.9

8,189

28.0

5

7,086

24.2

1,784

6.1

0

0.0

191

0.7

Water
Disturbed
Total

1

76
29,335

0.3
100

<1
29,217

<0.1
100

NOTE:
1
Percentage totals might not add up to 100% because of rounding.
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Figure 13.4-5: Modal Forest Land Capability Classes in the PDA
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Hydrogeology and Hydrology
Baseline conditions for hydrogeology and hydrology have not changed appreciably from
the Integrated Application and are not summarized here. Volume 2, Section 3
summarizes the Project hydrogeology and Volume 2, Section 4 discusses the Project
hydrology.

13.4.5

Vegetation

13.4.5.1

Distribution of Ecosite Phases (Upland) and Wetland Classes
Changes related to ecosite phases and wetland classes when compared to the Integrated
Application are the result of changes to the PDA, primarily the removal of the SDA. For
the distribution of ecosite phases and wetland classes in the PDA, see Table 13.4-9 and
Figure 13.4-6.
Uplands cover 14,400 ha of the PDA compared to 14,037 ha in the Integrated
Application. The most common ecosite phase is aspen/low-bush cranberry (d1) covering
4,504 ha, see Figure 13.4-6.
Wetlands cover 14,097 ha of the PDA compared to 14,240 ha in the Integrated
Application. At 3,760 ha, the most common wetland class is forested hardwood swamps
(SFNNhs) to wooded hardwood swamps (STNNhs).
The remaining 721 ha are disturbed lands. All areas of water in the PDA have been
mapped as shallow open waters and are reported as wetlands.

Table 13.4-9

Ecosite Phases and Wetland Classes in the PDA
Areal Extent

Upland Ecosite Phase and Lowland Wetland Class
Upland

(%)

a1: Jack pine/lichen

1,531

5.2

b1: Jack pine –aspen/blueberry

1,725

5.9

b2: aspen–white birch/blueberry

150

0.5

b3: aspen–white spruce/blueberry

102

0.4

b4: white spruce–Jack pine/blueberry

85

0.3

c1: -mesic Jack pine–black spruce/Labrador tea

67

0.2

4,503

15.4

d2: aspen-white spruce/low-bush cranberry

638

2.2

d3: white spruce-aspen/low bush cranberry

842

2.9

2,567

8.8

e2: balsam poplar–white spruce/dogwood

330

1.1

e3: white spruce/dogwood

166

0.6

f1: balsam poplar-aspen/horsetail

972

3.3

f2: balsam poplar-white spruce/horsetail

159

0.5

d1: aspen/low-bush cranberry

e1: balsam poplar–aspen/dogwood

f3: white spruce/horsetail
g1:subhygric black spruce–Jack pine/Labrador tea

June 2015

(ha)

52

0.2

143

0.5
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Ecosite Phases and Wetland Classes in the PDA (cont’d)
Areal Extent

Upland Ecosite Phase and Lowland Wetland Class
Upland (cont’d)

h1: white spruce-black spruce/Labrador tea
Upland graminoid
Upland shrubland
BFNN: Forested bogs without internal lawns

8

<0.1

BTNN: Wooded bogs without internal lawns

383

1.3

FTNN: Non-patterned, wooded fens with no internal lawns
FFNN: Non-patterned, forested fens with no internal lawns

405

1.4

1,578

5.4

0

0.0

916

3.1

5

<0.1

475

1.6

2,057

7.0

SFNNcs: Forested and wooded swamps – coniferous
(SFNNcs and STNNcs)

192

0.7

SFNNhs: Forested and wooded swamps – hardwood
(SFNNhs and STNNhs)

316

1.1

6

<0.1

STNNcs: Forested and wooded swamps – mixedwood
(SFNNms and STNNms)

3,587

12.4

STNNhs: Forested and wooded swamps – hardwood
(SFNNhs and STNNhs)

3,758

12.9

62

0.2

349

1.2

14,097

48.3

719

2.5

2

<0.1

721

2.5

MONG: Marshes
SONS: Shrubby swamps

SFNNms: Forested and wooded swamps – mixedwood
(SFNNms and STNNms)

STNNms: Forested and wooded swamps – mixedwood
(SFNNms and STNNms)
Shallow open water (WONN)
Subtotal Wetland
Disturbed Land (CC, II, TC, TR, WS)
Mineral soil (NMS)
Subtotal Disturbed
Total

<0.1
0.6

FPON: Patterned, open fen

2

1

49.2

FONS: Non-patterned, open, shrub-dominated fens

Disturbed

0.6

181

FONG: Non-patterned, open, graminoid-dominated fens

1

(%)

186

14,400

Subtotal Upland
Wetland

(ha)

29,217

100

NOTES:
1
Vegetation may be cleared with no disturbance of the underlying soils (e.g., seismic lines) so areas of potential soil
disturbance were reviewed against field data obtained for those locations. Most areas of disturbed vegetation (e.g.,
seismic lines or well pads) were found to have undisturbed soil profiles. This result is expected given that winter
drilling programs completed by Teck in the PDA have followed low-impact methods that include not stripping
topsoil.
2
Percentage totals might not add up to 100% because of rounding.
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In response to ESRD/CEAA Round 1 SIR 182, a generalized correlation between soil
types and vegetation types (ecosites and wetland classes) was developed and is presented
here in modified form (see Table 13.4-10).

Table 13.4-10

Generalized Soil – Vegetation Mapping Concordance
Typical Vegetation
1,2
Type

Soil Type

Comments

Brunisolic

Ecosites a, b and c

Site-specific conditions include mesic d ecosites on sand typical of
Brunisols as well as finer-textured Brunisols. As a result, the area of
ecosites a, b and c are less than the area of Brunisols.

Luvisolic

Ecosite d

Site-specific conditions include mesic d ecosites on sand typical of
Brunisols as well as finer-textured Brunisols and young productive soils
typical of Regosols. As a result, the area of ecosite d is greater than the
area of Luvisols.

Regosolic and
Gleysolic

Ecosite e, f, g, h and
wetland classes MONG,
SONS, STNNcs,
STNNms and STNNcs

Site-specific conditions include peatland vegetation communities and
ecosite d on Regosols and Rego Gleysols. As a result, the area of
ecosites e, f, g, h and wetland classes MONG, SONS, STNNcs,
STNNms and STNNcs is less than the area of Regosols and Gleysols.

Organic

Peatland classes
BFNN, BTNN, FTNN,
FONS, FONG, FOPN

Site-specific conditions include peatland vegetation communities (i.e.,
wetlands with a high bryophyte cover) on Regosols and Rego Gleysols.
As a result, the area of peatland is greater than the area of organic soils.

Cryosols

Not mapped

Small areas of peatland classes BTXC, BTNR and FTNR have been
incorporated into larger peatland polygons and not mapped as individual
polygons.

Water

Water and WONN

Vegetation includes the wetland class shallow open water (WONN) in the
definition of water. As a result, the area of water for vegetation is greater
than for soils.

Disturbed
land

Disturbed land and
cutblocks

Areas of vegetation clearing may not include soils disturbance. As a
result, vegetation disturbance is greater than soils disturbance.

NOTES:
1
Vegetation types including upland shrubland, upland grassland and non-vegetated (sand) are not included in the
concordance table.
2
Many vegetation types can be associated with other soils types. The concordance presented has been simplified to
allow for presentation of general trends.

13.4.5.2

Rare Plants
Changes to rare plants since the Integrated Application are related to changes in the PDA
and information from additional survey data.
Twenty-four provincially listed rare vascular and bryophyte species, summarized below
and listed in Table 13.4-11, were identified in the PDA during vegetation field surveys
completed between 2005 and 2014 and from historical sources. None of these rare
vascular and bryophyte species are listed under the federal SARA. Additional rare
vascular and bryophyte species are reported for the terrestrial LSA but fall outside the
PDA (see Volume 2, Section 8.3.2).
The rare plants identified on the PDA include:
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8 rare vascular plants (20 occurrences at 18 sites)



16 rare bryophytes (53 occurrences at 44 sites)
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Table 13.4-11

Rare Vascular Plants and Bryophytes

Latin Name
(with Authority)

Common Name

ACIMS List

Site Number

Easting

Northing

Zone

Provincial
Rank

Global
Rank

Vegetation
Type

Vascular Plants
Carex umbellate Schkuhr ex
Willd.

parasol sedge

Track

4CP006

470614

6394202

12

S2

G5

WS

Chrysosplenium iowense
Rydb.

Iowa golden saxifrage

Track

LK015

462628

6391704

12

S3?

G3?

SONS

LK032

462068

6389995

12

FONS

LK035

460728

6393401

12

e3

CHRYIOW01

458586

6389434

12

e1

FRP12_CH06

463048

6390218

12

STNNcs

COPTTRI01

456425

6407585

12

S3

G5

S3

G5

Coptis trifolia (L.) Salisb.
Cypripedium acaule Ait.

Chamaesaracha grandiflora
(Hook.) Fernald

threeleaf goldthread
stemless lady's-slipper

large white groundcherry

Watch
Track

Track

1

g1

21008

469144

6394697

12

4BV078

471168

6394731

12

a1

HH14-110

472884

6399896

12

a1

RP085HG

464522

6394667

12

b1

RP087HG

464717

6393319

12

b1

RPS830RD

469218

6394862

12

b1

RPS831RD

468675

6396338

12

b1

4CP006

470614

6394202

12

4CP009

468459

6388104

12

WS

RFAD13001

472470

6396566

12

a1

SU

G4?

b1

WS

Dryopteris cristata (L.) A.
Gray

crested shield fern

Track

LKS010

459091

6390710

12

S1

G5

e1

Sparganium glomeratum
Laestad. ex Beurling

clustered bur-reed

Track

RPS713LK

468453

6397799

12

S1

G4?

MONG

Spiranthes lacera (Raf.) Raf

northern slender
ladies'-tresses

Track

4BP004

470015

6392175

12

S1

G5

b1
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Rare Vascular Plants and Bryophytes (cont’d)

Latin Name
(with Authority)

Common Name

ACIMS List

Site Number

Provincial
Rank

Global
Rank

Vegetation
Type

Easting

Northing

Zone

LK006

462814

6401857

12

LK011

461865

6392903

12

FONG

RPS745LK

468858

6390985

12

d2

SM006

456769

6391848

12

e1

RFAD13004

472088

6387235

12

e1

Bryophytes
Anastrophyllum helleranum
(Nees) Schust.

Heller's
anastrophyllum
(liverwort)

Track

S2

G5

STNNcs

HW028

457859

6389702

12

e1

LK001

457618

6401925

12

f1

LK040

456294

6398543

12

d1

PW003

461131

6401905

12

STNNhs

PW010

455592

6396398

12

e3

SM001

459077

6391232

12

d1

Buxbaumia aphylla Hedw.

buxbaumia moss

Track

LK007

462913

6402003

12

S2

G4G5

TC

Campylium polygamum
(Schimp. in B.S.G.) C. Jens.

Campylium
polygamum

Watch

HW007

458873

6390407

12

S3

G5

FTNN

HW012

459737

6391943

12

FTNN

HW023

455261

6390446

12

MONG

Dicranella cerviculata
(Hedw.) Schimp.
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red-necked fork moss

Track

HW035

456013

6399573

12

TNNhs

LK008

462972

6401813

12

SONS

LK26

459799

6393334

12

STNNcs

LK28

459815

6389049

12

MONG

LK004020

461980

6401834

12

RP068SM

465924

6399906

12

S1

G5?

SONS
SONS
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Table 13.4-11

Rare Vascular Plants and Bryophytes (cont’d)

Latin Name
(with Authority)
Herzogiella turfacea (Lindb.)
lwats.

Common Name
herzodiella moss

Hypnum pallescens (Hedw.)
P. Beauv.

moss

Lophozia heterocolpos
(Thed.) M.A. Howe

liverwort

Plagiochila porelloides
(Torrey Ex Nees) Lindenb.

liverwort

ACIMS List
Watch

Track
Track
Track

Site Number

Provincial
Rank

Global
Rank

Vegetation
Type

Easting

Northing

Zone

HW020

462496

6399598

12

HW030

458073

6396998

12

STNNcs

LK013

462309

6391734

12

STNNcs

LK020

459508

6400657

12

STNNhs

LK021

460075

6397729

12

STNNhs

PW013

456626

6399412

12

STNNhs

RP168SM

465298

6401230

12

d2

RP710SM

465514

6401255

12

d1

RPS047RD

467174

6398497

12

d1

RPS745LK

468858

6390985

12

d2

SM010

457966

6399914

12

STNNhs

SM015

460619

6393575

12

f2

LK041

455950

6399798

12

LK030

461297

6401068

12

RP072SM

466187

6399262

12

RPS745LK

468858

6390985

12

RP068SM

465924

6399906

12

RP701SM

455154

6387615

12

h1

HW010

458703

6391769

12

d1

PW009

461520

6392986

12

d1

S3

S2

G4G5

G5

STNNcs

e1
SONS

S2

G5

d1
d2

SNR

G5

SONS

Riccia fluitans L.

liverwort

Track

RPS072LK

465676

6391746

12

Scapania glaucocephala
(Tayl.) Aust.

liverwort

Track

LK006

462814

6401857

12

STNNhs

SM006

456769

6391848

12

e1

Sphagnum fimbriatum Wils.
in Wils. and Hook. f. in
Hook. f.

fringed bog moss

LK003

460265

6403042

12

LK030

461297

6401068

12

FONS

RP044RD

454458

6409078

12

FTNN

RPS051RD

468311

6397105

12

FONG

June 2015
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S2

S2

G5

G5
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Table 13.4-11

Frontier Oil Sands Mine Project Update

Rare Vascular Plants and Bryophytes (cont’d)

Latin Name
(with Authority)

Common Name

ACIMS List

Site Number

Easting

Northing

Zone

Provincial
Rank

Global
Rank

Vegetation
Type

Sphagnum subsecundum
Nees in Sturm

twisted bog moss

Watch

RP093HG

467195

6393093

12

S3

G5

b1

Splachnum ampullaceum
Hedw.

small capsule dung
moss

Track

RPS049RD

468124

6397178

12

S2

G5

a1

Splachnum rubrum Hedw.

brilliant red dung moss

Track

SM015

460619

6393575

12

S3

G4?

f2

Splachnum vasculosum
Hedw.

splachnum dung moss

Track

SM015

460619

6393575

12

S2

G3G5

f2

Zygodon viridissimus
(Dicks.) Brid.

zygodon moss

Track

RFAD13004

472088

6387235

12

S1

G5

FTNN

NOTES:
None of these rare vascular and bryophyte species are listed under the federal Species at Risk Act.
1
Historical ACIMS record (ACIMS 2014)
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Non-native Invasive Species
Consistent with the Integrated Application, no prohibited noxious weeds as defined by
the Weed Control Act were found in the PDA. Two non-native invasive species and one
noxious weed, tall buttercup (Ranunculus acris L.), as defined by the Weed Control
Regulations were observed during the field surveys conducted between 2005 and 2014
(see Table 13.4-12).

Table 13.4-12

Non-native Invasive Species Occurrences in the PDA

Latin Name
(with Authority)
Convolvulus arvensis L.

Ranunculus acris L.
Sonchus arvensis L.

13.4.5.4

Common Name
Creeping jenny, European bindweed, field
bindweed, perennial morning glory, small
flowered morning glory
Meadow buttercup, tall buttercup
Creeping sowthistle, field sow-thistle, field
sowthistle, perennial sowthistle, sowthistle

Upland Ecosite
Phase/Wetland
Class
a1

a1
MONG
STNNcs

Number of
Sites
1

1
2
1

Forest Productivity and Timber Salvage
Merchantable Timber
The volume of wood from standing trees with commercial value (i.e., merchantable
timber) was calculated for the PDA using information from the Alberta Vegetation
Inventory (AVI) polygons used in the Integrated Application and meeting regulatory
audit approval, which were modified to include 2013 anthropogenic and natural
disturbance (see Volume 2, Appendix 8B for details). Deciduous and coniferous timber
volumes (m3/ha) were then generated from the Modified AVI Format Stand Volume
Table (ESRD 2013b) and calculated using height, crown closure (density) and species
composition data. For areas of the PDA burned by the 2011 Richardson fire, Teck
assumed that timber has been affected in areas that are considered stand replacing.
Volumes of stands replaced by the Richardson fire were adjusted to represent 25% of
original timber volumes (Cheyne 2014, pers. comm.), with the exception of pine and
spruce stands (i.e., those with >80% pine or spruce cover), which were adjusted to have
salvage volumes of 80 m3/ha and 130 m3/ha, respectively (Hall 2014, pers. comm.).
There is approximately three million cubic metres of merchantable timber in the PDA
(see Table 13.4-13). Merchantable areas ranked as good mainly occur as smaller patches
through the centre and southwestern edge of the PDA. The distribution of the timber
productivities in the PDA is shown in Figure 13.4-7.
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Table 13.4-13

Timber Type
Coniferous

Coniferous/
2
Deciduous

Deciduous

Deciduous/
3
Coniferous

4

Non-forested

Disturbed

4

6

Frontier Oil Sands Mine Project Update

Timber Productivity and Merchantable Timber in the PDA
Timber
Productivity
1
Rating
Good
Medium
Fair
Unproductive
Subtotal
Good
Medium
Fair
Unproductive
Subtotal
Good
Medium
Fair
Unproductive
Subtotal
Good
Medium
Fair
Unproductive
Subtotal
Good
Medium
Fair
Unproductive
5
N/A (Water)
Subtotal
Good
Medium
Fair
Unproductive
N/A
Subtotal

Total Volume
Coniferous
3
(m )
411,743
387,876
5,029
3,395
808,043
19,422
43,909
211
0
63,542
182,873
79,769
3,262
0
265,904
35,720
35,825
533
0
72,078
0
0
0
0
0
0
0
0
0
0
0
0
1,209,567

Total Volume
Deciduous
3
(m )
79,363
105,517
2,371
3,996
191,247
14,842
37,078
273
0
52,193
927,696
369,347
9,821
0
1,306,864
181,985
149,188
2,096
0
333,269
0
0
0
0
0
0
0
0
0
0
0
0
1,883,573

Total Timber
Volume
3
(m )
491,332
493,996
7,466
7,295
1,000,089
34,253
81,009
480
0
115,742
1,109,939
449,841
13,083
0
1,572,863
217,705
185,013
2,629
0
405,347
0
0
0
0
0
0
0
0
0
0
0
0
3,094,038

Area
(ha)
4,540
4,736
165
930
10,371
168
437
13
0
618
5,972
3,500
376
0.0
9,848
1,032
1,049
53
0
2,134
20
135
846
4,054
472
5,527
282
291
40
105
1
719
29,217

Total
NOTES:
1
Timber productivity ratings follow AVI standards (ESRD 2013b) and are based on species, age and height. In
areas burned by the 2011 Richardson fire, timber volume has been modified from AVI.
2
Mixedwood stands with coniferous trees the most abundant component.
3
Mixedwood stands with deciduous trees the most abundant component.
4
Non-forested – SC (closed shrub), SO (open shrub), HG (herbaceous - grassland), HF (herbaceous - forbs), BR
(bryophyte).
5
N/A = not applicable, water.
6
Areas and proportions might not add up to totals because of rounding.
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Figure 13.4-7: Timber Productivity Ratings for the PDA
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Wildlife
Additional wildlife field surveys were conducted in 2012, 2013 and 2014. Wildlife
surveys were not carried out in 2011 because of safety concerns associated with the
Richardson fire. Additional wildlife surveys will occur as defined by the wildlife
mitigation and monitoring plan (WMMP) that is discussed in Section 14.8.

13.4.6.1

Species of Management Concern
Volume 2, Section 9 provides a detailed discussion of the species of management concern
in the terrestrial LSA.
Species recorded in the terrestrial LSA whose status has changed since the Integrated
Application was submitted are:


horned grebe (Podiceps auritus) – designated as a Species of Special Concern by
COSEWIC (formerly not assessed)



barn swallow (Hirundo rustica) – designated as Threatened by COSEWIC (formerly
not assessed)



little brown myotis (Myotis lucifugus) – designated as Endangered by COSEWIC
(formerly not assessed)



northern myotis (Myotis septentrionalis) – designated as Endangered by COSEWIC
(formerly not assessed)



wood bison (Bison bison athabascae) – designated as a Species of Special Concern
by COSEWIC (formerly Threatened)



wolverine (Gulo gulo) – designated as a Species of Special Concern by COSEWIC
(formerly no status)

Bison and caribou which are culturally significant to Aboriginal Communities are
discussed in more detail.
Ronald Lake Bison Herd
In Canada, wood bison are designated as Threatened (Schedule 1) under SARA.
Environment Canada plans to release a draft Recovery Strategy for Wood Bison;
however, COSEWIC recently assessed the status of wood bison and has recommended
down-listing them to Species of Special Concern (COSEWIC 2014a). If the
recommended down-listing is accepted, a management plan rather than a recovery
strategy would be required under SARA and, as a result, Critical Habitat would not be
identified.
Genetic testing suggests that the Ronald Lake bison herd does not currently comprise
genetically pure wood bison or pure plains bison. Rather, the results suggest that the herd
shares a genetic association with both subspecies (Ball 2013). Although results of genetic
analyses also indicate that the Ronald Lake bison herd is genetically similar to bison in
Wood Buffalo National Park, there is a strong level of differentiation between the two
herds. This differentiation suggests that genetic exchange between the populations is
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negligible (Ball 2013). Based on these results and local traditional knowledge, MCFN has
requested that COSEWIC assess the Ronald Lake bison herd as a unique Designatable
Unit. COSEWIC has stated that the Ronald Lake bison herd does not meet the
significance criteria for Designatable Unit status separate from that of the larger Wood
Bison Designatable Unit (COSEWIC 2014b).
All wood bison in northern Alberta east of Highway 35 (including the Ronald Lake bison
herd) are presumed to be diseased and are currently classified as non-wildlife under the
Alberta Wildlife Act. However, recent research failed to detect bovine tuberculosis or
brucellosis in the Ronald Lake bison herd (GOA 2014). Testing of 73 samples did not
reveal evidence of brucellosis. These results indicate (with 95% confidence) that the
disease, if it occurs at all, is present in the population at less than 5% prevalence. As
identified in GOA (2014) the herd will be managed as a disease-free population (i.e., less
than 5% disease prevalence). In light of this recent change in disease status, it is unknown
how the Ronald Lake bison herd will be treated under the Alberta Wildlife Act; however,
the herd’s status may be reviewed based on this new information. Additional discussion
of this bison herd is provided in the baseline update for wildlife (see Volume 2,
Section 9.1.3).
Caribou
Collar data indicated that five boreal caribou from the Red Earth herd were within or near
the northwest portion of the terrestrial LSA boundary at some point between 2011 and
2014. This is consistent with traditional knowledge provided to Teck from Aboriginal
communities that the Red Earth caribou range extends east towards the Athabasca River.
A discussion of these caribou occurrences is provided in the baseline update for wildlife
(see Volume 2, Section 9.3.2). A single observation of boreal caribou (pellet sample) was
recorded outside of the PDA. Boreal caribou are considered At Risk provincially (ESRD
2012) and Threatened federally (SARA 2014).

13.4.7

Fish and Fish Habitat
The conditions for fish and fish habitat as they relate to the CC&R plan remain
unchanged from those presented in the Integrated Application (for details, see Volume 2,
Section 6).

13.5

Conservation and Reclamation Plan
The CC&R update reflects changes to the PDA as described in Section 2 – Key Decisions
and Project Changes, considers new baseline information collected since the Integrated
Application (see Volume 2), regulatory changes (see Section 13.2.1) and concerns raised
by potentially affected Aboriginal communities during the review process.
The proposed operational life of the Project is 41 years, with the following milestone
occurrences:


June 2015

site preparation activities start seven years before production (2019) with clearing,
surface drainage and initial reclamation material and overburden salvage
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production begins in Year 1 (2026) and finishes in Year 40 (2066)



first reclamation occurs in Year 2 (2024) around the shores of the FHCL



continuous reclamation activities begin in 2034



filling of the north pit lake begins in 2063, while filling of the central and south pit
lakes starts in 2066 – initial discharge of water into the environment from the pit
lakes is anticipated to commence in 2081

Reclamation activities will start as soon as practical when final landform construction has
been completed on active portions of the PDA. This will minimize the active footprint
and provide opportunities for the direct placement of reclamation materials.

13.5.1

Timber Salvage
Timber salvage information has been updated from the Integrated Application to reflect
changes to the PDA, effects of the 2011 Richardson fire, clearing from disturbances that
have occurred since the CC&R plan for the Integrated Application was developed and the
Project development schedule.
Merchantable Timber
As outlined in Section 13.4.5.4, there is an estimated three million cubic metres of
merchantable timber in the PDA. In addition, the PDA falls within two Forest
Management Units (FMUs), FMU A15 and FMU A10. For the proposed site clearing
schedule, see Figure 13.5-1 and Table 13.5-1.
An Integrated Land Management (ILM) strategy is consistent with the Integrated
Application and is a key strategy of the Lower Athabasca Regional Plan (LARP) to
minimize cumulative effects of development. Alberta Pacific Forest Industries Ltd.
(Al-Pac) or Northland Forest Products (Northland) hold the FMAs and are currently
harvesting timber in the PDA. Teck does not control the forest harvesting schedule but
will consult with the FMA holders in order that clearing precedes reclamation material
salvage.
Timber will be salvaged to specifications provided by Alberta Pacific Forest Industries
Ltd. (Al-Pac) Al-Pac or Northland Forest Products (Northland).
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Table 13.5-1

Calendar Year
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
Total
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Annual and Cumulative Timber Clearing Schedule
Total Volume
Coniferous
3
(m )
25,864
1,334
89,360
138,649
21,317
43,745
12,298
14,861
9,122
16,938
17,833
26,032
5,856
30,743
12,782
40,376
8,749
9,560
6,039
79,224
42,654
18,393
10,562
18,583
33,433
18,346
25,065
15,863
14,874
25,878
22,392
24,648
14,336
11,696
5,895
44,432
29,505
16,356
10,932
6
1,318
237
1,843
1,209,568

Total Volume
Deciduous
3
(m )
15,353
1,637
124,993
225,098
271,433
103,838
24,279
29,168
20,482
27,829
27,829
57,638
16,610
49,424
44,072
93,367
25,884
22,493
19,803
119,803
69,660
48,620
22,237
25,217
28,055
26,803
43,641
22,719
15,790
22,802
22,548
23,327
21,812
17,430
12,852
55,902
32,374
21,623
21,984
8
2,655
615
3,867
1,883,573

Total Volume
3
(m )
41,217
2,971
214,353
363,747
484,558
147,583
36,577
44,029
29,604
44,767
45,662
83,670
22,466
80,167
56,854
133,743
34,633
32,053
25,842
199,027
112,314
67,013
32,799
43,800
61,488
45,149
68,706
38,582
30,664
48,680
44,940
47,975
36,148
29,126
18,747
100,334
61,879
37,979
32,916
14
3,973
852
5,710
3,094,038

Annual Timber
Clearing Area
(ha)
494
37
2,254
3,779
4,725
891
424
335
280
443
498
497
361
714
666
1,065
507
601
340
1,105
825
578
243
281
341
513
766
307
423
332
317
365
444
330
291
1,079
446
737
430
55
66
5
27
29,217

Cumulative
Timber Clearing
Area
(ha)
494
531
2,785
6,564
11,289
12,180
12,604
12,939
13,219
13,662
14,160
14,657
15,018
15,732
16,398
17,463
17,970
18,571
18,911
20,016
20,841
21,419
21,662
21,943
22,284
22,797
23,563
23,870
24,293
24,625
24,942
25,307
25,751
26,081
26,372
27,451
27,897
28,634
29,064
29,119
29,185
29,190
29,217
29,217
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Non-Merchantable Timber
As appropriate, non-merchantable timber and slash (i.e., coarse woody debris) will be
used as rollback to prevent erosion of exposed soil and as padding for temporary roads. In
consultation with ESRD and the Regional Municipality of Wood Buffalo, some of the
material will be burned (ASRD 2004; RMWB n.d.). Burning will take place in
consultation with potentially affected Aboriginal communities and will be considerate of
wind velocities and direction. Timber and slash will not be incorporated into reclamation
material stockpiles as it can have adverse effects on soil nutrient ratios (i.e., carbon:
nitrogen). Where non-merchantable timber is chipped, it will be used in a way consistent
with applicable guidelines. ASRD’s Industry Directive 2009-01: Management of Wood
Chips on Public Land, External Directive (ASRD 2009). Other disposal options will be
investigated, where practical, including offering the timber to potentially affected
Aboriginal communities to use as firewood.

13.5.2

Soil and Water Management during Operation

13.5.2.1

Soil Conservation Principles and Practices
Soil conservation practices remain consistent with the Integrated Application.
Materials will be salvaged according to the depths outlined in Table 13.5-2a and
Table 13.5-2b to generate the volumes of suitable resources necessary to produce the
closure land capability classes as discussed in Section 13.6.2.2. See Figure 13.5-2 for the
location of the reclamation materials defined by surface soil textures.

Table 13.5-2a

Reclamation Material Salvage Depth

Salvage Layer

Salvage Depth

1

Upper Lift
Coarse-textured upland surface soil

Overlying LFH, O and upper 20 cm of mineral material

Medium- and fine-textured upland surface soil

Overlying LFH, O and upper 35 cm of mineral material

Fine-textured fluvial fan material

Overlying LFH, O and upper 50 cm of mineral material

Lower Lift
Coarse-textured suitable subsoil material

20 cm or to depth of suitable quality subsoil material, as required

Medium- and fine-textured suitable subsoil
material

35 cm or to depth of suitable quality subsoil material, as required

Organic soil

To depth plus over-stripping into underlying mineral

2

NOTES:
LFH = Surface leaf litter horizon on well drained upland soils.
O = Surface organic accumulation, usually peat, on lowland or poorly drained soils.
1
Lower lift salvage depths have been revised as per the response to ESRD/CEAA Round 1 SIR 164.
2
While most areas of organic soil will be over-stripped and peat deposits removed, areas of deep peat are not
planned to be salvaged (except those that occur in the ETAs which will be savaged).
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Frontier Oil Sands Mine Project Update

Reclamation Material Salvage Depth by Soil Series
Upper Lift
Coarse-Textured
Upland Surface
Soil

Soil Series

Parent Material Origin

Overlying LFH,
O and Upper 20
cm of Mineral
Material

Medium- and
Fine-Textured
Upland Surface
Soil

Overlying LFH,
O and Upper 35
cm of Mineral
Material

Organic Soil
Salvage

Lower Lift

Fine-Textured
Fluvial Fan Soil

CoarseTextured

Medium- and
Fine-Textured

Overlying LFH,
O and Upper 50
cm of Mineral
Material

20 cm or to
depth of
suitable
quality subsoil
material, as
required

35 cm or to
depth of
suitable
quality subsoil
material, as
required

To Depth Plus
Over-Stripping
into Underlying
Mineral

Brunisolic Soils




EYM

Fluvial/Glaciolacustrine

MAR

Eolian





MARgl

Eolian





MIL

Glaciofluvial





MILgl

Glaciofluvial





MILxt

Glaciofluvial/Till





RUTzz

Glaciofluvial





Luvisolic Soils
Till





HRRgl

Till





KME

Fluvial, Glaciolacustrine,
Lacustrine





SRTfi

Till





SRTfigl

Till





WNF

Glaciofluvial, Fluvial or
Glaciolacustrine/Till





WNFgl

Glaciofluvial, Fluvial or
Glaciolacustrine/Till





Fluvial



HRR

Regosolic Soils
MMYgl
NAMgl

Fluvial



Not salvaged

NAMglco

Fluvial



Not salvaged
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Table 13.5-2b

Reclamation Material Salvage Depth by Soil Series (cont’d)
Upper Lift
Coarse-Textured
Upland Surface
Soil

Soil Series

Parent Material Origin

Overlying LFH,
O and Upper 20
cm of Mineral
Material

Medium- and
Fine- Textured
Upland Surface
Soil

Overlying LFH,
O and Upper 35
cm of Mineral
Material

Organic Soil
Salvage

Lower Lift

Fine-Textured
Fluvial Fan Soil

CoarseTextured

Medium- and
Fine-Textured

Overlying LFH,
O and Upper 50
cm of Mineral
Material

20 cm or to
depth of
suitable
quality subsoil
material, as
required

35 cm or to
depth of
suitable
quality subsoil
material, as
required

To Depth Plus
Over-Stripping
into Underlying
Mineral

Gleysolic Soils
AST

Fluvial



Not salvaged

ASTco

Fluvial, Glaciolacustrine



Not salvaged

ASTcopt

Fluvial



Not salvaged

ASTpt

Fluvial, Glaciolacustrine



Not salvaged

BMT

Glaciofluvial, Fluvial, Eolian



BMTxtpt

Glaciofluvial/Till



ELSpt

Till

Not salvaged
Not salvaged




Organic Soils
ALB

Organic



ALBte

Organic



MLD

Organic



MLDte

Organic



MRN

Organic



MUS

Organic



MUSte

Organic



Organic



Cryosolic Soils
MKWaa

NOTES:
LFH = Surface leaf litter horizon on upland soils.
O = Surface organic accumulation, usually peat, on lowland or poorly drained soils.
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Acknowledgements: Base data: AltaLIS, Hydrology ground truthed by Golder (2008, 2010 & 2013)

Figure 13.5-2: Soil Textural Groups in the PDA
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Further delineation of the available reclamation materials is described in Table 13.5-3
and Table 13.5-4, which outline the spatial extent of the various depth thickness intervals
for the upper and lower lifts, respectively. This information is shown on Figure 13.5-3
and 13.5-4.

Table 13.5-3

Distribution of Upper Lift Reclamation Material Thickness Classes
in the PDA
Area of PDA

Upper Lift Thickness
(cm)

ha

0

%

391

1

20

4,903

17

35

17,858

61

50

4,529

15

100

1,345

5

Not applicable = Water

191

1

Total

29, 217

Table 13.5-4

Distribution of Lower Lift Material Thickness Classes in the PDA
Area of PDA

Lower Lift Thickness
(cm)
0
20+

ha

Total

%

19,545

67

9,481

32

Not applicable = Water

13.5.2.2

100

191

1

29,217

100

Reclamation Material Salvage
Upper Lift Salvage
Changes in this section from the Integrated Application reflect the changes to the PDA
and Project development schedule. Progressive salvage of the upper lift of reclamation
materials will follow site clearing and precede mine development, as shown in
Table 13.5-5 and Figure 13.5-5. Annual and cumulative salvage areas are provided for
preproduction (2019 to 2025), the first 10 years of production (2026 to 2035) and in five
year increments through the end of operations.
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Acknowledgements: Base data: AltaLIS, Hydrology ground truthed by Golder (2008, 2010 & 2013)

Figure 13.5-3: Upper Lift Thickness in the PDA
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Acknowledgements: Base data: AltaLIS, Hydrology ground truthed by Golder (2008, 2010 & 2013)

Figure 13.5-4: Lower Lift Thickness in the PDA
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Table 13.5-5

Frontier Oil Sands Mine Project Update

Annual and Cumulative Reclamation Upper Lift Material Salvage
Schedule

Calendar Year/Operating Year

Annual Upper Lift
Salvage Area
(ha)

Cumulative Upper Lift Salvage
Area
(ha)

2019/-7

16

16

2020/-6

604

620

2021/-5

435

1,055

2022/-4

2,022

3,077

2023/-3

2,424

5,501

2024/-2

2,361

7,862

2025/-1

2,308

10,170

2026/1

506

10,676

2027/2

613

11,289

2028/3

891

12,180

2029/4

424

12,604

2030/5

335

12,939

2031/6

280

13,219

2032/7

444

13,663

2033/8

498

14,161

2034/9

496

14,657

2035/10

361

15,018

2036 to 2040/11 to15

3,553

18,571

2041 to 2045/16 to 20

3,093

21,664

2046 to 2050/21 to 25

2,207

23,871

2051 to 2055/26 to 30

1,880

25,751

2056 to 2060/31 to 35

2,881

28,632

2061 to 2065/36 to 40

585

29,217

29,217

29,217

Total
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Lower Lift or Overburden Salvage
The approach to lower lift or overburden salvage is consistent with that described in the
Integrated Assessment. It recognizes that suitable overburden materials are found
throughout the PDA which allows smaller areas to be excavated to greater depths later in
the Project development schedule. This allows material salvage to take place as close as
possible to the time when it will be required for reclamation placement and, as a result,
direct placement can be maximized while minimizing both the areas required for
stockpiles and the length of time the materials reside in the piles. Other benefits include a
reduction in double handling of the material and associated adverse effects on its quality
as well as reductions in associated greenhouse gas emissions.
The available volumes of suitable quality lower subsoil and suitable quality overburden
present at the site will allow the following approach:


During 2023 to 2025, coarse-textured material from a limited area under ETA 1 will
be salvaged and stockpiled as it is the only source for this type of lower lift material.



Lower lift material will be removed as part of the general overburden stripping
process and placed in the EDAs but it will not be segregated from general overburden
or designated for use as reclamation material.



Review of borehole logs indicates that suitable overburden (i.e., with reclamation
suitability ratings of good, fair or poor) is present in sufficiently large areas and to
adequate depths that it is feasible to delay salvaging and stockpiling materials to be
used as the lower reclamation lift. Deeper salvage would occur primarily in the 2036
to 2045 interval when mining progresses through the large fluvial fan associated with
Redclay Creek where suitable quality overburden material thicknesses exceed 20 m.

The validity of this approach was informed by reclamation suitability testing of samples
collected from geotechnical drilling program boreholes and reported in the Integrated
Application. A supplemental overburden delineation program conducted during the
winter of 2012 provided additional data to improve the resolution of the locations, depths
and areas where deeper suitable reclamation materials exist. These data were used to
refine the overburden handling plan. The precise timing of salvage will depend on which
years there are reclamation areas available for material placement. Similarly, the
determination of the areas, depths and locations for deep material salvage will depend on
refinement of both the overburden delineation and the Project reclamation schedule over
time.
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Table 13.5-6 and Figure 13.5-4 have been revised to incorporate the results from the 2012
delineation program and the changes to the PDA (i.e., relevant data has been added and
data obtained from outside the updated PDA have been removed including data obtained
from the SDA). There are a number of boreholes shown on Figure 13.5-4 that are not
included in Table 13.5-6 even though they indicate areas where suitable overburden
resources are present. They have not been included for two reasons:


there is sufficient material in those areas noted in the table to meet reclamation
requirements



they fall in areas that will be developed too early in the mine schedule to maximize
the specific benefits associated with this approach as described in the first paragraph
of this subsection

Table 13.5-6

Borehole, Depth of Suitable Material and Salvage Schedule
Depth of Suitable Material
(m)

Borehole
326A and 428A

5.8

1

Salvage Interval,
Calendar Year/Operating Year
2024/-2

34A and 60A

5.5

2026/1

431A, 513A and 524A

5.8

2026/1

378S

5.5

2036 to 2040/11-15

345A, 404A and 470A

5.3 to 6.1

2041 to 2045/16-20

5-34

21.3

2041 to 2045/16-20

9-01

17.0

2046 to 2050/21-25

586A

5.5

2056 to 060/31-35

9-10 and 9-12

21.3

2061 to 2065/36-40

NOTE:
1
Suitable material is defined as overburden with a reclamation suitability rating of good, fair or poor using the criteria
outlined in AAFRD (1987).

Reclamation Material Stockpiles
Reclamation material will be stored in the RMSs in discrete stockpiles corresponding to
the salvage layers listed in Table 13.5-2b in order to preserve the qualities of each type of
material. Project design has not reached the level where the locations of the various
stockpiles within each RMS have been defined, however and conceptual layouts for
RMS C and RMS F are shown in Figure 13.5-6. (Further discussion is found in the
responses to ERCB Round 1 SIR 99 and ESRD/CEAA Round 1 SIR 164.)
Reclamation material stockpiles will be revegetated as soon as practical following
material placement to stabilize the surface and limit erosional losses. The stockpiles will
be seeded with approved seed mixes if natural revegetation is observed to be inadequate.
Seed mixes might include such species as fast-growing, non-persistent cover crop (e.g.,
barley) that will stabilize the surface, limit erosional losses and allow native species to
become established (AEW 2012).
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Progressive Reclamation
Progressive reclamation will follow the approach outlined in the Integrated Application
with adjustments as required due to changes to the Project and the revised Project
development schedule. Areas disturbed by the Project will be progressively reclaimed as
soon as it is practical to do so considering the inherent constraints associated with
production and operations.
The plant and facilities must be developed before production begins and will be required
for the full operating life of the mine. As a result, it will not be possible to reclaim most
of the plant components until the post-mining phase. However, it will be possible to use
temporary vegetation to stabilize strategic areas to limit surface erosion. It has been
assumed that Project access roads on the west side of the river will be decommissioned at
closure if no longer required to support other development in the area
The Project can be divided into two main elements, the mine and the plant. Each has a
number of discrete components that are listed here to provide context for the discussion
of progressive reclamation. The mine consists of: the main pit, the north pit, the EDAs,
ITAs, IDAs, TIFA, borrow sources and the RMS areas. The plant is comprised of the
aerodrome, centrifuge plant, crushers, landfill, mine services facility, tailing maintenance
facility, plant site, OPP, OSSPs, ETAs, mine access road, the river water intake and the
river water intake pipeline.
Most of the components of the mine will be developed sequentially over time and will be
ready for reclamation as the mine footprint progresses across the landscape. EDA 1 will
be available for reclamation starting in 2035 while the south portion of ETA 1 and the
centre portion of the IDA will not be available for reclamation until the 2051 to 2055
timeframe. As the mine develops, the pit will be backfilled with overburden and tailings
and will be reclaimed as soon as conditions allow, thereby reducing the disturbed areas to
the degree practical. Table 13.5-7 summarizes the extent of internal tailings areas that
will be backfilled with waste (overburden and interburden) and tailings as well as the
areas that will remain as pit lakes at closure.
Since material will be continually withdrawn from the RMS areas to complete
progressive and final reclamation they will be the final mine disturbance areas to be
reclaimed.
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Backfilling Plan for Internal Tailings Areas

Material
Waste
(overburden and interburden)

Mine Feature

Area
(ha)

EDA 1

95

EDA 2

1,581

EDA 3

223

IDA north pit

150

IDA main pit

5,216

Total

7,265

Tailings
(coarse tailings sands)

ETA 1

2,926

ETA 2

2,341

ITA 1

816

ITA 2

1,085

ITA 3

1,244

Total

8,412

Pit Lakes
(water)

North pit lake
Central pit lake
South pit lake

Total

259
2,180
864
3,303

Submerged overburden berms

North pit lake, central pit lake, south
pit lake

215

Littoral areas

Pit lake fringes

886

NOTE:
Table is revised from the response to ESRD/CEAA Round 1 SIR 147a as required due to changes in the PDA.

The schedule for overburden placement and final contouring needed to establish the final
surface for each EDA, ITA and ETA is provided in Table 13.5-8. Date ranges are
provided to reflect the resolution of the mine production schedule and the flexibility
required for efficient completion of progressive reclamation (i.e., reclamation activity
may not be continuous at any given area based on material availability and it is
imperative to optimize the productivity of equipment). The high-level objective is to
progressively implement contouring with the ultimate goal of establishing the closure
topography and ensuring reclamation material is placed, seeded and stabilized before pit
lakes are integrated into the receiving watercourses.
The proposed timeline for progressively reclaiming disturbed areas is shown in
Table 13.5-9. Figure 13.5-7a illustrates the proposed schedule for direct placement of
reclamation materials while Figure 13.5-7b shows overall progressive reclamation.
Figure 13.5-8 compares the sequence of surface disturbance (i.e., soil salvage) with
progressive reclamation for the mine component of the Project, while Figure 13.5-9
shows similar data for the overall Project (mine and plant components).
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Table 13.5-8

Project Schedule for Overburden Placement and Final Contouring
1

Landform

V1 Table 4.5-3
Mine Development
Milestones

V1 Figure 13.5-7b
Progressive Site
Reclamation

2

3

V1 Table 6.5-3
Tailings Placement
Schedule

V1 Figure 6.7-3
Tailing Management
Milestones

V1 Appendix 4C,
4
Table 4C-1 Mine
Material Balance

5

2036–2040,
2067

–

–

Preproduction ,
2035–2040

Preproduction –2036

5

2036–2040,
2041–2045,
2046–2050,
2054

–

–

EDA 3

2059–2060

2036–2040

–

EDA 4 (ETA
drainage)

2045–2067

2067

ETA 1

2026–2054

ETA 2

2044–2066

EDA 1

Preproduction ,
2035–2037

EDA 2

Time Range for
Final Contouring

5

Preproduction ,
2035–2037

Preproduction –2040

5

Preproduction –2036

–

2056–2060

2059–2060

–

–

2041–2067

2045–2067

2051–2055,
2056–2060

–

2026–2060

Preproduction –2026

2066–2060

2061–2066, 2067

–

2044–2072

2036–2045

2044–2072

5

5

5

DDA 1

2028–2036

2028–2036

2027–2029

2028–2036

ITA 1

2037–2050

2056–2060,
2061–2066

2053–2061

2037–2067

2029–2040

2037–2067

ITA 2

2050–2067

2067

2064–2074

2050–2075

2031–2040

2050–2075

ITA 3

2056–2066

2067

–

2056–2073

2041–2055

2056–2073

Comment

Does not include
recontouring

Active tailings areas
including
recontouring

Note

Sand capping only

6

Note

7

NOTES:
1
Section 4.6.1, Table 4.5-3. Note that comma indicates a gap between PP and following years where EDA 1 is not active.
2
Section 6.5.3, Table 6.5-3
3
Section 6.7.1, Figure 6.7-3.
4
Section 4, Appendix 4C, Table 4C-1.
5
Preproduction refers to years between 2019 and 2025. Post-mining includes years on or after 2067 (i.e., between 2067 and 2076).
6
Ranges may end on 5 year interval due to grouping in 5 year intervals after year 10 (2035) for Table 4C-1. Ranges for ETAs, DDA 1, and ITAs in this column are
dyke construction.
7
Disposal areas are active life while tailings areas are active life and post deposition activities (re-contouring).
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Annual and Cumulative Reclamation Schedule for Mine and Plant
Mine

Calendar Year/
Operating Year

Annual
Reclaimed
Area
(ha)

Plant

Cumulative
Reclaimed
Area
(ha)

Annual
Reclaimed
Area
(ha)

Combined Mine and Plant

Cumulative
Reclaimed
Area
(ha)

Annual
Reclaimed
Area
(ha)

Cumulative
Reclaimed
Area
(ha)

2019/-7

0

0

0

0

0

0

2020/-6

0

0

0

0

0

0

2021/-5

0

0

0

0

0

0

2022/-4

0

0

0

0

0

0

2023/-3

0

0

0

0

0

0

0

0

53

53

53

53

2025/-1

0

0

0

53

0

53

2026/1

0

0

0

53

0

53

2027/2

0

0

0

53

0

53

2028/3

0

0

0

53

0

53

2029/4

0

0

0

53

0

53

2030/5

0

0

0

53

0

53

2031/6

0

0

0

53

0

53

2032/7

0

0

0

53

0

53

2024/-2

1

2033/8

0

0

0

53

0

53

2034/9

127

127

1

54

128

181

2035/10

120

247

0

54

120

301

2036-2040/11-15

591

838

211

265

802

1,103

2041-2045/16-20

925

1,763

229

494

1,154

2,257

2046-2050/21-25

209

1,972

184

678

393

2,650

2051-2055/26-30

1,403

3,375

928

1,606

2,331

4,981

2056-2060/31-35

1,500

4,875

1,920

3,526

3,420

8,401

2061-2065/36-40

3,238

8,113

1,039

4,565

4,277

12,678

0

8,113

0

4,565

0

12,678

4,365

12,478

9,088

13,653

13,453

26,131

0

12,478

0

13,653

0

26,131

3,086

15,563

286

13,654

3,372

29,217

0

15,563

0

13,654

0

29,217

2066/41
2067 to 2081
Total – Terrestrial
Pit Lakes
Grand Total

NOTE:
The pit lakes will not require placement of either topsoil or subsoil for reclamation other than in 1,088 ha of littoral
fringe areas. Filling to reach the required water levels will begin in 2063 and continue through 2081.
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Reclamation Material Balances
The approach to reclamation material balances is consistent with that presented in the
Integrated Application. Adjustments have been incorporated due to:


changes to the PDA



the revised Project development schedule



reducing the amount salvaged and stockpiled while maintaining a large surplus of
reclamation material

A key element in the reclamation plan is the availability of sufficient volumes of
reclamation materials (i.e., materials used to construct the reclamation coversoil
prescriptions) to attain the land capability class targets in the closure landscape. Soil
salvage for reclamation will begin in 2019 (mine Year -7) and continue through 2065
(mine Year 40). The material salvage volumes, placement and estimated volumes of
material required to meet the reclamation prescriptions are summarized in Table 13.5-10.
When compared to the Integrated Application the improvements are:


Teck plans to salvage 7.0 Mm3 less for the Project than was planned in the Integrated
Application, resulting in a reduction in the use of haul trucks and emissions as well as
an improvement in Project economics.



Of the amount salvaged, 75% was planned to be taken from stockpiles for the
Integrated Application while 70% is planned to be taken for the updated Project. This
represents a more conservative approach than the Integrated Application as it allows
for a larger surplus of material available to achieve the planned reclamation and end
land use targets including land capability classifications.

In addition to evaluating reclamation suitability of the soils (upper lift and lower lift), the
reclamation suitability of overburden in the PDA was evaluated with the objective of
assisting soil conservation and reclamation planning. A detailed discussion of the results
of this evaluation and how it has been integrated into the material salvage program is
provided in Section 13.5.2.2.
13.5.2.5

Drainage Development
For a discussion of the water management plan for the Project see Section 7.

13.5.2.6

Runoff Management
Runoff management remains generally consistent with the Integrated Application. A
detailed discussion of the runoff management system is provided as part of the water
management plan in Section 7.
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Reclamation Materials Handling
Reclamation Material Placement

Reclamation Material Salvage

1,2

Upper Lift
3
Mm

Lower Lift or
Suitable
Overburden
3
Mm

2020

NS

NS

2021

NS

Year

222,000

Material to Stockpiles

Upper Lift
3
Mm

Lower Lift or
Suitable
Overburden
3
Mm

NS
NS

Material Direct Placed

2

Material From Stockpiles

Upper Lift
3
Mm

Lower Lift or
Suitable
Overburden
3
Mm

Upper Lift
3
Mm

Lower Lift or
Suitable
Overburden
3
Mm

NS

NP

NP

NP

NP

222,000

NP

NP

NP

NP

2022

712,000

2,919,000

712,000

2,919,000

NP

NP

NP

NP

2023

683,000

2,278,000

683,000

2,278,000

NP

NP

NP

NP

2024

3,080,000

3,247,000

2,977,000

3,099,000

NP

NP

2025

783,000

1,635,000

783,000

1,635,000

NP

NP

NP

NP

2026

653,000

513,000

653,000

513,000

NP

NP

NP

NP

2027

358,000

627,000

358,000

627,000

NP

NP

NP

NP

2028

278,000

1,201,000

278,000

1,201,000

NP

NP

NP

NP

2029

241,000

211,000

241,000

211,000

NP

NP

NP

NP

2030

31,000

270,000

31,000

270,000

NP

NP

NP

NP

2031

50,000

168,000

50,000

168,000

NP

NP

NP

NP

2032

338,000

301,000

338,000

301,000

NP

NP

NP

NP

2033

573,000

536,000

573,000

536,000

NP

NP

NP

NP

2034

376,000

399,000

125,000

24,000

2035

463,000

349,000

217,000

2036-2040

8,029,000

5,641,000

6,228,000

2041-2045

12,928,000

6,150,000

10,353,000
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103,000

147,000

250,000

375,000

14,000

NP

246,000

349,000

NP

NP

4,077,000

1,801,000

1,564,000

254,000

370,000

3,452,000

2,575,000

2,698,000

125,000

182,000

NS
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Table 13.5-10

Reclamation Materials Handling (cont’d)
Reclamation Material Placement

Reclamation Material Salvage

1,2

Material to Stockpiles

Year

Upper Lift
3
Mm

2046-2050

11,495,000

8,969,000

10,507,000

8,395,000

989,000

574,000

151,000

341,000

2051-2055

8,588,000

2,528,000

4,039,000

216,000

4,532,000

2,312,000

1,493,000

2,255,000

2056-2060

12,075,000

8,096,000

6,140,000

5,487,000

5,935,000

2,608,000

4,141,000

4,069,000

2061-2066

2,973,000

11,658,000

1,378,000

8,835,000

1,595,000

2,823,000

6,013,000

6,732,000

64,709,000

57,916,000

46,665,000

44,465,000

18,027,000

13,451,000

12,191,000

13,950,000

2067-2081
4

Pit Lakes
Total

Upper Lift
3
Mm

Lower Lift or
Suitable
Overburden
3
Mm

Material From Stockpiles

Lower Lift or
Suitable
Overburden
3
Mm

Subtotal

Upper Lift
3
Mm

Lower Lift or
Suitable
Overburden
3
Mm

Material Direct Placed

2

Upper Lift
3
Mm

Lower Lift or
Suitable
Overburden
3
Mm

NS

NS

NS

NS

NP

NP

30,773,000

28,291,000

NS

NS

NS

NS

17,000

NP

1,368,000

NP

13,451,000

44,331,000

42,242,000

64,709,000

57,916,000

46,665,000

44,465,000

18,044,000

NOTES:
1
Volumes are only for materials required for either direct placement or stockpiling for future site reclamation.
2
Volumes may not add due to rounding.
3
Estimated salvage volumes are conservative to allow for potential losses during operation.
4
Reclaim of pit lake littoral areas, using organic soils from reclamation materials salvaged, starts in Year 2058 and continues into post-mining. Additional organic
soils are used for reclaiming the littoral areas of other drainage features.
NP = No placement of reclamation materials during this year.
NS = No salvage of reclamation materials.
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Vegetation Management
The discussion of vegetation management remains unchanged from that in the Integrated
Application.

13.6

Closure Plan
This section describes the conceptual closure plan for the Project, including the:


closure topography and landform types



soil reconstruction prescriptions and closure land capability distributions



upland and wetland revegetation strategies



biodiversity and wildlife habitat establishment



species at risk



traditional species of concern



closure drainage plan



groundwater and aquatic ecosystems

The closure plan is conceptual in nature and meant to evolve over time in response to:

13.6.1



changes in regulatory guidelines and requirements



mining advance planning and materials handling



changes in end land use objectives



ongoing consultation with Aboriginal communities



future advances in soil reconstruction, revegetation and water management

Closure Topography and Landforms
The major types of closure landforms planned for the Project are consistent with the
Integrated Application and will be contoured to mimic natural topography. While the
major types of closure landforms planned for the Project remain consistent with the
Integrated Application, the design approach for surface relief and topography has
changed. The change in closure landscape surface relief and topography is towards an
overall flatter landscape (see Table 13.6-1 and Volume 3, Section 9.4), with stream
channels that have a lower velocity and erosion potential and an increase in the area of
wetlands.
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13.6.2

Soil Reconstruction and Land Capability
This section describes the distribution of the landforms and surface contouring that is
required to support the closure drainage network and allow for proper functioning of the
pit lakes. These landforms dictate the closure topography upon which the reconstructed
coversoils will be placed to support site reclamation.

Table 13.6-1
Slope
Class

Comparison of Slope Classes at Predisturbance and Closure
Slope Gradient

Predisturbance Area

Closure Area

Change

(%)

(degrees)

(ha)

(%)

(ha)

(%)

1

0–0.5

0-0.3

3,268

11

6,511

22

3,243

11

1-2

>0.5–2

8,552

29

404

1

-8,149

-28

2

0.5–2

8,760

29

5,994

20

-2,766

-9

2-3

>0.5-5

3,433

12

339

1

-3,094

-11

1,917

7

4,947

17

3,030

10

2,479

9

1,014

4

-1,466

-5

<0.1

2,908

10

2,907

10

3

>2–5

3-4

>2-9

4

6–9

0.3-1.1
>1.1-3.0
>3.0-5.0

<0

4-5

6-15

5

10-15

5-6

10–30

6

15-30

>8.5-16.5

0

7

30-45

>16.5-24

8

45-70

>24-35

70-100

>35-45

9
Water
Total

1

2

>5-8.5

(ha)

(%)

521

2

152

1

-368

-1

0

0

1,364

5

1,365

5

91

<0

-5

0

0

581

2

581

2

0

0

20

<0

20

<0

0

0

3

<0

3

0

0

0

<0

<0

<

0

96

0.3

N/A

191

1

4,889

17

4,699

16

N/A

29,217

100

29,217

100

0

0

NOTES:
1
Waterbodies in the closure landscape including open water (pit lakes, other lakes, drainage channels) = 3,811 ha,
and the littoral fringe areas around the pit lakes = 1,079 ha.
2
Percentage totals might not add up to 100% because of rounding.
N/A = Not applicable

13.6.2.1

Coversoil Prescriptions
Reclamation coversoil prescriptions for the various landscape features in the PDA
(see Table 13.6-2), were developed based on the following factors, which are the same as
the Integrated Application:

June 2015



salvage material types as described in Section 13.5.2.1



closure topography as described in Section 13.6.1



closure distribution of surface materials, i.e., tailings sand (coarse) or overburden
(medium- to fine-textured)



closure drainage as outlined in Section 13.6.4.1

Page 13-67

Volume 1: Project Description
Section 13: Closure, Conservation and Reclamation Plan

Table 13.6-2
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Reclamation Coversoil Prescriptions
Reclamation Coversoil Prescription

Substrate

20 cm of fine-textured surface soil over 30 cm of fine-textured subsoil

Coarse-textured (sand)

20 cm of fine-textured surface soil over 30 cm of fine-textured subsoil

Fine overburden (clay loam)

Subtotal

Area
(ha)
30
145
175

20 cm of coarse-textured surface soil over 30 cm of coarse-textured subsoil

Coarse-textured (sand)

1,350

20 cm of fine-textured surface soil over 30 cm of fine-textured subsoil

Fine overburden (clay loam)

2,179

50 cm of fine-textured fluvial fan material (Regosolic soils primarily of the Namur series)

Coarse-textured (sand)

3,597

50 cm of fine-textured fluvial fan material (Regosolic soils primarily of the Namur series)

Fine overburden (clay loam)

89

50 cm of fine-textured fluvial fan material (Regosolic soils primarily of the Namur series)

Fine overburden (clay loam)

473

Subtotal

7,688

20 cm of fine-textured surface soil over 30 cm of fine overburden

Fine overburden (clay loam)

3,526

20 cm of fine-textured surface soil over 30 cm of fine overburden

Fine overburden (clay loam)

1,809

20 cm of fine-textured surface soil over 30 cm of fine overburden

Fine overburden (clay loam)

1,098

Subtotal

6,433

20 cm of fine-textured surface soil over 30 cm of fine-textured subsoil

Fine overburden (clay loam)

120

20 cm of fine-textured surface soil over 30 cm of fine overburden

Fine overburden (clay loam)

2,903

Subtotal

3,023

20 cm of coarse-textured surface soil over 30 cm of coarse-textured subsoil

Coarse-textured (sand)

1,367

20 cm of fine-textured surface soil over 30 cm of fine-textured subsoil

Coarse-textured (sand)

186

20 cm of fine-textured surface soil over 30 cm of fine-textured subsoil

Fine overburden (clay loam)

456

50 cm of fine-textured fluvial fan material (Regosolic soils primarily of the Namur series)

Coarse-textured (sand)

373

50 cm of fine-textured fluvial fan material (Regosolic soils primarily of the Namur series)

Fine overburden (clay loam)

33

20 cm of fine-textured surface soil over 30 cm of fine overburden

Fine overburden (clay loam)

4,593

Subtotal

7,008

20 cm of peat-mineral (littoral fringes)

Coarse and fine textures (sand and clay loam)

Not applicable - water (lakes, submerged overburden berms and drainage network)

Not applicable

Subtotal
Total
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As outlined in Section 13.4.3.2, supplementary field and analytical data were collected
and the soil classification revised from what was presented in the Integrated Application.
Soil reclassification necessitated revised mapping of soil map unit distributions,
associated changes in the distribution and area of LCCs, and changes to the volumes of
suitable reclamation materials. These changes required review and revision of the
reclamation soil prescriptions. Remodelling the land capabilities produced an increase in
basic reclamation prescriptions from six in the Integrated Application to seven.
Variations in soil moisture regimes results in an increase in the total number of
potentially applicable reclamation prescriptions from ten in the Integrated Application to
nineteen for the updated Project. Table 13.6-2 shows that nine of these prescriptions
occupy relatively small areas, i.e., less than 500 ha each, while the other nine each
account for areas over 1,000 ha in total extent.
The progressive annual and cumulative reclaimed land areas from 2034 to 2081 are
summarized in Table 13.5-9 and Figure 13.6-2.
Representative cross-sections of the proposed coversoil prescriptions are depicted
conceptually in Figure 13.6-1.
13.6.2.2

Land Capability Ratings
The discussion of land capabilities is generally consistent with that presented in the
Integrated Application. The distribution of classes reflects both changes to the PDA and
updated evaluation of the soil data (see Section 13.4.3.2).
Seven basic coversoil prescriptions for reclamation are shown in Figure 13.6-1. The land
capability ratings for these profiles change in response to variations in the internal soil
moisture and drainage regimes that are a function of slope angle, aspect and location on
the landform. These differences are described in Table 13.6-3 for context when reviewing
the conceptual forest land capability assignments and distributions presented in
Table 13.6-4, Table 13.6-5 and Figure 13.6-2.
Lands rated as Class 1, 2 or 3 have high, moderate or low capabilities for commercial
forest production; whereas, those in Classes 4 and 5 are conditionally productive/severely
limited and non-productive, respectively (AENV 2006). The areas reclaimed as Class 1, 2
and 3 landscapes decrease by 4,750 ha while those in Classes 4 and 5 increase by 950 ha,
see Table 13.6-4. Open water will increase by 3,800 ha (mainly pit lakes), while 890 ha
of littoral fringes around the lakes, that have no pre-development counterpart, will be
created.
The compromises among the various land capability classes recognize that, while there
are reductions in the area that can support commercial forestry, there are increases in
Class 5 areas, littoral fringes (i.e., wetlands) and waterbodies that have moderate and high
potential habitat for certain wildlife species that are important to potentially affected
Aboriginal communities (see Sections 13.7 and 13.9) Increasing the areas with wetland
potential in the closure landscape is consistent with recent regulatory direction as set out
in the Guiding Principles of the Wetland Mitigation System of the Alberta Wetland Policy
(ESRD 2013a) and is aligned with Teck’s corporate sustainability goals (Teck 2013).
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Figure 13.6-1
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Table 13.6-3

Frontier Oil Sands Mine Project Update

Variations in Land Capability Class with Changes in Soil Drainage
and Moisture Regimes
Profile and Prescription

Moisture Regime

P1. 20 cm of fine-textured surface soil over 30 cm of fine-textured
subsoil over 50 cm of coarse sand

LCC

Imperfect

2

Very poor

5

Well

4

P2. 20 cm of fine-textured surface soil over 30 cm of fine-textured
subsoil over 50 cm of coarse sand

Imperfectly

1

Very poor

5

P3. 20 cm of fine-textured surface soil over 30 cm of fine-textured
subsoil over 50 cm of coarse sand over 50 cm fine to moderately
fine-textured overburden

Imperfect

1

Very poor

5

Poor

3

Well

2

P4. 50 cm of fine-textured fluvial fan material over 50 cm coarsetextured sand

Well

2

P5. 50 cm of fine-textured fluvial fan material over 50 cm fine- to
moderately fine-textured overburden

Poor – hygric 7a

2

Well

2

P6. 20 cm of fine-textured surface soil over 30 cm of fine-textured
subsoil over 50 cm of coarse sand over 50 cm fine- to moderately
fine-textured overburden

Poor – hygric 7a

3

Poor – hygric 7r

4

P7. 20 cm of peat-mineral over coarse-textured sand

Table 13.6-4

Imperfect

3

Very poor

5

Well

3

Littoral fringes of pit
lakes

–

Predisturbance and Conceptual Closure Land Capability
Distributions

Land Capability Class

Predisturbance Area
(ha)

Closure Area
(ha)

Change
(ha)

1

469

174

-295

2

17,326

7,693

-9,633

3

1,258

6,433

5,174

19,053

14,300

-4,753

4

8,189

3,027

-5,162

5

1,784

7,009

5,225

0

886

886

9,973

10,922

+949

Subtotal C1-C3

5 – littoral areas
Subtotal C4+C5
5 – submerged overburden berms
5 – waterbodies
Total
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215

215

191

3,780

3,590

29,217

29,217

0
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Table 13.6-5

Reclamation Coversoil Prescriptions and Conceptual Closure Forest Land Capability
Distributions

Reclamation Coversoil Prescription

Substrate

Landscape Feature

Drainage
Class

Forest Land
Capability Class

Area
(ha)

20 cm of fine-textured surface soil over 30 cm
of fine-textured subsoil

Coarse-textured (sand)

River water intake

Imperfectly

1

30

20 cm of fine-textured surface soil over 30 cm
of fine-textured subsoil

Fine overburden (clay loam)

Main pit

Imperfectly

1

145

Subtotal

175

20 cm of coarse-textured surface soil over
30 cm of coarse-textured subsoil

Coarse-textured (sand)

ETA 1 and 2; ETA dykes; ITA 3

Imperfectly

2

1,350

20 cm of fine-textured surface soil over 30 cm
of fine-textured subsoil)

Fine overburden (clay loam)

ITA 1 and 2; ETA 3, main pit

Well

2

2,179

50 cm of fine-textured fluvial fan material
(Regosolic soils primarily of the Namur
series)

Coarse-textured (sand)

EDA 1; ETA 1 and 2; ETA dykes;
ETA drainage

Well

2

3,597

50 cm of fine-textured fluvial fan material
(Regosolic soils primarily of the Namur
series)

Fine overburden (clay loam)

North pit

Poor

2

89

50 cm of fine-textured fluvial fan material
(Regosolic soils primarily of the Namur
series)

Fine overburden (clay loam)

ITA 1 and 2; ITA dykes; main pit,

Well

2

473

Subtotal

7,688

20 cm of fine-textured surface soil over 30 cm
of fine overburden

Fine overburden (clay loam)

ITA 1 and 3; ITA dykes; RMS D
and E; main pit and north pit

Poor

3

3,526

20 cm of fine-textured surface soil over 30 cm
of fine overburden

Fine overburden (clay loam)

Aerodrome; RMS A, C and F; ITA
dykes; main pit

Imperfectly

3

1,809

20 cm of fine-textured surface soil over 30 cm
of fine overburden

Fine overburden (clay loam)

EDA 2

Well

3

1,098

Subtotal
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Table 13.6-5
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Reclamation Coversoil Prescriptions and Conceptual Closure Forest Land Capability
Distributions (cont’d)

Reclamation Coversoil Prescription

Substrate

Landscape Feature

Drainage
Class

Forest Land
Capability Class

Area
(ha)

20 cm of fine-textured surface soil over 30
com of fine-textured subsoil

Fine overburden
(clay loam)

main pit

Poor

4

120

20 cm of fine-textured surface soil over 30 cm
of fine overburden

Fine overburden (clay loam)

EDA 1, 2 and 3; ITA 1 and 2;
main pit and north pit: OPP;
OSSP; plant site; RMS E

Poor

4

2,903

Subtotal

3,023

20 cm of coarse-textured surface soil over
30 cm of coarse-textured subsoil

Coarse-textured (sand)

EDA 1; ETA 1 and 2; ITA 3; main
pit

Very Poor

5

1,367

20 cm of fine-textured surface soil over 30 cm
of fine-textured subsoil

Coarse-textured (sand)

Sand borrow areas 1 and 2

Very Poor

5

186

20 cm of fine-textured surface soil over 30 cm
of fine-textured subsoil

Fine overburden (clay loam)

EDA 3; OSSP; main pit

Very Poor

5

456

50 cm of fine-textured fluvial fan material
(Regosolic soils primarily of the Namur
series)

Coarse-textured (sand)

ETA 1 and 3, ETA dykes

Very Poor

5

373

50 cm of fine-textured fluvial fan material
(Regosolic soils primarily of the Namur
series)

Fine overburden (clay loam)

ITA 2; main pit

Very Poor

5

33

20 cm of fine-textured surface soil over 30 cm
of fine overburden

Fine overburden (clay loam)

EDA 1, 2 and 3: EDA dykes; ITA
1, 2 and 3; main pit and north pit;
Mine services facility

Very Poor

5

4,593

20 cm of peat-mineral

Coarse and fine textures
(sand and clay loam)

Littoral fringes for pit lakes and
drainage network

Littoral

5

Not applicable

Not applicable

Pit lakes, other internal lakes and
drainage channels

Open
Water

Subtotal

Subtotal
Total
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Equivalent Capability
As stated in Section 13.1.2, one of the objectives of the CC&R plan is to reclaim the
disturbed areas such that the closure landscape will have equivalent capability for
primary land uses, similar to what was present before development.
Equivalent capability has conventionally been assessed by comparing the areas of the
predisturbance and post-reclamation land capability classes and discussing the change in
area for each class. However, recent regulatory trends are shifting away from a primary
focus on this index, as outlined in ESRD/CEAA Round 2 SIR 120a, which states:
Is Teck aware of the current shift away from a reliance on the LCCS in the EPEA
approvals issued for oil sands mines, to a greater focus on the target of ecosites
and ecosite phases, with assessment by site type? This is reflective of the
guidance provided in the Guidelines for Reclamation to Forest Vegetation in the
Athabasca Oil Sands Region, Alberta Environment, 2010.
The distribution of site types for the predisturbance and closure landscapes is outlined in
Table 13.6-6a. The LCCs discussed in Section 13.6.2.2 show a reduction in the capability
classes generally equated with commercial forest production (classes 1, 2 and 3) of 4,750
ha. In comparison, however, upland site types increase by 4,400 ha. Furthermore, of these
upland site types, those most associated with commercial forestry activities (a, b, c and d)
show an increase of 1,500 ha. A direct result of this increase in total upland area is a
corresponding loss of wetlands. In spite of the shift to upland site types, the updated
reclamation plan includes an increase of 477 ha of wetlands. This increase was achieved
with a closure landscape surface relief and topography that is generally flatter
(see Table 13.6-1 and Volume 3, Section 9.4), with stream channels that have a lower
velocity and erosion potential as well as increasing littoral areas. Overall, the reclamation
plan balances competing imperatives and necessary trade-offs and demonstrates
equivalent land capability.

13.6.3
13.6.3.1

Revegetation Plan
End Land Use Goals and Revegetation Strategies
The end land use goals are the same as those outlined in the Integrated Application — to
provide a stable closure landscape that consists of functional ecosystems that will support
a range of end land use activities similar to those carried out under existing conditions.
Many of the existing activities identified in the PDA including commercial forestry,
hunting, trapping and the collection of medicinal and traditional use plants are the result
of the vegetation communities that will be reestablished in the closure landscape. A mix
of uplands, lowlands and wetlands will be created and native ecosites established within
the constraints imposed by changes in landscape features resulting from Project
development. An example of Teck’s commitment to reestablish similar ecosites is the
increase in the amount of wetlands in the updated Project in comparison to the Integrated
Application (see Section 13.6.3.2). The linkages between the conceptual land capability
ratings and drainage regimes at closure and the proposed revegetation prescriptions are
also shown in Table 13.6-6b.
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Table 13.6-6a

Site Type Distributions in the PDA

Correlation of Upland Ecosite Phase and
Lowland Wetland Classes with Site Types
Uplands

Dry Site Type – a and b ecosites
Moist Poor Site Type – c ecosite

Predisturbance
Area

Closure Area

Change

(ha)

(%)

(ha)

(%)

(ha)

(%)

3,593

12.3

3,651

12.5

+58

+0.2

67

0.2

2,130

7.3

+2,121

+7.1

5,984

20.5

5,392

18.5

-590

-2.0

9,644

33.0

11,173

38.2

+1,529

+5.2

4,245

14.5

3,136

10.7

-1,109

-3.8

Wet Poor Site Type – g and some h
ecosites

329

1.1

4,408

15.1

+4,079

+14.0

Subtotal e, f, g and h

4,574

15.7

7,544

25.8

+2,970

+10.1

1

<0.1

0

0.0

-1

<0.1

Moist Rich Site Type – d ecosites
Subtotal a, b, c, d
Wet Rich Site Type – e and f
ecosites

Upland graminoid
Upland shrubland
Wetlands

Frontier Oil Sands Mine Project Update

181

0.6

0

0.0

-181

-0.6

Subtotal Uplands

14,400

49.0

18,717

65.0

+4,399

+16.0

All Others

11,563

39.6

0

0.0

-11,563

-39.6

475

1.6

1,162

4.0

+687

+2.4

Marshes (MONG)
Shrubby swamps (SONS)
Subtotal Wetlands

2,058

7.0

4,445

15.2

+2,387

+8.2

14,096

47.0

5,614

19.0

-8,489

-28.0

Littoral

Littoral fringes around pit lakes

0

0.0

886

3.0

+886

+3.0

Submerged
Berms

Submerged overburden berms

0

0.0

215

0.7

+215

+0.7

Waterbodies

Waterbodies and pit lake

0

0.0

3,780

12.9

+3,780

+12.9

Disturbed

Existing Disturbances

0.0

-721

-3.0

0

0.0

Total
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Table 13.6-6b

Conceptual Closure Forest Land Capability Class, Ecosite Phase and Wetland Class Distributions

Reclamation Coversoil
Prescription

Substrate

Landscape Feature

Forest Land
Capability
Class/Drainage

Ecosite Phase/Wetland Class and
Location

Shrub and Forb Species

20 cm of fine-textured surface
soil over 30 cm of finetextured subsoil

Coarse-textured
(sand)

River water intake

1 / Imperfectly

f2: horsetail/balsam poplar-white
spruce
At higher elevations between water
bodies and upland

Prickly rose, dogwood, low
bush cranberry

20 cm of fine-textured surface
soil over 30 cm of finetextured subsoil

Fine overburden
(clay loam)

main pit

1 / Imperfectly

e1: dogwood/balsam poplar-aspen
Away from drainage channels and
water bodies(>50m)

Dogwood, raspberry,
bracted honeysuckle

20 cm of coarse-textured
surface soil over 30 cm of
coarse-textured subsoil

Coarse-textured
(sand)

ITA 3; ETA dykes

2 / Imperfectly

b1: blueberry/Jack Pine
Mid- to upper-slope areas all
aspects

Blueberry, bearberry,
Labrador tea, green alder

ITA 3

b3: blueberry/Aspen-white spruce
Crest and upper-slope areas

Blueberry, bearberry,
Labrador tea, green alder

ETA 1 and 2

c1: Labrador-tea (mesic)/Jack Pineblack spruce
Lower to mid-slope all aspects

Bearberry, Labrador tea

d1:low-bush cranberry, aspen
Mid-slope to upper slopes

Low-bush cranberry,
buffaloberry, Saskatoon,
prickly rose, green alder

d3: low-bush cranberry/white spruce
All slopes; north and east aspect

Low-bush cranberry,
buffalo berry, Saskatoon,
prickly rose, raspberry,
green alder

b1: blueberry/Jack Pine
Mid- to upper-slope areas all
aspects

Blueberry, bearberry,
Labrador tea, green alder

ETA 1 and 2; ETA
dykes; ETA drainage
network

b3: blueberry/Aspen-white spruce
Crest and upper-slope areas

Blueberry, bearberry,
Labrador tea, green alder

EDA 1; ETA 1 and 2:
ETA drainage
network

c1: Labrador-tea (mesic)/Jack Pineblack spruce
Lower to mid-slope all aspects

Bearberry, Labrador tea

20 cm of fine-textured surface
soil over 30 cm of finetextured subsoil

Fine overburden
(clay loam)

EDA 1; ITA 3; main
pit

2 / Well

ITA 2; ITA dykes;
main pit

50 cm of fine-textured fluvial
fan material (Regosolic soils
primarily of the Namur series)

June 2015

Coarse-textured
(sand)

ETA 1 and 2; ETA
dykes

2 / Well

Page 13-77

Volume 1: Project Description
Section 13: Closure, Conservation and Reclamation Plan

Table 13.6-6b
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Conceptual Closure Forest Land Capability Class, Ecosite Phase and Wetland Class Distributions
(cont’d)

Reclamation Coversoil
Prescription

Substrate

Landscape Feature

Forest Land
Capability
Class/Drainage

Ecosite Phase/Wetland Class and
Location

Shrub and Forb Species

b3: blueberry/Aspen-white spruce
Crest and upper-slope areas

Blueberry, bearberry,
Labrador tea, green alder

d1:low-bush cranberry, aspen
Mid-slope to upper slopes

Low-bush cranberry,
buffaloberry, Saskatoon,
prickly rose, green alder

50 cm of fine-textured fluvial
fan material (Regosolic soils
primarily of the Namur series)

Fine overburden
(clay loam)

50 cm of fine-textured fluvial
fan material (Regosolic soils
primarily of the Namur series)

Fine overburden
(clay loam)

ITA 1 and 2; ITA
dykes; main pit

2 / Well

d1:low-bush cranberry, aspen
Mid-slope to upper slopes

Low-bush cranberry,
buffaloberry, Saskatoon,
prickly rose, green alder

20 cm of fine-textured surface
soil over 30 cm of fine
overburden

Fine overburden
(clay loam)

ITA 1; ITA dykes;
main pit

3 / Poor

c1: Labrador-tea (mesic)/Jack Pineblack spruce
Lower to mid-slope all aspects

Bearberry, Labrador tea

main pit and north pit:
RMS D and E

e1: dogwood/balsam poplar-aspen
Away from drainage channels and
water bodies(>50m)

Dogwood, raspberry,
bracted honeysuckle

ITA 3, ITA dykes;
main pit and north pit

e2: dogwood/balsam poplar-white
spruce
Away from drainage channels and
wetlands(>50m); lower slopes

Dogwood, raspberry,
bracted honeysuckle

d1:low-bush cranberry, aspen
Mid-slope to upper slopes

Low-bush cranberry,
buffaloberry, Saskatoon,
prickly rose, green alder

RMS C and F

d2: low-bush cranberry/aspen-white
spruce
Mid-to upper slope, and all aspects

Low-bush cranberry,
buffaloberry, Saskatoon,
prickly rose, green alder

Aerodrome; main pit;
RMS A, B, C and F

d3: low-bush cranberry/white spruce
All slopes; north and east aspect

Low-bush cranberry,
buffalo berry, Saskatoon,
prickly rose, raspberry,
green alder

ITA dykes; main pit;
mine services facility

e3: dogwood/white spruce
level aspect at lower slopes

Low-bush cranberry,
prickly rose, green alder,
bracted honeysuckle

20 cm of fine-textured surface
soil over 30 cm of fine
overburden
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Table 13.6-6b

Conceptual Closure Forest Land Capability Class, Ecosite Phase and Wetland Class Distributions
(cont’d)

Reclamation Coversoil
Prescription
20 cm of fine-textured surface
soil over 30 cm of fine
overburden

Substrate
Fine overburden
(clay loam)

Landscape Feature
EDA 2

Forest Land
Capability
Class/Drainage
3 / Well

Ecosite Phase/Wetland Class and
Location

Shrub and Forb Species

b1: blueberry/Jack Pine
Level and mid-slope areas all
aspects

Blueberry, bearberry,
Labrador tea, green alder

d1:low-bush cranberry, aspen
Mid-slope to upper slopes

Low-bush cranberry,
buffaloberry, Saskatoon,
prickly rose, green alder

d2: low-bush cranberry/aspen-white
spruce
Mid-to upper slope, and all aspects

Low-bush cranberry,
buffaloberry, Saskatoon,
prickly rose, green alder

e1: dogwood/balsam poplar-aspen
Away from drainage channels and
water bodies(>50m)

Dogwood, raspberry,
bracted honeysuckle

20 cm of fine-textured surface
soil over 30 com of finetextured subsoil

Fine overburden
(clay loam)

main pit; EDA 2 and
3; ETA drainage
network; ITA 1 and 2;
ITA dykes; main pit
and north pit: OPP;
plant site; corridor
and road

4 / Poor

g1: Labrador tea (subhygric)/black
spruce-Jack pine

Labrador tea, bog
cranberry, common
blueberry

20 cm of coarse-textured
surface soil over 30 cm of
coarse-textured subsoil

Coarse-textured
(sand)

ETA 1& 2

5 / Very Poor

g1: Labrador tea (subhygric)/black
spruce-Jack pine
Adjacent to low areas

Labrador tea, bog
cranberry, common
blueberry

SONS: along watercourse or
drainage channels (assumed to be
saline)

Willow species, swamp
birch, Alkali bulrush,
common cattail, awned
sedge, northern reed
grass

EDA 1; ETA 1 and 2;
ITA 3: ETA drainage
network; main pit
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Conceptual Closure Forest Land Capability Class, Ecosite Phase and Wetland Class Distributions
(cont’d)

Reclamation Coversoil
Prescription
20 cm of fine-textured surface
soil over 30 cm of finetextured subsoil

Substrate

Landscape Feature

Coarse-textured
(sand)

Sand borrow areas 1
and 2

Forest Land
Capability
Class/Drainage
5 / Very Poor

Sand borrow areas 1
and 2; Immediately
surrounding drainage
networks

Ecosite Phase/Wetland Class and
Location

Shrub and Forb Species

g1: Labrador tea (subhygric)/black
spruce-Jack pine
Adjacent to low areas

Labrador tea, bog
cranberry, common
blueberry

MONG: along internal lakes
(assumed to be saline)

Awned sedge, common
spike rush, American
sloughgrass

20 cm of fine-textured surface
soil over 30 cm of finetextured subsoil

Fine overburden
(clay loam)

EDA 3; main pit;
OSSP;
Immediately
surrounding drainage
networks

5 / Very Poor

SONS: along watercourse or
drainage channels (assumed to be
saline)

Willow species, swamp
birch, Alkali bulrush,
common cattail, awned
sedge, northern reed
grass

50 cm of fine-textured fluvial
fan material (Regosolic soils
primarily of the Namur series)

Coarse-textured
(sand)

ETA 1 and 2: ETA
dykes

5 / Very Poor

SONS: along watercourse or
drainage channels (assumed to be
saline)

Willow species, alder,
swamp birch, Alkali
bulrush, common cattail,
awned sedge, northern
reed grass

50 cm of fine-textured fluvial
fan material (Regosolic soils
primarily of the Namur series)

Fine overburden
(clay loam)

ITA 2

5 / Very Poor

SONS: along watercourse or
drainage channels (assumed to be
saline)

Willow species, swamp
birch, Alkali bulrush,
common cattail, awned
sedge, northern reed
grass
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Table 13.6-6b

Conceptual Closure Forest Land Capability Class, Ecosite Phase and Wetland Class Distributions
(cont’d)

Reclamation Coversoil
Prescription
20 cm of fine-textured surface
soil over 30 cm of fine
overburden

Substrate
Fine overburden
(clay loam)

Forest Land
Capability
Class/Drainage

Ecosite Phase/Wetland Class and
Location

Shrub and Forb Species

h1: Labrador tea/horsetail, white
spruce, black spruce
Adjacent to drainage areas

Labrador tea, bog
cranberry, green alder,
willow, prickly rose.

EDA 2 and 3; ITA 1, 2
and 3; Landfill; main
pit and north pit;
OSSP

SONS: along watercourse or
drainage channels (assumed to be
saline)

Willow species, swamp
birch, Alkali bulrush,
common cattail, awned
sedge, northern reed
grass

EDA dykes; ITA 1
and 2; main pit

MONG: along internal lakes
(assumed to be saline)

Awned sedge, common
spike rush, American
sloughgrass

Landscape Feature
EDA 2; ITA 1, 2 and
3; ITA dykes; main
pit, mine services
facility

5 / Very Poor

20 cm of peat-mineral

Coarse and fine
textures (sand
and clay loam)

Littoral areas of pit
lakes and other
internal lakes

5 / Littoral

Not applicable for pit lakes; WONN
for other internal lakes (assumed to
be saline)

Alkali bulrush, common
cattail, rat root islands

Not applicable

Not applicable

Pit lakes, other
internal lakes and
drainage channels

Open Water

Not applicable

Not applicable
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Frontier Oil Sands Mine Project Update

Distribution of Closure Vegetation Communities
The content of this section has been updated to incorporate changes to the Project that are
described in Section 2 and revisions to the reclamation coversoil prescriptions.
The proposed distribution of ecosite phases and wetland classes at closure is presented in
Figure 13.6-3 and Table 13.6-7. The final reclaimed landscape will not be in place until
all areas have been entirely reclaimed and the vegetation communities are on a trajectory
to reaching maturity. A comprehensive Project-specific revegetation monitoring program
will be designed to generate data that will allow analyses to determine whether the
various ecosite and wetland communities are following trajectories that are consistent
with the proposed final outcomes.
Upland Communities
Overall, there will be an increase of 4,399 ha in upland communities compared to
predisturbance conditions. The main increase will be the g1 ecosite (3,038 ha) with the
greatest reduction in d1 which shows a loss of 2,156 ha.
When compared to the Integrated Application, there is a decrease of 2,037 ha in upland
areas from 20,754 ha to 18,717 ha in the updated Project.
Wetland Communities
The closure landscape will have 5,614 ha of open marshes (MONG) and shrubby swamps
(SONS) and 886 ha of littoral zones (or shallow open water [WONN]). These will
replace, in part, approximately 14,096 ha of wetlands that are present in the
predisturbance landscape.
Pit lakes and drainage channels (i.e., open water) will account for 3,995 ha including
215 ha of submerged overburden berms situated between the pit lakes and littoral fringes.
The submerged overburden berms are not vegetated as their function is to minimize the
effects of wave action on the littoral zones.
There is an increase in wetlands, including littoral areas, of 477 ha from 6,023 ha in the
Integrated Application to 6,500 ha (this includes 886 ha of littoral area around the pit
lakes) for the updated Project.
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Table 13.6-7

Predisturbance and Conceptual Closure Ecosite Phases and
Wetland Class Distributions in PDA

Upland Ecosite Phase and
Lowland Wetland Class
Upland

Closure Area

(ha)

(%)

(%)

(ha)

(%)

5

15

<1

-1,516

-4

b1: Jack pine–aspen/blueberry

1,725

6

1,993

7

268

1

b2: aspen–white birch/
blueberry

150

1

1

<1

-149

<0

b3: aspen–white
spruce/blueberry

102

<1

1,637

6

1,535

5

b4: white spruce–Jack
pine/blueberry

85

<1

5

<1

-80

0

c1: mesic Jack pine–black
spruce/Labrador tea

67

<1

2,130

7

2,063

7

4,504

15

2,348

8

-2,156

-7

d2: aspen-white spruce/lowbush cranberry

638

2

187

1

-451

-1

d3: white spruce-aspen/low
bush cranberry

842

3

2,857

10

2,017

7

2,566

9

1,944

7

-622

-2

e2: balsam poplar–white
spruce/dogwood

330

1

906

3

576

2

e3: white spruce/dogwood

166

1

257

1

91

0

f1: balsam poplaraspen/horsetail

972

3

0

0

-972

-3

f2: balsam poplar-white
spruce/horsetail

159

1

29

0

-130

-1

52

<1

0

0

-52

0

g1:subhygric black spruce–
Jack pine/Labrador tea

143

<1

3,181

11

3,038

10

h1: white spruce-black
spruce/Labrador tea

186

1

1,227

4

1,041

3

Upland graminoid

1

<1

0

0

-1

0

Upland shrubland

181

1

0

0

-181

-1

Subtotal Upland

14,400

49

18,717

65

4,399

16

Forested bogs without internal
lawns (BFNN)

8

0

0

0

-8

<0

Wooded bogs without internal
lawns (BTNN)

383

1

0

0

-383

-1

Non-patterned, open,
graminoid-dominated fens
(FONG)

405

1

0

0

-405

-1

1,578

5

0

0

-1,578

-5

916

3

0

0

-916

-3

f3: white spruce/horsetail

Non-patterned, open, shrubdominated fens (FONS)
Non-patterned, wooded fens
with no internal lawns (FTNN)

(ha)

Change

1,531

e1: balsam poplar–
aspen/dogwood
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Table 13.6-7

Predisturbance and Conceptual Closure Ecosite Phases and
Wetland Class Distributions in PDA (cont’d)

Upland Ecosite Phase and
Lowland Wetland Class
Wetlands (cont’d)

FFNN: Non-patterned, forested
fens with no internal lawns
Marshes (MONG)

Predisturbance
Area
(ha)
5

(%)
0

Closure Area
(ha)
0

(%)
0

Change
(ha)
-5

(%)
<0

475

2

1,162

4

687

2

2,058

7

4,445

15

2,387

8

SFNNcs: Forested and
wooded swamps – coniferous
(SFNNcs and STNNcs)

192

1

0

0

-192

-1

SFNNhs: Forested and
wooded swamps – hardwood
(SFNNhs and STNNhs

316

1

0

0

-316

-1

SFNNms: Forested and
wooded swamps – mixedwood
(SFNNms and STNNms)

6

<1

0

0

-6

<0

STNNcs: Forested and
wooded swamps – mixedwood
(SFNNms and STNNms)

3,588

12

7

<1

-3,588

-12

STNNhs: Forested and
wooded swamps – hardwood
(SFNNhs and STNNhs)

3,755

13

0

0

-3,755

-13

62

<1

0

0

-62

<0

349

1

<1

<1

-349

-1

14,096

47

5,614

19

-8,489

-28

Shrubby swamps (SONS)
Wetlands (cont’d)
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STNNms: Forested and
wooded swamps – mixedwood
(SFNNms and STNNms)
Shallow open water (WONN)
Subtotal Wetlands
Littoral

Littoral fringes around pit lakes

0

0

886

3

886

3

Water and
Submerged Berms

Submerged overburden berms

0

0

3,995

14

3,995

14

Disturbed

Existing Disturbances

721

3

0

0

-721

-2

29,217

100

29,217

100

0

0

Total

NOTE:
Percentage totals might not add up to 100% because of rounding.
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13.6.4

Frontier Oil Sands Mine Project Update

Closure Drainage
The conceptual closure drainage plan has been prepared to:


demonstrate the feasibility of a long-term, sustainable closure drainage system for the
Project



identify and define measures to reduce the effect of the Project on receiving waters



provide a basis for assessing the environmental effects of the Project at closure and in
the far-future

This section includes information about:

13.6.4.1



the adopted approach, criteria and considerations for design of the closure drainage
systems



the closure drainage plan



closure landforms



closure drainage features



pit lakes

Design Approach, Criteria and Considerations
Objectives
The closure drainage system for the Project has been designed to:


mimic natural drainage features



be sustainable over the long term



provide a biologically productive landscape that supports native vegetation, fish
habitat and wildlife communities

The approach, criteria and considerations used to develop the closure drainage system for
the Project are similar to those used for other approved oils sands mining developments
and are consistent with the Integrated Application.
Design Approach
As with the Integrated Application, the closure drainage plan for the Project has been
designed using the fluvial geomorphic approach. This design approach aims to provide
sustainable, dynamic systems capable of accommodating evolutionary changes without
accelerated erosion or unacceptable environmental effects and risks. While the updated
Project has used the fluvial geomorphic approach, design of closure landscape surface
relief and topography has been optimized since the Integrated Application to allow for
stream channels that have a lower velocity and erosion potential and an increase in the
area of wetlands.
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The fluvial geomorphic approach is based on the recognition that natural drainage
systems are in regime and exhibit sediment equilibrium. It recognizes that natural
channels change over time as a result of climatic, hydrologic and biologic processes and
events. This approach results in a design that accommodates evolutionary changes in the
drainage system and closure landforms as a result of potential changes in climate that
could result in changes in the hydrologic regime, such as increases or decreases in mean
annual flows, other flow statistics and open water areas, or changes in the baseflow
component. Anticipating such evolutionary changes enables the design of robust,
self-sustaining drainage systems.
Natural channels are capable of accommodating extreme flood events because flow
velocities are reduced by the presence of wide valleys (or floodplains). Accordingly, the
Project closure drainage plan incorporates drainage features such as floodplains, shallow
wetlands, and lakes to attenuate flood flows and provide the capability to accommodate
extreme hydrologic events without extensive erosion.
The existing literature and geomorphic studies for the oil sands region include extensive
data that correlate channel regimes with hydrologic, topographic and soil conditions. This
information provides a foundation for designing channels that mimic the dynamic
character of natural channels, avoid rapid channel degradation or aggradation and exhibit
the following characteristics:


dynamic stability



robustness



longevity



self-healing mechanisms

The objective of providing a biologically productive landscape that supports native
vegetation, fish habitat and wildlife communities is accomplished by providing a diverse
landscape of upland and lowland areas and by incorporating shallow wetlands and pit
lakes with littoral zones.
Design Studies and Examples
Ade et al. (2011) summarizes a geomorphic study to develop a geomorphic database for
the oil sands region. The study was conducted by the Environmental and Reclamation
Research Group of the Canadian Oil Sands Network for Research and Development
(CONRAD). The study surveyed 54 representative stream reaches, including creek sizes,
upland and lowland streams, and creeks located in a variety of geological conditions
(CONRAD and DFO 2008).
At each survey stream, data were collected at three to five cross sections. Most data were
obtained from streams with drainage areas less than 10 km2, channel slopes less than
0.75% and associated discharges less than 10 m3/s. The resulting dataset was used to
produce region-specific regime relationships, relating reach-averaged mean and
maximum bankfull depths, bankfull width, sinuosity and slope to discharge.
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Relationships were also provided to reflect the variations in channel width within a reach.
Recommendations were provided for meander wavelength and meander belt width.
Table 13.6-8 provides oil sands region-specific regime equations for bankfull width and
depth. Further data and regime equations developed for the oil sands region are provided
in CONRAD and DFO (2008).

Table 13.6-8

Oil Sands Region-Specific Regime Equations for Bankfull Width
and Depth
Channel Variable

Reach-Average Regime Equations
0.43

Bankfull Width

4.2Q

Maximum Bankfull Depth

0.6Q

Mean Bankfull Depth

0.43Q

0.38
0.40

NOTE:
Q is the bankfull discharge, assumed to equal the two-year flood discharge.

The closure drainage system design for the Project follows similar fluvial geomorphic
approaches that have been used for other approved oil sands mine developments. No
active oil sands mine sites have been completely reclaimed and closed. However, some
mining facilities (e.g., overburden storage areas) have been reclaimed, and the closure
drainage systems for these facilities have recently been constructed. These facilities
provide case studies that will support future engineering design of closure systems for the
Project.
Examples of recent studies in the oil sands region include the reclamation drainage
design of Syncrude’s W1 dump, W2 dump, S4 dump and S5 dump; evaluation of
drainage of Syncrude’s south west sand storage (SWSS) area, and drainage of Syncrude’s
30 dump. Runoff and other parameters are being monitored at these sites.
Table 13.6-9 lists examples and summarizes research on closure drainage systems and
how the fluvial geomorphic approach provides a dynamic system capable of
accommodating evolutionary changes without accelerated erosion or unacceptable
environmental effects.
Teck will actively participate in regional collaborative initiatives such as those
undertaken by Canada’s Oil Sands Innovation Alliance (COSIA) to complete reclamation
and closure studies and planning, data collection, and to bring continual improvement to
the design methodology and construction method. Teck is committed to achieving the
reclamation and closure goals as defined in this conceptual closure drainage plan,
including adequate monitoring of post-closure drainage system performance.
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Closure Drainage Systems and the Fluvial Geomorphic Approach

Reference

Summary

Sawatsky L.F., A. Beersing
and F. Ade. 2008.

Sawatsky et al. (2008) provides several examples of how the fluvial geomorphic
approach has been applied to landforms in the oil sands region of Alberta and the
coal mines in western Canada and Washington State.
The reclaimed overburden waste dump of the Whitewood Coal Mine in east-central
Alberta is a good example where topographic irregularity similar to the surrounding
natural terrain was used to include swales and relief in the closure landform to
allow for effective drainage. The Whitewood Coal Mine has been reclaimed since
the 1970s and is hardly distinguishable from the surrounding natural landscape
(Figure 2 in Sawatsky et al. 2008).
The design of the closure landform of another overburden waste dump at a coal
mine in Washington State included vegetated swales and geomorphic alluvial
channels, and a drainage density similar to that of nearby watersheds (Figure 3 in
Sawatsky et al. 2008). The closure landscape has been performing well and
several rainstorms have occurred since construction in 2007 to 2008.
Figure 4 in Sawatsky et al. (2008) shows a mature vegetated watercourse on a
reclaimed overburden storage area at an oil sands mine in northern Alberta. The
design of the vegetated swales was based on a study of naturally occurring
vegetated watercourses in the oil sands region. More details can be found in
Golder (2004).

Nahir M., M. O’Kane and B.
Ayres. 2011.

The geomorphic principles of closure landform and drainage design are applicable
for a range of climate regimes. Nahir et al. (2011) provides further rationale for the
use of natural analogues in the design of closure landforms, even in the cold
regions of northern Canada.
Landform design is an important consideration for designing cover systems for
waste storage facilities located in cold regions. Poor surface management and
landform instability are common factors leading to failure of cover systems around
the world. The primary reason for this is a design approach that attempts to build
engineered structures to oppose natural processes rather than developing
engineered systems based on natural analogues that integrate rapidly with the
surrounding hydrologic and ecosystems following implementation (Ayres et al.
2006).

Clark D. 2010.

Clark (2010) discusses reclamation challenges at New Mexico’s coal mines that
are being successfully resolved through the application of geomorphic grading
methods. Soils and overburden material are often of poor quality, and annual
precipitation is low. The New Mexico Mining and Minerals Division had therefore
been encouraging topographic diversity on reclamation to improve water harvesting
and reduce the percentage of south aspect slopes.
Structurally controlled trellis drainage patterns that exist pre-mine have to be
replaced with dendritic drainage patterns on reclamation where the overburden had
been pulverized. Sodic spoil material is prone to differential settling and the
creation of piping features in areas where runoff ponds, which might lead to
downslope instability.
In each of these scenarios, the approximation of natural drainage patterns on the
reclamation has reduced erosion and sedimentation by creating shorter slopes with
correct profiles, and by improving conditions for vegetation reestablishment.

Putting a New Face on Mining
Reclamation. 2006.

The United States’ Office of Surface Mining (USOSM) held a forum on geomorphic
reclamation on September 12–14, 2006. The forum examined the geomorphic
principles for landscape reconstruction and application of those principles to mined
land reclamation.
There were several presentations on technical and regulatory issues, tools for
planning and designing reclaimed landscapes and case studies.
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Design Criteria
The closure drainage plan for the Project incorporates the same considerations and
criteria used in the Integrated Application and are provided in Table 13.6-10.

Table 13.6-10

Design Criteria and Considerations for Closure Drainage Systems

Design Consideration
Permanent walk-away mine
closure
Self-sustaining in geological
timeframes
Drainage effectiveness
Provision of drainage outlets

No constructed dams

No side hill channels

Provision for beaver dams

Topographic slope

Leaching of salts from sand
storage areas
Reclamation surface soil cover

Channel in regime

Channel dimensions
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Design Criteria or Guidance
The drainage system and landscape should function as permanent walk-away
closure system after a period of monitoring and management.
Channels should be subject to gradual change over geologic time frames and
sediment yields from reclaimed surfaces should be comparable to those from
similar natural systems.
Drainage effectiveness and landscape stability should be similar to the predevelopment conditions.
Drainage systems should discharge regularly to natural receiving waters. Closed
systems that could result in saline lake areas and reduced flows to receiving
streams should be excluded from the closure landscape.
Structures such as dams and reservoirs that contain large bodies of ponded water
and could cause rapid deterioration of the landscape in the event of an extreme
flood event should be excluded from the closure landscape. Ponded areas should
be limited to shallow wetlands or lakes with depths less than 3 m. Any landmass
containing ponded water or liquefiable material should be equipped with a 10 m
minimum freeboard and a small overall hydraulic gradient not greater than 20H:1V.
Side hill channels that run parallel to contours should be excluded from the closure
landscape where feasible. If it is necessary to align a channel across a slope, a
landform should be provided to so that overbank flow during flood events is
conveyed along the preferred direction rather than forming a new channel along
the slope. If the slope of a channel is less than that of the ground it is aligned
across, the height of the landform should account for sediment deposition within
the channel.
The potential for beaver dam blockages that could lead to channel overtopping and
relocation should be considered in the design of closure channels. Where channel
relocation is possible if overtopping were to occur, a minimum containment depth
of 2.5 m (equal to the maximum height of beaver dams found in the oil sands
region) should be maintained.
Microtopography should be built into the landscape to create landforms with
diverse drainage conditions and local hydraulic gradients that prevent soil
salinization. A maximum slope of 30% should be provided to support vegetation
and reduce erosion potential and a minimum overall slope of about 0.2% should be
provided to achieve positive drainage.
Microtopography on tailings sand storage areas should include ridges and swales
to provide a mechanism for leaching salts.
Sufficient depth of reclamation soil should be placed to provide the necessary soil
moisture storage to support a self-sustaining tree cover with a dense under storey.
This tree cover and undercover will provide erosion resistance.
Channels should be designed to replicate natural analogues by selecting
appropriate channel parameters (cross-sectional shape, longitudinal slope and
sinuosity) based on hydrologic conditions and soil type.
Channel dimensions should be selected based on regime relationships for the
area. The side slopes of main channels should not be steeper than 2H:1V.

June 2015

Frontier Oil Sands Mine Project Update

Table 13.6-10

Design Criteria and Considerations for Closure Drainage Systems
(cont’d)

Design Consideration
Channel slope
Channel sinuosity
Floodplains

Drainage density of secondary
drainage channels

Vegetated/grassed waterways
on overburden storage areas
Channel erosion protection

Shallow wetlands

Pit lakes

Erosion protection for littoral
zones and pit lake shorelines

June 2015

Volume 1: Project Description
Section 13: Closure, Conservation and Reclamation Plan

Design Criteria or Guidance
Channel slopes should be comparable to naturally occurring channels in the area.
A minimum channel slope of 0.1% should be provided for adequate drainage.
Channels should have a sinuous pattern to replicate natural systems and reduce
channel bed slopes.
Channels should be sized to convey low flows and small frequent flood events (up
to the 2-yr return period). Floodplains should be provided to convey larger more
infrequent flood events. Floodplain width should be 30% greater than the expected
meander beltwidth of the channel.
Secondary drainage channels should be built on the reclaimed landscape to suit
the characteristic drainage density of the terrain. Adequate drainage densities,
defined as length of channels per unit area in a drainage basin, should be provided
in the closure landscape.
Vegetated waterways with granular material should be provided on steep slopes
with long flow path lengths (e.g., overburden stockpiles) to reduce erosion potential
and provide adequate material for self-armouring during large flood events.
Channels should be subject to gradual evolution over geologic time frames.
Allowable erosion for closure channels should be as follows:

little to no erosion during the 2-year flood event

minor erosion during the 100-year flood event

moderate erosion during the Probable Maximum Flood event
Where channels are not expected to meet the above erosion control specifications
without additional erosion protection measures, granular material should be
provided in the channel and across the floodplain. Granular material should consist
of select silt/clay overburden material mixed with sand, gravel, cobble and
boulders.
Shallow wetlands should be built into the drainage system to provide
biodegradation and flood attenuation. Shallow wetlands should consist of an openwater area with an average depth of about 2 m and a shallow area with an average
depth of about 0.5 m containing wetland vegetation. The open-water surface area
should be approximately equal to the shallow vegetated area.
Runoff from reclaimed areas should be routed through a pit lake (or a constructed
treatment lake) to bioremediate water quality to acceptable discharge standards
prior to release to the receiving environment. The pit lake should have a zone of
littoral vegetation occupying approximately 15% of the lake surface area to support
biological productivity. The average water depth of the littoral zone should be about
0.5 to 1 m.
Pit lake design should include erosion protection measures to reduce waveinduced erosion of littoral zone sediments and allow vegetation to develop. Where
possible, littoral zones should be located in areas of the pit lake where wave
heights will be small.
Erosion protection measures should also be provided along pit lake shorelines
where erosion could result in unacceptable water quality degradation or stability of
closure facilities such as tailing storage areas and permanent drainage channels.
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Overview of Closure Drainage Plan
The conceptual closure drainage plan (see Figure 13.6-4) has been designed to reduce the
effects of the Project at closure and in the far future, and reduce flow changes from
predisturbance conditions in the following main watersheds:


Ronald Lake, including Unnamed Creeks 17 and 18



Redclay Creek



Big Creek, including Unnamed Creeks 2 and 6

The proposed closure drainage systems include drainage channels, shallow wetlands,
constructed lakes, sedimentation lakes, and pit lakes. Runoff from the reclaimed
landscape will be conveyed to the downstream receiving waters through the following pit
lakes:


north pit lake



central pit lake



south pit lake

Teck has consulted with Shell in the development of the Project closure drainage plan
and if Shell reapplies for the PRM, Teck will work with Shell as part of the Projects
Agreement to allow for integration of their respective closure drainage plans. The
conceptual closure drainage plan for the Project, without PRM, is shown in Figure 13.6-5
and discussed for each system where relevant.
North Pit Lake Drainage System
The north pit lake, located within the Ronald Lake watershed, will be fed by runoff from
a watershed with a drainage area of approximately 25.4 km2 in the Birch Mountains. The
north pit lake will discharge to Unnamed Creek 18 and flow northward to Ronald Lake.
Consistent with the Integrated Application, the drainage area of the north pit lake,
including the lake itself, will not contain tailings.
Central Pit Lake Drainage System
The central pit lake, located within the Redclay Creek watershed, will receive runoff
from the following areas:
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external tailings areas 1 and 2 (ETA 1 and ETA 2)



external disposal area 1 (EDA 1)



northernmost internal tailings area (ITA)



southernmost internal disposal area (IDA)



natural area of 106 km2 in the Birch Mountains, including Redclay Creek
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Discharge from the central pit lake will be conveyed through the Project’s FHCL to the
Athabasca River through a downstream reach of Redclay Creek. If Shell reapplies for the
PRM and constructs a fish compensation lake as originally proposed, the Project’s FHCL
would discharge to the Shell compensation lake (i.e., North and South Redclay Lake) that
discharges to the Athabasca River
South Pit Lake Drainage System
The south pit lake, located within the Big Creek watershed, will receive runoff from the
following areas:


southernmost ITAs



side slope of the southernmost IDA



natural area of 60.7 km2 in the Birch Mountains, including Big Creek

Discharge from the south pit lake will be routed to Shell’s Redclay compensation lake
and ultimately to the Athabasca River. If Shell reapplies for the PRM and constructs a
fish compensation lake as originally proposed, flow from the south pit lake would be
released to the PRM compensation lake that discharges to the Athabasca River.
Additional Drainage Features
The closure drainage system will include drainage channels with floodplains to attenuate
peak flood discharges, micro-topography in the form of sand ridges and swales on the
surfaces of the tailings areas, and shallow wetlands and smaller lakes for additional
bioremediation of surface runoff and seepage from the reclaimed landscape.
The smaller lakes will include:


two reclamation lakes located to the east and south of the ETAs to provide additional
bioremediation to surface runoff and seepage from the ETA southernmost



two sedimentation lakes located along the southwestern edge of main pit for removal
of sediments in the flows from the small tributary creeks draining the Birch
Mountains

These lakes will enhance the diversity of systems in the closure landscape and increase
the water treatment capacity of the closure drainage system.
13.6.4.3

Closure Landforms
The closure landscape is designed to mimic natural topography within the constraints
imposed by the major closure landforms and the need to provide adequate drainage for
properly functioning pit lakes. The closure landforms are designed, and will be
constructed in accordance with regulatory guidelines (e.g., CEMA 2005). However, once
constructed, there will be limited opportunity to change their overall form although it
may be possible to modify reclamation prescriptions and thus ecosites within constraints
imposed by EPEA approval limits and applicable landscape guidelines. Teck will
continue to consult with potentially affected Aboriginal communities, through its

June 2015

Page 13-95

Volume 1: Project Description
Section 13: Closure, Conservation and Reclamation Plan

Frontier Oil Sands Mine Project Update

Reclamation Working Groups on the closure landforms to ensure that input is considered
and adopted where feasible.
External Tailings Areas
The reclaimed ETAs will be constructed above original ground level to a maximum
elevation of 340 m amsl. The average surface elevation will be approximately 330 m
amsl, which is approximately 50 m above the predisturbance ground surface.
Upon confirmation of all stability considerations being satisfied, sections of the dyke
walls in the ETAs will be breached to facilitate construction of the proposed closure
drainage valleys and channels. Dyke breaching will occur before closure. The excavated
materials from the dyke walls will be disposed near the breached sections and used to
construct the closure landform features shown on the conceptual closure drainage plan.
The top surface and side slopes of the reclaimed ETAs will be covered by a layer of
reclamation soil. The surface will have a relatively low potential for erosion after mature
vegetation has been established.
A drainage system of ridges and swales will be developed on the surface of the tailings
sand (see Section 13.6.2). With this drainage configuration, the swales will be relatively
wet and supportive of wetland vegetation, while the upland ridges created will be
relatively dry and supportive of upland vegetation. The seepage collection areas along the
perimeter of the reclaimed ETAs will support wetland vegetation.
The average overland slope of the reclaimed ETAs surface will be 0.5 percent, sloping
towards the centre of the ETAs. Two wetlands are planned to provide residence time for
initial bioremediation of runoff from the tailings sand. Runoff from the surface of the
ETAs and some seepage water will be directed to the central pit lake. The majority of
seepage water from the ETAs and runoff from the north, east and south ETAs slopes will
be directed to two constructed lakes located to the south and east of ETA 1 prior to
release to the FHCL (see Section 13.6.2).
External Overburden Disposal Areas
The surfaces of the EDAs will be contoured to create drainage systems with adequate
drainage densities and capped with a layer of reclamation soils. The reclaimed EDAs will
yield relatively high runoff because the relatively steep topography will be well drained.
The average bottom and surface elevations of the reclaimed EDA are provided in
Table 13.6-11.

Table 13.6-11

External Overburden Disposal Areas

Disposal Area Name

Average Bottom Elevation
(m amsl)

Average Final Surface Elevation
(m amsl)

EDA 1

284

320

EDA 2

287

330

EDA 3

290

320
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Internal Tailings and Overburden Disposal Areas
The mined-out pit cells, except for the cells to be used as pit lakes, will be used for
tailings and overburden storage. At closure, ITAs will be capped with tailings sand
(where required) and a layer of reclamation soils (a mixture of organic and mineral soils).
Similar drainage systems of the ridges and swales will be developed on the surfaces of
the ITAs as those prescribed for the ETAs. The ITAs surfaces will have slopes of
approximately 0.5 percent and the runoff will be directed to shallow wetlands at the ITAs
outlets for initial bioremediation.
Similar to the EDAs, the IDAs will be contoured to develop drainage systems with
appropriate drainage densities and capped with a layer of reclamation soils.
The average final ground elevations for the ITA and IDA are provided in Table 13.6-12.

Table 13.6-12

Internal Tailings and Overburden Disposal Areas
Pit Cell Location

Average Final Surface Elevation
(m amsl)

Northeast of the north pit lake

300

North of the central pit lake

300

West of the central pit lake

320

Northwest of the south pit lake

365

Northeast of the south pit lake

302

East of the south pit lake

303

South of EDA 1

300

13.6.4.4

Closure Drainage Features
Drainage Channels
Conceptual designs for all reaches of the closure drainage channels are based on the
design approach, criteria and considerations provided in Section 13.6.4.1 and has been
optimized since the Integrated Application to allow for drainage channels that have a
lower velocity and erosion potential and an increase in the area of wetlands. Because of
this change, the total volume of granular material required for armouring of channels has
been reduced from what was estimated to be required for the Integrated Application
closure plan (approximately 947,000 m3) to approximately 654,000 m3 based on
conceptual engineering design. Detailed hydraulic design parameters will be established
as part of future stages of engineering that will be completed one to two years before
constructing the closure drainage channels.
Alluvial Channels
The term alluvial channel refers to a creek or river in which the bed is comprised of loose
sediments, known as alluvium, which is deposited by flowing water. Alluvial channels
flow frequently or permanently, have bed materials ranging in size from clay to boulders
and contain either aquatic vegetation or no vegetation.
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The main closure drainage channels for the Project are designed as alluvial channels and
will have the capability to adjust and change gradually over time. Anticipated changes
that may occur include:


deposition of sediment resulting in a gradual raising of the channel bed and a
reduction in the channel conveyance capacity (i.e., channel aggradation)



erosion of the channel bed resulting in a gradual lowering of the channel bed (i.e.,
channel degradation)



vegetation growth on the channel beds and banks resulting in an increase in channel
roughness, a decrease in channel flow velocities and conveyance capacity, and
protection against erosion



reduction of the channel width due to sedimentation along the banks



overtopping and consequent relocation of drainage channels within the floodplain
because of excessive sedimentation, beaver dams or icing



bank erosion and subsequent failure because of slope instability and/or slumping

When properly designed, constructed alluvial channels will mimic the form and function
of natural channels and will continue to evolve over time without accelerated erosion.
Typical cross sections of alluvial closure drainage channels are provided in Figure 13.6-6.
Where alluvial channels are not expected to meet the erosion control specifications
identified in Section 13.6.4.1 without additional erosion protection measures,
appropriately sized granular material consisting of select silt/clay overburden material
mixed with sand, gravel, cobble and boulders, will be provided in the channel and across
the floodplain.
Teck’s current plan is that granular materials will be sourced from commercial deposits
on the east side of the Athabasca River. Athabasca Minerals’ Susan Lake and
Hammerstone Corporation’s deposits are likely candidates based on location.
Teck will use upcoming drill programs to conduct further overburden investigations and
sampling components to identify, characterize and delineate potential granular material
resources (see Section 3.1.4.3).
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Vegetated Waterways
Vegetated waterways are typical features of natural drainage systems and provide a
sustainable and robust means of conveying intermittent flow over a surface without
unacceptable erosion. Vegetated waterways can be constructed on a variety of landforms
and land types and over a wide range of slopes, soil conditions and drainage
characteristics.
The drainage area and slope define the acceptable range of conditions in which vegetated
waterways can be considered and are used to establish appropriate waterway
configurations. Vegetated waterways are included in the closure drainage plan for the
Project wherever non-channelized overland flow path exceeds design thresholds
developed by Golder based on the studies of natural drainage densities in the oil sands
region (Golder 2004). The design thresholds are based primarily on soil type and, surface
slope and overland flow path length.
Where vegetated waterways are required for draining steep slopes, a supply of granular
materials is provided for gradual self-armouring during peak flows. A typical vegetated
waterway design with granular materials is presented in Figure 13.6-7.
Drainage of Tailings Areas
Micro-topography in the form of sand ridges and swales are designed for the surfaces of
the tailings areas (i.e., tailings sand storage areas and sand-capped CFT storage areas).
The ridges will enable salts to leach from the tailings sands and will facilitate the growth
of upland vegetation. The ridges will be approximately 3 m to 5 m above the swales and
have top widths ranging from 50 m to 200 m and side slopes of roughly 1% to 4%. The
spacing of the ridges will be approximately 350 m to 700 m. Figure 13.6-8 presents a
typical design of the sand ridge and swale drainage system.
The lowland drainage channels are expected to form naturally after the construction, as
surface runoff will concentrate in the swales. This natural evolution will facilitate the
development of a regime channel pattern and cross-sectional shape. The longitudinal
valley slope of the swales will range from 0.2% to 0.5%. The resulting secondary
drainage systems are expected to be stable over the long term.
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Shallow Wetlands and Lakes
Shallow wetlands and lakes will be constructed where suitable to provide hydrological
and environmental benefits. These features are able to attenuate flood peak discharges
and provide storage and residence time for sediment removal and bioremediation of
process affected water. A description of the proposed shallow wetlands and lakes is
provided below and relevant design parameters are provided in Table 13.6-13.
The design parameters of the required wetlands and lakes will be confirmed during future
stages of engineering based on specific treatment requirements that will be evaluated
during the detailed design of the closure, conservation and reclamation systems and
facilities. Depending on their size and design parameters, constructed wetlands can
remove solids and precipitates, hydrophobic chemicals, biodegradable organics and
metals (Rodgers and Castle 2008). A description of the proposed shallow wetlands and
lakes is provided below and relevant design parameters are provided in Table 13.6-13. In
total, approximately 6.5 km2 of shallow wetlands and lakes are proposed in addition to
the pit lakes.
Shallow Wetlands
A total of 10 shallow wetlands with a combined surface area of 4.15 km2 are planned for
the Project. The wetlands will have a maximum surface area of roughly 5% of the local
contributing drainage area, and consist of approximately 50% vegetated area and 50%
open-water area. The depths of vegetated area will vary up to 1.5 m and the depths of
open-water area should range from 1.5 m to 3 m. Figure 13.6-9 provides a schematic
representation of a typical shallow wetlands system.
In addition to the shallow wetlands planned as part of the closure drainage system,
smaller opportunistic wetlands may develop on landform surfaces that are relatively flat.
However, the development of opportunistic wetlands have not been relied upon or
accounted for in the conceptual closure and reclamation plan.
Reclamation Lakes
Two constructed reclamation lakes, located to the south and east of ETA 1, are included
to increase the water treatment capacity of the closure drainage system. These lakes will
enhance diversity of the closure landscape and provide additional bioremediation to
surface runoff and seepage from the ETA.
The lakes will have a maximum surface area of roughly 5% of the local contributing
drainage area and consist of approximately 50% vegetated area and 50% open-water area.
The depths of vegetated area will vary up to 1.5 m and the depths of open-water area will
range from 1.5 m to 10 m.
Sedimentation Lakes
Two sedimentation lakes, located along the southwestern edge of main pit, are included
for removal of sediments in the flows from the small tributary creeks draining the Birch
Mountains.
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These lakes are new closure drainage features for the Project compared to the closure
drainage plan in the Integrated Application. These features replace the steeply-sloped
Birch Mountain tributary interception channels in the Integrated Application that were
aligned along and above the pit southwestern edge. Removal of the Birch Mountain
tributary interception channels will reduce the quantity of granular material required for
erosion protection at closure. In addition, the potential risk of sediment deposition in the
channels will be eliminated because of the presence of the sedimentation lakes.
The sedimentation lakes are sized to allow for the storage of up to 1,000 years of
sediment inflows while maintaining a minimum average depth of 2 m. The lakes will
have a maximum surface area of roughly 5% of the local contributing drainage area and,
after construction, will have an average depth of 5 m. The lakes will be filled with water
piped from the Unnamed Creek 2 or Big Creek diversion channel (see Section 7.7) during
the pit lake management period (see Section 13.6.4.5).

Table 13.6-13

Shallow Wetlands and Lakes
Drainage Area
2
(km )

Normal Lake
Water Level
(m amsl)

Surface Area
2
(km )

Storage Volume
3
(million m )

East of north pit lake IDA

3.0

286

0.20

0.30

Outlet of EDA 3

2.2

285

0.05

0.08

36.8

321

1.19

1.80

Location

East ETA 1
West ETA 1

14.8

326

0.85

1.30

West of central pit lake, upstream

11.7

315

0.60

0.90

West of central pit lake,
downstream

21.6

311

0.60

0.90

South of central pit lake

3.8

291

0.22

0.30

Northeast of EDA 2

6.7

281

0.20

0.30

Southwest of EDA 2

10.9

292

0.19

0.29

Southwest of south pit lake IDA
East constructed lake
South constructed lake

0.8

294

0.05

0.07

19.4

268

0.42

2.00

5.0

278

0.48

1.75

North sedimentation lake

15.0

359

0.75

3.70

South sedimentation lake

19.0

365

0.74

3.77

Figure 13.6-9
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13.6.4.5

Pit Lakes
Pit Lake Characteristics
The pit lakes are sized to be hydrologically sustainable over time and provide water
storage and sufficient residence time for bioremediation of inflow water to acceptable
water quality standards for release. After closure and in the far future, the runoff from the
upstream natural and reclaimed areas and seepage interactions with the groundwater flow
system will maintain the water balances for the pit lakes and compensate for evaporative
losses. The groundwater seepage interactions with the pit lakes are expected to be small
given the low permeability of the surrounding overburden and McMurray deposits
(see the geological cross-sections for each of the pit lakes following closure in
Appendix 13A). Also, while in some local areas the base of the pit lakes may be within 5
to 10 metres of the Devonian bedrock, the available information collected across the PDA
for this unit indicate its permeability (and relative contribution to seepage) to be low. Its
influence (in combination with seepage from the overlying BWS) has been considered
with respect to the pit lake water balance and long term water quality.
As a result, there will be outflows from the pit lakes to downstream channels during most
years, and the pit lakes will function similar to the natural lakes in the region, providing
flows for functional aquatic habitat similar to local natural lentic systems. The pit lakes
are not planned to store tailings and are designed to become permanent and productive
features of the closure landscape.
The pit lakes are designed to naturally develop into viable aquatic ecosystems capable of
supporting local natural aquatic species and communities on the closure landscape. A key
feature is the inclusion of shallow littoral wetland zones along the shorelines of the pit
lakes (or next to the pit lakes) to provide aquatic habitat diversity and enhance the
development of biological productivity of the pit lakes.
Approximately 15% of the total surface area of each pit lake will be occupied by shallow
areas with littoral vegetation. These littoral zones will be approximately 0.5 m to 1 m in
depth and will enhance the biological productivity of the pit lakes and contribute to the
bioremediation of contaminants.
The characteristics of the pit lakes are provided in Table 13.6-14. The volume-elevation
and surface-area-elevation curves for the pit lakes are provided in Figure 13.6-10 to
Figure 13.6-12.

Table 13.6-14

Pit Lake

Pit Lake Characteristics

Outlet Elevation
(m amsl)

Average Water
Depth
(m)

Volume
3
(million m )

Surface Area
2
(km )

Littoral Zone Area
2
(km )

North

298

36

92.4

3.6

0.6

Central

290

33

725.2

26.5

3.4

South

296

34

290.7

11.4

2.3
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Pit Lake Filling and Management
A management period is required for each pit lake to:


bioremediate the water from the reclaimed mine landscape



fill the pit lakes



monitor the lake water quality to document that the water is suitable for release

The pit lakes will be filled with runoff from the reclaimed landscape, precipitation,
upwards seepage from the underlying basal water sands, and water pumped from the
Athabasca River. The central pit lake will also be filled with on-site water at the end of
mining, post-mining tailings release water, and process-affected water collected by the
ETA seepage collection system. On-site water at the end of mining will include process
water stored in the tailings area and the water stored in the off-stream storage pond
(see Section 7).
Filling of the north pit lake will begin in 2063, prior to the end of mining. During this
period, the closed-circuit runoff from the areas not containing tailings will be diverted to
the north pit lake. The central and south pit lakes will begin filling at the end of mining in
2066. A summary of the inflows and outflows to/from each pit lake is provided in
Table 13.6-15.
The operational stream diversion system (see Section 7) will remain active during the pit
lake management period to maintain flows in the downstream receiving waters. If the
annual maximum licensed withdrawal from the Athabasca River is utilized each year
until the pit lakes are full, the pit lakes are estimated to begin discharging to the receiving
waters in 2081. The estimated filling progression for the pit lakes during the management
period, based on average hydrologic conditions, is shown in Figure 13.6-13.

Table 13.6-15

Inflows

Outflows

Pit Lake Inflows and Outflows During Pit Lake Management
Period

Inflows/Outflows
Runoff from the reclaimed landscape
and pit walls
Runoff from non-tailings areas
collected during mining operation
Precipitation on lake surfaces
Seepage from Basal Water Sands
Water collected by the ETA seepage
interception system (pumped to lake)
On-site water at end of mining
Post-mining tailings release water
Athabasca River water
Evaporation from lake surfaces
Seepage to Basal Water Sands

North Pit Lake
3
(Mm )
4.9

Central Pit Lake
3
(Mm )
85.3

32.0

0.0

0.0

11.4
0.006
-

70.9
5.8
27.9

30.7
1.9
-

64.0
-19.9
-0.002
92.4

90.9
26.7
542.2
-124.4
-0.1
725.2

271.9
-53.7
-0.1
290.7

Total
NOTE:
3
On-site water at end-of-mining includes 6 Mm water from the off-stream storage pond.
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The pit lake water will be released through the outlet to the receiving environment only
when the water quality meets the regulatory release criteria. The surface water quality
modelling for the Project Update accounted for all expected lake inflows to estimate the
water quality at first discharge. The results of this analysis indicate that the estimated
retention times will provide adequate treatment for the pit lake water before first release.
However, if actual conditions differ from modelled conditions, the following options
exist so that pit lake water is suitable for discharge to receiving waters:


manage the rate of pit lake filling to enable water quality targets to be met



add nutrients to the pit lakes to elevate productivity levels and biological treatment
capacity



increase the efficiency and size of wetlands that route reclamation drainages to the pit
lakes



actively or passively treat pit lake outflows by adding wetlands and/or settling basins
to the discharge channels that connect the pit lakes to the receiving waters

If natural bioremediation is proven to be less successful than expected, there are several
active treatment options available for treating inflows to pit lakes. For example, Allen
(2008) reviewed several conventional treatment options for applicability to oil sands
process waters and found there are several viable options. Examples of conventional
treatment technology that could be applied to oil sands process waters are adsorption,
microfiltration, ultrafiltration, nanofiltration, reverse osmosis, advanced oxidation and
constructed wetlands. With continued research and development, the treatment
technology might be optimized individually or in combination to manage the Project’s pit
lake waters.
When the pit lakes are full and begin to discharge to the receiving waters, the natural
runoff from the upstream watersheds that had been diverted around the PDA during the
pit lake management period will be diverted to the pit lakes. The diversion of natural
runoff to the pit lakes is required to sustain the pit lake water balance post-closure,
including the support of hydrologic and water quality sustainability. These diversions will
occur only after the pit lakes are filled with water pumped from the Athabasca River,
except for some local runoff from reclaimed areas prior to closure.
Pit Lake Shoreline Erosion Protection
The pit lake littoral zones have been located in areas of each lake where wave heights are
expected to be relatively small. The littoral zones are designed as relatively large areas
(500 m to 1,200 m wide along the shorelines) with shallow submerged overburden berms
along the lakeward side for protection against wave induced erosion of the littoral zone
bed. The berms will be 300 m wide and will be constructed with the crest submerged
about 0.3 m below the normal pit lake water level (see Figure 13.6-14). The berms are
designed to dampen wave energy and dissipate the energy of the largest waves by causing
them to break offshore. Some wave energy will enter the littoral zone but it would
continue to be dampened by the shallow water depth and littoral vegetation. This littoral
zone erosion protection design approach differs from the large granular breakwater
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protection design proposed in the Integrated Application. The revised design approach for
the Project Update was adopted to reduce the reliance on large granular materials for
erosion protection at closure. Because of this change, the total volume of granular
material required for armouring of the pit lake shorelines has been reduced from what
was estimated to be required for the Integrated Application closure plan (approximately
580,000 m3) to approximately 224,000 m3 based on conceptual engineering design.
Where littoral zones do not exist along pit lake shorelines and where erosion could affect
long-term stability of shoreward features (e.g., tailings areas and drainage channels), the
shorelines will be protected against progressive wave erosion by providing a layer of
large granular material below and above the waterline up to the estimated 100-year wave
run-up height.
At these locations, the shoreline slopes will be relatively steep. In the natural
environment, steep sloped shorelines typically have bedrock exposed or large rocks that
protect against wave erosion. Provision of large granular material along the steep pit lake
shoreline will mimic such natural analogues. The granular materials are sized based on
the 100-year wave height. The median size of the required granular materials is estimated
to range from 100 mm to 200 mm. Sand and gravel bedding materials will also be
required.
Granular materials found on site will be stockpiled and used as construction materials
during operation and closure, where practical and feasible. Granular materials will also be
sourced from commercial deposits on the east side of the Athabasca River. The likely
source of granular materials will be Athabasca Minerals’ Susan Lake and Hammerstone
Corporation’s deposits, based on location and resources.
13.6.4.6

Monitoring
The watershed effectiveness of the closure landscape will be measured by monitoring the
flow at the discharge locations to receiving waters. The relative success of the drainage
system in terms of watershed effectiveness will be evaluated by comparing the monitored
flows to the flows expected from the closure landscape.
The sustainability of the closure drainage system will be monitored through regular
geomorphic surveys and site inspections following extreme precipitation or flood events.
The geomorphic surveys will monitor changes to the geomorphic characteristics of the
closure drainage channels (i.e., channel width, channel depth, channel gradient, channel
bed material composition) to determine if unanticipated channel degradation or
aggradation is occurring relative to comparable natural conditions. Site inspections
following extreme precipitation or flood events will assess whether uncontrolled erosion
is occurring in the closure landscape. If excessive erosion is occurring, adaptive measures
such as modifying slopes or providing granular materials will be implemented to
remediate the landscape feature that is eroding.
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Groundwater
Consistent with the Integrated Application, groundwater flow in the Quaternary soils
(overburden) will approximate the post-closure topography. Consequently, shallow
groundwater discharging to watercourses post-closure will report to the pit lakes for
treatment. An exception to this predicted flow pattern exists on the east side of the PDA,
near the ETAs. In this area, shown in Figure 13.6-15, tailings deposits overlie sandier
soils, facilitating seepage patterns that extend eastward toward the Athabasca River. As a
result of this condition, a post-closure seepage control system (see Section 7.6,
Section 7.9 and Section 14.11) will be installed to direct seepage to locations where it can
be captured and treated, if necessary. Information in the following sections presents
modelling of solute transport from the ETAs to evaluate the performance of the postclosure seepage control system.

13.6.5.1

Natural Attenuation of Seepage
The Integrated Application included batch flush calculations (using the Batch Flush
Model by Zheng et al. 1991) to explore potential natural attenuation of process water
downstream of the ETAs. These calculations considered chloride within the ETAs as it is
a conservative compound not subject to adsorption or decay. In the revised assessment
(see the response to ESRD/CEAA Round 1 SIR 45a, Appendix 45a.1) and in response to
concerns from Aboriginal communities, the batch flush calculations were expanded to
consider naphthenic acids in addition to chloride, as well as transport from both the ITAs
and ETAs. The consideration of naphthenic acids resulted in the incorporation of
adsorption and decay in the attenuation calculations, and a stochastic analysis
(GoldSim®) was used to represent variability in some of the controlling input parameters.
In the updated Project, the same general approach was followed as presented in the
responses to SIRs. However, the solute parameter list was expanded again to include the
full suite of 42 parameters considered in surface water quality analysis. For completeness,
Tables 13.6-16a and 13.6-16b summarize the assumed input parameters for the updated
Batch Flush Model. Table 13.6-16a presents the physical geometry and material
properties for the geological pathways downstream of the tailings disposal areas, while
Table 13.6.16b presents the process water source concentrations, decay rates and
adsorption coefficients for the full parameter list simulated.
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Table 13.6-16a Input Parameters for the Batch Flush Model – Physical Geometry and Material Properties for
Geological Pathways
Transport Pathways and Material Properties used in GoldSim Model
Effective Porosity (%)
Material

Minimum

Most
Likely

Fraction of Organic Carbon

Maximum

Bulk
Density
3
(kg/m )

Minimum

Most
Likely

1

Maximum

Overburden

0.15

0.3

0.35

1600

0.0005

0.001

0.005

McMurray

0.01

0.05

0.1

1800

0.004

0.011

0.019

BWS

0.15

0.3

0.35

1800

0.0005

0.001

0.004

Tailings

0.15

0.3

0.35

1600

0.002

0.006

0.01

2

N/A

N/A

N/A

N/A

N/A

2.95x10

7

N/A

N/A

N/A

N/A

N/A

Pathway Geometry and Flow
Rates
Refer to Figure 13.6-15 for
Pathway Geometry and Flow
Rates

Physical characteristics for source terms
Tailings disposal location

Volume of
3
Material (m )

ETA 1 (east)

1.41x10

9

ETA 2 (west)

1.06x10

9

2.32x10

7

N/A

N/A

N/A

N/A

N/A

West tailings disposal area

5.57x10

8

1.12x10

7

N/A

N/A

N/A

N/A

N/A

8.20x10

8

1.81x10

7

N/A

N/A

N/A

N/A

N/A

South tailings disposal area

Area (m )

NOTES:
1
Values reflect the work of Gervais (2004); GOA (2010); Janfada et al. (2006).
N/A = Not applicable as not a model input parameter.
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Table 13.6-16b

Input Parameters for the Batch Flush Model – Process Water
Quality, Decay Rates and Adsorption Coefficients
ETA 1, ETA 2, WTDA and STDA
Solute Concentrations in Water
1
(mg/L)

Solute
Parameter

Mean
(mg/L)

SD
(mg/L)

Distribution
Type

Adsorption
3
Coefficient
Anaerobic
Decay
Rate
(y)

Kd
(L/kg)

Koc
(L/kg)

Kd or Koc
Reference

Aluminum

3.8E-02

5.5

Log-Normal

–

3,700

–

Kaplan (2005)

Ammonia

4.8

4.2

Normal

–

2.00E-02

–

Montgomery
(1991)

Antimony

1.5E-03

3.0E+00

Log-Normal

–

2

–

Stenge and
Peterson (1989)

Arsenic

4.0E-03

1.5E-03

Normal

–

5.9

–

Stenge and
Peterson (1989)

Barium

0.15

5.1E-02

Normal

–

100

–

Allison and
Allison (2005)

Beryllium

4.1E-04

2.9

Log-Normal

–

70

–

Stenge and
Peterson (1989)

Boron

2.6

0.76

Normal

–

–

–

–

Cadmium

5.5E-04

7.7

Log-Normal

–

14.9

–

Stenge and
Peterson (1989)

Chloride

368.0

0.0

Normal

–

–

–

–

Chromium

2.4E-03

3.1

Log-Normal

–

6.3

–

Allison and
Allison (2005)

Copper

2.0E-03

3.1

Log-Normal

–

41.9

–

Stenge and
Peterson (1989)

Iron

1.4E-02

2.7

Log-Normal

–

15

–

Stenge and
Peterson (1989)

Lead

3.1E-04

4.3E+00

Log-Normal

–

234

–

Stenge and
Peterson (1989)

Manganese

0.1

6.8

Log-Normal

–

16.5

–

Stenge and
Peterson (1989)

Mercury

3.0E-07

0.0E+00

Normal

–

322

–

Stenge and
Peterson (1989)

Molybdenum

0.44

0.38

Normal

–

20

–

Allison and
Allison (2005)

Naphthenic
Acids
(Anaerobic)

43.3

29.2

Normal

6.5E-3

–

59

Gervais (2004)

Naphthenic
Acids (Inert)

21.7

0.0

Normal

–

–

–

–

Nickel

2.5E-02

3.4

Log-Normal

–

–

Stenge and
Peterson (1989)

PAH Group 1

5.2E-05

3.1E-03

Log-Normal
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2

12.2
–

398,107

Montgomery
and Welkom
(1989)
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Input Parameters for the Batch Flush Model – Process Water
Quality, Decay Rates and Adsorption Coefficients (cont’d)
ETA 1, ETA 2, WTDA and STDA
Solute Concentrations in Water
1
(mg/L)

Adsorption
3
Coefficient

Distribution
Type

Anaerobic
Decay
Rate
(y)

3.8E-03

Log-Normal

3.0E-02

–

150,000

1.0E-13

0.0E+00

Normal

0.1

–

174

PAH Group 4

7.9E-05

2.7

Log-Normal

0.6

–

3,890

Szabo et al.
(1990)

PAH Group 5

1.6E-04

4.8

Log-Normal

0.1

–

14,500

McCarthy and
Jimenez (1985)

PAH Group 6

1.1E-04

1.0E-04

Log-Normal

3.0E-02

–

5,129

Montgomery
(1991)

PAH Group 7

2.2E-04

7.0E-03

Log-Normal

0.1

–

3,989

Abdul et al.
(1986)

PAH Group 8

1.8E-04

4.5E-03

Log-Normal

0.1

-

830

PAH Group 9

7.7E-05

3.1E-03

Log-Normal

3.3E-02

–

43,807

Selenium

1.8E-03

3.2

Log-Normal

–

5.9

–

Stenge and
Peterson (1989)

Silver

1.1E-04

2.4

Log-Normal

–

0.4

–

Stenge and
Peterson (1989)

Strontium

1

1.6

Log-Normal

–

15

–

Yu et al. (2001)

Sulphate

94

0.0

Normal

–

–

–

–

Sulphide

6.5E-03

3.2

Log-Normal

–

–

–

–

Tainting
Potential

20

0.0

Normal

0.82

–

Total Dissolved
Solids

1302

0.0

Normal

Solute
Parameter

Mean
(mg/L)

SD
(mg/L)

PAH Group 2

7.9E-05

PAH Group 3

1.1

Kd
(L/kg)

–

–

–
–

Kd or Koc
Reference
McCarthy and
Jimenez (1985)
MacKay et al.
(1995)

Kishi et al.
(1990)
Means et al.
(1980)

Howard (1989)
Based on
Ethylbenzene
–

Total Nitrogen

2.3

2.6

Log-Normal

–

Total Phenolics

7.8E-03

6.6

Log-Normal

–

0.11

–

MacKay et al.
(1995)

Total
Phosphorus

4.1E-02

4.2

Log-Normal

–

5

–

Yu et al. (2001)

Toxicity - Acute

1.5

0.9

Normal

6.5E-3

2

–

59

Based on
naphthenic
acids

Toxicity Chronic

6.1

2.6

Normal

6.5E-3

2

–

59

Based on
naphthenic
acids
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Input Parameters for the Batch Flush Model – Process Water
Quality, Decay Rates and Adsorption Coefficients (cont’d)
ETA 1, ETA 2, WTDA and STDA
Solute Concentrations in Water
1
(mg/L)

Solute
Parameter

Mean
(mg/L)

SD
(mg/L)

Distribution
Type

Adsorption
3
Coefficient
Anaerobic
Decay
Rate
(y)

Kd
(L/kg)

Koc
(L/kg)

Kd or Koc
Reference

Vanadium

7.8E-03

5.0

Log-Normal

–

50

–

Allison and
Allison (2005)

Zinc

7.6E-03

3.4

Log-Normal

–

12.7

–

Stenge and
Peterson (1989)

NOTES:
1
Concentration data is taken from the Integrated Application, Appendix 4A, Table 4A-15, Process-affected Seepage
Chemical Profile
2
The anaerobic decay rate for naphthenic acid reflects Table 42 of Appendix 4-2 Aquatics Modelling and
Assessment (Shell 2007). Toxicity values are based on naphthenic acids.
3
Kd indicates the tendency of a solute parameter to bind to soils; Koc is corrected for the organic carbon content of
the soil.
WTDA = west tailings disposal area
STDA = south tailings disposal area
SD = Standard deviation

Figure 13.6-16 provides a schematic illustration of the solute transport pathways
incorporated in the GoldSim Batch Flush Model. As shown on Figure 13.6-16,
consideration is given to process water seepage from both the ITAs and ETAs. The
seepage pathways, and the rates of seepage along each pathway, are based on the results
of the updated MODFLOW modelling used for the updated Project. The seepage rates are
reflective of far future groundwater conditions. In addition to the pit lakes, reclamation
lakes and Athabasca River, the updated modelling also indicates small components of
seepage into the Project FHCL and to the southeast of the ETAs towards Big Creek.
The batch flush solute transport model does not consider background concentrations in
the various geological strata, or loadings from any sources other than the proposed ITAs
and ETAs within the PDA. The simulated results therefore reflect the potential
incremental increase in loadings (concentrations) in groundwater at the point of discharge
to surface watercourses.
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The results of the revised batch flush and solute transport modelling calculations are
presented as a sequence of time series plots on Figure 13.6-17 through Figure 13.6-22g.
While the modelling for the updated Project has been completed using an expanded
parameter list, Figure 13.6-17 through Figure 13.6-22g represent chloride and naphthenic
acid only. Chloride illustrates the attenuation behaviour of a conservative solute species
in the tailings process water (through the process of flushing), while naphthenic acids are
further attenuated through the processes of adsorption and decay, and are a key parameter
group in the water quality impact assessment. A review of the results on Figure 13.6-17
through Figure 13.5-22g allows similar observations to those presented in response to
ESRD/CEAA Round 1 SIR 45a, Appendix 45a.1 in that solute concentrations within the
ITAs and ETAs decrease relatively quickly from their initial concentrations; in particular
for naphthenic acid (the half-life for naphthenic acid under anaerobic decay is estimated
at 107 years). In comparison to the previous modelling, the main difference relates to the
presence of a low rate of solute mass discharge to the Project FHCL and Big Creek, in
addition to the receptors considered previously (i.e., central pit lake, south pit lake, south
reclamation lake, east reclamation lake and the Athabasca River). For chloride, the peak
concentrations at Big Creek and the FHCL are less than half the initial process water
quality concentration (Figure 13.5-19), while for naphthenic acids (anaerobic), the peak
concentration at these locations are extremely small in comparison to those at the source
(Figure 13.6-20).
The results from the updated solute transport modelling were also captured in terms of
their attenuation factor at the various downstream surface water receptors where the
attenuation factor reflects the peak concentration at the downstream receptor relative to
the initial process water quality in the tailings (Table 13.6-15). A time to peak of 55 years
represents a condition where the peak concentration is estimated at the end of the closure
period, and at the beginning of far future conditions (i.e., 2081). In general, for
parameters with significant natural attenuation processes (e.g., adsorption and decay),
peak concentrations at the downstream surface water receptors are considerably less than
process water quality. For example, this applies to many of the PAH groups and
naphthenic acids (anaerobic). Also, for the longer solute transport pathways where travel
times to peak are quite large (e.g., Project FHCL, Big Creek and the Athabasca River),
the peak concentrations at breakthrough to the surface water receptor can be quite a bit
less than the initial source strength for even the conservative solute parameters (due to
dilution and dispersion along the flow pathway). For example, the attenuation factor for
chloride at these receptors is as follows: 0.47 at the discharge to Project FHCL; 0.41 at
the discharge to Big Creek; and 0.06 at the discharge to the Athabasca River.
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In summary, in the updated Project the solute parameter list considered in the far future
seepage analysis is expanded, and the revised mine plan incorporates the seepage flow
paths simulated in the far future. To provide acceptable water quality conditions in the
downstream surface water systems, a post-closure seepage control system exists on the
downstream side of the ETA to provide a passive solution to seepage management. 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 (QA) or Quality Control (QC) programs
will be implemented before, during and after the seepage control system is designed and
installed to confirm that acceptable performance is realized and the receiving
environment protected (see Section 14.11.2).

13.7

Establishment of Biodiversity and Wildlife Habitat
Protecting and enhancing biodiversity is integral to Teck’s approach to sustainability;
therefore, Teck has developed an approach to managing biodiversity at all their
operations (see Section 14.8 for further discussion). Teck’s vision is to achieve a net
positive impact on biodiversity as a result of its activities and presence in a region. Teck
believes this vision is achievable through a combination of mitigation actions, with onsite rehabilitation playing a primary role and off-site conservation offsets contributing
additional benefits, if required. In 2015 Teck plans to advance the development of its
biodiversity management plan for the Project a key element of which is to include
biodiversity elements that are identified as priorities through consultation with local
Aboriginal communities. In addition, Teck has considered the Draft Alberta Biodiversity
Policy (ESRD 2014b) and will seek to align the closure objectives of the Project with the
outcomes sought by the Policy.
The revegetation plan described in Section 13.6.3 outlines the general outcomes and
targets for the closure landscape. The inherent characteristics of the closure landscape
will produce a shift in community types as a result of the broad landscape changes that
will occur due to surface mining (i.e., compared to predisturbance conditions).
Specifically:

June 2015

•

There is an estimated increase of 4,399 ha in upland communities from
predisturbance conditions; however, compared to the Integrated Application there is a
decrease in uplands of 2,037 ha from 20,754 ha in the Integrated Application to
18,717 ha in the updated Project.

•

The updated closure landscape will have 5,614 ha of open marshes (MONG) and
shrubby swamps (SONS) and 886 ha of littoral zones (or shallow open water
[WONN]). These will replace, in part, approximately 14,096 ha of wetland in the
predisturbance landscape. This represents an increase in the area of wetlands,
including littoral zone, planned for the Integrated Application of 477 ha from
6,023 ha in the Integrated Application to 6,500 ha for the updated Project.

•

Pit lakes and drainage channels (i.e., open water) will account for 3,995 ha that
includes 215 ha of submerged overburden berms situated between the pit lakes and
littoral fringes. This is an increase in open water areas (note shallow open waters are
wetlands) of 1,437 ha from 2,558 ha in the Integrated Application.
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The Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region
(AENV 2010), subsection 4.3.2, indicate that crown cover ranging from 51% to 100% at
maturity is most consistent with commercial forestry requirements, whereas crown cover
less than 50% is appropriate for wildlife habitat, traditional uses and recreation but not
forestry. These guidelines, developed by the Reclamation Working Group of CEMA,
provide tables of overstory and understory species and planting densities for achieving
the target crown cover. Appendix E in the Guidelines outlines traditional use species that
allow further tailoring of the species mix within the tree, shrub and forb strata of each
general ecosite phase to accommodate different uses in different locations. In short, there
are possibilities to introduce wide variations in each ecosite phase to promote biodiversity
during reclamation.
Maximizing direct placement of reclamation materials provides the greatest potential for
maintaining the existing diversity of biological component (i.e., propagules, organic
matter) of these coversoils. Direct placement will also introduce species other than those
in the revegetation prescriptions. In addition, native seed will be collected from the local
area for revegetation stock. The work will focus primarily on tree and shrub species.
Other species may be collected if ongoing consultation with potentially affected
Aboriginal communities and regulatory agencies identifies a need.
Newly reclaimed landscapes tend to be characterized by high numbers of relatively few
species (i.e., those best adapted to pioneering conditions). These species will, over time,
alter the conditions to be more favourable for other species that will eventually move in.
For example, species such as aspen and fireweed become rapidly established in open
areas characterized by high light levels and evapotranspiration potential. These species
eventually increase the ground cover, providing shade that cools the surface and reduces
evaporation, thereby allowing shade-tolerant species that require higher soil moisture
levels to succeed them. Based on Teck’s reclamation knowledge from elsewhere in
western Canada (see the response to ESRD/CEAA Round 3 SIR 78 for a summary of
Teck’s reclamation knowledge) diversity will be improved by planting additional species
to supplement those recommended in provincial reclamation guidelines and will target
early development of a tree canopy to improve overall stand composition.
Areas that are near undisturbed natural communities or neighbouring developments will
also receive input of seed stock from these sources through mechanisms such as wind
transport and wildlife transfer. As discussed in Section 13.4.5.1 and Section 13.9.5 in
Volume 1 of the Integrated Application, there is the potential for wildfire to affect
reclaimed areas and interrupt the natural cycle of succession. One potential outcome is
alteration of the structural composition in the affected areas, i.e., resetting the structure to
an earlier (younger) seral stage. Fire might also have the effect of favouring certain
species in the aftermath such as fireweed and aspen, which regrow rapidly from root
stock, and Jack pine, which requires heat to open their resinous cones.
The expectation is that biodiversity would be limited during the early stages of
reclamation and revegetation but increase over time as habitats become established and
succession provides greater variation across the landscape.
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Species at Risk
The following SARA-listed wildlife species were observed in the terrestrial LSA during
the field surveys and included in the Integrated Application: yellow rail, short-eared owl,
common nighthawk, olive-sided flycatcher, Canada warbler, rusty blackbird, wood bison
and western toad.
Additional surveys conducted and information gathered since the Integrated Application
along with changes in the SARA listings have resulted in the addition of three more
species to the inventory: little brown myotis, northern myotis and woodland caribou
(boreal population), see Table 13.7-1.
Both little brown myotis and northern myotis are listed as Endangered under SARA and
COSEWIC because of catastrophic population declines as a result of the spread of white
nose syndrome (WNS) in eastern North America since 2006. WNS has been expanding at
an average rate of 200 to 250 km per year and, at this rate, the entire Canadian population
is likely to be affected within 12 to 18 years. There is no apparent containment of the
northward or westward spread of this pathogen (COSEWIC 2014c).
The Project is outside of caribou range defined in A Woodland Caribou Policy for
Alberta (ESRD 2011); however, collar data indicated that five boreal caribou from the
Red Earth herd were within or near the northwest portion of the terrestrial LSA boundary
at some point between 2011 and 2014. This is consistent with traditional knowledge
provided to Teck from Aboriginal communities that the Red Earth caribou range extends
east towards the Athabasca River. A discussion of these caribou occurrences is provided
in the baseline update for wildlife (see Volume 2, Section 9.3.2). A single observation of
boreal caribou (pellet sample) was recorded within the terrestrial LSA, but outside of the
PDA.
Repopulation of the disturbed and reclaimed landscape with wildlife species displaced
during Project operation is expected to follow the reestablishment of vegetation
communities. Detailed species-specific mitigation measures have been incorporated into
the reclamation and closure planning to reestablish disturbed habitats and encourage the
future return to, and use of, the PDA (see Volume 3, Section 11). Teck’s approach to
biodiversity planning and the associated WMMP is discussed in Section 14.8.
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Table 13.7-1
Common Name
Wood bison
Woodland caribou
(boreal population)
Little brown myotis

Frontier Oil Sands Mine Project Update

SARA-Listed Species Observed in the Local Study Area
1

2

3

4

5,6

Scientific Name
Bison bison
athabascae
Rangifer tarandus
caribou

SARA
Schedule 1 –
Threatened
Schedule 1 –
Threatened

COSEWIC
Special Concern
(2013)
Threatened (2014)

ESRD
At Risk

Alberta Wildlife Act
Endangered

–

At Risk

Threatened

Priority I

Myotis lucifugus

Schedule 1 –
Endangered (2014)
Schedule 1 –
Endangered (2014)
Schedule 1 –
Special Concern
Schedule 1 –
Special Concern
Schedule 1 –
Threatened
Schedule 1 –
Threatened
Schedule 1 –
Threatened
Schedule 1 –
Special Concern
Schedule 1 –
Special Concern

Endangered (2013)

Secure

–

–

Endangered (2013)

May Be At Risk

Data Deficient

–

Special Concern
(2009)
Special Concern
(2008)
Threatened (2007)

Undetermined

–

–

May Be At Risk

–

–

Sensitive

–

–

Threatened (2007)

May Be At Risk

–

–

Threatened (2008)

Sensitive

–

Special Concern
(2006)
Special Concern
(2012)

Sensitive

–

Priority II
(Mixedwood)
–

Sensitive

–

–

Northern myotis

Myotis septentrionalis

Yellow rail
Short-eared owl

Coturnicops
noveboracensis
Asio flammeus

Common nighthawk

Chordeiles minor

Olive-sided flycatcher

Contopus cooperi

Canada warbler

Cardellina canadensis

Rusty blackbird

Euphagus carolinus

Western toad

Anaxyrus boreas

CEMA

NOTES:
1
SARA (Species at Risk Act) Public Registry. 2014. Available at: http://www.sararegistry.gc.ca.
2
COSEWIC (Committee on the Status of Endangered Wildlife in Canada). 2014. Last updated October 27, 2014. Available at:
http://www.cosewic.gc.ca/eng/sct1/searchform_e.cfm.
3
ESRD (Alberta Environment and Sustainable Resource Development). 2012. The General Status of Alberta Wild Species 2010. Alberta Fish and Wildlife
Management Division. Edmonton, Alberta. Available at: http://esrd.alberta.ca/fish-wildlife/species-at-risk/albertas-species-at-risk-strategy/general-status-ofalberta-wild-species-2010/documents/SAR-2010WildSpeciesGeneralStatusList-Jan2012.pdf.
4
GOA (Government of Alberta). 2014a Species Currently Listed under the Wildlife Act and New Species Assessed by the Endangered Species Conservation
Committee (ESCC). Last updated: July 4, 2014. Available at: http://esrd.alberta.ca/fish-wildlife/species-at-risk/documents/SpeciesAssessedEndangeredSpecies-Jul18-2014.pdf.
5
CEMA (Cumulative Environmental Management Association). 2001 Sustainable Ecosystem Working Group Terms of Reference and Work Plans. Fort
McMurray, Alberta.
6
Includes avian species representative of their associated forest community and identified in: Wiacek, R., M. Nietfeld and H. Lazaruk. 2002. A Review and
Assessment of Existing Information for Key Wildlife and Fish Species in the Regional Sustainable Development Strategy Study Area. Volume 1: Wildlife.
Cumulative Environmental Management Association Wildlife and Fish Working Group. Westworth Associates Environmental Ltd. Edmonton, Alberta.
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The following sections discuss preferred habitat (i.e., high- and moderate-suitability
habitat) in the reclaimed landscape for the SARA-listed species that could be affected by
the Project. Although not observed during baseline surveys, whooping crane is included.
13.7.1.1

Ronald Lake Bison
High- and moderate-suitability Ronald Lake bison winter feeding habitat included as part
of the reclamation landscape includes:


shrubby swamps (SONS wetland class) along drainage features where awned sedge
will be included in plantings



marsh and wet meadow (MONG wetland class) areas associated with Project
waterbodies where awned sedge will be included in plantings



young deciduous and mixedwood deciduous leading stands including ecosite phases
b3 (aspen–white spruce/blueberry), d1 (aspen/low-bush cranberry), d2 (aspen-white
spruce/low-bush cranberry), e1 (balsam poplar–aspen/dogwood), e2 (balsam
poplar-white spruce/dogwood) and f2 (balsam poplar-white spruce/horsetail)



young mixedwood white spruce leading stands including ecosite phase d3 (white
spruce-aspen/low bush cranberry)

At closure, high-suitability bison winter feeding habitat availability is expected to
increase in the Ronald Lake Bison Study Area (BSA) while moderate- and low-suitability
habitat is expected to decrease. High and moderate-suitability bison winter feeding
habitat is expected to occur mainly in the east and northwest portions of the Ronald Lake
BSA.
13.7.1.2

Woodland Caribou, Boreal Population
Project reclamation will include habitat that will become moderately suitable for boreal
caribou (i.e., after a suitable cover of terrestrial lichens has regenerated). Vegetation types
that will, in the long-term, provide habitat include:


coniferous Jack pine leading, including ecosite phase c1 (mesic Jack pine–black
spruce/Labrador tea)



coniferous stands dominated by black spruce and white spruce, including ecosite
phases b4 (white spruce–Jack pine/blueberry), g1 (subhygric black spruce–Jack
pine/Labrador tea) and h1 (white spruce-black spruce/Labrador tea)

At closure, high-suitability boreal caribou winter habitat is expected to decrease whereas
moderate- and low-suitability habitat is expected to increase. No high- or
moderate-suitability winter habitat is assumed to be created through reclamation because
peatlands (i.e., bogs and fens) are not included in reclamation planning for the Project as
research on their establishment has only recently begun (Vitt and Bhatti 2012). For
additional discussion on peatland reclamation in the oil sands, see Volume 3,
Section 10.5.6.
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13.7.1.3
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Little Brown and Northern Myotis
The early closure landscape will provide low- and moderate-suitability habitat; however,
as both myotis species prefer mature and old-growth forests as roosting habitat, the early
closure landscape will not provide high-suitability habitat in the short term. Patches of
high- and moderate- suitability habitat will remain along the boundary of the terrestrial
LSA in undisturbed mature forest stands. Over time, following Project reclamation, highsuitability habitat will develop on the closure landscape for little brown and northern
myotis. Vegetation types that will provide habitat in the long-term include:


deciduous-dominated forest, including
birch/blueberry),
d1
(aspen/low-bush
poplar-aspen/dogwood)



mixedwood forests, including b3 (aspen-white spruce/blueberry), d2 (aspen-white
spruce/low-bush cranberry), d3 (white spruce-aspen/low-bush cranberry) and e2
(balsam poplar-white spruce/dogwood)

ecosite phases b2 (aspen/white
cranberry)
and
e1
(balsam

At closure, high- and moderate-suitability myotis roosting habitat is expected to decrease
in the terrestrial LSA; low-suitability habitat is expected to increase. Small patches of
high- and moderate-suitability roosting habitat are expected to occur along the eastern
edge of the terrestrial LSA, with a few larger patches of moderate-suitability habitat
located in the centre in reclaimed deciduous-dominated areas.
13.7.1.4

Yellow Rail
At closure, Project reclamation will include some high- and moderate-suitability habitat
for yellow rail, including marsh and wet meadow (MONG wetland class) areas associated
with Project waterbodies.
High suitability peatland (i.e., open fen) habitat will not be created through reclamation
because peatlands are not included in reclamation planning for the Project as research in
this field is in its infancy (Vitt and Bhatti 2012).
At closure, high- and moderate-suitability yellow rail breeding habitat availability is
expected to decrease in the terrestrial LSA; low-suitability habitat is expected to increase.
High- and moderate-suitability yellow rail breeding habitat is expected to occur in
relatively few patches within the terrestrial LSA where open wet areas with sedge or
graminoid vegetation are available.

13.7.1.5

Whooping Crane
Project reclamation will include some high-suitability habitat for whooping crane.
Suitable stop over habitat included as part of the reclamation landscape at closure is
represented by wetland cover classes and includes:
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littoral zone of waterbodies (WONN wetland class) and watercourses



marsh and wet meadow (MONG wetland class) areas associated with Project
waterbodies
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At closure, high-suitability whooping crane stopover habitat availability is expected to
decrease and low-suitability habitat is expected to increase. High-suitability whooping
crane stopover habitat is expected to occur in shallow open waterbodies, mainly within
the western portion of the terrestrial LSA.
13.7.1.6

Short-eared Owl
At closure, Project reclamation will include high-suitability habitat for short-eared owl,
including marsh and wet meadow (MONG wetland class) areas associated with Project
waterbodies.
At closure, high-suitability short-eared owl breeding habitat availability is expected to
decrease; moderate and low-suitability habitat is expected to increase. High- and
moderate-suitability habitat is expected to occur in isolated patches where upland
grasslands and open areas with sedge or graminoid vegetation are available.

13.7.1.7

Common Nighthawk
At closure, Project reclamation will include moderate-suitability habitat for common
nighthawk; moderate-suitability habitat includes:


coniferous Jack pine leading including ecosite phase c1 (mesic Jack pine–black
spruce/Labrador tea)



marsh and wet meadow (MONG wetland class) areas associated with project
waterbodies

At closure, high- and moderate-suitability common nighthawk breeding habitat
availability is expected to decrease while low-suitability habitat is expected to increase.
13.7.1.8

Olive-sided Flycatcher
Project reclamation will include high- and moderate-suitability habitat for olive-sided
flycatcher; however, because this species prefers mature forests associated with openings,
the early closure landscape will not provide high- to moderate-habitat suitability in the
short-term. Vegetation types that will in the long-term provide habitat include:


coniferous stands dominated by black spruce and white spruce including ecosite
phases b4 (white spruce–Jack pine/blueberry), g1 (subhygric black spruce–Jack
pine/Labrador tea) and h1 (white spruce-black spruce/Labrador tea)



mixedwood white spruce leading stands including ecosite phase d3 (white
spruce-aspen/low bush cranberry)

At closure, high- and moderate-suitability olive-sided flycatcher breeding habitat is
expected to increase and low-suitability habitat is expected to decrease.
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Canada Warbler
Progressive reclamation will provide some moderately suitable habitat for Canada
warbler at closure. Specifically, planned reclamation will result in deciduous-dominated
forest stands, including ecosite phases d1 (aspen/low-bush cranberry) and e1 (balsam
poplar–aspen/dogwood) with a structural stage of 5 at closure. However, as this species
prefers to nest in mature deciduous-dominated and mixedwood forests, the early closure
landscape will not provide high-suitability habitat in the short-term.
Vegetation types that will in the long-term provide habitat include:


mixedwood white spruce leading stands including ecosite phase d3 (white
spruce-aspen/low bush cranberry)



deciduous-dominated stands including ecosite phases d1 (aspen/low-bush cranberry)
and e1 (balsam poplar–aspen/dogwood)

At closure, high- and moderate-suitability Canada warbler breeding habitat availability
habitat is expected to decrease while low-suitability habitat is expected to increase.
Patches of moderate-suitability breeding habitat are expected to occur in reclaimed
deciduous-dominated areas in the central portion of the terrestrial LSA.
13.7.1.10 Rusty Blackbird
Project reclamation will include some habitat that has high suitability for rusty blackbird,
such as shrubby swamps (SONS wetland class) along drainage features where awned
sedge will be included in plantings
High suitability peatland (i.e., bog and fen) habitat will not be created through
reclamation because peatlands are not included in reclamation planning for the Project,
because research on their establishment has only recently begun (Vitt and Bhatti 2012).
Project reclamation will also include habitat that will eventually become moderately
suitable for rusty blackbird. Vegetation types that will in the long-term provide habitat
include:


mixedwood white spruce leading stands including ecosite phase d3 (white
spruce-aspen/low bush cranberry)



coniferous stands dominated by black spruce and white spruce including ecosite
phases b4 (white spruce–Jack pine/blueberry), g1 (subhygric black spruce–Jack
pine/Labrador tea) and h1 (white spruce-black spruce/Labrador tea)

At closure, high- and moderate-suitability rusty blackbird breeding habitat availability is
expected to decrease in the terrestrial LSA relative to Base Case; low-suitability habitat is
expected to increase. High- and moderate-suitability breeding habitat for rusty blackbird is
expected to occur in shrubby swamps associated with drainage courses throughout the
terrestrial LSA.
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13.7.1.11 Western Toad
Project reclamation will include habitat that has high- to moderate-suitability for western
toad and is represented by land units that are near breeding wetlands, such as:


waterbodies (WONN wetland class) and watercourses



shrubby swamps (SONS wetland class) along drainage features



marsh and wet meadow (MONG wetland class) areas associated with Project
waterbodies



young mixedwood white spruce leading stands including ecosite phase d3 (white
spruce-aspen/low bush cranberry)



young deciduous-dominated stands including ecosite phases d1 (aspen/low-bush
cranberry) and e1 (balsam poplar–aspen/dogwood

At closure, high- and low-suitability western toad year-round habitat availability is
expected to increase in the terrestrial LSA and moderate-suitability habitat is expected to
decrease. High- and moderate-suitability habitat developed through reclamation
activities, is expected to occur in wetlands and suitable upland habitat located throughout
the terrestrial LSA.

13.8

Post-Mining Traditional Land Uses
The development of the end land use objectives and target ecosite and wetland class
distributions in the closure landscape has been informed by input from potentially
affected Aboriginal communities (see Section 13.2.2).
Vegetation communities and wildlife species of traditional value in the predisturbance
landscape have been incorporated into the closure plan for the Project. Progressive
reclamation will allow the development of vegetation communities of varying age
structures and compositions that, in turn, will provide a diverse range of habitats
necessary for these various species and support post-mining traditional land uses.
Teck is committed to continue working with potentially affected Aboriginal communities
to refine the CC&R plan through the life of the Project. Teck plans to co-create
Reclamation Working Group(s) with potentially affected Aboriginal communities to seek
input to the Project’s reclamation plan and measures and targets to determine its success.

13.9

Responses to Aboriginal Community Concerns
Several concerns related to closure, conservation and reclamation of the Project have
been expressed during Teck’s consultation programs with potentially affected Aboriginal
communities. These concerns are outlined in Section 13.2.2 and remain fundamentally
the same as those described in Section 13.8 of the Integrated Application. New
information regarding Teck’s approach to biodiversity, wildlife mitigation and
monitoring and access management is provided in Section 14.8.
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Teck’s responses to concerns expressed by the Aboriginal communities are summarized
as follows:
Direct disturbance to traditional lands
Land within the PDA will be directly disturbed by the Project and cannot be “put back
the way it was”; however, traditional land uses have been considered during the design of
the reclamation and closure plan and continuing consultations with potentially affected
Aboriginal communities allow the plan to evolve over the life of the Project.
Decrease in the quality of resources (food, medicinal and spiritual use species)
Due to direct disturbance and the time required for reclamation to move towards natural
conditions allowing for traditional resources to establish and/or recolonize the PDA, the
quantity and quality of food resources will be diminished for a period of time after
reclamation is complete. Teck also recognizes that traditional land users may avoid the
harvesting of resources until they can be confident that they are of a quality, both
physically and spiritually, that is acceptable to them. For these reasons, Teck plans to
work closely with potentially affected Aboriginal communities, including through the
co-creation of a Reclamation Working Group to seek input to the Project’s reclamation
plan with respect to species of traditional value as well as in the development of measures
and targets to determine its success. In the interim, Teck plans to:


develop and implement a program to salvage and relocate known occurrences of rare
(vascular) plant species to areas outside the PDA. This work will be done in
consultation with potentially affected Aboriginal communities.



collect native seed (primarily tree and shrub species), including species of traditional
use, from the local area for revegetation stock in conjunction with Aboriginal
communities.

Decrease in diversity of traditional use resources
To address concerns from potentially affected Aboriginal communities over the ability of
the reclaimed landscape to support a diverse assemblage of species similar to those
currently present, the reclamation and revegetation plan will focus on a diversity of
vegetation types that include species of importance to Aboriginal communities (e.g.,
trees, berry-producing shrubs and species used for medicinal and cultural purposes).
Based on Teck’s extensive reclamation history from other parts of western Canada and to
align with corporate biodiversity policies, Teck will plant additional species to
supplement those indicated in the Guidelines for Reclamation to Forest Vegetation in the
Athabasca Oil Sands Region 2nd Edition (AENV 2010). Teck will also experiment with
including rare species present in the terrestrial LSA in reclamation planning with the goal
of maintaining genetic diversity.
As land is cleared, Teck will harvest and collect seeds and individuals (as relevant) of
rare and culturally important species for use in propagation and revegetation efforts. This
work will be conducted following available recommendations (e.g., Smreciu and Gould
2010; Smreciu et al. 2013) and will involve potentially affected Aboriginal communities.
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Teck has committed to co-create Reclamation Working Groups with potentially affected
Aboriginal communities to guide more detailed reclamation planning and monitoring to
determine reclamation success. It anticipates that species of traditional importance will be
identified by Reclamation Working Group(s) and incorporated into reclamation planning
as feasible. In addition, collaborative participation is planned in reclamation research
both from a Project and regional perspective. Results of this research will be incorporated
into future Project plans.
Physical impediments to travel on traditional lands and loss of traditional trails
During operation, the need to protect the public’s safety will impede travel on traditional
lands that are being accessed for mining. However, travel will be possible on leased lands
that are not being actively mined and passage will be provided across, or around, the
PDA, if required, to access other traditional lands (e.g., Birch Mountains). An access
management plan will be developed in cooperation with potentially affected Aboriginal
communities (see Section 14.8.5 for additional details on access management).
Traditional trails will be lost within the PDA as operations advance. However, as noted
above, transport will be provided across or around the PDA if Aboriginal community
members desire access to traditional trails beyond the PDA during operation.
Consultation during reclamation planning and experience gained when managing access
during operation will enable the integration of new trails with existing trails
(see Section 14.8.5 for additional details on access management).
Increased access for non-Aboriginal hunters
Access to portions of the PDA with active operations will be controlled to protect public
safety; however, the authority to access other areas lies with Alberta Environment and
Sustainable Resource Development (ESRD). In spite of this, Teck will facilitate and
participate in discussions regarding access to the PDA and immediate surroundings
(see Section 14.8.5 for additional details on access management).
Changing land use patterns
Teck plans to co-create Reclamation Working Groups with potentially affected
Aboriginal communities to seek input to the Project’s reclamation plan, and to establish
criteria to determine reclamation success in conjunction with regulatory criteria.
Since the post-closure landscape will be different than existing conditions, the pattern of
post-closure uses will also be different. The CC&R plan considered traditional land uses
in its initial design, which will evolve over the life of mine. Potentially affected
Aboriginal communities will continue to be consulted to understand preferred postclosure land use opportunities and activities and how they can be incorporated into
CC&R plan.
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Ability to “put the land back the way it was”


It will not be possible to put the land back exactly the way it was. However, although
the post-closure landscape will be different, there will be opportunities for traditional
land use. Potentially affected Aboriginal communities will continue to be consulted
to determine the final form of the post-closure landscape and to identify how the
landscape can support traditional land uses.



Reclamation materials will be directly placed as often as possible to use existing
diversity of the biological component (i.e., propagules, organic matter) of the
coversoil.



Progressive reclamation will occur during the life of the Project.



Traditional resource harvesters will be invited to harvest traditional plants before
disturbance.



Reclamation will focus on natural ecosites, with traditional use plants included in the
revegetation plans.



Land will be reclaimed for key species (and their habitat) that are traditionally hunted
and harvested.



Vegetation communities of varying age structures and compositions will be created
as a result of progressive reclamation. The resulting diverse habitats will have a
variety of species needed to support post-mining traditional land uses.

Impacts to wood bison habitat
Wood bison habitat will be lost during Project construction and operation. However, the
reclamation and closure plan includes wetland habitat that is favoured by wood bison.
This being said, it will take time for the habitat to mature to the point where unrestricted
use by wood bison may be possible. Teck will continue to work with the Government of
Alberta (AER and ESRD) and other potentially affected Aboriginal communities to
develop appropriate mitigation or management measures related to the Ronald Lake
bison herd.
Impacts to drainage systems intersected by the Project and related downstream impacts
During operation, flows in drainage systems that intersect the PDA will be altered. To
offset this, the operational drainage plan has been designed to maintain the viability of
downstream watercourses. Post-closure, the engineered drainage system within the PDA
will be integrated into the surrounding drainage systems. Due to the presence of pit lakes,
constructed lakes and FHCL, it is anticipated that more aquatic habitat will exist in the
PDA post-closure than currently.
Loss and reestablishment of peatlands
Project development will result in the loss of some 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

Page 13-148

June 2015

Frontier Oil Sands Mine Project Update

Volume 1: Project Description
Section 13: Closure, Conservation and Reclamation Plan

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 and therefore
Teck will make a concerted effort to include peatlands in the CC&R plan should research
results and recommendations prove to be feasible and appropriate. In spite of emerging
research results, however, an irreversible loss of some organic soils and peatlands is
predicted as a result of the Project.
The reclamation and revegetation plan does focus on maximizing landscape diversity
including topography, moisture regimes, aspect and mesotopography. With the inclusion
of landscape diversity and progressive reclamation, predicted declines in community
diversity will be temporary for most vegetation types with ecological integrity and
sustainability locally restored at closure. Work will continue with potentially affected
Aboriginal communities to address concerns, solicit input into reclamation planning and
collaboratively participate in reclamation research both from a Project and regional
perspective. Teck has committed to co-create Reclamation Working Groups with
potentially affected Aboriginal communities to guide more detailed reclamation planning
and monitoring to determine reclamation success.
Impacts of groundwater seepage
Groundwater seepage is expected to occur from the ETAs. However, as outlined in
Section 13.6.5 and discussed in Sections 7.9 and 14.11, a seepage control plan has been
designed to mitigate potential effects associated with groundwater seepage. The updated
groundwater assessment (see Volume 3, Section 5) provides additional detail regarding
how seepage will be controlled and performance verified by monitoring. Teck is
committed to ensuring the receiving environment is protected during operations by
pumping wells and after closure by a passive seepage collection and treatment system.
Ability to successfully reclaim linear disturbances and fragmentation
There are 443.6 km of existing linear disturbances that occur within the PDA. As the
entire PDA will be cleared, these linear disturbances will be amalgamated into larger,
contiguous areas of disturbance (e.g., mine pit) and these contiguous areas of disturbance
will be progressively reclaimed.
The benefits of progressive reclamation include a feedback-loop approach to continual
application, analysis and improvement of techniques with time. Elements of the adaptive
management aspect of the reclamation program will include:
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specific key performance indicators that are consistent with those used in the CEMA
regional initiatives



measureable characteristics – one or more for each key indicator that are relevant for
assessing reclamation performance, informed by input from Aboriginal communities
and practical to collect during field inspection and monitoring programs



evaluation criteria based on the protocols implemented for the Alberta Biodiversity
Monitoring Program



clearly defined performance benchmarks against which to evaluate the measured
characteristics
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Monitoring of reclamation and determination of what constitutes success including
having clear targets of reclamation success (particularly for traditional land use)
Teck has committed to co-create Reclamation Working Groups with potentially affected
Aboriginal communities to guide more detailed reclamation planning and monitoring to
determine reclamation success. It anticipates that species of traditional importance will be
identified by Reclamation Working Group(s) as well as other import end land use
objectives.
Teck will follow regulatory processes and guidelines in addition to working with
potentially affected Aboriginal communities to define reclamation success though the
development of measures, targets and monitoring plans.
For a more extensive summary of Aboriginal community concerns raised during
consultation activities for the Project, see, Section 17. Information on TLU related to
conservation, closure and reclamation is discussed in Volume 3, Section 17. For
additional concerns related to traditional use of resources and the resources themselves,
see Volume 3.

13.10

Monitoring and Research
One aspect of Teck’s ongoing monitoring and research is the linkage of these programs in
providing feedback for the adaptive management system. The means by which the
information generated will be incorporated is described in detail in Section 13.3.4
Adaptive Management.

13.10.1

Reclamation Monitoring
Teck has indicated in the Integrated Application that it will monitor reclamation in
accordance with the anticipated EPEA approval. Teck will follow regulatory processes
and guidelines in addition to working with potentially affected Aboriginal communities
to define reclamation success though the development of measures, targets and
monitoring plans.
Since submission of the Integrated Application the following guidance document has
been issued – Criteria and Indicators Framework for Oil Sands Mine Reclamation
Certification (ESRD 2013c). It is proposed as, “… one of a suite of tools that will be used
to provide direction and guidance related to oil sands reclamation and closure planning,
and certification.” The framework document is not complete but it does provide some
direction, and once it is implemented it will be an effective tool for assessing the success
of reclamation programs.
Project-specific monitoring will include surface water chemistry, and Teck will evaluate
the ability to sustainably maintain water levels in depressional areas where wetlands are
planned. If appropriate conditions are identified for peatland reclamation from a water
quality and quantity perspective, the suite of reclamation objectives will be expanded to
include peatlands. Teck will also consider a functional component for wetland
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reclamation monitoring to align with the Federal Policy on Wetland Conservation (GOC
1991).

13.10.2

Reclamation Research
Teck is continuing to pursue reclamation research initiatives outlined in Section 13.9.2 of
the Integrated Application and described in the wetlands assessment (see Volume 3,
Section 10.5). Since filing the Integrated Application, Teck has helped found COSIA, and
provided extensive reclamation research results from other mining operations.
Information Teck has provided to COSIA regarding corporate research activities from
other mining operations was summarized and appended to the response to ESRD/CEAA
Round 3 SIR 78.
Canada’s Oil Sands Innovation Alliance (COSIA)
COSIA focuses on accelerating the pace of improvement in environmental performance
in Canada’s oil sands through collaborative action and innovation. Participating
companies share the most innovative approaches and best thinking to improve
environmental performance of the oil sands. COSIA has five focus areas:
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The Tailings Environmental Priority Area is focused on improving the management
of oil sands tailings. Learnings from COSIA were instrumental in Teck’s key
decision to change the tailings management technology for the updated Project.



The Water Environmental Priority Area recognizes that water is a high-value
commodity and is looking for innovative and sustainable solutions to reduce water
use and increase water recycling rates in the oil sands. The Water Environmental
Priority Area aspires to provide world leadership in water management, producing
Canadian energy with no adverse impact on water. Teck is supporting pit lake
research and creation of the Water Technology Development Centre.



The Land Environmental Priority Area is focused on reducing the footprint intensity
and impact of oil sands operations on the land and wildlife. For the Land
Environmental Priority Area, research is being completed on topsoil reconstruction,
caribou habitat restoration and other areas via joint industry projects and the Alberta
Biodiversity Conservation Chairs at the University of Alberta.



The Greenhouse Gas (GHG) Environmental Priority Area is investigating ways to
reduce energy use and associated GHG emissions through the development of
innovative technologies for oil sands operations. For the GHG Environmental
Priority Area, prioritization of research areas is being completed as a road mapping
exercise.



The Monitoring Working Group is the single focal point of contact on behalf of
COSIA Member companies on matters relating to Joint Oil Sands Monitoring
Program (JOSMP) implementation and associated technical issues. The Monitoring
Working Group is aligning industry positions on technical issues related to the
design, implementation and ongoing refinement of the JOSMP.
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Uncertainty
The content of this section is generally consistent with the discussion found in Volume 1,
Section 13.9.5 of the Integrated Application, with the following supplemental
information regarding infestations.
The massive influx of the mountain pine beetle eastward from British Columbia into the
north—central area of Alberta’s boreal forest, which began in 2006, may have future
impacts on the Project’s reclamation programs. Recent surveys indicate that the beetle is
now reproducing in Jack pine as well as its traditional lodgepole pine host species (NRC
2014). Planting prescriptions may need to be reviewed at the time of reclamation and, if
necessary, formulated to replace susceptible species with more resistant stock that is
compatible with the long term end land use objectives.

13.10.4

Return of Lands to the Crown
The return of specified lands to the Crown depends upon obtaining a reclamation
certificate for those lands as required under the Activities Designation Regulation.
Obtaining a reclamation certificate depends on successfully meeting the applicable
standards for the lands in question. In the past this has meant the ability to demonstrate
that land has been reclaimed to equivalent capability; however, this criterion is being
phased out and it is anticipated that once implemented the Criteria and Indicators
Framework for Oil Sands Mine Reclamation Certification (ESRD 2013c) will provide
new benchmarks. Once benchmarks or standards are in place, the results of the
monitoring plans can be evaluated and a potential timeframe for certification may be
developed.
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14

Health, Safety and Environment

14.1

Introduction
This section discusses various health, safety and environmental control categories for the
Frontier Oil Sands Mine Project (the Project). In consideration of the current level of Project
development, analysis, and assessment, this section has relatively few changes from the
Integrated Application. An exception to this is Section 14.8, which provides details about
the Project biodiversity management plan, wildlife mitigation and monitoring plan and
access management plan.

14.2

Health and Safety
Teck’s approach to health and safety including principles, protocols, programs and
management systems has evolved since the Integrated Application. Teck continues to
employ a common health and safety program (Courageous Safety Leadership) at its global
operations, and uses a proprietary Environmental, Health, and Safety Management
Information System called SiteLine. However, Teck now places an increased emphasis on
identifying and mitigating high potential risks (i.e., risks that can cause serious injury or
fatalities) first. Teck’s vision is that everyone goes home safe and healthy every day.

14.3

Waste Management
There has been little change to the waste management plan for the Project except for a minor
change in the location of the Class II and III landfill sites. In response to supplemental
information requests (SIR) from regulators content regarding groundwater protection for the
landfill sites has been provided.

14.3.1

Location of Class II and III Landfill Sites
In the Integrated Application, the proposed Class II and III landfill sites were located
adjacent to each other at the northwest portion of the plant site. The plant site for the Project
has moved southeast to a location with better geotechnical conditions for construction (see
Section 4.3.6).The location proposed for the landfills remains similar to the location in the
Integrated Application because of the fine-grained soils with lower hydraulic conductivities
in the general area. The proposed landfills are now closer to the ore preparation plant (see
Section 4, Figure 4.1-1).
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Groundwater Protection
During the regulatory review process, supplemental information was requested regarding the
suitability of the proposed site for the Class II and III landfills from a groundwater
protection perspective. Available data indicates that the proposed landfill location is
geologically suitable (i.e., low hydraulic conductivity soils). The location is also within the
closed-circuit drainage system and will be within the catchment zone of the main pit
dewatering system (see Section 7.7 and 7.8). Post closure, the landfills will be located
upgradient of the seepage control system and associated reclamation lakes around the
external tailings area (see Section 7.9).
A detailed site assessment including hydrogeological investigation will be conducted before
the location for the landfills is selected. This work will be completed during future stages of
engineering, in accordance with the Standards for Landfills in Alberta (GOA 2010). This
approach is consistent with other oil sands mine applications in that the landfill siting study
and design will be provided subsequent to Project approval.

14.4

Air Emissions

14.4.1

Introduction
This section provides an overview of anticipated air emissions and associated mitigation
measures. The following Project air emissions are expected:


oxides of nitrogen (NOX) – emitted from the mine fleet exhausts and from plant
combustion sources (i.e., two cogeneration units, and 20 heaters and boilers)



sulphur dioxide (SO2) – emitted from the mine fleet exhausts and from plant combustion
sources (i.e., two cogeneration units, and 20 heaters and boilers) due to the sulphur
content in the fuel



particulate matter (PM) emissions – fine particulate matter emitted from combustion
sources, and particulate matter of varying sizes (e.g., fine and coarse) emitted from mine
haul road dust



hydrocarbon emissions that include volatile organic compounds (VOC) – emitted
primarily from tailings areas, the mine ore face, and fugitive plant sources; with smaller
amounts from combustion sources (i.e., the mine fleet exhausts and plant combustion
sources)



greenhouse gases (GHG) – emitted from plant combustion sources, mine fleet exhausts,
tailings areas, and mine ore faces. Other small sources include fugitive plant, building
heating and light vehicles

The Project also considers trace amounts of substance emissions; for example, reduced
sulphur compounds (RSCs); individual hydrocarbon compounds that include VOCs,
carbonyls, halocarbons, and polycyclic aromatic compounds (PACs); and metals. For a
summary of the assessment and the effects of these emissions on air quality, human health,
aquatic and terrestrial resources, see Section 18.
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Plant Emissions
Most of the emissions related to ore processing activities will result from the combustion of
natural gas as fuel to produce electricity and steam. Fugitive emissions will be associated
with plant facilities, mine face and the tailings area that receives effluent from the plant.
Emissions from the plant and related ore processing facilities will be reduced through:

14.4.1.2



selection of a bitumen extraction process to reduce energy consumption and reduce
associated emissions



design of boilers and cogeneration units to reduce emissions such as NOx through
compliance with the ESRD Emission Guidelines for Oxides of Nitrogen (NOX) for New
Boilers, Heaters, and Turbines Using Gaseous Fuels Based on a review of Best
Available Technology Economically Achievable (BATEA) (ESRD 2007)



installation of two tailings solvent recovery units (TSRU) to increase recovery of
residual solvent from the froth treatment tailings stream. Once the three-train operation
is achieved, solvent losses will be at or below 4 volumes per 1,000 volumes of bitumen



installation of vapour recovery systems on appropriate tankage to comply with Alberta
Energy Regulator (AER) Directive 060: Upstream Petroleum Industry Flaring,
Incinerating, and Venting



design and operation of the plant emergency relief and flare system to comply with AER
Directive 060 to ensure there is no continuous flaring and to ensure that flares operate at
high efficiency



management of fugitive emissions through a program aligned with many of the
objectives and strategies in the Canadian Council of Ministers of the Environment
(CCME) Environmental Code of Practice for the Measurement and Control of Fugitive
Emissions from Equipment Leaks (CCME 1993)



allocation of an area within the plant for future carbon capture and sequestration
facilities should the need be identified

Mine Emissions
Most of the mine area emissions will result from the combustion of diesel fuel in the mine
fleet vehicles, fugitive emissions from the mine face, and mine haul road dust. Emissions
from the mine site will be reduced through:
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use of best commercially available engine technology for trucks (expected to be U.S.
Environmental Protection Agency (EPA) Tier IV-compliant)



regular maintenance of mine fleet vehicles to retain appropriate operating performance



the mine fleet will use ultra-low-sulphur diesel fuel that meets regulatory requirements



the optimization of ore loading on haul trucks to maximize haul efficiency



the optimization of mine haul routes to reduce fuel consumption and fugitive dust
emissions



application of dust suppressant (e.g., water or equivalent) to mine haul routes during dry
periods to manage dust (see Section 14.4.2.6 for further details)
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Emissions
Oxides of Nitrogen
Oxides of nitrogen include NO and NO2. The largest contributors of NOX for the Project are
the mine fleet and plant combustion sources.
Mine Fleet
Average diesel fuel consumption was determined for the 41 year life of the mine (2026 to
2066). The maximum mine activity and associated fuel use is anticipated to occur for the
five year period Year 31 to Year 35 (2056 to 2060). Maximum fuel consumption during this
period is 951,000 L/d. This fuel consumption rate is based on a nominal production rate of
about 260,000 barrels per calendar day (bbl/cd) of partially deasphalted bitumen.
The estimated peak fuel consumption was increased by a nominal 6.5% to recognize a
potential increase in bitumen production from debottlenecking. The estimates of fleet
emissions associated with Project operation are therefore based on a nominal bitumen
production rate of 277,000 bbl/cd and an associated fuel consumption of 1,013,000 L/d.
Oxides of nitrogen emissions from vehicles are limited by the maximum levels indicated in
the Off-Road Compression-Ignition Engine Emission Regulations (Environment Canada
2005) and the Regulations Amending the Off-Road Compression-Ignition Engine Emission
Regulations (Environment Canada 2011). These regulations are based on the Canadian
Environmental Protection Act (CEPA) off-highway diesel equipment standards, and the
intent of the regulation is to align with the U.S. U.S. EPA emission standards. Accordingly,
NOX emission calculations applied U.S. EPA Tier IV emission factors.
Plant Combustion
Utilities, including the cogeneration, boilers, heaters, heating ventilation air conditioning
(HVAC) units and flare stack, also contribute NOX emissions. The stack emissions and
parameters are based on the nominal debottlenecked capacity of 277,000 bbl/cd of partially
deasphalted bitumen. Emergency power generators and pumps, the flare stack and the
HVAC units were assumed to be not affected by debottlenecking.
NOX emissions from cogeneration units, heaters, and boilers are based on the ESRD 2007.
HVAC and flare NOX emissions are based on U.S. EPA AP-42, Compilation of Air
Pollutant Emission Factors (U.S. EPA 2011) emission factors.
Mitigation measures to reduce utility NOX emissions include dry low NOx 1+ technology for
the turbines and low NOX burners for all heaters, boilers and steam generators.
NOX Emission Rates
Table 14.4-1 shows the updated NOX emission rates for the Project and compares them to
previous assessments. For the updated Project, the largest contributors of NOX emissions are
the plant combustion and mine fleet sources. Relative to the Integrated Application, the
updated Project NOX emissions increased by 8.6%, primarily due to increased mine fleet
emissions.
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Table 14.4-1

Oxides of Nitrogen Emission Rates

Source
Mine fleet exhausts
Plant combustion stacks

Total
(t/d)

Total
3
(10 t/a)

11.94

4.35

Total Bitumen
3
(Mm /a)

NOx Intensity
3
(kg/m )

9.00

3.29

20.94

7.64

16.07

0.48

2

Total (Revised Assessment)

17.36

6.33

17.4

0.36

Total (Integrated Application)

19.29

7.04

17.4

0.41

Total (Updated Project)

1

NOTE:
1
Emissions correspond to the values used in the updated air quality assessment (see Volume 3, Section 4) and include
a contingency for increased production because of debottlenecking.
2
The revised assessment was provided in the response to ESRD/CEAA Round 2 SIR 7.

14.4.2.2

Sulphur Dioxide
Low levels of SO2 will be emitted from the mine fleet exhausts and from plant combustion
sources. The SO2 emissions from diesel combustion associated with the mine fleet engines
are based on ultra-low sulphur diesel, with less than 15 ppm sulphur content. The SO2
emissions from the plant combustion sources result from the sulphur content in the natural
gas that is used as fuel. The estimated SO2 emissions are based on a natural gas sulphur
content of 80 ppm (115 mg/m3). This is the maximum sulphur content of natural gas in the
Alberta pipeline system (TCPL 2010). This is a conservative assumption as the actual
sulphur content is expected to be much lower than this.
Table 14.4-2 shows the updated SO2 emission rates for the Project and compares them to
previous assessments. For the updated Project, the largest contributors of SO2 emissions are
the plant combustion sources. Relative to the Integrated Application, the updated Project
SO2 emissions increased by 5.5%, primarily due to increased plant combustion stack
emissions.

Table 14.4-2

Sulphur Dioxide Emission Rates
Total
(t/d)

Source

Total
3
(10 t/a)

Plant combustion stacks

1.51

0.55

Mine fleet exhausts

0.03

0.01

Total (Updated Project)

1

Total Bitumen
3
(Mm /a)

SO2 Intensity
3
(kg/m )

1.54

0.56

16.07

0.035

2

Total (Revised Assessment)

1.34

0.49

17.4

0.028

Total (Integrated Application)

1.46

0.53

17.4

0.030

NOTE:
1
Emissions correspond to the values used in the updated air quality assessment (see Volume 3, Section 4) and include
a contingency for increased production because of debottlenecking.
2
The revised assessment was provided in the response to ESRD/CEAA Round 2 SIR 7.
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Particulate Matter
Particulate matter emissions will result from combustion sources and from fugitive sources.
Particulate matter from combustion sources are small, typically less than 2.5 microns in
diameter (PM2.5). Fugitive dust resulting from mine haul roads tends to be larger with about
32% being less than 10 microns in diameter (PM10), and 3.2% being less than 2.5 microns in
diameter (PM2.5). PM2.5 is of more interest than PM10 because it is associated with potential
adverse health outcomes.
Combustion sources for the Project will be fired with natural gas, a fuel associated with low
PM2.5 emissions. In addition, emissions from the heat and power plant will be reduced by the
use of dry low NOx 1+ control technology. The mine fleet vehicles are expected to meet
U.S. EPA Tier IV-standards, which will reduce NOx and PM2.5 emissions. A fleet
maintenance program will also be implemented to maintain fleet performance.
Road dust will be managed as discussed in Section 14.4.2.6. A bridge across the Athabasca
River (see Section 2.1.5) will reduce dust because it results in a shorter access road and less
travel on gravel than access options on the west side of the river. Progressive and temporary
reclamation will control fugitive dust by reducing exposed surfaces that might be vulnerable
to wind erosion.
Table 14.4-3 shows the updated PM2.5 emission rates for the Project and compares them to
previous assessments. For the updated Project, the largest contributors of PM2.5 emissions
are fugitive mine dust and plant combustion. Relative to the Integrated Application, the
updated Project PM2.5 emissions have decreased by 33%. This is mainly because plant
combustion emissions are based on more representative emission factors derived from more
accurate dilution tunnel measurements. The Project Update also includes fugitive mine dust
that was not addressed in the Integrated Application or the revised assessment.

Table 14.4-3

PM2.5 Emission Rates
Total
(t/d)

Total
3
(10 t/a)

Fugitive Mine dust

0.33

0.12

Mine fleet exhausts

0.17

0.06

0.06

0.02

0.56
2

Total (Revised Assessment)

Total (Integrated Application)

Source

Plant combustion stacks
Total (Updated Project)

1

Total Bitumen
3
(Mm /a)

PM2.5 Intensity
3
(kg/m )

0.20

16.07

0.012

0.76

0.28

17.4

0.016

0.84

0.31

17.4

0.018

NOTE:
1
Emissions correspond to the values used in the updated air quality assessment (see Volume 3, Section 4) and include
a contingency for increased production because of debottlenecking.
2
The revised assessment was provided in the response to ESRD/CEAA Round 2 SIR 7.
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14.4.2.4

Hydrocarbon Compounds
For the updated Project, hydrocarbon compounds include VOCs, carbonyls, halocarbons,
and PACs but exclude methane and ethane. Mine ore faces and the ETAs that store the FTT
are the primary source of hydrocarbon compounds. Other hydrocarbon compound sources
include fugitive plant emissions, utilities combustion stacks, and the mine fleet engine
exhausts.
The froth treatment process selected for the Project uses a paraffinic solvent with two tailing
solvent recovery units to limit solvent losses to the tailings areas to less than 4 volumes per
1,000 volumes of bitumen production.
Process vapours from units in the froth treatment plant and solvent tanks at the plant site will
be collected with a vapour collection system and processed in a vapour recovery unit to
recover hydrocarbons (see Section 5.4.6.4).
A periodic program will be implemented to identify and control fugitive emissions of light
hydrocarbons according to the practice recommended by the CCME Environmental Code of
Practice for the Measurement and Control of Fugitive Emissions from Equipment Leaks
(CCME 1993).
Table 14.4-4 shows the updated hydrocarbon compound emission rates for the Project and
compares them to previous assessments. Relative to the Integrated Application, the updated
Project hydrocarbon compound emissions have decreased by 77%. This is mainly because
the lower fugitive tailings area and mine ore face emissions are based on more representative
emission factors derived from recent industry measurements for similar facilities. In the
absence of recent measurements, the Integrated Application used conservative assumptions
to estimate these emissions.

Table 14.4-4

Hydrocarbon Emission Rates
Total
(t/d)

Total
3
(10 t/a)

Fugitive mine ore face

7.62

2.78

Fugitive tailings areas

7.01

2.56

Fugitive plant sources

2.79

1.02

Mine fleet exhausts

0.72

0.26

0.57

0.21

Source

Plant combustion stacks
Total (Updated Project)

1

Total Bitumen
3
(Mm /a)

VOC Intensity
3
(kg/m )

18.70

6.83

16.1

0.42

Total (Revised Assessment)

2

79.94

29.18

17.4

1.68

Total (Integrated Application)

83.05

30.31

17.4

1.74

NOTE:
1
Emissions correspond to the values used in the updated air quality assessment (see Volume 3, Section 4) and include
a contingency for increased production because of debottlenecking.
2
The revised assessment was provided in the response to ESRD/CEAA Round 2 SIR 7.
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Greenhouse Gas Emissions
Operation
During operation of the Project, the main direct GHG emission sources for the Project are:
stacks combustion sources (63%), mine fleet exhausts (28%) and fugitive sources (9%)
Fugitive sources include fugitive emissions from the plant, the mine faces and the tailings
areas.
Direct GHG emissions do not account for indirect emissions associated with the
cogeneration plant. During Phase 1, surplus electricity will be generated and exported to the
provincial grid, which will offset a portion of the higher average emissions during this
period. However, during Phase 2, some of the emission reductions resulting from efficiency
gains associated with Project build-out will be eroded by the need to import electricity
(generation of electricity accounts for up to 5% of the Project’s GHG emissions). Overall,
Teck’s decision to invest in cogeneration of heat and power contributes to a reduction in
indirect GHG emissions because cogeneration using natural gas produces fewer GHG
emissions than the Alberta grid average.
As indicated in Table 14.4-5, the GHG intensity for the Project is estimated to be about
38.4 kg CO2e/bbl for direct emissions and about 40.4 kg CO2e/bbl for direct and indirect
emissions. Key comparison points between estimated GHG emissions for the Project Update
and the Integrated Application are that the:


Project Update stack GHG emissions are 16% less than the Integrated Application
values



Project Update mine fleet exhaust GHG emissions are 24% greater than the Integrated
Application values.



Project Update fugitive GHG emissions are 62% less than the Integrated Application
values.

The supporting calculation is as follows:

 2481  933 

100  62%
 2481 
The combined effect of the emission estimates results in:


a Project Update direct GHG emission rate that is 17% less than the Integrated
Application



a Project Update GHG emission intensity that is 6% less than the Integrated Application



The supporting calculation is as follows:

 12862  10628 

100  17%
12862
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The corresponding Project Update direct plus indirect GHG emission rate is 21% less than
the Integrated Application, and the GHG emission intensity is 12% less than the Integrated
Application.
Construction
GHG emissions will also result from site preparation (e.g., overburden removal) and
construction activities due to diesel, gasoline, and propane consumption. The mine site
preparation activities span seven years and estimated GHG emissions are summarized in
Table 14.4-6. Construction activities and estimated GHG emissions are summarized in
Table 14.4-7. These emissions are relatively minor relative to direct and indirect emissions
during Project operation.

Table 14.4-5

Project Direct and Indirect Greenhouse Gas Emissions

Direct Emission (Update)

CO2 (t/d)
N2O (t/d)
CH4 (t/d)
CO2E (t/d)
GHG Intensity (kg/bbl)

Indirect Emission (Update)

1

Total Direct and Indirect (Revised Assessment)
Total Direct and Indirect (Integrated Application)
GHG Intensity (Updated Project)

2

GHG Intensity (Revised Assessment)

3

GHG Intensity (Integrated Application)

3

1.19
33
10,628
38.4

Demand (MWh)

238

Generated (MWh)

210

Export (MWh)

-28.0

CO2E (t/d)

555

GHG Intensity (kg/bbl)
Total Direct and Indirect (Updated Project)

9,448

2.0

CO2E (t/d)

11,183

CO2E (kt/a)

4,082

CO2E (t/d)

11,773

CO2E (kt/a)

4,297

CO2E (t/d)

14,231

CO2E (kt/a)

5,194

(kg/bbl)

40.4

(kg/bbl)

42.5

(kg/bbl)

46

NOTES:
1
Indirect emissions are the same as in the 2013 revised assessment.
2
Updated emission intensity is based on a bitumen production of 277,000 bbl/d.
3
Revised assessment and Integrated Application emission intensities are based on bitumen production of
310,500 bbl/d.
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Site Preparation Greenhouse Gas Emissions
CO2
(t/d)

Year

CH4
(t/d)

N2O
(t/d)

CO2e
(t/d)

2019

1.6

0.0001

0.0006

1.8

2020

9.7

0.0005

0.0038

10.9

2021

88.2

0.0050

0.0348

98.7

2022

388.9

0.0218

0.1536

435.2

2023

542.5

0.0305

0.2142

607.1

2024

252.6

0.0142

0.0998

282.7

2025

205.0

0.0115

0.0810

229.4

Maximum (t/d)

542.5

0.0305

0.2142

607.1

Average (t/d)

212.7

0.0119

0.0840

238.0

Average (kt/a)

77.6

0.0044

0.0307

86.9

Table 14.4-7

Construction Greenhouse Gas Emissions
Greenhouse Gas Emissions
(t/d)

Year

Description

CO2

CH4

N2O

CO2e

2018

Site access

1.2

0.000

0.000

1.3

2019

Site access

4.4

0.001

0.001

4.7

2020

Site access

5.0

0.001

0.001

5.3

2021

Site access

5.0

0.001

0.001

5.3

2022

Phase 1

25.0

0.005

0.005

26.7

2023

Phase 1

97.6

0.018

0.020

104.0

2024

Phase 1

162.9

0.030

0.034

173.7

2025

Phase 1

108.8

0.020

0.022

115.9

2026

Phase 1

23.1

0.004

0.005

24.6

2033

Phase 2

22.8

0.004

0.005

24.3

2034

Phase 2

79.6

0.015

0.016

84.8

2035

Phase 2

98.3

0.018

0.020

104.8

2036

Phase 2

28.0

0.005

0.006

29.8

162.9

0.030

0.034

173.7

Average (t/d)

50.9

0.0094

0.0105

54.2

Average (kt/a)

18.6

0.0034

0.0038

19.8

Maximum Year (t/d)
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Comparison to National and Provincial Greenhouse Gas Emissions
Many large GHG emitters in Canada began reporting their emissions through the Voluntary
Challenge and Registry early in the 1990s. Other sources of indirect GHG data, including
energy consumption, are also available. Therefore, Canada has been able to develop annual
GHG emission values. Based on the Environment Canada National Inventory Report
(Environment Canada 2014), the 2012 GHG emissions are:


699,000 kt/a for Canada. This represents an 18% increase from 1990. Over this period,
the population of Canada increased 26%.



249,000 kt/a for Alberta. This represents a 46% increase from 1990. Over this period,
the population of Alberta increased 53%.

The three main GHG emission sources in Canada are: stationary combustion sources (44%),
transportation (28%) and fugitive sources (9%). These sources collectively account for 81%
of the national total.
Reported provincial and national GHG emissions are shown in Table 14.4-8. The
contribution of the Project (4,082 kt/a) to the provincial GHG emissions for the Year 2012 is
1.64%. The corresponding contribution of the Project to federal GHG emissions is about
0.58%.

Table 14.4-8

Provincial and National Greenhouse Gas Emissions
Canadian GHG
Emissions
(kt/a)

Project
(% of Canada Total)

Alberta GHG
Emissions
(kt/a)

Project
(% of Alberta Total)

1990

591,000

0.69

170,000

2.40

2000

721,000

0.57

227,000

1.80

2005

736,000

0.55

232,000

1.76

2009

689,000

0.59

233,000

1.75

2010

699,000

0.58

241,000

1.69

2011

701,000

0.58

244,000

1.67

2012

699,000

0.58

249,000

1.64

Reporting Year

NOTE:
Percent calculation is based on direct and indirect GHG emissions of 4,082 kt CO2e/a (kilotonnes of carbon dioxide
equivalent per annum) for the Project.
SOURCE: Environment Canada (2014)

Comparison to Other Similar Developments
It is difficult to compare GHG emission intensities between developments because of
variable calculation methods and sources. However, based on available data, the Project’s
GHG emission intensity is in the range of GHG emission intensities for other mining and
extraction projects:

June 2015



Joslyn North Mine: 29 to 33 kg CO2e/bbl (Deer Creek Energy Limited 2005)



Kearl Oil Sands project: 38 to 44 kg CO2e/bbl (Imperial Oil 2005)



Jackpine Mine Expansion and Pierre River Mine: 30.9 to 58.6 kg CO2e/bbl (Shell 2007)
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Some differences in GHG emission intensities are reasonable when comparing mining and
extraction developments. This variability might be caused by differences in GHG emission
calculation methods and assumptions. It might be because of differences in project design
from factors such as location and depth of ore deposits, physical properties of the ore (e.g.,
grade and percent fines), haul road distances, and utility plant technology.
Greenhouse Gas Mitigation
Teck has chosen technology and processes that reduce GHG emissions. Examples include,
but are not limited to:


including a cost of carbon in the evaluation of Project economics



cogenerating heat and power using natural gas as a fuel source



using dry low NOx 1+ technology to increase the efficiency of the cogeneration plant (as
opposed to selective catalytic reduction, which uses an energy-consuming scrubber
process)



using dual solvent vapour recovery units to provide full redundancy in vapour recovery
(i.e., functionally eliminating routine flaring)



designing TSRUs to extract solvent from tailings in the froth treatment plant to maintain
solvent losses to less than 4 volumes/1,000 volumes



designing and configuring equipment in the froth treatment plant to maximize the
recovery of thermal energy (e.g., use of heat exchangers instead of a cooling tower)



using variable frequency drives on boiler feed pumps and forced draft fans to reduce
electrical energy related to steam production



planning enhanced haul truck fleet maintenance and dispatch to optimize efficiency

In addition, potential regulatory change may require further action to comply with
increasingly stringent GHG standards. In preparation for these changes, Teck will:
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review the current Project design at the feasibility level to determine if emergent GHG
reduction technology is compatible with the prefeasibility design and site conditions



undertake research and development into GHG emission reduction technologies that are
applicable to oil sands extraction through Teck’s membership in COSIA



during operation, continually improve the efficiency of energy use and GHG emission
reduction technologies in an effort to outperform the Specific Gas Emitters Regulation
or other regulations in effect at the time



commission studies of hydrocarbon emissions from tailings areas and the mine face to
gain a better understanding of these GHG emissions with a goal of identifying
mitigation measures



continue to evaluate and invest in green-energy initiatives to reduce or offset GHG
emissions (e.g., Teck has increased its ownership in the Wintering Hills wind power
plant to 49%).
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Dust Emissions
In the Integrated Application, Teck identified that it would control fugitive emissions related
to dust from construction, mining and tailings operations using a variety of methods. Teck
also committed to developing a dust management plan. Within SIR responses, Teck
provided additional information about its intent to leverage its relationship with other oil
sands operators through COSIA. The goal is to draw upon the latest research and deploy the
best available technology that is economically achievable (BATEA) for dust suppression.
Currently identified practices include:


using appropriate road building materials



enforcing vehicle speed limits



applying water or other dust suppression material



applying progressive reclamation



planting temporary vegetation of disturbed land



retaining natural or planted vegetation to provide windbreaks

Teck will also draw upon its operational experience from its global operations to help inform
the dust management plan and operational practices.
In addition, Teck plans to adopt a continual improvement framework that is similar to the
adaptive management process described in Section 13.3.4. This approach will enhance dust
mitigation and management strategies during future stages of engineering and throughout
the Project’s operational life. Teck will also discuss dust mitigation planning and
performance with potentially affected Aboriginal communities as part of Teck’s ongoing
consultation with the communities and at meetings of the Reclamation Working Group that
Teck hopes to co-create with potentially affected Aboriginal communities (see
Section 13.9).
One of the key changes in the Project Update is the updated tailings management plan (see
Sections 2.1.2 and 6). Instead of thin lift drying to manage FFT, the revised strategy uses
centrifuges and places treated FFT into internal tailings areas (ITA). Teck anticipates that
the FFT will not generate dust, as centrifuge fine tailings (CFT) cake will have a nominal
55 wt% solids concentration. Strategies to reduce the dust emissions from CFT cake after
placement in ITAs will be part of the dust management plan. Details of the plan will not be
available until future stages of engineering.
To determine whether the dust management plan and operational practices are meeting
objectives, dust monitoring stations will be installed at strategic locations identified during
future stages of engineering. This work is expected to be done in collaboration with regional
monitoring programs (e.g., Alberta Environmental Monitoring, Evaluation and Reporting
Agency [AEMERA]) and will enable further evaluation of dust emissions related to the
Project operations. This work will also help to identify and prioritize opportunities for
continuous improvement.
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Air Quality Monitoring
Air quality monitoring can be categorized as source monitoring to document the emissions
being discharged into the atmosphere, and ambient monitoring to measure concentration
levels in the air downwind. Current Alberta Environmental Protection and Enhancement Act
(EPEA) approvals for mining and extraction developments require both types of monitoring
and associated reporting. Teck expects to have similar requirements associated with the
anticipated EPEA approval for the Project.
In addition to the EPEA approval, there are other reporting requirements that will have
monitoring implications. These include:


the Climate Change and Emissions Management Act (CCEMA), which requires that
GHG emissions be reported on an annual basis



the AER, which may also require emissions information relating to sulphur compounds
to be reported

The following discussion is consistent with the Integrated Application.
Source Monitoring
The anticipated EPEA approval for the Project will identify source monitoring requirements
associated with the Project, and these are expected to include:
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NOX monitoring from stacks: CEM systems for the larger NOX emissions sources
which are the two cogeneration (turbine and heat recovery steam generation) units, the
seven 693 GJ/h auxiliary steam boilers, and the two 358 GJ/h SRU flash drum feed
heaters. The CEM systems will be supplemented with manual stack surveys.



Fugitive plant: A monitoring program will be conducted periodically to determine the
magnitude and speciation of fugitive plant emissions, such as VOC and sulphur
compound emissions. A leak detection and repair system will be implemented to control
and manage fugitive plant emissions.



Mine fleet: Mine fleet fuel consumption will be monitored and vehicle specific
emission factors will be used to calculate mine fleet emissions.



Tailings areas: A monitoring program will be conducted periodically to determine the
magnitude and speciation of tailings area emissions, such as VOC and reduced sulphur
compound emissions.



Mine face: A monitoring program will be conducted periodically to determine the
magnitude and speciation of mine face emissions, such as VOC and reduced sulphur
compound emissions.



Fugitive dust: Fugitive dust (i.e., total suspended particulates [TSP]) emissions will be
estimated based on industry acceptable practices.
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These monitoring efforts will be undertaken to allow for the measurement of substances as
NOX, SO2, PM2.5, VOC, RSC and TSP, and for GHG emissions. The measurement and
documentation of GHG emissions from the Project are key provincial and federal
requirements related to potential climate change concerns and pending legislation. The GHG
estimations will require fuel use on an annual basis. Fuel types include:


diesel fuel and gasoline, primarily associated with vehicles



natural gas, associated the extraction and cogeneration plants

In addition, Teck will also submit the required annual reports on estimated substance
emissions to the federal government to meet the National Pollutant Release Inventory
(NPRI) requirements under CEPA. Teck will also meet CEPA’s requirement for GHG
reporting, which have been merged with CCEMA to avoid duplication. Teck will have an
appropriate system in place to meet these reporting requirements.
Ambient Monitoring
Teck understands that the anticipated EPEA approval might require an ambient monitoring
station be located near the Project. Teck will work with AER, ESRD, AEMERA, and the
Wood Buffalo Environmental Association (WBEA) to select the location and determine the
parameters that need to be measured. WBEA is an AEMERA partner.
Continuous Monitoring
The existing regional monitoring stations can broadly be defined as community-focused
stations (e.g., one in Fort Chipewyan, one in Fort McKay, two in Fort McMurray and one in
Anzac) or industry-focused stations (six around the Syncrude–Suncor corridor, one at the
Albian Sands development, and one near the Horizon development). The nearest continuous
stations to the Project are the Fort Chipewyan and the Horizon stations.
The following compounds are currently monitored at some or all of the stations along with
wind speed, wind direction and temperature:


ozone (O3)



oxides of nitrogen (NOX, NO, NO2)



sulphur dioxide (SO2)



fine particulate matter (PM 2.5)



total hydrocarbons (THC)



total reduced sulphur (TRS) or hydrogen sulphide (H2S)



carbon monoxide (CO)

An air monitoring station specific to the Project would potentially include continuous
monitors for NOX, NO, NO2, PM2.5, THC, and TRS, in addition to the meteorological
monitoring.
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Passive Monitoring
WBEA also operates 27 passive monitoring stations. Most of the passive stations are in
remote locations to determine monthly average concentrations. The compounds measured
include NO2, SO2, H2S and O3.
Ambient air quality data are displayed in real time on the WBEA website and quality
controlled data are stored in the Clean Air Strategic Alliance data warehouse where they are
publically available. ESRD uses the data to determine the regional air quality indices and for
regional management purposes.

14.5

Water Releases

14.5.1

Introduction
Before mining and during preparation of the plant sites, water will primarily be released
from muskeg drainage and overburden dewatering systems. For details about water releases,
see Section 7.

14.5.2

Environmental Protection and Enhancement Act Approval Requests
Teck will request Environmental Protection and Enhancement Act (EPEA) approval for the
construction and operation of surface drainage, muskeg drainage and overburden dewatering
works and the release of these waters in compliance with approval conditions
(see Section 1.7). Applications will also be made under Alberta’s Water Act for approvals
and licenses as required to divert waters that are released (see Section 14.7.3 and
Appendix 7A).

14.6

Conceptual Fisheries Offsetting Plan
A conceptual fisheries offsetting plan (CFOP) has been developed to address predicted
Project-related fish habitat loss (see Section 15). The original plan was submitted to
Fisheries and Oceans Canada on June 6, 2011 in support of an Application for Harmful
Alteration, Disruption or Destruction under Section 35(2) of the Fisheries Act. Teck
followed the guidance provided in the updated Fisheries Act (amended June 29, 2012)
during the development of the updated CFOP (see Section 15), and considered extensive
input from regulatory reviewers through the SIR process. Consultation with potentially
affected Aboriginal communities has begun (see Sections 15 and 17).
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Project Water Requirements

14.7.1

Potable Water
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The source and usage of potable water is the same as detailed in the Integrated Application.
In summary, water will be sourced from the Athabasca River and will be sufficient to
support about 5,000 people. During construction, demand will be about 1,370 m3/day and
during operations about 375 m3/day.
During low river flow periods when withdrawals from the Athabasca River may not be
allowed, water for potable purposes will be taken from the off-stream storage pond (OSSP).
14.7.1.1

Environmental Protection and Enhancement Act Approval Request
At a future stage of engineering, Teck will apply to AER for approval to construct and
operate a potable water treatment plant and distribution system for the Project.

14.7.2

Water Sources and Diversion Volumes
Water required for the mine processes will be sourced from:


the Athabasca River



precipitation runoff collected in closed-circuit areas



connate water from ore



groundwater seepage to pit



basal water sands



regional groundwater intercepted by the external tailings areas (ETA) seepage collection
system



Unnamed Creek 2 (a new source for the updated Project)

The water balance analysis for the Project shows that the maximum annual makeup water
requirement is 105.2 million m³ from 2025 through 2032, and 81.1 million m³ from 2033
through 2066. The maximum annual diversion volumes are provided in the water
management plan (see Section 7, Table 7.11-2).
Most of the water will be obtained from the Athabasca River using a river water intake
(RWI) and pipeline. Consistent with the Integrated Application, the RWI will have the
capacity to withdraw water at a maximum peak instantaneous rate of 4.2 m³/s
(see Section 8.6). The RWI will be capable of halting river withdrawals during low-flow
periods.
An OSSP will initially be located within the main pit limits. When mining approaches this
location, the water storage will be provided by additional water in the ETAs and a smaller
OSSP south of the plant site. The OSSP will store water for times when withdrawals from
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the Athabasca River are restricted as required by the Surface Water Quantity Management
Framework for the Lower Athabasca River (SWQMF)1 (GOA 2015). During high-flow
periods, water may be diverted from Unnamed Creek 2 to recharge the smaller OSSP near
the plant site. The contingency water storage volumes in the OSSP required to ensure a
sufficient water supply during the life of the mine are conservatively estimated as follows:


34.0 million m³ for the period from 2025 to 2036



22.0 million m³ for the period from 2037 to 2066

For further information about the surface and groundwater diversion for the Project,
see Section 7.

14.7.3

Water Act Approval Request
In the Integrated Application, Teck requested a licence and approvals from the AER under
the Water Act, Sections 36 and 39, to divert water for the water management activities and
facilities described in the Application. This request was supplemented by a completed
Application under the Water Act and a concordance to the Water Act Application. The
license request has been updated based on the needs of the updated Project as detailed in
Section 7.13 and Appendix 7A.
The Project Update proposes a phased Athabasca River withdrawal license request:


98 Mm³/a for the eight year period from 2025 to 2032 (to accommodate the start-up of
two process trains)



60 Mm³ for the 49year period from 2033 to 2081, which is 16% less than the annual
withdrawal license request in the Integrated Application

14.8

Conservation and Reclamation

14.8.1

Environmental Protection and Enhancement Act Approval
Teck will request that the updated closure, conservation and reclamation (CC&R) plan be
reflected in the Project approval.

14.8.2

Conservation Closure and Reclamation Plan
For the CC&R plan, see Section 13.

1

The OSSP was designed to comply with the Phase 1 Athabasca River Water Management Framework developed by
Alberta Environment and Fisheries and Oceans Canada (AENV and DFO 2007) because it was in effect when
engineering was proceeding; however, Teck has reviewed the 2015 SWQMF and has determined that the OSSP design
is consistent with the new framework.
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Biodiversity Management Plan
Teck’s vision is to achieve a net positive impact (NPI) on biodiversity as a result of its
presence and activities in a region. We believe this vision is achievable through a
combination of mitigation actions, primarily on-site rehabilitation, and conservation offsets
if required.
In 2015, Teck plans to develop a biodiversity management plan for the Project. The
biodiversity management plan is based on a biodiversity mitigation hierarchy: (1) avoid
effects where possible; (2) minimize effects that are unavoidable; (3) reclaim and
rehabilitate affected areas and (4) offset any residual effects. In both the Integrated
Application and the Project Update, Teck proposed options and made key decisions that
were, driven in part by the first two components of the mitigation hierarchy. Specifically, for
the updated Project, Teck has chosen alternatives that are better environmentally, or in
consideration of unavoidable trade-offs, are more operationally robust (see Section 2.3,
Table 2.3-1).
The Project’s biodiversity management plan was developed using a nine-step process (see
Figure 14.8-1):
1. Area delineation (including initial baseline data collection and monitoring)
2. Elements identification and amalgamation (for the Project, elements are defined as key
indicators, key indicator species and measureable parameters)
3. Identification of potential Project-specific effects
4. Risk and impact assessment
5. Additional mitigation planning and updated risk and impact assessment
6. Opportunity identification
7. Offset calculations
8. Development of actions
9. Implementation and operational monitoring
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Page 14-20

Frontier Oil Sands Mine Project Update

Process for Developing a Biodiversity Management Plan
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Wildlife Mitigation and Monitoring Plan
A wildlife mitigation and monitoring plan (WMMP) is an important component of the
Project’s biodiversity management plan (see Section 14.8.3) and outlines strategies to:


avoid and minimize effects on wildlife



audit implementation



monitor the effectiveness of the strategies



apply adaptive management

In 2015, Teck will advance the development of the WMMP using the data and analysis that
have been provided in the Project Update; however, the WMMP cannot be completed in
2015 as it will be informed by the Joint Review Panel process that is expected to conclude in
2017.
The form and content of the WMMP will be determined in consultation with regulators,
Aboriginal communities and stakeholders. In responses to SIRs and concerns and
recommendations from Aboriginal communities, Teck has identified that the following will
be part of the WMMP:
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conducting preconstruction surveys



implementing follow-up programs that test assessment predictions



creating temporal constraints for clearing during sensitive breeding periods to reduce
mortality



gathering specific details and information regarding wildlife health



prohibiting construction and operations personnel from hunting and trapping on the
Project site



monitoring effects of the Project on wildlife movement patterns during all Project
phases including identifying movement corridors and wildlife use near the Project



minimizing alteration and disturbance to vegetation and habitat by maintaining
hydrological function where linear features cross wetlands and watercourses.



meeting or exceeding current industry practice for reducing wildlife risk from tailings
operations



using visible markers, such as aviation spheres and spiral vibration dampeners to make
transmission lines more visible to birds, and where possible, designing transmission
lines to match the height of surrounding trees to reduce wire strikes by birds



having bird deterrent systems in place for all impoundments that contain process
affected water



reporting incidents of problem wildlife, and wildlife and vehicle collisions
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implementing measures to reduce sensory disturbance to wildlife and wildlife movement
including design consideration to reduce effects of lighting and noise on wildlife
movement and migration, and limiting access to identified areas of high-quality habitat
during sensitive periods



developing a plan to minimize the presence of wildlife attractants including prohibiting
staff and contractors from feeding wildlife



providing environmental-awareness training to Project staff and contractors to reduce
disturbance and negative human–wildlife interactions



mitigation measures to address motor vehicle collisions including establishing and
enforcing speed limits



limiting road access and implementing deactivation plans for roads



removing road-killed ungulates and other wildlife routinely



recognizing that all areas of the Project will not be active simultaneously and that
progressive reclamation will occur (to provide wildlife habitat) while the Project is
operational



including specific targets or benchmarks of performance over time regarding wildlife
habitat use and the successful recolonization of disturbed landscapes by wildlife



implementing habitat restoration measures that will reduce the travel and hunting
efficiencies of predators



developing effects monitoring plans that are consistent with recovery strategies and
management and action plans for SARA-listed species as well as provincially listed
species at risk



applying the learnings of the Ronald Lake Bison Herd Technical Team



identifying mitigation measures focused on maintaining habitat (where possible),
restoring disturbed habitat and managing Project influences associated with mortality
risk (direct and indirect) at locations within the limits of Teck’s oil sands leases (OSLs).



exploring options to restore previously disturbed bison and caribou habitat in Teck’s
OSLs outside the PDA



considering the incorporation of actual end land use and wildlife recolonization into the
design of the monitoring program, including a direct comparison of results with baseline
conditions



considering the effects of ecosystem shifts on reclamation success, prediction
confidence and wildlife recolonization
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Access Management Plan
An access management plan (AMP) is required to facilitate access to land traditionally used
by Aboriginal communities and stakeholders as well as to manage increased access created
by Project activities. The purpose of an AMP is to safely manage all aspects of land access
(including type and frequency of access) through or around an area that is being developed.
The Project’s AMP will be developed in collaboration with regulators, potentially affected
Aboriginal communities and stakeholders and will consider all interests, including safety. It
will also be considered in the biodiversity management plan and WMMP.
Teck is in the early stages of consultation with Aboriginal communities for a
Project-specific AMP and plans to continue to discuss concerns expressed by Aboriginal
communities about access to traditional use areas and how a Project-specific AMP could
mitigate access concerns. Teck will explore the concept of a working group with potentially
affected Aboriginal communities in 2015 and will consult with potentially affected
Aboriginal communities in a manner that meets community needs and expectations.
Clarification of Teck’s plans for a Project-specific AMP was requested through the
environmental assessment review process and during engagement with potentially affected
Aboriginal communities. The response to ESRD/CEAA Round 3 SIR 75 included a draft
table of contents for a conceptual AMP (see Appendix 14B). Teck expects that the table of
contents will evolve based on input provided by regulators, potentially affected Aboriginal
communities and stakeholders.

14.9

Pesticides
Teck will minimize the use of pesticides and herbicides during construction and operation. If
pesticides and herbicides are required, they will be applied by licenced contractors.

14.10

Chemicals
Consistent with the Integrated Application, Teck will employ hazardous products storage
and handling procedures. Tank trucks delivering bulk chemicals to the Project site will be
controlled under the Transportation of Dangerous Goods Act and Regulation (TDGR) and
Workplace Hazardous Materials Information System (WHMIS) regulations. Chemicals in
containment vessels or drums will be stored in a dedicated chemical storage facility that will
be designed and sited according to regulatory requirements. Spill containment and handling
will be topics in the site emergency response plan. Material safety and data sheets will be
kept on site and be available online for all chemicals.
The Project’s terms of reference require a list of chemical products to be manufactured,
processed or otherwise used for the Project. Teck is required to identify products containing
substances that are listed:
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as toxic substance under the Canadian Environmental Protection Act (CEPA)



on the National Pollutant Release Inventory (NPRI)
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as dangerous goods as defined by the TDGR



on Canada’s Chemicals Management Plan Domestic Substances List and categorized as
requiring further assessment

For the preliminary list of required chemicals, including chemical storage plans, see
Appendix 14C. The list is the same as provided in the Integrated Application with the
exception for the addition of polymer and gypsum required for centrifuged fine tailings. The
preliminary list will be refined when more detailed information becomes available during
future stages of engineering.

14.10.1

Polymer
To optimize centrifuge throughput and dewatering performance, gypsum and/or polymer
will be added to the centrifuge feed (see Section 6). This will increase the solids content of
the cake and reduce the amount of dewatering that needs to occur in the deposit. The amount
of polymer required for the centrifuge process is about 900 g/t to 1,400 g/t of fine solids on a
dry basis.
A polymer is a large molecule composed of repeating structural units that comprise a large
class of natural and synthetic materials with a wide range of properties. Polymer mixed with
fluid fine tailings (FFT) induces flocculation, whereby individual particles of clay and fines
coalesce into small lumps and release water. The Project will use the polymer that is
currently used by other oil sands operations for centrifuge operations. It will be subject to
further review during future stages of engineering.
Although the use of polymers in oil sands tailings management is relatively new, polymers
have long been used as soil conditioners in agriculture where they have been safely and
effectively applied to reduce soil erosion (Seybold 1994). Polymers have also been safely
and effectively used in drinking water and wastewater treatment to remove of suspended
solids (GOC 2009). Polyacrylamides are high-molecular-weight, synthetic organic polymers
that primarily interact with the clay fraction of soils. Barvenik (1994) noted that although
polyacrylamide is water soluble, it adsorbs to solids through several mechanisms (e.g.,
electrostatic attraction or charge neutralization), and can bridge between adjacent particles
due to its extremely large molecular dimensions. The result is large aggregates or flocs.
Based on this, the fate of polyacrylamide is sorption to soil solids (hence its use as a soilbinding agent for erosion control). It is expected that interactions between polymers and clay
fractions of oil sands tailings would be consistent with the way in which polymers interact
with the clay fraction of soils, and that the polymer will bind to tailings solids in dedicated
disposal areas (DDA). The proposed spatial and temporal extent for the polymer use in
tailings management is therefore expected to result in limited distribution of the polymer
beyond the tailings solids in the DDAs.
Degradation of polyacrylamide occurs mainly through physical breakdown (i.e., physical
shearing) and photodegradation (Barvenik 1994; Woodrow et al. 2008). This process results
in the release of polyacrylates of varying lengths, and small amounts of acrylamide. The
breakdown of the polyacrylamide backbone is energetically unfavourable. That is, the bonds
between molecules are too great to break down through biological activity alone (EU JRC
2002). Bacteria can extract the nitrogen bound within the polyacrylamide molecule in the
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presence of an external carbon source. However, degradation of the carbon backbone and
subsequent production of acrylamide has not been observed (Kay-Shoemake et al. 1998).
The rate at which polyacrylamide is broken down by ultraviolet radiation and other
mechanisms has been estimated at approximately 10% per year (Barvenik 1994; Entry et al.
2002), which equates to a degradation rate of 0.00029 per day. In comparison, the
degradation rate of acrylamide in aerobic environments has been estimated as 0.000474 day
(U.S. EPA 2001, as cited in WBK 2001). Therefore the accumulation of acrylamide is not
expected to occur because the rate of acrylamide degradation is faster than its generation
rate. There are no known or suspected properties related to site-specific water chemistry or
soil moisture conditions that would change this conclusion.
Polyacrylamide has been shown to have low toxicity to aquatic life (de Rosemond and Liber
2004; Beim and Beim 1994; Liber et al. 2005) and terrestrial mammals (as summarized in
Andersen 2005). Given the long history of polymer use in agriculture (to stabilize soils) and
water treatment (to remove suspended solids), potential ecological effects on terrestrial and
aquatic vegetation are unlikely with polymer use in tailings management.
Recent studies have shown that the aquatic toxicity of anionic polymers is derived mainly
from the change in the physical characteristics of the water by the application of the
polymer, rather than from direct physiological effects of the polymer on aquatic organisms
(de Rosemond and Liber 2004; Weston et al. 2009; Acharya et al. 2010; Harford et al.
2011). For example, Acharya et al. (2010) and Harford et al. (2011) hypothesize that
increased water viscosity by the addition of polymer may result in increased energy
demands for locomotion and food filtering, thereby reducing the energy available for
reproduction and growth. The sublethal effect concentrations observed in these studies
ranged from 14 mg/L to more than 200 mg/L for various aquatic species.
Andersen (2005) summarized toxicology data available for a number of terrestrial mammals,
concluding that polyacrylamide is not significantly toxic.
The main uncertainty associated with potential ecological outcomes of polymer use in oil
sands tailings environments is limited available data because polymer usage has only
recently begun. As such, the expected behaviour and fate of the polymer relative to existing
applications is not known with certainty. To address this uncertainty, Teck will review and
evaluate industry data as it comes available and monitor Project tailings facilities where
polymer is used. Teck believes that the use of polymer in the treatment of fluid fine tailings
is a safe and responsible approach with low environmental risks.
Teck anticipates that monitoring will be a condition of the regulatory approval for the
Project and will include, but not necessarily be limited to:


release water from locations where polymer treatment is applied



porewater from in-pit DDAs where polymer treated tailings are stored



groundwater wells downgradient from such locations

Release waters would be monitored most frequently (e.g., weekly to monthly initially and
quarterly thereafter) to confirm that the polymer dosing rate is appropriate. Porewater and
groundwater sampling frequency will be less frequent (e.g., quarterly or semi-annually).
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Should groundwater monitoring indicate polymer mobility or the presence of acrylamide
monomer, operational mitigation and additional monitoring of seepage interception wells
would be considered. Note that these locations are all within the closed-circuited PDA.
Details of the Project monitoring program will be informed results from monitoring
programs at other oil sands operations, and during future stages of engineering.
Current oil sands operations are monitoring polymer use. For example, Suncor has
developed a monitoring and research program as part of its EPEA approval conditions for
the company’s tailings reduction operations (TRO). One of the objectives of the monitoring
program is to determine residual concentrations of monomer (acrylamide) and polymer
(polyacrylamide) in different phases of the TRO products. Samples are collected from DDA
runoff collection sumps, suction lysimeters within dried or drying tailings products, and
from upgradient and downgradient groundwater wells. Analytical results presented in the
Tailings Reduction Operations (TRO) Research and Monitoring Plan Annual Report 2013
(Suncor 2014) show that polymer concentrations:


ranged from below the detection limit (<10 mg/L) to 76 mg/L in suction lysimeters



ranged from below the detection limit (<10 mg/L) to 125 mg/L in runoff sumps



were below the detection limit in samples collected from groundwater monitoring wells

Acrylamide was not detected at any of the monitoring locations, with detection limits
ranging from 0.0005 mg/L to 0.05 mg/L. Although polymer was detected in some of the
runoff sump and suction lysimeter samples, these waters remain in closed-circuit operations.
Furthermore, the polymer has not been detected in groundwater monitoring wells
immediately adjacent to the DDAs, indicating limited mobility of polymer within the
porewater of drying tailings products. Continued monitoring is expected to build a more
robust dataset that will be conducive to stronger conclusions being developed (Suncor
2014).
As a member of Canada’s Oil Sands Innovation Alliance (COSIA), Teck will have access to
the results from the various company research and monitoring programs and will use
relevant information to design and adapt the planned polymer monitoring program for the
Project.

14.11

Environmental Monitoring

14.11.1

Surface Water Monitoring
Teck will work with the AER, the Canadian Environmental Assessment Agency, Alberta
Environment and Sustainable Resource Development (ESRD) and the Alberta
Environmental Monitoring, Evaluation and Reporting Agency (AEMERA) to define the
specific monitoring and reporting requirements for the Project in compliance with
anticipated EPEA approval requirements and federal decision statement conditions. Among
other initiatives, Teck will:
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continue water flow and water quality monitoring on watercourses and waterbodies in
the PDA to supplement baseline information that has been collected since 2006



establish a comprehensive operational monitoring program to gauge and manage
streamflow and water level changes in the PDA



develop monitoring programs that comply with polishing pond release standards and
EPEA approval

Groundwater Monitoring Program
A site-wide groundwater monitoring plan will be prepared in compliance with anticipated
EPEA approval conditions. The groundwater monitoring plan will be consistent with the
Integrated Application, with monitoring locations adjusted spatially as required to be
appropriate for the updated mine plan. As noted in the Integrated Application, the
groundwater monitoring program will be designed to enable proactive implementation of
remedial actions should site conditions differ from expected performance during and
following operations. The number and location of sentinel monitoring wells will evolve as
detailed engineering is completed.

14.11.3

Post-Closure Seepage Control System
Consistent with the Integrated Application, the updated Project includes a passive postclosure seepage collection system around the north, east and south perimeter of the ETAs.
However, the system would be implemented at the end of operations, rather than near the
beginning of ETA construction as proposed in the Integrated Application. As described in
Section 7.9, groundwater seepage from the ETAs will be managed during operations through
perimeter ditching and a network of pumping wells in the quaternary sands. Studies that will
be completed to guide the design and installation of the post-closure seepage control system
include:


geophysical surveys and investigations



geotechnical and hydrogeological investigations



groundwater and surface water quality modelling



detailed monitoring and quality assurance/quality control programs

Modelling will be iterative as required, to inform investigation programs and establish
acceptable performance criteria for the post-closure seepage control system with respect to
protection of the downstream aquatic environment.
14.11.3.1

Mitigation and Adaptive Management
Perimeter ditching and pumping wells are effective methods of controlling seepage during
operations. The system will evolve over decades of operation as system components age and
a refined understanding of hydrogeologic conditions develops. The need for system
modifications will be determined through an adaptive management program that will be
supported by additional field information, refined groundwater modelling and monitoring of
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operational data such as pump hours and flow rates. A network of monitoring wells will be
routinely sampled and evaluated to inform the adaptive management program. The
monitoring well network is expected to evolve over time in concert with the seepage control
system.
The design of the post-closure seepage control system will be refined based on decades of
operational data and experience, results of additional hydrogeologic investigations and
further groundwater modelling. Once installed, the system will be monitored to verify that it
is performing as intended. Monitoring will occur at strategic locations up and down gradient
of the seepage control system. Should conditions differ from what is expected (based on
groundwater and surface water modelling), more intensive monitoring, intrusive
investigations and enhancements to the seepage control system will be completed as
required to assess and address the situation.

14.11.4

Potential for Basal Water Sands Connectivity to the Athabasca River
It is known that the Athabasca River forms a location of regional groundwater discharge for
the Cretaceous sediments including the basal water sands (BWS). However, given the
limited spatial distribution of BWS beneath the main pit and fact that the Athabasca River is
approximately 14 km to the southeast of the pit, limited hydraulic connectivity with the
Athabasca River is expected (see Volume 3, Section 5.5). The confidence in this
interpretation is high as it relates to the potential volumes of discharge from depressurization
of the BWS. This high confidence is supported by groundwater modelling sensitivity runs
completed as part of the Round 1 SIR responses (see ESRD/CEAA Round 1 SIR 45,
Appendix 45a.3) where it was conservatively assumed that there was direct hydraulic
communication between the BWS and the Athabasca River. The results indicated negligible
change to the depressurization water volumes in the area of the main pit compared to the
base assumptions in the Application Case where no connectivity was assumed. This finding
is consistent with expectations given that the lowest elevation of the base of feed in the mine
is at approximately 215 metres above mean sea level (m amsl), only seven metres below the
Athabasca River adjacent to the PDA.

14.11.5

Potential for Karst
The Integrated Application identified possible lost circulation in one borehole while drilling
and precipitated an extensive line of questioning about karst potential during the SIR
process. Because of this, Teck wants to clarify that the borehole in question was located in
the south development area, which is no longer part of the Project as a result of the Teck–
Shell asset exchange. The borehole with potential lost circulation was located more than 10
km from the main pit. There has been no lost circulation in boreholes drilled in the updated
PDA.
Information from the updated LSA continues to support the interpretation that the shallow
Devonian strata under the PDA is massive with little or negligible primary permeability
(relating to connected porosity developed at the time of geologic deposition) and little to
negligible secondary permeability (that would have developed through mineral dissolution
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or structural collapse [i.e., karst]). This interpretation is discussed in the updated
groundwater baseline (see Volume 2, Section 3).
Teck recognizes there is still some uncertainty and potential risk from local transmissive
features in the Devonian during operations and following closure. This potential risk will be
adaptively managed through the karst management plan for the Project. The overall details
of this plan remain consistent with those outlined in response to ESRD/CEAA Round 1
SIRs 47, 49b and 370 and ERCB Round 2 SIR 4. The karst management plan that will be
developed during future stages of engineering is detailed below:

14.12



Ongoing Characterization: Teck will continue to advance its understanding of the
Devonian underlying the PDA through site-specific investigations and by tracking
ongoing research conducted in the region through COSIA-sponsored investigations, the
Oil Sands Groundwater Agreement and publically available research. Site-specific
investigations will include drilling and monitoring within the Devonian under the PDA
as mining progresses, continued review during coring programs of the upper Devonian
where encountered, geophysical programs specifically targeted in key areas, and
ongoing interpretation of water quality information in the BWS to determine the
potential for interaction with deeper Devonian waters. This information will allow
ongoing refinement of Teck’s understanding of the Devonian bedrock and inform the
performance monitoring employed during operations and following closure.



Performance Criteria and Monitoring: Performance criteria will be established as part
of the karst management plan to minimize potential risks and maintain the open pit
within a safe range of operating conditions. These criteria will include indicators within
the BWS and upper Devonian monitoring wells (e.g., unexpected pressure responses and
salinity changes). A monitoring program will be developed to consider any performance
indicators, and include the monitoring of pressures and salinity during depressurization.



Refine Mitigation Strategies: Specific mitigation strategies will be developed during
future stages of engineering in response to findings from ongoing characterization and
monitoring. At present, potential mitigation techniques fall under two main categories:


balancing of pressures in-pit to limit the inflow of saline groundwater



limiting inflows by reducing the local permeability of Devonian bedrock

Emergency Response Plans
The conceptual emergency response plan outlined in the Integrated Application has not
changed.
As part of the Project execution plan, before construction, a comprehensive emergency
response plan will be developed,

June 2015

Page 14-29

Volume 1: Project Description
Section 14: Health, Safety and Environment

14.12.1

Frontier Oil Sands Mine Project Update

New or Changed Accidents and Malfunctions
This section presents accidents and malfunctions that are new or have changed since the
Integrated Application (see Table 14.12-1).
Given the level of engineering completed to date and the understanding of site conditions,
the likelihood and potential outcome should be interpreted qualitatively.

Table 14.12-1

Updated and New Accident and Malfunction Mitigation

Accident or Malfunction

New or Updated Mitigation

Instability of mine pit slopes



Geotechnical instability of tailings
disposal areas



Centrifuge failure



Erosion of pit lake shore








Closure landform failure
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The Project Update has more detailed design criteria (see Section 4.3.5) than
the Integrated Application based on the results of additional field
investigations.
The Project Update outlines plans to place most treated fluid fine tailings in-pit,
below the original ground level, in a geologically secure location that does not
require active dams in the post-closure landscape (for details, see
Section 4.3.5 and Section 6.7)
Should centrifuge failure occur, flow could be directed to other centrifuges
because they are designed for a 80% throughput capacity.
Strategically cover non-economic bitumen.
Equip littoral zones with submerged overburden berms to dampen wave
energy.
Design the lake outlet to control lake water levels and to prevent flooding over
the pit edges.
Monitor to validate performance and to provide repairs where required during
the post-closure monitoring period.
Strategically locate littoral zones where wave heights and energies are
relatively small.
Place large granular materials along shorelines where erosion could affect
long-term stability of shoreward features.
Provide drainage outlets and avoid constructed dams.
Design provisions to accommodate beaver dams and their effects.
Use sufficient reclamation surface soil cover to promote self-sustaining tree
cover and dense understory.
Consider topographic slope during landform design.
Provide granular material in alluvial channels and vegetated waterways to
reduce erosion potential.
Provide shallow wetlands and sedimentation lakes to reduce erosion potential
and granular material requirements by attenuating flows and dissipating flow
energy.
Design drainage systems to mimic performance of comparable natural
drainage systems to manage sediment erosion and deposition.
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Instability of Mine Pit Slopes
Pit slopes are classified as either permanent (i.e., final pit slopes at the pit limits) or
temporary (working faces in active areas of the pit). Working faces are typically 15 m in
height. Slope instability could occur because of potentially weak clay layers, adversely
dipping clay or oil sands layers and flow in high-grade oil sands areas. The west perimeter
of the main pit is near the toe of the Birch Mountains. The steep upper slopes on the Birch
Mountains comprise mixed glacial and bedrock materials, and are known to have slump
features.
Design and Mitigation Measures
The geotechnical design criteria for the mine have been updated since the Integrated
Application and are discussed in detail in Section 4.3.5. These criteria were updated based
on additional geologic and geotechnical information acquired in 2013. The additional data
increases Teck’s confidence in the design criteria.
Additional mapping of geologic structure and geotechnical conditions will occur during
future engineering phases and during operation to enhance and support the mine design
criteria. This mapping will be used to identify areas where flatter slopes or alternative
mining methods might be required. Appropriate setback distances will be maintained for
roads, infrastructure and other facilities, lease boundaries and operational activities to
mitigate the consequences of potential crest instability. The observational approach,
including monitoring and instrumentation of pore pressure and deformation, will be used as
part of efforts to maintain stability. Ongoing performance monitoring and mitigation through
adaptive management will be used to manage the risks associated with instability of
temporary working-face slopes. An advantage of the proposed mine plan is that it allows for
several years of operations prior to reaching a permanent final pit wall.
Likelihood and Potential Consequences
Failure of a permanent slope could theoretically result in the loss of material at the crest of
the slope and deposition into the base of the pit, potentially adversely affecting any
infrastructure or facilities near the pit crest. There could also be effects on personnel and
equipment within the pit. Planned slope designs coupled with regular slope monitoring make
the likelihood of an unexpected failure of a permanent slope remote. Temporary slopes are
generally steeper than permanent slopes and are therefore subject to local instability.
Although such local instability is considered more likely, the potential consequences of the
failure will be reduced because of the low height of the bench being mined. Furthermore, the
observational approach will allow detection of adverse slope movements and adjustments in
mining to reduce the consequences of pit wall slope failures.
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Geotechnical Instability of Tailings Disposal Areas
Tailings disposal areas consist of above-grade structures (ETA 1 and ETA 2) and in-pit
structures (internal tailings areas 1, 2 and 3). They have all been designed to provide
containment using engineered dykes. Failure or instability of tailings dykes can occur
because of reduction in strength of the foundation materials (e.g., because of pore pressure
buildup), inadequate strength of dyke materials or substandard construction methods,
excessive seepage, erosion, or overtopping of the dykes.
Design and Mitigation Measures
The tailings structures will be subject to ongoing visual and instrumented monitoring
programs. The structures will also be subject to annual geotechnical performance reviews by
an expert panel. Furthermore, intensive inspections and performance reporting will be
completed in accordance with the Canadian Dam Association’s Dam Safety Guidelines
(CDA 2007).
The use of proven design and construction practices and an observational approach to
stability management will ensure that the likelihood of a dyke failure remains remote. The
observational approach relies on previous design and monitoring experience, ongoing
monitoring of pore pressures and deformations, and response to abnormal situations with
remedial drainage or other methods such as the construction of toe berms. A detailed
operations, maintenance and surveillance manual will be developed for all fluid containment
structures, in accordance with the Mining Association of Canada’s (2011) Guide to the
Management Of Tailings Facilities.
In addition, Teck will undertake engineering using best industry practices (e.g., Imperial
Metals 2015) to design the fluid containment structures. These practices will include:


extensive geotechnical drilling to understand tailings facility foundation conditions



appropriately qualified geotechnical engineering staff



a geotechnical review board consisting of third-party tailings facility subject matter
expects to evaluate the appropriateness of tailings facility designs and performance and
monitoring programs. The board will use an ongoing observation approach for
monitoring tailings facility performance.

Teck will prepare a more detailed analysis of failure types along with an emergency
preparedness and response plan during future stages of engineering. Teck acknowledges
Aboriginal community concerns regarding stability of tailings disposal areas and plans to
engage with regulators, local Aboriginal communities and stakeholders in developing a
response plan.
Likelihood and Potential Consequences
Depending on its location, a catastrophic failure of an external tailings dyke could result in a
release of tailings to the surrounding area. This could affect the plant site, Redclay Creek,
Unnamed Creek 2, various drainage features, the fish habitat compensation lake and Pierre
River Mine compensation lake (if reapplied for and built).
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Although the consequences of an external tailings dyke failure would likely be high, the
conservative design approach in conjunction with the observational approach will ensure
that the likelihood of such a failure is remote. The reasonable worst-case tailings dyke
stability scenario is larger than expected deformation, a situation that will be identified
during monitoring and immediately mitigated. The risks associated with tailings dyke failure
are therefore considered extremely low.
The selected tailings management plan (see Section 6) allows Teck to eliminate both the
likelihood and consequence of catastrophic failures within five years after the completion of
mining. This is because all fluids (both water and fluid fine tailings) will be contained below
the original ground surface in a geotechnically secure location (i.e., the main pit).

14.12.4

Centrifuge Failure
Centrifuge failure could compromise the planned ability to treat all fluid fine tailings within
five years of the end of mining.
Design and Mitigation Measures
The centrifuge facilities are designed with an assumed availability of 80% for the entire
centrifuge process, which provides additional FFT processing capacity in the event of
equipment failure. Also, the centrifuge facility will be designed so that failure of a few
centrifuges does not prevent the remaining centrifuges from operating. The throughput,
availability and number of centrifuges are subject to change based on future engineering and
developments in oil sands centrifuge technology. Teck is committed to managing fluid
tailings volumes in accordance with the profile discussed in Section 6.7.
Likelihood and Potential Consequences
The centrifuge facility design takes into consideration centrifuge malfunction and other
related equipment failure. Therefore, the risk of not being able to treat all fluid fine tailings
within five years of the end of mining is low.

14.12.5

Erosion of Pit Lake Shore
The shore of the pit lakes will be a constructed feature. Therefore, as a result of geotechnical
failure or erosion, elevated turbidity and exposed oil sands could occur.
Design and Mitigation Measures
In-pit waste dumps will be strategically located to cover non-economic bitumen. Pit lake
littoral zones will be located in areas where wave heights are expected to be relatively small.
The littoral zones are designed with shallow submerged overburden berms along the
lakeward side for protection against wave induced erosion of the littoral zone bed. The
overburden berms are designed to dampen wave energy and dissipate the energy of the
largest waves by causing them to break offshore.
Where there is no littoral zone along pit lake shorelines and where erosion could affect longterm stability of shoreward features (e.g., tailings areas and drainage channels), the

June 2015

Page 14-33

Volume 1: Project Description
Section 14: Health, Safety and Environment

Frontier Oil Sands Mine Project Update

shorelines will be protected against wave erosion with large granular material placed below
and above the water line.
The outlets of the pit lakes will be designed to discharge lake water to receiving waters in a
way that will prevent flooding over the pit edges. The stability of the pit walls and water
quality will be monitored to validate performance and to provide repairs where required
during the post-closure monitoring period.
Likelihood and Potential Consequences
The shorelines of newly constructed pit lakes are expected to experience some minor erosion
at construction. Such erosion would be localized and the products of erosion would be
diluted by the large volume of water present in the lakes. The frequency and magnitude of
erosion will diminish with time as the landform stabilizes and vegetation becomes
established in the littoral zones. The pit lakes will not be reintegrated into the post-closure
drainage network until stability is demonstrated over several seasons. This will result in a
low likelihood and potential for adverse environmental consequences.
In the littoral zones, it is expected that some wave energy will continue past the constructed
overburden berms. This residual wave energy will be dampened by the shallow water depth
and littoral vegetation. Littoral zone erosion is anticipated to be localized within the extent
of overburden berms.
Along shorelines where granular erosion protection is provided, very minor erosion during
the initial conditioning period is expected. Such erosion would be localized and small
amounts of sediments from the erosion would be diluted by the large volume of water in the
lakes.
Where shorelines are not protected with granular materials or there are no littoral zones,
gradual shoreline erosion is expected. Eroded sediments will settle to the lake bottom. The
erosion will diminish with time as the shoreline evolves toward a stable condition through
natural processes.
The frequency and magnitude of littoral zone and shoreline erosion will diminish with time
as the shorelines stabilize and vegetation becomes established. The likelihood and potential
for adverse environmental consequences are considered low.

14.12.6

Erosion or Failure of Closure Landforms
Erosion through downcutting of landform slopes or undercutting of the toe slopes of
landforms by reclamation drainage channels could result in decreased stability of closure
landforms and possibly degraded waste material containment capability.
Design and Mitigation Measures
Closure landforms will be designed to be self-sustaining over extended timeframes.
Drainage outlets will be provided and no constructed dams will exist. Provisions for beaver
dams will be included in the design to prevent overtopping of channels. The reclamation
surface soil cover will be adequate to support the development of a self-sustaining tree cover
with dense understorey, which will serve to provide erosion resistance in appropriate
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locations. The topographic slope, including microtopography, will be considered during the
landform design to accommodate drainage yet reduce the potential for erosion.
Closure drainage channels will be designed as sinuous channels to mimic natural systems.
Floodplain widths will be at least 30% greater than the expected meander width of the
channel. Granular material will be provided in alluvial channels and vegetated waterways to
further reduce the potential for erosion. Shallow wetlands and sedimentation lakes will be
provided to attenuate peak flows and dissipate flow energy. These water storage features
will reduce the need to rely on granular materials for erosion protection.
Closure drainage channels will be designed to mimic comparable natural channels.
Therefore, these channels are expected to exhibit similar erosion characteristics as
comparable natural channels and to have similar capacities to handle flood events.
Any drainage channel will be set back from any nearby landform toe with adequate distance
to accommodate long-term lateral movement of the channel without negatively affecting
stability of closure landforms.
Likelihood and Potential Consequences
The likelihood of reclaimed landforms failing or tailings material within the reclaimed
landscape being released because of erosion is very low. Landform design considerations
and implementation of erosion control methods over the reclaimed landscape will reduce the
potential for erosion in the long term.

14.13

References

Acharya, K., C. Schulman and M.H. Young. 2010. Physiological response of Daphnia magna to linear
anionic polyacrylamide: ecological implications for receiving waters. Water Air and Soil Pollution
212: 309–317.
AENV and DFO (Alberta Environment, and Fisheries and Oceans Canada). 2007. Water Management
Framework: Instream Flow Needs and Water Management System For The Lower Athabasca River.
February 2007. Edmonton, Alberta.
Andersen, F.A. 2005. Amended final report on the safety assessment of polyacrylamide and acrylamide
residues in cosmetics. International Journal of Toxicology 24 (Suppl. 2): 21–50.
Barvenik, F.W. 1994. Polyacrylamide characteristics related to soil applications. Soil Sciences. 158(4): 235–
243.
Beim, A.A. and A.W. Beim. 1994. Comparative ecological-toxicological data on determination of maximum
permissible concentrations (MPC) for several flocculants. Environmental Toxicology 18:195–198.
CCME (Canadian Council of Ministers of the Environment) Environmental Code of Practice for the
Measurement and Control of Fugitive Emissions from Equipment Leaks. 1993.
CDA (Canadian Dam Association). 2007. Dam Safety Guidelines 2007. Canadian Dam Association,
Toronto, Ontario.
Deer Creek Energy Limited. 2005. Greenhouse Gas Management Plan Deer Creek Energy Limited – Joslyn
North Mine Project. Prepared by Nodelcorp Consulting Inc.

June 2015

Page 14-35

Volume 1: Project Description
Section 14: Health, Safety and Environment

Frontier Oil Sands Mine Project Update

de Rosemond, S.J.C. and K. Liber. 2004. Wastewater treatment polymers identified as the toxic component
of a diamond mine effluent. Environmental Toxicology and Chemistry 23: 2234–2242.
Entry, J.A., R.E. Sojka, M. Watwood and C. Ross. 2002. Polyacrylamide preparations for protection of water
quality threatened by agricultural runoff contaminants. Environmental Pollution 120: 191–200.
Environment Canada. 2005. Off-Road Compression-Ignition Engine Emission Regulations (SOR/2005-32).
Available at: http://www.ec.gc.ca/lcpe-cepa/eng/regulations/DetailReg.cfm?intReg=88
Environment Canada. 2011. Regulations Amending the Off-Road Compression-Ignition Engine Emission
Regulations (SOR/2011-261). Available at: http://www.ec.gc.ca/lcpe-cepa/eng/regulations/Detail
Reg.cfm?intReg=201
Environment Canada. 2014. National Inventory Report 1990-2012. Greenhouse Gas Sources and Sinks in
Canada. Ottawa. 2014. Available at: https://www.ec.gc.ca/gesghg/default.asp?lang=En&n=3808457C-1&offset=1&toc=hide
ESRD (Alberta Environment and Sustainable Resource Development). 2007. Emission Guidelines for
Oxides of Nitrogen (NOX) for New Boilers, Heaters and Turbines Using Gaseous Fuels Based on a
Review of Best Available Technology Economically Achievable (BATEA) Interim Guideline. Final
Draft September 2007.
EU JRC (European Commission Joint Research Centre). 2002. European Union Risk Assessment Report:
Acrylamide, Volume 24. EUR 19835 EN. Luxemburg.
GOA (Government of Alberta). 2010. Standards for Landfills in Alberta. February 2010. Edmonton, Alberta.
Available at: http://environment.gov.ab.ca/info/library/7316.pdf. Accessed June 2015.
GOA. 2015. Surface Water Quality Management Framework for the Lower Athabasca River. Lower
Athabasca Region. Available at: http://esrd.alberta.ca/focus/cumulative-effects/cumulative-effectsmanagement/management-frameworks/documents/LARP-SurfaceWaterQuantityMgmtFeb2015.pdf. Accessed May 2015.
GOC (Government of Canada). 2009. Proposed Risk Management Approach for 2-Propenamide
(Acrylamide). Environment Canada and Health Canada. August 2009.
Harford, A.J., A.C. Hogan, D.R. Jones and R.A. van Dam. 2011. Ecotoxicological assessment of a
polyelectrolyte flocculant. Water Research 45: 6393–6402.
Imperial Metals. Tailing Breach Information. Mount Polley Update. Available at:
http://www.imperialmetals.com/s/Mt_Polley_Update.asp?ReportID=671041.
Imperial Oil (Imperial Oil Resources Ventures Limited). 2005. Kearl Oil Sands Project – Mine
Development. Volume 1 to 9. Submitted to Alberta Energy and Utilities Board and Alberta
Environment. Prepared by Imperial Oil Resources Ventures Limited in association with Golder
Associates Ltd., AXYS Environmental Consulting Ltd., Komex International Inc. and Nichols
Applied Management. Calgary, Alberta. Submitted July 2005.
Kay-Shoemake, J.L., M.E. Watwood, R.D. Lentz and R.E. Sojka. 1998. Polyacrylamide as an organic
nitrogen source for soil microorganisms with potential impact on inorganic soil nitrogen in
agricultural soil. Soil Biology and Biochemistry. 30: 1045-1052.
Liber, K., L. Weber and C. Lévesque. 2005. Sublethal toxicity of two wastewater treatment polymers to lake
trout fry (Salvelinus namaycush). Chemosphere 61: 1123–1133.

Page 14-36

June 2015

Frontier Oil Sands Mine Project Update

Volume 1: Project Description
Section 14: Health, Safety and Environment

Seybold, C.A. 1994. Polyacrylamide review: Soil conditioning and environmental fate. Communications in
Soil Science and Plant Analysis. 25: 2171–2185.
Shell (Shell Canada Limited). 2007. Application for Approval of the Jackpine Mine Expansion Project and
Pierre River Mine Project. Environmental Impact Assessment. Volume 3: Air Quality, Noise and
Environmental Health, Section: 3.4.8.4 Greenhouse Gas Emission Intensity and Comparison to
Similar Projects. Shell Canada Limited. December 2007. 3-108
Suncor (Suncor Energy Inc.). 2014. Tailings Reduction Operations (TRO) Research and Monitoring Plan
Annual Report 2013.
The Mining Association of Canada. 2011. A Guide to the Management of Tailings Facilities. Ottawa,
Ontario. Available at: http://mining.ca/sites/default/files/documents/
GuidetotheManagementofTailingsFacilities2011.pdf
TCPL (TransCanada Pipelines Limited). 2010. Gas Quality Specifications TransCanada and Other
Pipelines. Available at: http://www.transcanada.com/customerexpress/docs/assets/
Gas_Quality_Specifications_Fact_Sheet.pdf.
U.S. EPA (United States Environmental Protection Agency). 2001. Integrated Risk Information System
(IRIS) Online. Office of Research and Development, National Center for Environmental
Assessment. Cincinnati, Ohio. Available at: http://www.epa.gov/iris/. Accessed August 2001, as
cited in WBK 2001).
U.S. EPA. 2011. AP-42, Compilation of Air Pollutant Emission Factors. February 2011.
WBK (WBK & Associates Inc.). 2001. Screening Evaluation and Risk Assessment of Acrylamide Impacts
from Polymer-Amended Thickened Tailings Deposits. Report for Albian Sands Energy Inc.
December 2001.
Weston, D.P., R.D. Lentz, M.D. Cahn, R. Scott Ogle, A.K. Rothert and M.J. Lydy. 2009. Toxicity of anionic
polyacrylamide formulations when used for erosion control in agriculture. Journal of Environmental
Quality 38: 238–247.
Woodrow, J.E., J.N. Seiber and G.C. Miller. 2008. Acrylamide release resulting from sunlight irradiation of
aqueous polyacrylamide/iron mixtures. Journal of Agriculture and Food Chemistry. 56: 2773–2779.

June 2015

Page 14-37

Frontier Oil Sands Mine Project Update

Volume 1: Project Description
Section 15: Conceptual Fisheries Offsetting Plan

15

Conceptual Fisheries Offsetting Plan

15.1

Introduction
This section presents the conceptual fisheries offsetting plan (CFOP) for the Frontier Oil
Sands Mine Project (the Project). Teck submitted an earlier version of this plan to
Fisheries and Oceans Canada (DFO) on June 6, 2011, in support of an Application for
Harmful Alteration, Disruption or Destruction (HADD) under Section 35(2) of the
Fisheries Act. That version formed the basis of the conceptual fish habitat compensation
plan (CFHCP) developed for the Project and submitted as part of the Integrated
Application (Volume 1, Section 15).
The CFOP is a revision of the CFHCP; it reflects changes to the Project and to the
regulatory requirements since filing the Integrated Application. For example, the CFOP:


addresses the additional fisheries offsetting requirements associated with the updated
Project (see Section 15.3)



incorporates additional information collected since filing the Integrated Application,
including fish distribution information obtained from baseline surveys (2012 to
2014), monitoring and regulatory consultation, and reflects an improved
understanding of Project conditions



considers additional information about traditional land use and Aboriginal
community concerns provided through consultation, traditional use studies, thirdparty technical reviews and statements of concern (SOCs) (see Volume 3,
Section 8.2.1)



considers regulatory changes to the Fisheries Act (see Section 15.1.1), including new
terminology



reflects changes to the Project disturbance area (PDA) as a result of the Teck–Shell
asset exchange, changed tailings management strategy and revised mine plan

The updated CFOP still relies on a 60 ha fish habitat compensation lake (FHCL) in the
Redclay Creek valley as a fisheries offsetting measure. However, the plan also presents
additional options that could help offset, or partially offset, the planned losses or
alterations to productive fish habitat associated with the Project.

15.1.1

Changes to the Fisheries Act
The Fisheries Act was amended on June 29, 2012, and new fisheries protection
provisions came into force on November 25, 2013. The goal of the Fisheries Protection
Policy is “to provide for the sustainability and ongoing productivity of commercial,
recreational and Aboriginal [CRA] fisheries” (DFO 2013). Subsection 35(1) of the
Fisheries Act prohibits carrying out any work, undertaking or activity that results in
serious harm to fish that are part of a CRA fishery, or to fish that support such a fishery.
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Serious harm to fish includes “the death of fish, or the permanent alteration to, or
destruction of, fish habitat” that diminishes or eliminates the ability of fish to use such
habitats in order to carry out one or more of their life processes. Some waterbodies do not
contain fish or provide fish habitat that are part of, or support, CRA fisheries, and these
waterbodies may not be subject to the prohibition.
If a project is unable to completely avoid or mitigate serious harm to fish, the project will
normally require authorization under Subsection 35(2) of the Fisheries Act to proceed
without contravening the Act. Factors to be considered in the regulatory review process
include:


the contribution of the relevant fish to the ongoing productivity of CRA fisheries



fisheries management objectives



whether there are measures and standards to avoid, mitigate or offset serious harm to
fish



the public interest

The Fisheries Protection Policy (DFO 2013) states:
After efforts have been made to avoid and mitigate impacts, any residual serious
harm to fish should be addressed by offsetting. An offset measure is one that
counterbalances unavoidable serious harm to fish resulting from a project with
the goal of maintaining or improving the productivity of the [CRA] fishery.
Offsetting measures could take a variety of forms ranging from localized
improvements to fish habitat to more complex measures that address limiting
factors to fish production. . . . The most desirable offsetting measure may be a
replacement of the same type of habitat that is affected by the project. In other
situations, better outcomes for fisheries may be achieved by . . . offsetting in
waterbodies or for fish species other than those affected by the project.

15.1.2

Aboriginal Community Concerns
In preparing the CFOP, Teck has reviewed Aboriginal-led traditional use studies, thirdparty technical reviews, statements of concern and input received from ongoing
consultation. Based on these inputs, Teck has documented Aboriginal community
concerns related to fish habitat compensation and has considered these concerns as part
of the updated CFOP, fisheries offsetting framework and fish and fish habitat monitoring
plan.
The following traditional use studies were considered in preparing this update:
Athabasca Chipewyan First Nation:
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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, and particularly during the most recent
meeting held April 30, 2015, Aboriginal communities have expressed the following
concerns related to fish habitat compensation:


concerned that offsets for fish may create additional impacts to the Ronald Lake
bison herd



concerned about the replacement of watercourse habitats with waterbody habitats



communities are not interested in spending time at a constructed lake that is on a
mine site



concerned with the water quality and fish tissue quality in a fish offset lake,
particularly one that is close to a mine and tailings area



concerned about reduced flows in Redclay Creek and the Athabasca River during
filling of the offset lake, and the duration of lake filling period



concerned that governments may believe that fish offsets also offset impacts to
Treaty and Aboriginal rights, which they do not



communities want to be a part of the fish assemblage decisions and monitoring work
once the offset lake is built



concerned about the lack of an appropriate monitoring plan to confirm predictions
and adjust mitigation measures

Teck has provided responses to these concerns in Section 15.6.
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15.2

Description of the Aquatic Environment

15.2.1

Local Study Area
The aquatics local study area (LSA) represents the spatial extent of surface water
resources surrounding and including the Project where there is a reasonable potential for
either direct or indirect effects on fish habitat. The aquatics LSA includes the PDA and
the complete watersheds of all watercourses that flow through it (see Figure 15.2-1).
The aquatics LSA has changed from the Integrated Application as a result of the Teck–
Shell asset exchange, changed tailings management strategy and revised mine plan. The
LSA no longer includes the Eymundson Creek or Pierre River watersheds. Remaining
watersheds in the aquatics LSA are consistent with the Integrated Application and
include:


Unnamed Creek 18 – which includes Unnamed Creek 16, Ronald Lake and Unnamed
Waterbodies 20 and 19



Unnamed Creek 17 – which is a tributary drainage to Unnamed Creek 18



Unnamed Creek 19 – which is a minor tributary to the Athabasca River



Redclay Creek – which includes Unnamed Waterbodies 12, 13, 29, 33, 34 and
Unnamed Creek 8



Unnamed Creek 2 – which includes Unnamed Creek ULW, Unnamed
Waterbodies 21 to 28, Unnamed Lake 1 and Unnamed Lake 2



Big Creek – which includes Unnamed Creeks 5, 6 and 7, Unnamed Waterbody 16
and Unnamed Waterbody 32



First Creek – which includes Unnamed Waterbody 15

The aquatics LSA also includes the section of the Athabasca River adjacent to the PDA
that receives inflow from tributary watersheds in the LSA.
Most watercourses and waterbodies in the aquatics LSA drain into the Athabasca River
by way of lower Redclay Creek or lower Big Creek. Exceptions are the watercourses and
waterbodies associated with the Unnamed Creek 18 and Unnamed Creek 17 drainages,
which are located in the northernmost portion of the aquatics LSA. These watersheds
flow northward into Ronald Lake and eventually flow into Lake Claire via the Buckton
Creek drainage.
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The bridge across the Athabasca River and the east side access road to the Fort
Chipewyan winter road were originally proposed as part of Shell’s application for the
Pierre River Mine (PRM). These components are included in the Project Update as a
result of Shell withdrawing its application for the PRM (see Section 2.1.5). As described
in the bridge assessment (see Volume 3, Section 18), potential exists for serious harm to
fish or fish habitat due to construction and operation of the Athabasca River bridge and
access road. The CFOP does not include measures to offset potential effects associated
with the bridge works because detailed design and construction plans are not yet
available. However, incremental loss of fish habitat associated with the bridge will be
offset and included as part of the Project’s detailed fisheries offsetting plan. Any
requirement for additional offsetting measures will be determined in consultation with
DFO.

15.2.2
15.2.2.1

Methods
Fish Habitat Assessment
Fish habitat and fish communities in the aquatics LSA were characterized based on:


a detailed baseline inventory of the aquatics LSA (see Table 15.2-1)



supplemental data and existing information from the (withdrawn) PRM regulatory
application (Shell 2007)



historical information, regional monitoring data and traditional land use studies

Fish habitat potential and use were determined based on fish capture data available from:


historical surveys (Golder 2004), including baseline surveys for the PRM project
(Shell 2007)



recent surveys conducted as part of the Regional Aquatics Monitoring Program
(RAMP 2014) or by the Alberta Environmental Monitoring, Evaluation and
Reporting Agency (AEMERA 2015)



baseline field surveys for the Project (2007 to 2011) (see Volume 2, Section 6 of the
Integrated Application)



additional baseline surveys conducted for the Project (2012 to 2014) (see Volume 2,
Section 6)



the Alberta Environment and Sustainable Resource Development (ESRD) Fish and
Wildlife Management Information System (FWMIS) database (ESRD 2014)

Methods for the seasonal field surveys for the Project are described in the Integrated
Application (see Volume 1, Section 15 of the Integrated Application).
15.2.2.2

Fish Inventory
Methods for the seasonal field surveys for the Project are described in the Integrated
Application (Volume 1, Section 15).
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Table 15.2-1

Fish Habitat, Fish Population and Benthic Invertebrate Sampling
Season and Samples Collected

Watercourse or
Waterbody

Site
Code(s)

UTM Coordinate
Watershed

Easting

2007

Northing

Fall

2008
Winter

Spring

2010
Fall

Spring

2011
Fall

Winter

2012

2013

2014

Winter Spring Summer Spring Summer

Fall

Unnamed Creek 18

S20

Unnamed Creek 18

461928

6423258

–

–

–

–

F,H

F,H,B

–

–

–

–

–

–

–

Unnamed Creek 18

S18

Unnamed Creek 18

459981

6417561

–

–

–

–

F,H

B

–

–

–

–

–

–

–

Unnamed Creek 18

Site 7

Unnamed Creek 18

460424

6416817

–

–

F,H

H

–

–

–

–

–

–

–

–

–

Unnamed Creek 18

Site 1

Unnamed Creek 18

460424

6416817

F,H

–

F,H

F,H,B

–

–

–

–

F,H

–

–

–

–

Unnamed Creek 18

S16

Unnamed Creek 18

453513

6407253

–

–

–

–

F,H

F,H

–

–

–

–

–

–

–

Unnamed Creek 17

Site 3

Unnamed Creek 17

459080

6407106

–

–

–

F,H

–

–

–

–

–

–

–

–

–

Tributary to Unnamed
Creek 17

Site 4

Unnamed Creek 17

456583

6402743

–

–

–

F,H

–

–

–

–

–

–

–

–

–

Redclay Creek

S21

Redclay Creek

446541

6400125

–

–

–

–

F,H

F,H

–

–

–

–

–

–

–

Redclay Creek

Site 5

Redclay Creek

454736

6399829

F,H

–

F,H

F,H,B

–

–

–

–

–

–

–

–

–

Redclay Creek

Site 6

Redclay Creek

459974

6402273

H

–

F,H

F,H,B

–

–

–

H

F,H

–

–

–

–
–

Redclay Creek

S12

Redclay Creek

454719

6399844

–

–

–

–

F,H

H

–

–

–

–

–

–

Unnamed Creek 2

S10

Big Creek

464714

6392194

–

–

–

–

F,H

F,H,B

–

H

–

F,H

–

–

–

Big Creek

S08

Big Creek

449695

6391037

–

–

–

–

F,H

–

–

–

–

–

–

–

–

Big Creek

S09

Big Creek

461476

6387652

–

–

–

–

F,H

H,B

–

H

–

–

–

–

–

Big Creek

Site 8

Big Creek

463206

6387041

–

–

F,H

F,H

–

–

–

H

–

–

–

–

–

Big Creek

S11

Big Creek

468706

6390787

–

–

–

–

F,H

F,H,B

–

H

–

F,H

–

–

–

Unnamed Creek ULW

ULW1

Unnamed Lake 1

455335

6391350

–

–

–

–

–

–

–

–

F,H

–

–

–

–

Ronald Lake

RL

Unnamed Creek 18

460307

6426865

–

–

–

–

F,H

F,H,B

F

–

–

–

–

–

–

Unnamed Waterbody 20

L01

Unnamed Creek 18

461101

6419156

–

–

–

–

F,H

–

F,H

–

–

–

–

–

–

Unnamed Waterbody 19

L04

Unnamed Creek 18

464539

6419048

–

–

–

–

F,H

B

F,H

–

–

–

–

–

–

Unnamed Waterbody 29

L03

Redclay Creek

466885

6402374

–

–

–

–

F,H

–

F,H

–

–

–

–

–

–

Unnamed Waterbody 32

L05

Redclay Creek

467605

6395954

–

–

–

–

–

–

–

–

–

–

–

–

F,H

Unnamed Waterbody 33

L06

Redclay Creek

469088

6400610

–

–

–

–

–

–

–

–

–

–

–

–

F,H

Unnamed Waterbody 34

L07

Redclay Creek

469782

6401338

–

–

–

–

–

–

–

–

–

–

–

–

F,H

Unnamed Waterbody 16

L02

Big Creek

442407

6392008

–

–

–

–

–

F,H,B

F,H

–

–

–

–

–

–

Unnamed Waterbody 28

FR UW 8

Unnamed Creek 2

460666

6391248

F,H

–

F,H

F,H

–

–

H

–

–

–

–

–

–

Unnamed Waterbody 21

FR UW 1

Unnamed Creek 2

461350

6391064

F,H

H

F,H

F,H

–

–

–

–

–

–

–

–

–

Unnamed Waterbody 27

FR UW 7

Unnamed Creek 2

460886

6390843

F,H

–

F,H

F,H

–

–

H

–

–

–

–

–

–

Unnamed Waterbody 26

FR UW 6

Unnamed Creek 2

460549

6390650

F,H

H

F,H

F,H

–

–

–

–

–

–

–

–

–
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Table 15.2-1

Frontier Oil Sands Mine Project Update

Fish Habitat, Fish Population and Benthic Invertebrate Sampling (cont’d)
Season and Samples Collected

Watercourse or
Waterbody

Site
Code(s)

UTM Coordinate
Watershed

Easting

2007

Northing

Fall

2008
Winter

Spring

2010
Fall

Spring

2011
Fall

Winter

2012

2013

2014

Winter Spring Summer Spring Summer

Fall

Unnamed Lake 1

OL

Unnamed Creek 2

462986

6390928

F,H

H

F,H

F,H,B

F

–

–

H

F,H

F,H

–

–

–

Unnamed Lake 2

SSL

Unnamed Creek 2

464479

6390554

–

–

–

F,H

–

–

–

–

–

–

F,H

F,H

–

Unnamed Waterbody 25

FR UW 5

Unnamed Creek 2

460700

6389969

–

–

H

F,H

–

–

H

–

–

–

–

–

–

Unnamed Waterbody 23

FR UW 3

Unnamed Creek 2

461131

6389773

–

H

–

H

–

–

–

–

–

–

–

–

–

Unnamed Waterbody 24

FR UW 4

Unnamed Creek 2

460647

6389585

F,H

H

–

F,H

–

–

–

–

–

–

–

–

–

Unnamed Waterbody 22

FR UW 2

Unnamed Creek 2

461508

6389448

F,H

–

–

F,H

–

–

H

–

–

–

–

–

–

NOTES:
F = Fish
H = Fish habitat
B = Benthic invertebrates
UTM = Universal Transverse Mercator
Datum = NAD 83, Zone 12
– = No data collected
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Existing Conditions
Detailed descriptions of all watercourses and waterbodies that were sampled are included
as part of the fish and fish habitat baseline studies (see Volume 2, Section 6). Potential
fish habitat and documented fish distribution in the aquatics LSA are shown in
Table 15.2-2 and Figure 15.2-2, respectively. This section provides an updated discussion
of existing conditions and is supplemental to information contained in the Integrated
Application.
The new studies support those completed for the Integrated Application that determined
waterbodies, watercourses or watercourse segments in the aquatics LSA have limited fish
habitat potential or do not provide productive fish habitats. This is because of periodic
sediment flows from the Birch Mountains and the presence of a series of large forested
wetland complexes between the mountains and the Athabasca River, many waterbodies
and watercourses in the aquatics LSA lack fish habitat potential. For other watercourses,
lower reaches have some fish habitat potential, but upper and middle reaches (i.e., within
or upstream of the PDA) do not, and no fish presence has been documented in these
reaches.
The forested wetland complexes that exist between the Birch Mountains and Athabasca
River do not contain watercourse channels (i.e., no defined bed or banks), either wet or
dry. As such, the forested wetlands act as a physical barrier that prevents habitat
connectivity between upstream reaches (of defined watercourse channels) and
downstream watercourses where fish populations occur. Fish habitat potential within the
forested wetland complexes themselves is limited to the small, defined waterbodies and
ponds that are present.
In additional to poor habitat connectivity, other factors currently limit fish habitat
potential in watercourses and waterbodies within and upstream of the PDA. These
include:


shallow depths



poorly defined channels



lack of overwintering habitat



high turbidity and suspended sediments

As part of the fish and fish habitat assessment (see Volume 3, Section 8) several
watercourses, watercourse reaches and waterbodies in the aquatics LSA were identified
as not providing useable fish habitat (see Table 15.2-2 and Figure 15.2-2). Although
some of these aquatic resources might indirectly contribute to fish habitat
(e.g., downstream), they were non-fish-bearing; therefore, these watercourses and
waterbodies were not considered direct fish habitat.
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Table 15.2-2

Frontier Oil Sands Mine Project Update

Fish Habitat Potential

Watercourse or Waterbody

Reach

Documented Fish Species Present

Fish Habitat
(D, I, N)

Watercourse
Unnamed Creek 18

Upper

None

N

Middle

None

N

Lower

None

I

Unnamed Creek 17

Upper

None

N

Tributary to Unnamed Creek 17

All

None

N

Unnamed Creek 16

All

Not sampled

I

Unnamed Creek 19

All

Not sampled

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

All

Longnose sucker, brook stickleback, fathead
minnow, lake chub and slimy sculpin

D

Unnamed Creek 5

All

Not sampled

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

All

Not sampled

N

Unnamed Creek 7

Lower

Longnose sucker and brook stickleback

D

Unnamed Creek ULW

All

None

N

First Creek

Lower

None

I

Athabasca River

Oil sands region

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 15.2-2

Fish Habitat Potential (cont’d)

Watercourse or Waterbody

Reach

Documented Fish Species Present

Fish Habitat
(D, I, N)

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:
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
N/A = Not applicable
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Where fish populations were known to occur in waterbodies and watercourse segments
near the PDA, the fish communities are mostly small-bodied forage fish species, with the
occasional occurrence of suckers (see Figure 15.2-2). The named watercourses that drain
the aquatics LSA provide habitat for a variety of fish species, but only in the reaches
located downstream of the PDA. Sport fish are mainly limited to the lowermost portions
of Redclay Creek. Sport fish have also been observed in the lowermost portion of Big
Creek, in Ronald Lake and in Unnamed Waterbody 19, which is connected to Ronald
Lake.
Habitat characteristics in each of the watercourses that will be affected by Project
activities are summarized here. Watercourses and waterbodies not summarized here will
not be altered by the Project. For a map showing the locations of all watercourses in the
aquatics LSA, see Figure 15-2.1.
The list of affected habitats associated with the Project Update differs from the Integrated
Application. Due to the Teck–Shell asset exchange, the Eymundson Creek and Pierre
River watersheds no longer occur in the PDA, and the Project will not affect the portions
of these watersheds identified as altered in the Integrated Application (i.e., Eymundson
Creek and Asphalt Creek). However, there are affected habitats beyond those identified
in the Integrated Application because of changes associated with the Project Update
(see Volume 3, Section 8), including:

15.2.3.1



expansion of the PDA into the northeast waterbody complex in the Redclay Creek
watershed



changes to the development and diversion plan in the Big Creek watershed



habitat alterations in the Redclay Creek watershed associated with the FHCL

Unnamed Creek 18
Unnamed Creek 18 is a tributary to Ronald Lake. Very high turbidity and suspended
sediment levels limit the habitat use potential in the upper reach of Unnamed Creek 18
(upstream from the PDA). Canadian Council of Ministers of the Environment (CCME
1999) guidelines for turbidity are based on an increase above background levels, with an
8 NTU (nephelometric turbidity unit) increase representing the maximum tolerable for
short periods (one week or less). Turbidity recorded in the upper reach of Unnamed
Creek 18 (ranging from 1,400 NTU in the fall to 3,820 NTU in the spring) is hundreds of
times higher than the CCME guideline, the turbidity in lower Unnamed Creek 18
(0.8 NTU to 9.0 NTU), and the turbidity in fish-bearing watercourses in the aquatics LSA
(9.0 NTU to 36.1 NTU), making it unlikely that the upper creek would support fish.
The middle reach of Unnamed Creek 18 is located within the PDA. This reach is
characterized by low turbidity (≤ 9 NTU), abundant instream vegetation and low velocity.
Based on habitat conditions, this reach has the potential to provide spawning and rearing
habitat for forage fish species. Overwintering habitat is likely present in beaver ponds,
but dissolved oxygen (DO) levels would be suitable only for species tolerant of low
(<5.0 mg/L) DO concentrations (e.g., brook stickleback). However, migration is
prevented by the presence of a large forested wetland complex located immediately
downstream of the PDA that prevents fish in downstream, fish-bearing habitats from
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accessing the PDA or habitats further upstream. No fish were captured in this creek. It is
reasonable to assume that portions of Unnamed Creek 18 in the PDA (and reaches further
upstream) are not direct fish habitat.
The lower reach of Unnamed Creek 18 is located outside and downstream of the PDA.
This reach comprises a meandering channel connecting a series of impounded areas.
Overhead cover is abundant and some instream cover is provided by aquatic vegetation.
Turbidity levels were low (<7.5 NTU) whereas DO was moderate (≤ 7.2 mg/L). The
lower reach is potentially suitable for forage fish. Overwintering habitat for forage fish
exists in impounded areas, but these areas are not suitable for overwintering of larger
fish. Stream blockages between Ronald Lake and Unnamed Creek 18 likely limit
migration of larger fish. No fish were captured at the sites sampled during the field
surveys, but brook stickleback and ninespine stickleback are present in waterbodies in the
lowermost portion of the watershed.
15.2.3.2

Unnamed Creek 17
Unnamed Creek 17 is in the Ronald Lake watershed and is a tributary to Unnamed Creek
18. In the PDA, Unnamed Creek 17 consists of a short section of beaver ponds connected
by narrow channels. Instream submergent vegetation is abundant and could provide
potential rearing and spawning habitat for forage fish species. However, downstream
from the PDA, the creek disappears into a forested wetland complex, and there is no
connection to downstream portions of the creek with respect to fish passage. Low DO
concentrations (2.2 mg/L), shallow depths and lack of connection to downstream
overwintering habitat would prevent fish from using this portion of the creek on a
seasonal basis. No fish were captured at the sites sampled during the field surveys, but
brook stickleback and ninespine stickleback are present in waterbodies in the lowermost
portion of the watershed. It is reasonable to assume that the portions of Unnamed Creek
17 in the PDA (and further upstream) are not direct fish habitat.

15.2.3.3

Tributary to Unnamed Creek 17
An unnamed tributary to Unnamed Creek 17 was also surveyed. Upstream of the PDA,
this tributary had a braided channel with little to no water flow. It has no continuously
defined channel and is composed of isolated beaver impoundments within a wetland.
Within the PDA, this creek disappears into a forested wetland complex with no
connection to downstream portions of the creek with respect to fish passage. This creek
has the potential to provide habitat only for forage fish. No fish were captured during the
surveys. Winter DO was not measured, but fall DO concentration was low (1.2 mg/L),
indicating that DO levels would likely be too low to support fish. The lack of
overwintering habitat and lack of connection to downstream areas makes it unlikely that
fish would be able to use this portion of the creek. It can reasonably be assumed that it
does not constitute fish habitat.
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Unnamed Creek 19
Unnamed Creek 19 is a small tributary to the Athabasca River located to the northeast of
the PDA. Unnamed Creek 19 is a small watershed located in a lowland area and is
predicted to have intermittent flow or no flow during dry periods and in the winter. It is
not considered to provide direct fish habitat but likely provides indirect habitat by
supporting benthic invertebrate communities.

15.2.3.5

Redclay Creek
Redclay Creek is a tributary of the Athabasca River watershed and is one of the larger
watersheds in the aquatics LSA. Redclay Creek has three distinct reaches. The upper
reach of Redclay Creek is upstream of the PDA. The upper reach has a well-defined
channel with good instream cover, seasonally high turbidity and localized impounded
areas with adequate water depth to provide suitable habitat for forage fish species.
However, this reach is isolated from downstream fish-bearing waters because of a large
forested wetland complex located in the PDA that would prevent fish migration to or
from this reach. No fish were captured in this reach, so it is reasonable to assume that it
does not provide fish habitat.
The middle reach of Redclay Creek is within the PDA. On the west side of the PDA, the
creek consists of a shallow meandering channel comprising mostly riffle and shallow run
(R3) habitat. Overhead cover is low and consists mostly of overhanging shrubs and trees.
Isolated areas of emergent vegetation provide some cover for fish. Substrate consists of
fine material with areas of gravel and cobble throughout the creek. Turbidity in this reach
ranges from 592 NTU to 7,060 NTU, which would be unsuitable for use by fish relative
to turbidity guidelines (CCME 1999), and turbidity levels in fish-bearing habitats in the
aquatics LSA (9.0 NTU to 36.1 NTU), and is one reason this section of the watercourse is
not considered fish habitat. The middle reach of Redclay Creek disperses into a forested
wetland complex located on the east side of the PDA, where there is no evidence of a
defined channel for approximately 6 km. This forested wetland complex prevents fish
from downstream, fish-bearing habitats from accessing the habitats in the PDA.
In the lower reach of Redclay Creek, downstream of the PDA, the creek channel reforms
and there is a defined watercourse from the PDA to the Athabasca River. In this reach,
the lower creek provides potential spawning, rearing and feeding habitat for forage fish,
sport fish and suckers (Shell 2007) for the species listed in Table 15.2-2.

15.2.3.6

Unnamed Creek 8
Unnamed Creek 8 is a tributary to Redclay Creek located just east of the PDA. The
watercourse has an irregular meandering channel comprised of riffle, run and pool
habitats. Substrate consists of organics, sand, gravel, cobble and boulder. Instream cover
is moderate and provided by woody debris, substrate, turbidity, and depth or turbulence.
Overhead cover is also moderate and includes woody debris, undercut banks and
overhanging grasses, shrubs and trees. Open-water habitat potential is considered
moderate for sport fish and suckers and high for forage fish, but overwintering potential
is considered low for large-bodied fish due to shallow under-ice water depths (Shell
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2007). Sucker and forage fish species were recorded in Unnamed Creek 8
(see Table 15.2-2).
15.2.3.7

Unnamed Waterbody 13
Unnamed Waterbody 13 is located within the PDA in a complex of waterbodies
(i.e., northeast waterbody complex) situated in the Redclay Creek watershed adjacent to
the forested wetland complex. It is entirely shallow littoral habitat with abundant aquatic
vegetation. Open-water period habitat potential is considered low for sport fish and
suckers, and moderate for forage fish due to shallow water depth and high summer water
temperatures (Shell 2007). There is no overwintering potential because this waterbody
freezes to the substrate (Shell 2007). Two forage fish species were captured in Unnamed
Waterbody 13 (Table 15.2-2).

15.2.3.8

Unnamed Waterbody 29
Unnamed Waterbody 29 is located northeast of the PDA in the northeast waterbody
complex of the Redclay Creek drainage. This is a shallow waterbody with an average
measured depth of 1.2 m and maximum measured depth of 1.5 m. It has open-water
habitat potential only for forage fish. Low DO concentrations in winter (0.9 mg/L to
2.2 mg/L) would limit overwintering habitat potential only to forage fish as well. No fish
were captured during surveys and this waterbody is not considered to provide fish habitat
because of poor open-water and overwintering habitat and lack of connectivity to fishbearing habitats.

15.2.3.9

Unnamed Waterbody 33
Unnamed Waterbody 33 is located in the PDA in the northeast waterbody complex of the
Redclay Creek drainage. Unnamed Waterbody 33 is small and consists entirely of
shallow littoral habit. The small open-water areas of the lake contain areas of submerged
vegetation and are surrounded by dense submerged and aquatic vegetation. The
maximum observed depth was 1.0 m, and the lake bottom was composed of silt and
organic substrate. Unnamed Waterbody 33 provides moderate potential rearing and
spawning habitat for forage fish species. No suitable habitat is provided for sport fish or
sucker species due to inadequate water depths and low migration potential. Four forage
fish species were recorded in Unnamed Waterbody 33 (see Table 15.2-2).

15.2.3.10

Unnamed Waterbody 34
Unnamed Waterbody 34 is located in the PDA in the northeast waterbody complex of the
Redclay Creek drainage. Its habitat characteristics are identical to those of Unnamed
Waterbody 33. Four forage fish species were recorded in Unnamed Waterbody 34
(see Table 15.2-2).

15.2.3.11

Big Creek
Big Creek originates to the west of the PDA and flows eastward through the PDA to the
Athabasca River. Big Creek has one of the larger watersheds in the aquatics LSA and has
three distinct reaches (upper, middle and lower).
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Upper Big Creek is located within and upstream of the PDA. The upper reach is
characterized by a well-defined, irregular meandering channel. Habitat is composed of
riffles and runs over a substrate of fine materials. Banks are unstable, and woody debris is
abundant in the channel. This reach of the creek is characterized by very high suspended
sediment and turbidity (580 NTU to 1,790 NTU). There is a lack of overwintering habitat
and no connection to downstream reaches with respect to fish passage. A forested
wetland complex in the middle reach immediately below the PDA does not allow fish to
migrate to and from upper Big Creek. No fish have been captured in the upper reach.
Given the characteristics of this habitat, it is likely that upper Big Creek does not provide
fish habitat.
Middle Big Creek is composed of a forested wetland complex with no defined
watercourse channel that is located immediately downstream of the PDA. There is no fish
habitat potential in this reach of the creek, but it does serve to filter suspended sediments
as the water flows into the lower reach of the creek.
The lower reach of Big Creek (below the wetland) drains into the Athabasca River and is
characterized by a meandering channel with well-defined banks, alternating riffle and run
habitat with some coarse material (cobble and gravel) in the substrate. Turbidity is low
(8 NTU to 20 NTU) compared with upstream portions. Fish species recorded in lower
Big Creek (downstream of the PDA) are listed in Table 15.2-2. Sucker and forage fish
species occur in the portion downstream of the PDA (i.e., from the PDA boundary to the
Unnamed Creek 2 confluence), and sport fish, suckers and forage fish species have been
recorded in the lowermost portion of the creek (i.e., from the Unnamed Creek 2
confluence to the creek mouth). Overall, the lower reach provides spawning, rearing and
feeding habitat to forage, sucker and sport fish species.
15.2.3.12

Unnamed Creek 2
Unnamed Creek 2 is the outlet stream from Unnamed Lake 1 and is a tributary to Big
Creek. Unnamed Creek 2 is located entirely within the PDA. The upper portion of
Unnamed Creek 2 is characterized by beaver impoundments connected via a meandering
channel. Riparian vegetation is predominantly grasses, with small shrubs. Habitat in the
upper creek is low-gradient, slow-flowing runs with fine substrate and instream
vegetation. Beaver ponds are likely large enough to provide overwintering habitat for
forage fish. Dissolved oxygen concentrations were low in both the spring and fall, likely
due to the presence of decaying organic substrate. In the lower portion of Unnamed
Creek 2, the channel is less meandering, with riparian vegetation composed of trees.
Habitat is a mixture of runs and riffles, with substrate consisting of coarser material.
Sucker and forage fish species have been recorded in Unnamed Creek 2
(see Table 15.2-2).

15.2.3.13

Unnamed Creek 2 Upper Watershed
Several small watercourses and waterbodies are associated with the Unnamed Creek 2
watershed. These watercourses and waterbodies are located inside the PDA, to the west
of Unnamed Lake 1. The small waterbodies include Unnamed Waterbodies 21, 23, 24,
25, 26, 27 and 28. These waterbodies are small and shallow with no well-defined inlets or
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outlets. Dissolved oxygen concentrations during winter (1.2 mg/L to 2.1 mg/L) would be
suitable only for forage fish, but there is no connection to Unnamed Creek 2 to allow fish
passage. The watercourses located in the upper watershed (upstream of the waterbodies)
are poorly defined with limited channel or pond habitats, poor overwintering potential
and no connectivity to downstream fish-bearing habitats. These waterbodies and
watercourses are not considered to provide productive fish habitat because of poor openwater and overwintering habitat conditions and lack of connectivity to fish-bearing
habitats.
15.2.3.14

Unnamed Lake 1
Unnamed Lake 1 is located in the Unnamed Creek 2 watershed and within the PDA. It
has a surface area of about 83.2 ha, with maximum recorded water depth of 2.8 m and an
average recorded depth of 1.8 m. Two inlets and one outlet (Unnamed Creek 2) exist for
Unnamed Lake 1. The bottom substrate is composed of fine sediment. The shoreline is a
mixed forest habitat with a willow-alder understorey. Littoral vegetation consists of
cattails, sedges and submerged and floating-leaved vegetation.
Habitat use potential in the lake is considered moderate for forage fish. Non-forage fish
species could use the lake during the open-water season, but habitat quality is poor due to
shallow depths. Species that require vegetation to spawn would be able to spawn in the
lake, but not those that require rocky spawning habitat. Poor connection to downstream
overwintering habitat limits potential sport fish use of the lake, as there is limited
overwintering potential. Sucker and forage fish species were recorded in Unnamed
Lake 1 (see Table 15.2-2).

15.2.3.15

Unnamed Lake 2
Unnamed Lake 2 is located within the PDA east of Unnamed Lake 1. It has a surface area
of about 41 ha and a maximum depth of about 5.6 m (average depth is 2.1 m). There are
no defined inlet or outlet watercourses to provide surface flow connectivity, but a
forested wetland area is located on the east side of the lake that would allow water to
drain to Unnamed Creek 6, a tributary to Big Creek. Habitat potential during the openwater period is considered low to moderate for sport and non-sport fish species and
moderate for forage fish based on requirements for nursery, rearing and feeding (Shell
2007). Spawning habitat potential is nil to low for species requiring rocky habitat, and
low to high for species requiring aquatic vegetation (Shell 2007). Overwintering potential
is nil for sport and non-sport fish species, and low for forage fish species due to very low
DO levels (Shell 2007). No fish have been captured in this lake and it is not considered
productive fish habitat due to poor overwintering habitat and lack of connectivity to fishbearing habitats.

15.2.3.16

Unnamed Waterbody 22
Unnamed Waterbody 22 is located in the PDA in the Unnamed Creek 2 watershed
immediately west of Unnamed Lake 1. Unnamed Waterbody 22 has a surface area of
approximately 4.4 ha. The waterbody is shallow, with a maximum depth of about 1.2 m
and an average depth of 2.7 m. No inlet was observed for the waterbody, but there is an
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outlet watercourse connected to Unnamed Lake 1. The bottom substrate was composed of
fine organic material. Emergent aquatic vegetation was abundant in the shallow littoral
area and submergent macrophytes were abundant. Vegetation in the surrounding
catchment consisted of an upland mixed-wood forest of aspen, spruce and grasses.
Dissolved oxygen concentrations were high (>9 mg/L) during the open-water season, but
low (1.4 mg/L) in the winter. Unnamed Waterbody 22 had no habitat potential for sport
fish or suckers due to inadequate water depths and low (<5 mg/L) winter DO levels.
Abundant aquatic vegetation provided potential rearing and spawning habitat for forage
fish species. One forage fish species was recorded in Unnamed Waterbody 22
(see Table 15.2-2).
15.2.3.17

Unnamed Creek 5
Unnamed Creek 5 is a small tributary to Big Creek. The upper and middle portions of the
watercourse are located in the PDA and are discontinuous with no defined channel. The
relatively short lower portion (located downstream of the PDA) exhibits a small amount
of defined channel habitat interspersed with discontinuous sections of channel. The
portion of the watercourse in and immediately downstream of the PDA is not considered
to provide productive fish habitat because of poor habitat conditions and lack of
connectivity to fish-bearing habitats.

15.2.3.18

Unnamed Creek 6
Unnamed Creek 6 is a small tributary to Big Creek. The upper and middle portions of the
watercourse are located in the PDA. Unnamed Creek 6 is discontinuous, with no defined
channel except for the lowermost section at the confluence with Big Creek. Unnamed
Creek 6 is not considered to provide productive fish habitat because of poor habitat
conditions and lack of connectivity to fish-bearing habitats.

15.2.3.19

Unnamed Waterbody 32
Unnamed Waterbody 32 is an isolated waterbody located in the PDA, within the drainage
area of Unnamed Creek 5, a tributary to Big Creek. Unnamed Waterbody 32 is small
depression primarily comprising shallow littoral habitat. The maximum recorded water
depth was 3.2 m, and the substrate was composed entirely of silt and organic substrate.
Submerged and floating aquatic vegetation was observed throughout the entire lake.
Dissolved oxygen levels were low during the open-water survey. Unnamed
Waterbody 32 is perched, with no watercourse channels flowing into or out of the
waterbody. No fish were captured, and Unnamed Waterbody 32 is not considered
productive fish habitat due to lack of connectivity to fish-bearing habitats.

15.2.4

Fish Habitat Calculations
Calculation of the amount of fish habitat affected by the Project requires both the quantity
and quality of habitat be determined. Quantity of habitat (defined as surface area) was
determined through a combination of field measurement and desktop (geographic
information systems [GIS]) analysis. Habitat suitability was obtained from fish Habitat
Suitability Index (HSI) models developed for the oil sands region (Golder 2008). A
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detailed description of the HSI models, their development and application was provided
in response to ESRD/CEAA Round 3 SIR 18a, Appendix 18a.1.
Habitat area for affected waterbodies was determined by direct measurement of total
surface area from analysis of aerial photographs using GIS software. For affected
watercourse segments, habitat area was determined through a combination of direct field
measurements of channel dimensions and analysis of aerial photographs using GIS
software. Analysis of aerial photographs was done using 25 cm resolution colour
photography at a scale of 1:1,500.
During the analysis of aerial photography, each watercourse segment was divided into
one of three channel types:


defined channel – noticeable channel with defined bed and banks



poorly defined channel – segments of poorly defined channel between well-defined
channel segments



beaver pond – impoundment associated with a beaver pond

The total length of channel for each affected watercourse segment was determined from
GIS analysis of aerial photographs. For the GIS process, the centerline of each section of
defined channel was digitized to calculate the total distance of defined channel. Channel
length through areas with poorly defined channel was measured along the channel as
defined in the hydrology layer. The total length of affected channel was determined by
combining the lengths of defined and poorly defined channel.
Watercourse channel width measurements were derived from field data collected at
survey locations within defined channel segments of the affected watercourse segment.
Channel width (or rooted width) refers to the width of the active channel at the normal
high water mark, not the wetted width at the time of the survey, which is typically smaller
than the channel width. All channel width data collected within each defined segment
was used to calculate an average channel width for both defined and poorly defined
channel segments. For each affected watercourse segment, the total channel length was
multiplied by the average channel width to determine the total channel surface area.
Habitat area for sections of the affected watercourses that consisted of beaver ponds was
determined by direct measurement of total pond surface area from analysis of aerial
photographs using GIS software. The total habitat area for each affected watercourse
segment was then calculated by the addition of the total channel area and total beaver
pond area.
Fish habitat productivity in the affected habitats was estimated using the habitat
evaluation procedure (HEP) developed by the U.S. Fish and Wildlife Service (USFWS
1980a). This procedure combines the quantity of the habitat (surface area in m2) with the
suitability of that habitat for different fish species (HSI rating from 0 to 1) to calculate the
habitat units (HUs) in a given watercourse or waterbody. Habitat suitability ratings were
determined using the species-specific HSI models developed for use in Alberta’s oil
sands region (Golder 2008). The relevant HSI models were applied to each affected
watercourse segment and waterbody for each of the fish species that use, or are likely to
use, the affected habitats. The HSI value for each species was multiplied by the total
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habitat area to determine the number of HUs per species. Total HUs provided by the
affected habitats were calculated by summing the individual HUs for each species.
Habitat units represent the overall value of the habitat and are used to assess the degree to
which habitat productivity is affected or provided (Bradbury et al. 2001; Golder 2008;
Packman et al. 2006). Although habitat area is a key component of HU calculations, it is
not a proxy for habitat productivity. Habitat area is combined with another vital
component, habitat suitability, which is the suitability of the habitat to supply the space,
cover and other key requirements for the species (USFWS 1980b).
The HSI models for the Alberta oil sands region were developed by experts in fish
biology who used existing information on the habitat requirements of species occurring in
the oil sands region. These models are based on previously published HSI models (where
available), current scientific literature, fisheries survey data, comparisons to habitat
requirements of sympatric species and the professional knowledge and experience of
fisheries scientists and technicians (Golder 2008). These models can be modified or
refined as new information becomes available (i.e., through ongoing fish and fish habitat
monitoring and HSI validation efforts for developments in the oil sands region).
HSI models developed for use in the oil sands region (Golder 2008) have not yet been
validated, although the 2008 version of the models have been used in various validation
exercises being conducted by other oil sands proponents. Recently, the Fisheries
Sustainable Habitat (FiSH) Committee of the Oil Sands Community Alliance, of which
Teck is a member, was formed to develop a standardized and more focused approach to
the Fisheries Act monitoring required of various oil sands developers. The FiSH
Committee has begun work to centralize data associated with predisturbance monitoring
and HSI model validation, with the goal of better coordinating validation exercises for the
region and evaluating revisions to the 2008 version of the models.
The calibration of the current version of the regional HSI models is currently part of a
regional verification exercise being led by the FiSH committee. At present, the FiSH
Committee has completed Phases 1 and 2 of its model validation efforts, but actual model
refinement has not yet been conducted (Ecofish and Hatfield 2014). Any refinements to
the regional HSI models will be used to inform fisheries offset requirements for oil sands
developments.
HSI models typically assume that:


an area of aquatic habitat can be composed of a variety of habitat types



these habitat types will have differing levels of suitability for different fish species



habitat suitability can be quantified based on measurable biological, chemical and
physical characteristics of habitat that are required by a species throughout its life
cycle (e.g., suitable food, cover, reproduction) (USFWS 1980a; Golder 2008)

A conservative approach was used in applying HSI models to the affected habitats. In
cases where there was insufficient field data to determine a HSI value for a variable, a
value of 1.0 (optimal) was assigned. In other words, it was assumed that no habitat
limitation was present in instances where no habitat limitation was defined. Another
important consideration when applying HSI models to calculate habitat losses is the
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distribution of fish species within the study area and in particular within affected
watercourses and waterbodies (Golder 2008). A conservative approach was used by
applying HSI models for fish species documented to be present in the affected habitats as
well as species assumed to be present (i.e., species that could be present)
(see Section 15.3.2).

15.3

Expected Alterations to Fish Habitat
Some of the alterations to fish habitat associated with the Project Update differ from the
Integrated Application. The Eymundson Creek and Pierre River watersheds no longer
occur in the PDA, and the Project will not affect any portions of these watersheds.
Habitat alterations in addition to those identified in the Integrated Application are
expected because of changes to the Project (see Volume 1, Section 7), including:

15.3.1



expansion of the PDA into the northeast waterbody complex resulting in alterations
of these waterbodies



changes to the development and diversion plan resulting in additional habitat
alterations in the Big Creek watershed



incorporation of additional habitat alterations in the Redclay Creek watershed
associated with the footprint of the FHCL



incorporation of additional habitat alterations associated with flow-related effects on
lower Redclay Creek and lower Big Creek resulting from removal of PRM from the
Application Case

Planned Alterations
Development of the Project will result in the following alterations to watercourses and
waterbodies:
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Unnamed Creek 17 and Tributary: The portion of the Unnamed Creek 17 drainage
within the PDA (i.e., Unnamed Creek 17 and tributary to Unnamed Creek 17) will be
eliminated by the construction of a diversion. During operations, water from
upstream will be combined with water diverted from upper Redclay Creek, but split
again downstream of the PDA so that water is appropriately delivered to downstream
areas in both Unnamed Creek 17 (Ronald Lake drainage) and Redclay Creek
(Athabasca River drainage). At closure, water will flow from upper to lower
Unnamed Creek 17 through the PDA via closure watercourse channels. The affected
portion of the Unnamed Creek 17 drainage is not considered to provide productive
fish habitat and no fish habitat losses are expected.



Unnamed Creek 18 and Tributary: The portion of the Unnamed Creek 18 drainage
within the PDA will be eliminated by the construction of a diversion. Water will be
diverted around the PDA during operations, and flow to downstream areas will be
maintained. At closure, flow from upper to lower Unnamed Creek 18 will be through
the PDA via closure watercourse channels and the north pit lake. The affected portion
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of the Unnamed Creek 18 drainage is not considered to provide productive fish
habitat and no fish habitat losses are expected.


Unnamed Creek 19: Unnamed Creek 19 is located to the east of the PDA and will not
be directly altered by the Project, but will experience some changes in flow during
Project operations. Unnamed Creek 19 is not considered to provide productive fish
habitat and no fish habitat losses are expected.



Redclay Creek and Tributaries: The portion of Redclay Creek within the PDA will be
eliminated by construction of a diversion. During operations, water from upstream
will be combined with water diverted from Unnamed Creek 17, but split again
downstream of the PDA so that water is appropriately delivered to downstream areas
in both Unnamed Creek 17 (Ronald Lake drainage) and Redclay Creek (Athabasca
River drainage). At closure, water flow will be delivered from the upper to the lower
watercourse through the PDA via constructed watercourse channels and the central
pit lake. Below the PDA, water will flow through the proposed fish habitat
compensation lake (FHCL), then to the Athabasca River via the FHCL outlet channel
and the natural Redclay Creek channel located downstream of the FHCL. The portion
of Redclay Creek within the PDA that will be diverted does not provide productive
fish habitat and no fish habitat losses are expected. However, alterations of
productive fish habitats will occur in Redclay Creek downstream of the PDA.
Specifically:


A portion of the creek will be eliminated (i.e., the portion within the footprint of
the landform that will be built as part of FHCL development).



The portion of Redclay Creek within the footprint of the FHCL itself will be
altered from watercourse to waterbody habitat, which includes Redclay Creek
and two unnamed tributaries (Unnamed Creek 8 and an unsurveyed watercourse
referred to as Unnamed Creek 8a).



The portion of Redclay Creek downstream of the FHCL outlet channel will be
altered by changes in open-water and peak flows that are predicted to result in a
reduction in habitat area.
Redclay Creek downstream of the PDA provides productive fish habitats.
Predicted alterations of habitat area associated with losses, alterations and flow
reductions in Redclay Creek will be offset as part of the CFOP.

June 2015



Unnamed Waterbodies 13, 33 and 34: The unnamed waterbodies in the northeast
waterbody complex of the Redclay Creek drainage that are within the PDA (e.g.,
Unnamed Waterbodies 13, 33 and 34) will be eliminated by development activities.
Although a few of the waterbodies are isolated and lack connectivity to fish-bearing
habitats, most have some interconnection with other waterbodies in the complex and
are either documented to, or considered likely to, provide productive fish habitats.
Losses of these waterbodies will be offset as part of the CFOP.



Waterbody 29: Waterbody 29 is located in the northeast waterbody complex to the
north of the PDA. Waterbody 29 will not be directly altered by the Project but may
experience changes in water level due to the proximity of the planned Redclay Creek
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diversion channel. Waterbody 29 is not considered to provide productive fish habitat
and no fish habitat losses are expected.


Big Creek: The portion of Big Creek within the PDA will be eliminated by
construction of a diversion. Water will be diverted around the PDA during
operations, and flow to downstream areas will be maintained, with the flow delivered
to Big Creek immediately below the PDA. At closure, water will flow from the upper
to the lower watercourse, through the PDA via constructed watercourse channels and
the south pit lake. The delivery point to lower Big Creek will move downstream to
the existing confluence with Unnamed Creek 2. Other portions of the Big Creek
drainage in the PDA, including tributaries Unnamed Creek 5 and Unnamed Creek 6
and Unnamed Waterbody 32, will also be eliminated by Project activities. The
portion of Big Creek within the section to be diverted, Unnamed Creek 5, Unnamed
Creek 6 and Unnamed Waterbody 32 are not considered productive fish habitat and
no fish habitat losses are expected. However, alterations of productive fish habitats
will occur in Big Creek downstream of the PDA. Specifically:


The portion of Big Creek from the PDA to confluence with Unnamed Creek 2
will be eliminated.



The portion of Big Creek downstream of the Unnamed Creek 2 confluence will
be altered by changes in open-water and peak flows that are predicted to result in
a reduction in habitat area.
Big Creek downstream of the PDA provides productive fish habitats and
predicted alterations of habitat area associated with losses and flow reductions in
Big Creek will be offset as part of the CFOP.
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Unnamed Creek 2: The entire length of Unnamed Creek 2, extending from the outlet
of Unnamed Lake 1 to the confluence with Big Creek, will be altered due to loss of
the upper watershed area and development activities in the PDA. As a result, the
watercourse is considered lost. At closure, flow will be restored to the lower portion
of Unnamed Creek 2 by discharge from the south pit lake. Unnamed Creek 2
provides productive fish habitat and habitat losses in the creek will be offset as part
of the CFOP.



Unnamed Creek 2 Upper Watershed: Portions of the unnamed watercourses and
waterbodies of the upper Unnamed Creek 2 drainage occur within the PDA and will
be eliminated by diversion or by development activities, including Unnamed
Watercourse ULW and Unnamed Waterbodies 21, 23, 24, 25, 26, 27, and 28. These
watercourses and waterbodies are not considered to provide productive fish habitat
and no fish habitat losses are expected.



Unnamed Waterbody 22: During construction, Unnamed Waterbody 22 will be
altered resulting in the complete loss of habitats in the waterbody. Unnamed
Waterbody 22 provides productive fish habitat and habitat losses associated with
alteration of the waterbody will be offset as part of the CFOP.
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Unnamed Lake 1: During construction, Unnamed Lake 1 will be altered resulting in
the complete loss of habitats in the lake. Unnamed Lake 1 provides productive fish
habitat and habitat losses associated with alteration of the lake will be offset as part
of the CFOP.



Unnamed Lake 2: Unnamed Lake 2 will be altered during construction, resulting in
the complete loss of habitats in the lake. Unnamed Lake 2 is not considered
productive fish habitat and no fish habitat losses are expected.

The alterations to watercourses or waterbodies that provide productive fish habitat will
result in adverse effects on fish habitat. Teck has developed this CFOP to offset the
alteration of fish habitat productivity that will occur with the construction and operation
of the Project.

15.3.2

Estimated Loss of Habitat
Habitat losses were calculated for each watercourse segment or waterbody that will be
altered by the Project. Estimates were based on the quantity of altered habitat (i.e., habitat
surface area) and its quality (i.e., HSI modelling results). Losses were expressed in terms
of habitat units (HUs) for each fish species with a distribution that includes the altered
habitat.
Estimated habitat losses associated with the Project Update differ from the Integrated
Application because of updates to the lost habitat areas (see Section 15.3) and updated
fish species distribution information provided by additional baseline surveys (see
Volume 2, Section 6) and monitoring (RAMP 2014; AEMERA 2015). Assumed fish
distributions were developed to account for fish species either documented or considered
likely to occur in the affected habitats. The updated distribution information resulted in
the inclusion of HU losses for additional fish species.
As described, losses of productive fish habitats due to development of the Project are
expected for all habitats in:


the portion of Redclay Creek that overlaps the footprint of the landform to be
constructed for the FHCL



waterbodies in the northeast waterbody complex of the Redclay Creek drainage that
exists in the PDA (i.e., Unnamed Waterbodies 13, 33, 34 and all interconnected
unsurveyed waterbodies in the complex)



the portion of Big Creek from the PDA downstream to the Unnamed Creek 2
confluence



Unnamed Creek 2



Unnamed Waterbody 22



Unnamed Lake 1

Table 15.3-1 lists the total surface area for these affected habitats.
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Alterations of productive fish habitats are expected for:


the portion of Redclay Creek and its tributaries within the footprint of the FHCL that
will be altered form watercourse to waterbody habitats



the portion of Redclay Creek from the FHCL outlet channel to the creek mouth that
will experience reduced habitat area due to reduced flows



the portion of Big Creek from the Unnamed Creek 2 confluence to the creek mouth
that will experience reduced habitat area due to reduced flows

The total surface areas of these affected habitats in Redclay Creek in the FHCL footprint
are also provided in Table 15.3-1.
The maximum expected reductions in habitat area for lower Redclay Creek occur during
maximum build-out, and for lower Big Creek at closure. The predicted reductions in
habitat area based on the maximum reductions in flows are:


0.75% in Redclay Creek



17.1% in Big Creek

Further details are provided in the updated fish and fish habitat assessment
(see Volume 3, Section 8). Calculation of affected surface areas for lower Redclay Creek
and Big Creek were not necessary to calculate affected HUs. For these two watercourse
segments, HU calculations were obtained directly from the Shell No Net Loss Plan
(Golder 2012).
Using species-specific HSI models and the documented and assumed fish species
distributions for the affected habitats (see Table 15.3-2), HUs were calculated for the
affected watercourses and waterbodies. Fish species distributions were based on all fish
distribution data for the aquatics LSA, from historical to current. Assumed distributions
indicate habitats in which the identified species has not been recorded, but in which it is
likely to occur.
Results of HSI modelling (see Appendix 15A) were combined with the habitat area
results (see Table 15.3-1) to calculate HUs. HU losses for lower Redclay Creek and lower
Big Creek (i.e., because of predicted flow reductions) were derived from the detailed HU
calculations provided in the PRM project No Net Loss Plan (Golder 2012) and
considered in proportion to the predicted change in habitat area (i.e., 17.1% in Big Creek
and 0.75% in Redclay Creek).
The expected loss of fish habitat due to development of the Project is summarized in
Table 15.3-3. Total estimated losses are 5,957,961 HUs.
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Table 15.3-1

Habitat Area Summary for Affected Habitats
Watercourse Channel Habitat

Watercourse
or Waterbody

Segment(s)

Redclay Creek

In FHCL area

Habitat Alteration
Eliminated by construction

Length
(m)
598

Average
Channel
Width
(m)

Area
2
(m )

7.27

4,347

Beaver
Pond Area
2
(m )
0

Total Affected
Surface Area
2
(m )
4,347

In FHCL area

Alteration to waterbody

3,053

7.27

22,195

9,617

31,812

Tributaries

Alteration to waterbody

1,805

4.62

8,339

3,040

11,379

Reduced flow

N/A

N/A

N/A

N/A

FHCL outlet to mouth

1

N/A

Unnamed Waterbody 13

All

Eliminated

N/A

N/A

N/A

N/A

24,800

Unnamed Waterbody 33

All

Eliminated

N/A

N/A

N/A

N/A

30,100

Unnamed Waterbody 34

All

Eliminated

N/A

N/A

N/A

N/A

18,100

All

Eliminated

N/A

N/A

N/A

N/A

361,100

PDA to Unnamed Creek 2
confluence

Eliminated

8,779

5.82

51,094

14,800

65,894

Unnamed Creek 2 confluence
1
to mouth

Reduced flow

N/A

N/A

N/A

N/A

N/A

Unnamed Creek 2

All (from Unnamed Lake 1
outlet to Big Creek confluence)

Eliminated

10,044

3.94

39,573

79,523

119,096

Unnamed Waterbody 22

All

Eliminated

N/A

N/A

N/A

N/A

43,860

Unnamed Lake 1

All

Eliminated

N/A

N/A

N/A

N/A

832,068

Northeast Waterbodies

2

Big Creek

NOTES:
1
HU losses obtained from the Shell PRM Draft No Net Loss Plan (Golder 2012).
2
Refers to unsurveyed waterbodies in the northeast waterbody complex within the Redclay Creek drainage.
N/A = Not applicable
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Documented and Assumed Fish Species Distributions for Affected Watercourses and
Waterbodies
Fish Species Abbreviation Code1

Watercourse or
Waterbody

Segment

ARGR

BURB

NRPK

WALL

YLPR

LNSC

WHSC

BRST

FTMN

FNDC

FLCH

LKCH

LNDC

NRDC

PRDC

SLSC

SPSC

SPSH

TRPR

Unnamed Creek 18

Below PDA







































In PDA







































Above PDA







































Below PDA







































In PDA







































Above PDA







































Unnamed Creek 19

Below PDA







































Redclay Creek

Lower
Creek







































FHCL Area







































In PDA







































Above PDA







































Unnamed Creek 8
and 8a

FHCL Area







































Unnamed
Waterbody 13

All







































Unnamed
Waterbody 29

All







































Unnamed
Waterbody 33

All







































Unnamed
Waterbody 34

All







































Unsurveyed
Northeast
Waterbodies

All







































Big Creek

Lower
Creek













 







 





 





Below PDA







































In PDA







































Above PDA







































All







































Unnamed Lake 1

All







































Unnamed Lake 2

All







































Unnamed Creek 17

Unnamed Creek 2
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Table 15.3-2
Watercourse or
Waterbody

Documented and Assumed Fish Species Distributions for Affected Watercourses and
Waterbodies (cont’d)
Fish Species Abbreviation Code1
ARGR

BURB

NRPK

WALL

YLPR

LNSC

WHSC

BRST

FTMN

FNDC

FLCH

LKCH

LNDC

NRDC

PRDC

SLSC

SPSC

SPSH

TRPR

Unnamed
Waterbody 21

All

Segment







































Unnamed
Waterbody 22

All







































Unnamed
Waterbody 23

All







































Unnamed
Waterbody 24

All







































Unnamed
Waterbody 25

All







































Unnamed
Waterbody 26

All







































Unnamed
Waterbody 27

All







































Unnamed
Waterbody 28

All







































Unnamed Creek
ULW

In PDA







































Unnamed Creek 5

In PDA
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NOTES:
1
ARGR=Arctic grayling, BURB=burbot, NRPK=northern pike, WALL=walleye, YLPR=yellow perch, LNSC=longnose sucker, WHSC=white sucker, BRST=brook stickleback, FTMN=fathead minnow,
FNDC=finescale dace, LKCH=lake chub, LNDC=longnose dace, NNST=ninespine stickleback, NRDC=northern redbelly dace, PRDC=pearl dace, SLSC=slimy sculpin, SPSC=spoonhead sculpin,
SPSH=spottail shiner, TRPR=trout-perch
PDA = Project disturbance area
 = Historical data source (Golder 2004)
 = PRM project baseline study (2005 to 2007) or traditional knowledge information (Shell 2007; Golder 2012)
 = Frontier Project baseline study (2006 to 2011) and additional baseline study (2012 to 2014)
 = Regional survey data (RAMP 2014; AEMERA 2015)
 = FWMIS database (ESRD 2014)
= Affected Segment
= Documented (with symbols) and assumed (without symbols) fish species distribution for HSI modelling.
= Species assumed not to be present in the affected segment.
= Not applicable because segment is not affected.


June 2015

Page 15-29

Volume 1: Project Description
Section 15: Conceptual Fisheries Offsetting Plan

Table 15.3-3

Frontier Oil Sands Mine Project Update

Habitat Units for Affected Habitats

Watercourse or
Waterbody
Redclay Creek

Habitat Units by Species1, 2

Affected
Area
2
(m )

LNSC

WHSC

In FHCL area –
eliminated

4,346

4,259

2,955

1,087

2,173

1,738

3,477

2,608

1,738

3,260

3,042

2,173

28,510

In FHCL area –
altered

31,812

31,176

21,632

7,953

15,906

12,725

25,450

19,087

12,725

23,859

22,268

15,906

208,687

Tributaries in FHCL
area – altered

11,379

11,151

7,738

2,845

5,690

5,576

9,103

6,600

5,576

8,534

7,965

N/A

70,777

Segment and
Outcome

BRST

FTMN

FNDC

LKCH

LNDC

NRDC

PRDC

SLSC

TRPR

FHCL outlet to mouth – flow alteration4

Total

4,969

Unnamed Waterbody 13

All – eliminated

24,800

N/A

N/A

6,200

N/A

N/A

N/A

N/A

N/A

6,200

N/A

N/A

12,400

Unnamed Waterbody 33

All – eliminated

30,100

N/A

N/A

30,100

30,100

30,100

N/A

N/A

30,100

22,575

N/A

N/A

142,975

Unnamed Waterbody 34

All – eliminated

18,100

N/A

N/A

18,100

18,100

18,100

N/A

N/A

18,100

13,575

N/A

N/A

85,975

All – eliminated

361,100

N/A

N/A

317,075

302,400

302,400

N/A

N/A

302,400

241,475

N/A

N/A

1,465,750

65,894

32,947

52,056

32,947

32,947

32,947

16,474

N/A

N/A

32,947

31,629

N/A

264,894

Northeast Waterbodies

3

Big Creek

PDA to Unnamed
Creek 2 confluence
– eliminated

Unnamed Creek 2 confluence to mouth – flow alteration4
Unnamed Creek 2

121,125

From Unnamed
Lake 1 outlet to Big
Creek confluence –
eliminated

119,096

113,141

116,714

95,277

100,041

95,277

78,603

N/A

N/A

104,804

58,357

N/A

762,214

Unnamed Lake1

All – eliminated

832,068

N/A

41,603

832,068

832,068

832,068

208,017

N/A

N/A

N/A

N/A

N/A

2,745,824

Unnamed Waterbody 22

All – eliminated

43,860

N/A

N/A

43,860

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

43,860

1,542,555

192,674

242,699

1,387,511

1,339,424 1,330,931

341,123

28,295

370,639

457,229

123,262

18,079

5,957,961

Total

NOTES:
1
LNSC=longnose sucker, WHSC=white sucker, BRST=brook stickleback, FTMN=fathead minnow, FNDC=finescale dace, LKCH=lake chub, LNDC=longnose dace, NRDC=northern redbelly dace,
PRDC=pearl dace, SLSC=slimy sculpin, TRPR=trout-perch.
2
Documented and assumed distributions as per Table 15.3-2.
3
Refers to unsurveyed waterbodies in the northeast waterbody complex within the Redclay Creek drainage. HSI values are assumed to be the same as for surveyed waterbodies in the same complex (i.e.,
Unnamed Waterbodies 13, 33 and 34).
4
Proportion of HUs corresponding with proportion of habitat area affected, with HUs obtained from Shell PRM Draft No Net Loss Plan (Golder 2012).
N/A = Not applicable; not among species documented or assumed distribution.
Values might not sum to equal totals because of rounding.
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Habitat losses and HU calculations were assessed for the Application Case based on
predicted effects resulting from development of the Project. In the Planned Development
Case, the PRM project’s proposed further alteration in lower Redclay Creek and lower
Big Creek, including the elimination of watercourse habitats in these reaches, were
assessed. Should both projects be developed, the planned flow alterations mentioned
above for lower Redclay Creek and lower Big Creek will not be relevant because
alteration of these areas will have been incorporated into the closure drainage of the
PRM project (Shell 2007) and included in the conceptual fisheries offsetting plan
developed for the PRM. However, because the mine development schedule for the PRM
has been delayed indefinitely, the CFOP developed for the Project includes offsets for
flow-related effects on habitat areas in lower Redclay and Big creeks.

15.4

Conceptual Fisheries Offsetting Plan

15.4.1

Background
The Integrated Application identified several options for fisheries offsets. The selected
option involved construction of a FHCL in the Redclay Creek valley. At that time, a
FHCL with a surface area of 60 ha was estimated to provide the necessary habitat
compensation to offset Project effects. Since then, the Project’s offsetting needs have
changed as a result of:


changes to the Project, as described in the Project Update (see Section 2), which
include additional habitat losses due to changes in the Project footprint and drainage
plan. This applies particularly to loss of habitats in the northeast waterbody complex
in the PDA.



additional baseline data, collected for the Project and as part of regional monitoring
programs, which shows increased documented fish distribution in some of the
affected habitats



incorporating assumed fish distributions to account for fish species that may be
present in the affected habitats



supplemental information requests (SIRs), statements of concern (SOCs) from
Aboriginal communities, third-party technical reviews, and Aboriginal-led
traditional use studies that Teck has received since filing the Integrated Application

As such, the 60 ha FHCL is no longer considered sufficient to offset the full effects of
the Project on productive fish habitats. As described in Section 2.1.8, the FHCL remains
part of Teck’s conceptual fisheries offsetting plan (CFOP); however, Teck has also
identified other offsetting options, including but not limited to, simply enlarging the
FHCL.
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15.4.2

Frontier Oil Sands Mine Project Update

Objectives and Current Approach
Overall, a loss of productive fish habitat area prior to offsetting is predicted as a result of
Project development. The primary objective of the CFOP is to provide greater-thanexisting fish habitat productivity. Achieving this requires that HU gains exceed the
number of HUs lost. The strategy for providing a net increase in fish habitat productivity
in the PDA is to develop offset measures that will provide a greater number of HUs than
the affected habitats. To accomplish this, offset measures for productive fish habitats
(quantified as HUs) will be provided at an overall ratio greater than 1:1 (i.e., habitat
gains to habitat losses). Offsets for HUs lost due to changes in habitat area in affected
watercourses will be provided at a ratio of approximately 2:1. This ratio is proposed
because some of the downstream reaches of affected areas support sport fish that provide
potential Aboriginal or recreational fisheries. However, Aboriginal traditional land use
studies carried out for the Project did not document Aboriginal fishing within the directly
affected habitats in the PDA.
There is limited potential for changes in habitat type (i.e., from watercourse (lotic) to
waterbody (lentic) habitats) to occur as a result of affected watercourse habitats being
replaced with offsetting waterbody habitats because most HU losses in the PDA will be
waterbody habitats, and because some offsetting options include development of new
watercourse habitats or rehabilitation projects in existing watercourses.
A compensation ratio of 1:1 (habitat gains:habitat losses) is proposed for affected
waterbodies in the PDA due to the following:


like-for-like habitat replacement (i.e., lentic for lentic)



replacement of waterbody habitats documented to support only, or primarily, forage
fish that do not support a CRA fishery



replacement of waterbody habitats reported to have low diversity with waterbody
habitats of greater diversity and designed to meet all life stages of the target fish
community (particularly spawning and overwintering habitats for large-bodied fish
that are absent in the affected waterbody habitats)

The CFOP includes the Frontier Fisheries Offsetting Framework (see Section 15.4.3),
which aims to advance the development of suitable offsetting measures for the Project.
The fisheries offsetting framework demonstrates Teck’s commitment to meeting
fisheries offsetting objectives by identifying, analyzing and implementing offsetting
measures that counterbalance the effect of the Project on productive fish habitats. This
framework also guides Teck’s consultation activities with respect to fisheries offsetting.
Teck is actively engaged in consultation with Aboriginal communities regarding
fisheries offsetting options for the Project. Teck recently hosted two workshops with
DFO and Aboriginal communities to review and seek input on a variety of fisheries
offsetting options. Input provided by Aboriginal communities will be used to narrow
down options and design a field program to further evaluate potential options. Teck will
continue to consult Aboriginal communities and looks forward to further collaborative
efforts as it works to continually refine and develop a detailed fisheries offsetting plan
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that not only meets or exceeds regulatory requirements but also considers stakeholder
and Aboriginal community needs and expectations.

15.4.3
15.4.3.1

Frontier Fisheries Offsetting Framework
Background
Representatives of DFO, the Canadian Environmental Assessment Agency, Teck and
Golder Associates Ltd. (acting as a consultant to Teck) met on December 16, 2013, to
discuss the CFHCP submitted as part of the Integrated Application for the Project.
During this meeting, participants identified several uncertainties that were external to the
FHCL’s function to compensate for (offset) losses in fisheries productivity associated
with the Project.
Given these uncertainties, participants recognized that a framework agreement between
Teck and DFO would help define a path forward and aid in the development of suitable
fisheries offsets for the Project. Teck agreed to develop a framework for fisheries
offsetting that would:


recognize the need for offsets in addition to the 60 ha FHCL



confirm Teck’s intention to continue with the current FHCL plan as the company
moves towards regulatory hearings for the Project



offer some alternative offsetting solutions that could be pursued in parallel



state Teck’s commitment to continue to progress towards an appropriate outcome
whereby appropriate offsets for losses in fisheries productivity are achieved

The draft framework was presented to regulators in April 2014. The original text has
been slightly adapted for presentation purposes and is included in Section 15.4.3.3.
15.4.3.2

Approach
Teck developed and submitted a CFHCP with its application for an Authorization (June
2011) and as part of the Integrated Application (November 2011). The CFHCP included
a FHCL to account for potential habitat losses associated with the planned Project. The
CFHCP was revised in 2013, based on consultation with DFO regarding affected fish
populations and resubmitted in response to ESRD/CEAA Round 2 SIR 30,
Appendix 30j.1. The revised CFHCP quantified fish habitat losses and gains and was
largely considered like-for-like or “in-kind” habitat replacement (i.e., the habitat that is
being destroyed or permanently altered is being replaced by the same type of habitat).
Most of these losses associated with the Project are with unnamed waterbodies (about
85% of the overall habitat area losses expected over the life of the Project).
Teck acknowledges that some Aboriginal communities have concerns with the proposed
FHCL for the Project. Teck also acknowledges that uncertainty associated with wildlife
habitat loss (especially bison habitat) might provide a future motivation to seek an
alternative FHCL location or alternative offsetting solution(s). In addition, recent
changes to the Fisheries Act may provide greater flexibility in offsetting serious harm to
fish that are part of, or support, commercial, recreation or Aboriginal fisheries.
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As an alternative to the FHCL and a step towards preparing a more detailed fisheries
offsetting plan for the Project, Teck believes that it is important to present a viable
offsetting strategy for planned losses of productive fish habitat associated with the
Project. Given the current uncertainties, the most viable approach appears to be for Teck
to establish a fisheries offsetting framework for the Project that outlines its commitment,
identifies possible alternatives to the FHCL, and confirms its commitment to follow
through with Aboriginal consultation, consider potential alternatives and adopt whatever
alternative(s) make the most sense.
15.4.3.3

Draft Framework
Teck proposes the following framework for offsetting losses in fisheries productivity
associated with the Frontier Project.
1. Teck will continue to work with and provide regular updates to DFO, ESRD,
Aboriginal communities and interested stakeholders on the development of a
detailed fisheries offsetting plan for the Project, including milestones and possible
decision points.


Teck will provide a memo(s) detailing additional hydrologic, hydraulic, water
quality, fish community, fish habitat, and terrestrial habitat benefits relevant to
designing the FHCL in advance of the detailed fisheries offsetting plan.



Teck will prepare a detailed fisheries offsetting plan for the Project that includes
a detailed fish rescue plan and a detailed monitoring plan for aquatic and
terrestrial resources. These plans will be designed to evaluate the effectiveness
of offsetting measures in mitigating or counterbalancing Project effects,
maintaining aquatic health and providing terrestrial benefits.

2. Teck will discuss the potential need for alternative offsetting measures for the
Project.


Teck will consult with DFO, ESRD, the Alberta Energy Regulator (AER) and
Aboriginal communities regarding alternative fish habitat creation, restoration or
enhancement strategies as alternative offsetting measures.



Teck will analyze feasible fisheries offsetting alternatives and sites relative to
effects of climate change predictions, use of lands and resources by Aboriginal
peoples, and potential effects (both adverse and beneficial) on sensitive
terrestrial resources (i.e., bison), migratory birds and species at risk.



Teck will incorporate, as appropriate, conditions specified in the ‘protect fish
and fish habitat’ section of the Decision Statement issued under the Canadian
Environmental Assessment Act for the Jackpine Mine Expansion.



Teck will include this information in the detailed fisheries offsetting plan for the
Project.

3. Teck will identify complementary measures (e.g., investments in fisheries research
and monitoring) to partially offset losses in fisheries productivity associated with the
Project. These measures may benefit regional fisheries and assist Teck, DFO and
other regulators as well as Aboriginal communities in decision making or informing
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the region about possible cumulative effects (e.g., regional alteration of tributary
habitats to the Athabasca River).
4. Teck will consider habitat-banking strategies as part of offset plans and will advance
these strategies with stakeholders, Aboriginal communities and regulators.
Teck acknowledges that fisheries offsets may be achieved through continued
development of the FHCL concept, or the evaluation, selection and design of one or
more alternative or complimentary offsetting options. Work continues toward
development of a fisheries offsetting plan based on the FHCL design. Meanwhile, Teck
also continues to evaluate various options and alternative strategies for fisheries
offsetting and is committed to working with DFO, Aboriginal communities and
stakeholders to provide appropriate fisheries offsets that effectively mitigate or
counterbalance expected effects of the Project on fisheries productivity.

15.4.4

Fisheries Offsetting Options
In addition to the 60 ha FHCL (see Section 15.4.5), Teck has identified five fisheries
offsetting options that might be used in whole or in combination to offset planned losses
of productive fish habitat associated with the Project. These options are outlined below
and include measures located within and outside of the PDA. Selected supplemental
fisheries offset measures will depend on feasibility, Project schedule and outcomes of
ongoing consultation.
Option 1: Developing new fish habitats in a portion of the diversion channel for
Redclay Creek.
This option involves constructing the portion of the Redclay Creek diversion that will
remain permanently on the landscape (i.e., the section from the PDA to the FHCL inlet)
as a naturalized geomorphic watercourse channel designed to provide productive fish
habitat and two-way fish passage. Potential configurations include:


developing a geomorphic channel within the planned diversion footprint



aligning the channel further north and constructing a longer-than-currently-planned
channel to provide additional watercourse habitats



connecting the channel to a series of shallow waterbodies located northeast of the
PDA (i.e., Unnamed Waterbody 29 and associated waterbodies). This would create a
chain lakes complex and provide connectivity and access to fish from downstream
areas such as the FHCL or the Athabasca River. Based on surveys of some of these
waterbodies, or of similar waterbodies in this area, the waterbodies are isolated or
poorly connected. Some are considered non-fish-bearing and others likely support
forage fish species.

Any of these configurations would provide new, self-sustaining watercourse habitats,
improved habitat connectivity and increased habitat area for large-bodied fish. Due to the
lack of topographical relief in the area, the channel would be expected to be low gradient
(e.g., 0.26% slope) and suitable mostly for northern pike, suckers and forage fish. The
watercourse would have connectivity with the FHCL, lower Redclay Creek and the
Athabasca River.
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This option would require that sediment protection measures planned for immediately
upstream of the FHCL be relocated further upstream to provide the same protection for
the constructed watercourse channel. However, it presents an opportunity to implement
offsetting measures early in the Project development schedule and to address some
recommendations received from Aboriginal communities about providing productive
watercourse habitats connected to the FHCL as offsets for watercourse losses.
To further assess this option, additional baseline data are needed for the waterbodies that
might be included in the chain lakes configuration. Data are needed to assess existing
habitat conditions and fish community composition. As a result, additional field surveys
are planned for 2015.
Option 2: Developing rehabilitation works for Grayling Creek, an east-bank
Athabasca River tributary that flows through Teck’s Twin Lakes Oil Sands Leases.
This option involves possible off-site habitat enhancement or rehabilitation works in the
Grayling Creek watershed, where Teck has lease holdings, but resource development is
not feasible. Preliminary investigations of the Grayling Creek watershed were conducted
in fall 2014 to:


investigate possible habitat enhancement or rehabilitation projects associated with
existing disturbances in the watershed



examine available information on fish species distribution

Fish species present in Grayling Creek or adjacent waterbodies include Arctic grayling,
lake whitefish, northern pike, walleye, longnose sucker, white sucker and forage fish
species (ESRD 2014). During a reconnaissance survey of the drainage, impedances to
fish passage were identified at road crossings. These impedances were the result of
hanging culverts, which can interfere with passage of fish such as Arctic grayling (ACA
2009, 2010). These culverts provide opportunities for rehabilitation to restore fish
passage and reconnect fragmented watercourse habitats.
Option 3: Investigating opportunities for off-site options at Teck’s mature Cardinal
River Operations (CRO) in the headwaters of the Athabasca River.
This option involves exploring off-site opportunities for potential fish habitat offsetting
measures in the upper Athabasca River basin near Hinton, Alberta. The closure phase of
the CRO presents opportunities for habitat development or enhancement that would
increase productivity or connectivity of fish habitats within the Athabasca River basin
and align with local fisheries management goals. Examples of possible offsetting options
include:
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development of a fishery in reclaimed pit lake(s) not already committed as offsets
for CRO. These fisheries would be similar to existing pit lake fisheries already
successfully developed.



enhancements to watercourse habitats (e.g., productivity or connectivity) in
drainages altered by CRO



enhancement of clean water diversions to provide productive fish habitat



removal of invasive species, which would enhance productivity of native trout
populations as per current ESRD management practices
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development of a regional sanctuary to protect habitat for both native trout and
Harlequin duck, or similar habitat protection measures and partnerships to create
special places



research projects to study the effects and remediation of elevated selenium
concentrations

Option 4: Undertaking a complimentary measure as defined in the revised Fisheries
Act involving research.
The Fisheries Act allows for consideration of complimentary measures to provide up to
10% of the total required fisheries offset. This option would involve an investment by
Teck in one or more fisheries research or monitoring programs, or similar projects, to aid
in understanding relevant aspects of fisheries productivity or regional issues (e.g.,
regional alteration of Athabasca River tributaries).
Option 5: Enlargement of the FHCL beyond 60 ha.
This option involves increasing the size of the FHCL at, or close to, the currently
planned location in the Redclay Creek valley. To meet the offsetting objectives, the
FHCL could be enlarged to provide all of the required offsetting HUs, or a greater
portion of HUs than the 60 ha FHCL. Based on the total affected HUs (see Table 15.3-3)
and the proposed offsetting ratios (see Section 15.4.1), a FHCL with a surface area of
approximately 170 ha would provide the full offsetting requirements for the Project. This
assumes that the FHCL provides habitat suitability values typical of constructed
compensation lakes in the oil sands region for a fish community comprising sport fish,
suckers and forage fish, as described in Section 15.4.5.5. Additional engineering has
shown the currently selected location for the FHCL could easily accommodate a
waterbody of this size based on available topography and updated Project footprint.
Additional Strategy: Project off-stream storage pond (OSSP)
Although not provided as an offsetting option, another possible strategy for providing
additional productive fish habitat involves maintaining the off-stream storage pond
(OSSP) at closure as a permanent landscape feature instead of the current plan to reclaim
the area as terrestrial habitat. The OSSP would not be available for this purpose until late
in the Project life, but might be suitable for addressing some Project effects that occur at
closure, increasing the overall offsetting ratio, or addressing offsetting shortcomings,
should any be identified by monitoring programs.
The OSSP would need to be reconfigured to provide specific habitat features that would
meet fish life history requirements (e.g., developing shallow littoral habitats to enhance
productivity and provide aquatic vegetation growth, providing a variety of substrate
particle sizes and adding features to provide cover for fish). As currently planned, the
OSSP will have a shallow littoral area (19% of the total surface area), which could be
expanded depending on the life history needs of the fish species for which the lake
would be designed. The OSSP has the potential to provide a fish habitat lake
approximately 88 ha in size within the PDA, thereby avoiding alteration of undisturbed
terrestrial habitats. The OSSP would become part of the Big Creek watershed and
connect to the Athabasca River via lower Big Creek.
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Fish Habitat Compensation Lake
Of the fisheries offsetting options proposed as part of the CFOP, planning and design
work is furthest along for the FHCL. The FHCL has a surface area of 60 ha that could be
enlarged to 170 ha to provide the full offsetting requirements for the Project. If pursued
as planned, the lake will be constructed northeast of the PDA, within the existing
Redclay Creek valley, and will be a permanent feature of the Project drainage system
during operation and after closure.
The FHCL will be designed to:


provide all life history requirements of the target fish community, once the final
species assemblage is determined. It will include overwintering habitat for forage
fish, suckers and sport fish that is currently limited in the PDA.



support a diverse fish community and provide increased fish harvest opportunities
relative to affected habitats. Forage fish comprise most of the fish community within
the PDA. A small number of non-sport fish (i.e., suckers) were captured at a few
locations within the PDA, but there are no records of sport fish in the PDA.



create better quality fish habitat than will be lost through mine development, as
represented by calculated HUs

The specific size and design of a larger FHCL will depend on final offsetting
requirements and the target fish community, both of which will be determined during the
development of the detailed fisheries offsetting plan. These decisions will be made with
DFO, ESRD and in consultation with potentially affected Aboriginal communities.
15.4.5.1

Timing
The Project will first affect productive fish habitats during the construction phase,
starting in 2022 (four years before the start of production) with the initiation of works
that will eliminate Unnamed Lake 1 and Unnamed Creek 2. Construction of the FHCL
will coincide with the first effects on productive fish habitats and will occur over three
years (2021 to 2023). The FHCL basin will be available to fill with water in 2024.

15.4.5.2

Features
Figure 15.4-1 illustrates the FHCL and its preliminary design features (plan view and
cross-sections). Development of the FHCL will involve construction of a containment
landform across the Redclay Creek valley downstream from the confluence with
Unnamed Creek 8, creating a lake with a surface area of approximately 60 ha. The
FHCL will have a sediment trap upstream of the lake to provide settling of suspended
sediments before water enters the lake. An outlet channel will provide fish habitat and
fish passage. The channel will be excavated on the north side of the lake to discharge
flows to an existing reach of Redclay Creek, which will connect to the Athabasca River
(Application Case) or to Shell’s proposed compensation lake for the PRM project, which
may be constructed in the lower Redclay Creek valley (Planned Development Case).
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The containment landform crest will maintain a minimum height of 5 m above the
normal water level over a minimum width of 200 m. This will help ensure stable, longterm containment for the FHCL.
15.4.5.3

Lake Levels
Lake levels for the FHCL were hydrologically simulated using the last 50 years of data
from the area (see Figure 15.4-2). The analysis indicates that the FHCL will have a
stable lake level and will maintain depths sufficient for overwintering.

Figure 15.4-2

15.4.5.4

Simulated Fish Habitat Compensation Lake Levels

Outlet
The outlet for the FHCL will discharge to Redclay Creek at an elevation of 244 m amsl.
The outlet channel was designed following the fluvial geomorphic approach to provide a
sustainable, dynamic watercourse channel capable of supporting fish and
accommodating evolutionary changes without accelerated erosion or unacceptable
environmental effects. It includes a 50-m-wide valley with 4H:1V side slopes to
attenuate flows and reduce flow velocities during large flood events. The valley will be
approximately 1,500 m long and have an average slope of about 1.2%.
The main outlet channel, designed to convey flows up to the two-year return period
flood, will have a 0.8 m depth, 4-m top width and 2H:1V side slopes. The channel
bottom will be a minimum of 5 m below the top elevation of the containment and will
safely pass the predicted maximum flow (PMF) with sufficient freeboard. The steep
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slope of the outlet channel results in high channel velocities. Therefore, granular material
(d50 = 300 mm) sized based on the 100-year flood peak flow will be placed in the main
channel.
15.4.5.5

Habitat Units Created
The FHCL will be designed to support a community of sport fish, non-sport fish
(suckers) and forage fish species. A preliminary list of candidate species for the FHCL
fish community includes species that occur in the affected habitats or that are important
to Aboriginal and recreational fisheries. Candidate species include walleye, yellow
perch, northern pike, white sucker, longnose sucker and a forage fish community
composed of some of the main species in the affected habitats (e.g., brook stickleback,
lake chub, fathead minnow and pearl dace, among others). At present, seven fish species
are proposed for the FHCL, with the final species assemblage to be determined during
the development of the detailed fisheries offsetting plan in consultation with regulators
(DFO, ESRD) and potentially affected Aboriginal communities. It is expected that some
or all of the fish species included in the FHCL will come from the list of candidate
species; therefore, the design of the FHCL is based on this candidate list.
Although the specific composition of the FHCL fish community is still to be determined,
the CFOP proposes a total of seven fish species for the FHCL (compared to eight species
in the Integrated Application). A FHCL community comprising seven fish species does
not differ from what would be expected in a similar natural lake at this latitude (for
details, see response to ESRD/CEAA Round 3 SIR 20). The number of fish species
documented in northern Alberta waterbodies similar in size to the FHCL (i.e., 60 ha ±
10 ha) ranges from one to eight species. In addition, seven or more fish species have
been recorded in lakes ranging from 53 ha to 102 ha. Therefore, the number of fish
species proposed for the FHCL is within the range recorded in natural waterbodies in the
region.
Detailed design of the FHCL will be completed as part of the detailed offset planning
phase and will be based on the life-history requirements of the fish species ultimately
targeted for inclusion in the fish community. Offset habitats will be designed to provide
suitable habitats for all life stages of the expected fish community, including spawning,
nursery, rearing, feeding and overwintering habitats. To accomplish this, the detailed
FHCL design will be based to a large extent on the species-specific HSI models
developed for use in the oil sands region (Golder 2008).
The FHCL will be designed to offset habitat losses based on HUs, as representative of
fish habitat productivity. Once the detailed lake design is completed, expected fish
habitat gains associated with the FHCL will be calculated based on lake size and the HSI
values for each fish species in the target fish community to determine the number of HUs
provided.
Assuming the FHCL provides habitat suitability values typical of constructed
compensation lakes in the oil sands region for a fish community composed of sport fish,
suckers and forage fish (i.e., average HSI of 0.6), the 60 ha FHCL will provide
approximately 2,520,000 HU gains to partially offset the habitat losses associated with
development of the Project. The option of a larger waterbody (170 ha), as described in
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Section 15.4.4, would provide approximately 7,140,000 HU gains to achieve the full
offsetting requirements of the Project.
During detailed offset planning and detailed lake design, specific habitats in the FHCL
will be considered for each species in the final target fish community and their various
life stages. Detailed lake design will consider the following physical habitat features of
the lake.


lake size (surface area)



shoreline development and complexity



proportion of shallow littoral and deeper pelagic areas (as percentage of total surface
area)



detailed bathymetry by depth contour (as percentage of total surface area)



substrate particle size distribution (as a percentage of total surface area) and location
of different substrate types (e.g., sediment, gravel, cobble, boulder)



cover enhancement features (e.g., large woody debris structures)



estimated density and distribution of aquatic vegetation



estimated cover density and distribution



detailed hydrology modelling of hydrologic feasibility, water balance and water
level sustainability



detailed water quality modelling of key habitat variables (e.g., pH, temperature, DO,
biochemical oxygen demand [BOD], nutrients, total dissolved solids [TDS], total
suspended solids [TSS], toxicity)

Once the detailed lake design is complete, maps and drawings of the habitat features of
the lake and detailed habitat gain calculations will be provided as part of the detailed
offsetting plan.

15.5

Fish and Fish Habitat Monitoring Plan
A conceptual fish and fish habitat monitoring plan for the Project is provided here. The
content and details of the plan will be finalized in consultation with regulators and
potentially affected Aboriginal communities, and as required by the conditions specified
in the anticipated authorizations and approvals for the Project. The conceptual fish and
fish habitat monitoring plan is designed to be consistent with plans developed for
approved oil sands projects and their associated regulatory approval monitoring
conditions.
In terms of scope, the fish and fish habitat monitoring plan includes monitoring of fish
habitat productivity in affected and offsetting habitats, as well as monitoring to address
uncertainties and knowledge gaps identified in the updated fish and fish habitat
assessment (see Volume 3, Section 8). The conceptual fish and fish habitat monitoring
plan includes water quality and hydrology monitoring parameters that specifically relate
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to results of the updated fish and fish habitat assessment (see Volume 3, Section 8).
Additional, separate water quality and hydrology monitoring programs will be included
in the overall monitoring plan for the Project. As well, Project-specific monitoring
programs will be supported by regional monitoring programs such as Joint Oil Sands
Monitoring (JOSM) led by Alberta Environmental Monitoring, Evaluation and
Reporting Agency (AEMERA). AEMERA programs will provide data on regional
conditions, other watersheds in which oil sands development is occurring, and additional
assessment of cumulative effects.
As part of the fish and fish habitat monitoring program, Teck will monitor the FHCL
following construction to confirm that the habitat is functioning as intended. Monitoring
will incorporate all requirements specified in the Section 35(2) Fisheries Act
authorization for the works.

15.5.1

Goals
The conceptual fish and fish habitat monitoring program is intended to:


confirm predictions related to effects on fish habitat productivity (see Volume 3,
Section 8)



address uncertainties and knowledge gaps in the updated fish and fish habitat
assessment and its predictions (see Volume 3, Section 8)



identify whether there are any unanticipated effects on fish habitat productivity



demonstrate whether the offsetting measures (including the FHCL) are effective in
counterbalancing the effects of the Project on productive fish habitats and
maintaining fish abundance and diversity



identify whether additional measures are required to provide the necessary offsets to
counterbalance Project effects on fish habitat productivity



include HSI model validation to address uncertainty in assessing (i) fish habitat
productivity in the affected habitats and (ii) expected productivity of offsetting
habitats

Monitoring related to HSI model validation requires that the monitoring program for the
Project coordinate with regional validation efforts currently underway by the Fisheries
Sustainable Habitat (FiSH) Committee of the Oil Sands Community Alliance. This type
of coordination increases the efficiency and maximizes the value of the monitoring
program. Monitoring activities related to HSI model validation will be conducted in
accordance with the FiSH Committee field sampling protocols manual (Hatfield 2013).

15.5.2

Approach
The conceptual fish and fish habitat monitoring plan uses a before-after-control-impact
(BACI) approach (Smith 2002), monitoring in affected habitats before and after potential
impacts. It also uses regional monitoring data as control data, including regional
reference sites and information on the regional normal range of variability. This
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approach is recommended to be able to evaluate the quality of project-specific
monitoring data in relation to natural environmental patterns (CSAS 2012).
15.5.2.1

Changes in Fish Habitat
Changes in productive fish habitat area are predicted because of habitat losses and
changes in flows (see Volume 3, Section 8). Predicted effects on productive fish habitats
include the habitat losses or alterations identified in Section 15.3.1 and quantified (based
on HUs) in Table 15.3-3.
The CFOP was developed to counterbalance effects on fish habitat productivity resulting
from predicted Project effects. The conceptual monitoring program includes measures to
confirm these predictions and determine the effectiveness of the FHCL, and any other
offsetting measures selected, in providing the necessary gains in fish habitat
productivity.

15.5.2.2

Uncertainty and Knowledge Gaps in Assessment Predictions
The updated fish and fish habitat assessment (see Volume 3, Section 8) identifies several
uncertainties, particularly regarding the predictions of low magnitude effects on
productive fish habitats. For example:


potential interactions between reduced sediment loading and reduced peak flows in
lower Big Creek and lower Redclay Creek are uncertain, as are the overall effects on
channel regime



ecological interactions are possible but not well known because of predicted changes
in flow and benthic invertebrates in lower Big Creek, and temperature and benthic
invertebrates is lower Redclay Creek

Knowledge gaps relevant to the fish and fish habitat assessment related to:


determining the site-specific effective flows that control channel morphology in
lower Big Creek and lower Redclay Creek, and considering these flows in relation to
predicted changes in channel regime



effects of small-scale changes in water temperature on habitat productivity in lower
Big Creek, including effects on forage fish spawning and growth, white sucker fry
growth, and benthic invertebrate communities



white sucker spring spawning activity in lower Big Creek



effects of small-scale changes in water temperature on habitat productivity in lower
Redclay Creek, including effects on forage fish spawning, Arctic grayling and
burbot growth, and benthic invertebrate communities

The conceptual fish and fish habitat monitoring plan includes data collection to address
these uncertainties and knowledge gaps. Teck, through its participation in the FiSH
Committee of the Oil Sands Community Alliance, is working to develop a standardized
and more focused approach to the Fisheries Act monitoring required of various oil sands
developers.
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Monitoring Sites
Specific monitoring locations will be determined as part of finalizing the Project
monitoring plan. Monitoring will include affected habitats, offsetting habitats and
waterbodies and watercourse channels in the closure drainage system.

15.5.4

Scope of Monitoring Activities
To determine the effects of the Project on fish habitat productivity, various monitoring
activities are proposed for the affected habitats predicted to be lost or altered because of
Project development. These monitoring activities are summarized in Table 15.5-1 for
each of the affected habitats. Additional monitoring is proposed for lower Big Creek and
lower Redclay Creek to address uncertainty and knowledge gaps associated with some of
the assessment pathways (see Volume 3, Section 8).
The FHCL will be monitored during its development, maturation and stabilization
phases to determine its effectiveness in providing the expected level of offset for effects
on fish habitat productivity. Proposed monitoring components are listed in Table 15.5-1.
The pit lakes, waterbodies and watercourse channels in the closure drainage system will
be monitored to confirm predictions that they are suitable for the development of viable
aquatic ecosystems and to support fish populations. Detailed design of these features is
required to finalize the monitoring plan, but basic monitoring components are also listed
in Table 15.5-1.
The conceptual fish and fish habitat monitoring scope includes the assessment of fish
tissue mercury concentrations in the FHCL. Inundated reservoirs typically experience
increased mercury concentrations in water and biotic components relative to baseline
conditions because of flooding and decomposition of former terrestrial areas and
peatlands that results in mercury methylation and liberation. The increase in mercury
methylation in new reservoirs occurs mainly in the first few years of impoundment when
labile organic carbon decomposes (Hall et al. 2005; St. Louis et al. 2004), and usually
results in mercury uptake in fish. Lakes created in excavated areas are less prone to
methyl mercury production than reservoirs because there is little or no labile organic
carbon in the excavated basin. Therefore, an effective mitigation strategy is to strip the
proposed reservoir area of vegetation and organic soils before inundation to limit the
amount of organic carbon available for decomposition. This strategy reduces the
potential for mercury production and limits peak mercury concentrations in fish.
It is expected that fishing activity will not occur in the FHCL in the early years as fish
populations are being established at this time, starting with the forage fish community
and progressing to large-bodied species. If monitoring determines mercury levels in
predatory fish in the FHCL appear to be an issue in relation to guidelines for human
consumption (Health Canada 2007; GOA 2009) at the time fish populations develop to a
level to support consumptive fishing, there are mitigation options. For example,
intensive fishing has proven to be a mitigation strategy that can effectively reduce
mercury concentrations and bioaccumulation in predatory fish in Canadian lakes. By
removing fish during or soon after the period of intense mercury methylation, mercury
concentrations in fish can be lowered (Mailman et al. 2006). For large-bodied fish, the
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rate of recruitment into the adult population may not sufficiently offset the harvest rate
from intensive fishing. However, a number of harvest strategies have been used
successfully as sustainable management practices. These practices are designed to
provide maximum fish catch from a population while maintaining the sustainability of
the population, including constant harvest, constant harvest rate, adjusted rate and
threshold policies (Hilborn and Walters 1992). Fish mercury concentrations have been
found to increase with decreasing pH (McMurtry et al. 1989; Winfrey and Rudd 1990),
possibly because the amount of mercury bound to dissolved organic carbon decreases
with acidity, resulting in the release of methyl mercury from sediments. Flooding of
peatlands and soils rich in organic acids may promote more acidic conditions in the
FHCL. Addition of lime is a relatively simple and effective form of mitigation that can
be used to raise pH, thereby lowering methyl mercury concentrations, in newly flooded
reservoirs where pH decreases result from dissolved organic carbon. Overall, it may be
necessary to prevent recreational or subsistence fishing activities in the FHCL, or at least
prevent consumptive use, until such time as monitoring determines that mercury
concentrations in fish are at acceptable levels relative to existing guidelines (Health
Canada 2007; GOA 2009).

15.5.5

Defining Fish Habitat Productivity
The specific metrics to be used to define fish habitat productivity levels in the affected
habitats and the offsetting habitats (e.g., FHCL) will be determined in consultation with
DFO and ESRD, and are expected to be defined as part of the anticipated Fisheries Act
Authorization for the Project. Specific monitoring conditions previously used by DFO
for similar compensation works have:


included validation of HSI models and HU calculations, including recalculation of
HUs based on model revisions through the Project or regional validation exercises,
to confirm whether offset measures provide sufficient habitat productivity offsets



required demonstration that the fish populations comprising the fish community in
the created habitats are self-sustaining



required demonstration that offset measures have achieved specific productivity
objectives, as defined in the Fisheries Act authorization

Monitoring the effectiveness of fisheries offsetting measures will be conducted for the
FHCL and for any additional offsetting options selected for inclusion in the detailed
fisheries offsetting plan. At this time, Table 15.5-1 lists monitoring activities only for the
FHCL. Detailed monitoring plans for the FHCL and for all other selected offsetting
options will be developed as part of the detailed fisheries offsetting plan.
The fish and fish habitat monitoring plan will support an adaptive management approach
by providing key information needed to implement an adaptive management program to
limit potential negative effects on fish and fish habitat.
It will also provide information on the development of the FHCL and the closure
drainage system that may be used to enhance development of the FHCL (e.g., vegetation
planting, benthic invertebrate seeding, fish stocking) or the closure drainage system (e.g.,
pit lake development).
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Table 15.5-1

Proposed Conceptual Fish and Fish Habitat Monitoring Plan
Unnamed
Waterbody 22

Representative
Northeast
Waterbodies
(Unnamed
Waterbodies 33
and 34)

Unnamed
Creek 2

Lower Big Creek

Lower Redclay
Creek

FHCL

Model validation

●

●

●

●

●

●

●

Fish populations

HSI model validation and assessment of fish habitat
productivity, abundance and diversity, including fish
species composition, abundance and biomass

●

●

●

●

●

●

●

Benthic invertebrate
communities

To assess habitat productivity, including
composition, diversity and abundance

●

●

●

●

●

●

●

Attached algae mass

To assess habitat productivity (e.g., ash free dry
weight and chlorophyll a)

●

●

Temperature (e.g.,
thermograph deployment)

To determine the thermal regime and identify
changes over time

●

●

Hydrologic monitoring

Watercourses: To establish the flow regime and
identify changes over time

●

●

Purpose

Waterbodies: To assess water levels, stability and
sustainability

Pit Lakes,
Closure
Drainage
System

Unnamed
Lake 1

HSI modelling

Monitoring Activity or
Component

●
●

●
●
●

●

●2

●1, 2
●

Physical channel dimensions
(e.g., wetted width, channel
width and depth)

To document changes in channel regime and
available habitat area

●

●

Fish habitat characteristics

To document changes in these characteristics

●1

●1

Water and sediment quality

To assess relative to guidelines for aquatic life and
to baseline conditions for local watersheds

●

Plankton communities
(zooplankton, phytoplankton)

To assess habitat productivity, including
composition, density and biomass

●

Fish tissue mercury
concentrations

To confirm predictions and determine need for
additional mitigation measures

●

NOTES:
1
For watercourses, fish habitat characteristics include channel unit types, distribution, area, substrate characteristics, cover for fish, aquatic vegetation and riparian zone
characteristics.
2
For waterbodies, fish habitat characteristics include bathymetry, substrate, cover for fish, aquatic vegetation (composition, distribution, density and vigour), and riparian zone
characteristics.
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Responses to Aboriginal Community Concerns
The CFOP is intended to address concerns expressed regarding additional impacts to the
Ronald Lake bison herd due to replacing terrestrial habitats with offsetting habitats, and
concerns regarding replacing watercourse habitats with waterbody habitats. The CFOP
includes a list of additional offsetting options to be considered, including 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.
It is recognized that water quality in receiving waters downstream of the PDA is a key
issue in relation to surface flows and seepages, and that inundated reservoirs such as the
FHCL typically experience increased mercury concentrations in water and biotic
components relative to baseline conditions. The Project includes several mitigation
strategies to control, treat or remediate surface and seepage waters (for details, see the
water quality assessment [Volume 5, Section 4.5.5.1 of the Integrated Application] and
the updated water management plan [Section 7]). Teck is committed to providing
appropriate mitigation measures and to monitoring of water quality, sediment quality and
mitigation effectiveness in receiving waters. The conceptual fish and fish habitat
monitoring scope includes the assessment of fish tissue mercury concentrations in the
FHCL and investigation of suitable mitigation strategies for both the preconstruction and
post-construction phases of the lake.
The specific plan for filling the FHCL with water has not yet been formalized. Concerns
expressed regarding potential flow reductions in Redclay Creek and the Athabasca River
during filling of the FHCL will be considered when developing the filling plan. Flows in
Redclay Creek and to the Athabasca River will be maintained during the FHCL filling
period and mitigation strategies will be investigated to reduce or eliminate flow
reductions during this period.
The CFOP includes the Frontier Fisheries Offsetting Framework, which aims to advance
the development of suitable offsetting measures for the Project. The fisheries offsetting
framework demonstrates Teck’s commitment to meeting fisheries offsetting objectives by
identifying, analyzing and implementing offsetting measures that counterbalance the
effect of the Project on productive fish habitats. This framework also guides Teck’s
consultation activities with respect to fisheries offsetting. 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.
As described in the CFOP and fisheries offsetting framework, 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 consultation regarding:
(1) the appropriate fish assemblage for the FHCL; (2) monitoring the effectiveness of the
offsetting measures in providing the expected level of fish habitat productivity; and 3) the
additional offsetting options discussed in the fisheries offsetting framework.
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16

Socio-economic Impact Assessment

16.1

Introduction
This section provides an updated socio-economic impact assessment (SEIA) for the
Frontier Oil Sands Mine Project (the Project). The updated SEIA reflects changes to the
Project that are summarized in 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 updated SEIA:


describes mitigation, such as a fly-in/fly-out workforce with on-site lodging and
transport buses to reduce Project socio-economic impacts



assesses potential effects of the Project on socio-economics during construction,
operation and closure (including decommissioning)



considers the potential for cumulative socio-economic 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



considers the cost of constructing the Athabasca River bridge and east side access
road

The assessment approach is largely consistent with Volume 1, Section 16 in the
Integrated Application. Key changes reflected in the updated SEIA include the following:
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Project construction will occur further in the future, with Phase 1 beginning in 2019
and ending with first oil in 2026. Phase 2 construction will begin in 2030 and end
when production commences in 2037. The original Project plan called for continuous
construction of four phases between 2015 and 2030.

Page 16-1

Volume 1: Project Description
Section 16: Socio-economic Impact Assessment

Frontier Oil Sands Mine Project Update



revised estimates for most Project economic indicators, including capital and
operating expenditures, taxes and royalties, contributions to the provincial economy,
and household incomes



a larger peak on-site workforce because of the compressed timing between the first
two trains of construction during Phase 1. However, the assessment also considers
the overall lower total construction employment on-site, with resultant changes to
expected traffic levels and open camp demand.
Assessment Summary

Predicted changes for the Project Update are comparable to the results presented in the
Integrated Application. The updated SEIA differs from the Integrated Application
because of Project changes to the timing and magnitude of peak on-site construction,
traffic, and economic effects including capital expenditures and fiscal contributions to
government. These changes reflect differences in the Project schedule and refined Project
execution through ongoing engineering by Teck. The revised SEIA also predicts lowerthan-expected regional population growth under the Base Case and Planned Development
Case based on the near-term economic outlook of reduced industry expansion in the
region.
From a socio-economic perspective, the updated Project is expected to be a net
contributor to the study area, Alberta and Canada. Teck acknowledges local community
concerns, particularly those of Aboriginal communities, and will continue working with
potentially affected Aboriginal communities to address concerns and to help them benefit
socially and economically from the Project.

16.1.1

Scoping the Assessment
The scope of the socio-economic impact 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 develop its Project
construction and operation engineering plan. The updated SEIA presents revised
estimates for Project capital construction and annual operations spending, employment
levels, and expected taxes and royalties accruing to government. These estimates were
used to derive updated economic effects associated with the Project in terms of total
employment and economic impacts to the provincial economy and household incomes.
Company inputs reflect the most-recent planning activities for the Project as of Q1 2015.
Teck will continue to optimize Project plans throughout the prefeasibility and feasibility
design stages and through construction, execution and ongoing operations.
Since filing the Integrated Application in 2011, Teck has also continued to seek input
from regulators, stakeholders and Aboriginal communities as part of the regulatory
review and consultation process. These inputs have helped refine key issues of concern
and define the key issues that are the focus of this assessment.
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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 as part of the updated SEIA.
The following traditional use studies and technical reviews 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.

Joint Athabasca Chipewyan and Mikisew Cree First Nations:


MacDonald, A. and the Firelight Group Research Cooperative. 2012. Technical
Sufficiency Review of Teck Resources Ltd. Integrated Application for the Frontier Oil
Sands Project with respect to Socio-Economic Impact Assessment.



MacDonald, A. and the Firelight Group Research Cooperative. 2014. Reviews of Teck
Resources Ltd’s Responses to Regulator Supplemental Information Requests for the
Frontier Oil Sands Project with respect to Socio-economic Impact Assessment.
Round 1 SIR (2013a), Round 2 SIR (2013b), Round 3 SIR (2014).

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.



Molstad and Anderson Consultants Inc. 2012. Teck Resources Limited (Teck)
Frontier Oil Sands Mine Project (Frontier). Socio-Economic Impact Assessment
(SEIA) Review.

Métis Local 1935:
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Willow Springs Strategic Solutions Inc. 2014. Métis Traditional Land Use and
Occupancy Study: Teck Resources Limited – Frontier Oil Sands Project.
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During consultations since Project disclosure, Aboriginal communities have expressed
the following concerns related to socio-economics:


an increase in traffic volume, including truck and over-dimensional trips, particularly
on Highway 63 and the Fort Chipewyan winter road north of Fort McKay



the quality and supply of housing as well as general cost-of-living concerns, locally
and regionally



the ability of Aboriginal people to gain employment or secure contracts with industry



the exposure of Aboriginal people to outside cultural values, and increased
involvement in the oil sands wage economy, changing traditional land use
experiences, inter-generational transmission of culture and general community
interactions



the pace of development, including regional population growth, changes in
community composition and pressures on housing and social services in Fort
McMurray, the regional service centre, and within their communities



education and social concerns, including quality of education, student retention, and
substance abuse issues in communities



the immediate and long-term benefits accruing to affected Aboriginal peoples in the
region that balance the long-term impacts to traditional lands and lifestyles

Teck has considered or responded to these concerns in the Integrated Application (see,
for example, Volume 1, Sections 16.4.4, 16.5.5, 16.7, 16.7.5, 16.7.7 and 16.7.9).
Other feedback provided in technical socio-economic reviews of the Integrated
Application includes:


concerns about the scope of the regulatory terms of reference, including the use of
best practice assessment as used outside Alberta



concerns that the level of analysis (e.g., local, regional) does not provide sufficient
First Nation or Métis community-specific information to assess the impacts and
benefits to specific communities, each with their own unique socio-economic
conditions



concerns about impact equity, economic leakage and provisions for long-term
funding for community sustainability



a request for more specific information about Project activities and commitments
from Teck regarding benefits, including contracting and employment levels, logistics
(e.g., flight frequencies and shift schedules), and specific policies



recommendations for socio-economic monitoring plans and programs, and if
required, the use of adaptive management to verify predictions and improve
outcomes

Teck’s responses to these concerns and requests are provided in Section 16.7.
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Key Issues
Based on input gathered from regulators and consultations with potentially affected
Aboriginal communities and public stakeholders such as the Regional Municipality of
Wood Buffalo (RMWB), the Royal Canadian Mounted Police (RCMP), and school
boards, a series of key issues were defined for the SEIA (see Table 16.1-1). These key
issues are the same as those identified in the Integrated Application.
The Project Update focuses on key Project changes since the Integrated Application. For
the SEIA, this includes changes to employment, Project economics including tax and
royalty incomes, population growth, and demands on area accommodation, housing and
infrastructure.
Socio-economic issues are also identified as part of the cultural impact assessments. For
details, see Volume 4.

Table 16.1-1
Project Phase

Key Issues – Socio-economics
Key Issue

Relevance to the Project
 Employment opportunities will be created for the local labour
force and workers from outside the area, either working
directly on the Project or through indirect and induced
activities created by Project spending.
 Taxes and royalties are paid during the operations phase

Construction and
operation

Employment creation

Operation

Effects on municipal,
provincial and federal tax
and royalty income

Construction and
operation

Population growth

 Employment creation will lead to population growth as most
workers will probably be recruited from outside the region

Construction and
operation

Increased demand for
accommodation

Construction and
operation

Increased demand on
local and regional service
providers

 Project-related regional population growth will add to
cumulative demand for temporary accommodation (e.g.,
lodges, hotels and motels) and permanent accommodation
(e.g., rental and owned property) in the region
 Project-related regional population growth will add to
cumulative demand for regional services, including
emergency, health, education, municipal and social services

Construction and
operation

Increased use of local
infrastructure

Construction and
operation

Specific effects on
Aboriginal communities

June 2015

 Transportation of people and goods related to the Project will
add to the cumulative demand for transportation
infrastructure
 Growth of the regional population adds to the demand for
municipal and provincial infrastructure, including water and
wastewater facilities, roads, schools and medical facilities
 Project-related activities create employment and business
opportunities. Existing gaps in labour market readiness
require appropriate support to enable Aboriginal community
members to participate in opportunities
 Fly-in/fly-out program allows for increased opportunity to
participate in Project employment; it also has potential
effects in remote communities like Fort Chipewyan
 Population changes in the region can affect social
conditions, infrastructure, and services in Aboriginal
communities
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Approach
The overall approach for the updated SEIA is the same as described in the Integrated
Application. Where applicable, Teck has incorporated changes to address SIRs from
regulators and statements of concern from potentially affected Aboriginal communities.
A concordance table for SIRs (Rounds 1 to 4) is included as part of the Project Update
(see Appendix 1G).

16.2.1

Study Area
The study area is unchanged from the Integrated Application; its boundaries are same as
those of the RMWB. Like the Integrated Application, the SEIA update pays particular
attention to Fort McMurray and to the northern region and communities, including Fort
McKay and Fort Chipewyan.

16.2.2

Assessment Cases
Socio-economic 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
publically 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.

16.2.3

Temporal Considerations

16.2.3.1

Reference Conditions
The reference conditions remain unchanged from those considered in the Integrated
Application.
Project construction is planned to occur in two primary phases:
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Phase 1, between 2019 and first oil in 2026



Phase 2, between 2030 and second oil in 2037
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The updated SEIA concentrates on the effects of the Project during construction and at
full production in 2038. Acknowledging the challenges implicit in forecasting Project and
cumulative effects on socio-economic conditions 20 years in the future, the estimates
represent reasonable assumptions and the current, best possible information.
16.2.3.2

Snapshots
The following temporal snapshots were used to evaluate changes from the Project and
with other developments, and their effects on socio-economics:


2024 (Year 2 prior to first oil) – when the on-site workforce reaches its peak



2026 (Year 1) – when Phase 1 commences operation



2038 (Year 13) – when both phases of the Project are fully operational

The second snapshot of 2026 has been added to provide a picture of how Project effects
will be experienced once construction activity has ceased and Phase 1 operation begins.
Due to the uncertainty implicit in predicting the setting in which Project effects under full
operation will occur (23 years beyond 2015), it is helpful to demonstrate operational
effects within a closer timeframe (roughly a decade from the filing of the Project
Update).

16.2.4

Key Indicators
The key questions, issues, indicators, measureable parameters and spatial considerations
for the SEIA (see Table 16.1-2) are unchanged from those considered in the Integrated
Application.

Table 16.1-2

Key Indicators – Socio-economics
Key Issue

SEIA1: What are the economic,
including employment creation,
and fiscal effects of the Project
on the province of Alberta?

Effects on
economic and
fiscal regime

 workforce
 income
 revenues to
government

 workforce
 income
 revenues to
government

SEIA2: What are the population
effects of the Project on the
study area?

Effects on
population

 population

 population
growth

SEIA3: How will housing,
transportation (including traffic),
social infrastructure and
community services in the study
area be affected by the Project?

Effects on
community

 effects of population
change on physical
infrastructure
 effects of population
change on service
providers
 presence of fly-in/flyout program

 housing units
 emergency
service staff
 police officers
 physicians
 teachers
 vehicle
movements
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Key Indicator

Measureable
Parameters

Key Question

Spatial
Considerations
 RMWB
 province of
Alberta for
revenues to
government
 RMWB

 RMWB
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16.3

Economic and Fiscal Effects

16.3.1

Introduction

Frontier Oil Sands Mine Project Update

This section addresses key question SEIA1: What are the economic, including
employment creation, and fiscal effects of the Project on the province of Alberta?
The section outlines the effects of the Project, during construction and operations phases,
in broad income and employment terms and provides an estimate of the revenues to
government.

16.3.2

Methods
The methods used to assess the economic and fiscal effects of the Project remain the
same as the Integrated Application.

16.3.3
16.3.3.1

Effects Analysis
Employment Effects
Construction
Construction of the Project is estimated to create approximately 38,150 person-years of
direct employment, consisting of:


32,550 person-years of on- and off-site construction employment in the preparation
of the mine areas, construction and installation of the modules, construction of the
extraction plant and other general construction activities



5,600 person-years of engineering work required for plant and mine construction

The annual distribution of the Project’s estimated 27,675 person-years of on-site
employment is shown in Figure 16.3-1. The Project’s on-site workforce, consisting of
both on-site workers and supervisory personnel is estimated to peak at about 6,300
workers in 2024. This is a total number that considers the rotational nature of the work
(i.e., days off). It is consistent the workforce discussed in Section 12.4 that reflects
workers on-site at any given time who require accommodation.
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Total Onsite Construction Workforce

Figure 16.3-1

On-site Construction Workforce

The revised on-site workforce profile differs from the workforce estimate presented in the
Integrated Application as follows:


there are peak periods of 6,300 and 2,800 workers as opposed to two peak periods of
4,000 workers



there is a five-year pause in construction between the end of Phase 1 and the
beginning of Phase 2, compared with continual construction of four phases over a
15-year period



total on-site employment is approximately 10% lower

Operation
The operation workforce for the Project is expected to be 1,470 workers in 2026 with the
commencement of Phase 1 operation, and 2,500 persons in 2038 when both phases are in
full operation. There are approximately 1,440 workers required for mine operation, 720
workers required for process facilities and 340 workers are involved in management and
general support functions. The primary functions of Project operations personnel are
shovel excavation, ore transportation, ore preparation, bitumen extraction and froth
treatment. Most operations positions are expected to be filled by Teck employees, with
the balance comprised of contractors.
The total on-site workforce is estimated to be 1,430 in 2026 and 2,435 in 2037. Corporate
office support, located predominantly in Calgary and consisting of engineering,
environment, regulatory, community, human resources and accounting functions, are
estimated to be in the order of 40 positions in 2026, increasing to between 60 and 75 by
2038.
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The operations workforce will be hired over an extended period beginning as early as
2021 and will approach peak complement in 2038 when the Project reaches full
production. The complement of 2,500 full-time equivalent operations staff at full buildout remains unchanged from the estimate presented in the Integrated Application. Beyond
the 2038 assessment period through to 2066, on-site operations employment levels could
fluctuate by between 15% and 25% above this level, potentially reaching between 2,800
and 3,100 persons on-site. These estimates represent initial planning, and are subject to
change. Teck will continue to refine its employment estimates as Project planning
progresses.
Total Employment
Construction
The estimated total of 38,150 on-site and off-site direct labour force requirements for
Project construction will generate employment among Project suppliers (indirect
employment) and through the spending of workers employed by the Project and its
suppliers in the general economy (induced employment). These employment effects can
be estimated using published multipliers (ATF 2014). During construction, total direct,
indirect, and induced employment is estimated at 75,800 person-years in Alberta.
Depending on the prevailing labour market conditions in the province at the time, this
employment might not all be incremental to the Alberta economy. Additional
employment accrues to other provinces as oil sands projects purchase goods and services
and additional income is spent on goods and services in the overall economy by directly
and indirectly affected workers. The additional indirect and induced employment
accruing to other provinces is estimated at 18,500 person-years. Ontario, Nova Scotia and
British Columbia are expected to receive the biggest shares at an estimated 36%, 27%
and 19%, respectively (CERI 2011).
Operation
Economic activity generated by the Project’s operation will also generate employment for
suppliers to the Project (indirect employment) and the general economy (induced
employment). Total direct, indirect and induced employment in Alberta related to Project
operation is estimated at about 4,100 person-years annually (ATF 2014) 1 . Additional
employment accrues to other provinces. This additional indirect and induced employment
is estimated at 660 person-years. Ontario, British Columbia, and Quebec are expected to
receive the biggest shares at an estimated 53%, 25%, and 13%, respectively (CERI 2011).

1

Economic impact multipliers from the input-output model of the provincial economy, developed and published by
Alberta Treasury Board and Finance (ATF 2014), vary depending on the revised model results published
annually. Differences in employment, gross domestic product (GDP) and household income estimates as
compared to the Integrated Application are due to changes in multiplier values between model editions.
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Cumulative Construction Employment
The future level of cumulative activity overlapping with Project construction is subject to
considerable uncertainty. Lower oil prices and economic uncertainty in 2015 highlight
the challenges of forecasting future conditions. To be conservative, the analysis assumes
that Project construction will coincide with planned construction periods of other oil
sands and other developments in Alberta and elsewhere in Canada.
Teck expects and will plan for continued competition for skilled heavy construction and
petroleum facility operators for the Project. The most recent industrial labour supply and
demand forecast predicts continued strong demand levels for industrial construction
workers (CCSC 2014). Teck expects this cumulative need for skilled workers will be met
through ongoing workforce development and attraction initiatives from both industry and
government. See Section 16.5.7 for additional information on Teck’s approach to
developing policies and standards for employment.
16.3.3.2

Economic and Fiscal Effects
Construction
Construction of the Project is expected to provide economic benefits to both the
provincial and regional economies by:


paying wages and salaries that will be used to purchase goods and services in the
study area and elsewhere in Alberta



engaging the services of engineering, environmental and other professionals



purchasing basic materials, modules and equipment from Alberta suppliers, where
practical

The Project construction cost of $20.6 billion is based on preliminary engineering
estimates and is subject to change. A breakdown of estimated expenditure by type and
region is found in Table 16.3-1.

Table 16.3-1

Construction Capital Expenditures by Type and Region
Expenditure
($2014 million)

Functional Area

Study Area

Other Alberta

Other Canada

Foreign

Total

Equipment and Materials

61

5,569

1,741

4,717

12,088

496

3,287

2,396

126

6,305

Labour
Engineering
Total

35

1,784

272

126

2,217

592

10,640

4,409

4,969

20,610

3

52

21

24

100

As percent of total (%)

NOTES:
Labour includes estimated labour component of contracted services.
Areas, expenditures and percentages might not add up to totals because of rounding.
SOURCE: Adapted from ATF 2014.
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An estimated 3% of the direct construction spending on labour, goods and services is
estimated to accrue to (and thus constitute income for) companies and workers in the
study area.
The assumption that there will be $592 million of capital expenditures accruing locally is
based on the expected capacity of the study area to support Project construction. Actual
local and regional expenditures will depend on the ability of local workers and companies
to provide the required labour, goods and services. Section 6.5.7 provides additional
information about Teck’s policies and standards for procurement which supports local
ownership and the prevalence of workers that reside locally.
The Alberta economy is estimated to receive 55% of all construction expenditures, with
an additional 21% accruing to the rest of Canada. The balance (or 24%) is expected to
accrue to foreign suppliers. The foreign content relates in large part to the procurement of
mining equipment such as heavy haulers and shovels, steam generators, and specialized
vessels, pipes and valves.
The updated construction capital cost of $20.6 billion is about $2.3 billion (10%) less
than estimated in the Integrated Application. This cost reduction is primarily related to:


efficiencies gained by executing construction in two phases rather than four



mine and plant engineering optimization, resulting in reduced material requirements
and associated installed labour costs

The construction capital costs of the Project constitute income for contractors, suppliers
and workers. In turn, these recipients spend part of this income on supplies and services,
compounding the income effect of the Project. In Alberta, the direct, indirect and induced
effect of Project construction on gross domestic product (GDP) is estimated at $18.3
billion and the direct, indirect and induced effect of Project construction on household
income is estimated at $13.2 billion, based on published statistics from Alberta Treasury
Board and Finance (ATF 2014).
Operation
Average annual operation expenditure, excluding energy, is estimated at $2.1 billion
when both Phases are fully operational in 2038. Operation expenditures will officially
commence with first oil in 2026; however, Teck will begin on-site operation hiring and
preparation work as early as 2022. Operation expenditures will fluctuate annually
depending on factors such as maintenance schedules, sustained production levels and
variations in major input prices.
An estimated breakdown of the operation expenditure, including sustaining capital but
excluding energy purchases, by type and region is shown in Table 16.3-2. This
breakdown relies in part on published supply ratios by industry from Alberta Treasury
Board and Finance (ATF 2014).
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Table 16.3-2

Operation Expenditure by Type and Region
Expenditure
($2014 million)

Functional Area

Study Area

Other Alberta

213

770

0

0

983

6

533

167

452

1,158

219

1,303

167

452

2,141

10

61

8

21

100

Labour
Equipment and Materials
Total
As percent of total (%)

Other Canada

Foreign

Total

NOTE:
Average operating year at full production. Includes sustaining capital expenditure.
Areas, expenditures and percentages might not add up to totals because of rounding.
SOURCE: Adapted from ATF 2014.

On average, 10% of the annual operation expenditures (or $219 million) is expected to
accrue to workers and suppliers in the study area. This amount reflects the use of a
worker lodge, and fly-in/fly-out model during Project operation, which results in labour
expenditure accruing to communities outside the study area.
In total, 71% of the annual operating expenditure (or $1.5 billion) is expected to accrue to
the provincial economy. The annual operating estimate for the Project remains essentially
unchanged from that presented in the Integrated Application. Over the life of the Project,
total expenditure on operating and sustaining capital (excluding energy) is estimated at
$76.8 billion.
Operation expenditures constitute income for contractors, suppliers, and workers, who in
turn spend part of their income on supplies and services, compounding the income effect
of the Project. In Alberta, the annual income effect from Project operation on GDP is
estimated at $2.1 billion and the annual income effect from Project operation on
household income is estimated at $2.2 billion, based on published statistics (ATF 2014).
Once operations cease, the Project will spend additional funds on closure activities, with
the bulk of that spending in the first 10 years after the cessation of active mining.
Municipal Fiscal Effects
Once operational, the Project will provide fiscal benefits to the RMWB by adding to its
assessment base and contributing payments by way of property taxes. Based on current
assessment standards and tax rates, the Project is expected to begin paying an estimated
$68 million in municipal property taxes. Subject to regulatory approval and assessment
decisions by the RMWB, the first tax payment is expected in 2026 or 2027. Property
taxes payable are estimated to increase to about $94 million when both phases are fully
operational in 2038 (2014 dollars). This number is approximately 14% of the total
revenue that the RMWB received in 2013 (RMWB 2014a).
During the operational period of 2026 and 2066, the Project’s property tax payment
would provide the RMWB with a total of $3.5 billion (in constant 2014 dollars) in
municipal property tax. The net present value (NPV) (using an 8% real discount rate) in
2015 of this future revenue stream, recognizing that it does not start until 2027, is $372
million.
June 2015
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Planned oil sands developments assumed in the PDC, and the associated population
growth, will lead to increased demand for municipal infrastructure and services,
including water, sewer, emergency services, the regional road network, and municipal
planning and development services (see Section 16.5.6). Total rural non-residential
assessment (mostly oil sands facilities), has grown from $6.6 billion in 2005 to $27.8
billion in 2013—a 20% average annual growth (AMA 2014). The rural non-residential
(oil sands) assessment currently contributes over 94% of the RMWB property tax
revenue. The RMWB Fiscal Management Strategy 2014 to 2016 (RMWB 2014b)
forecasts an increase in annual revenues from $654 million in 2012 to $773 million in
2016 (18% increase) accruing to the Municipality. This additional revenue expands the
ability of the RMWB to provide services and infrastructure to respond to increased
demands.
Provincial and Federal Fiscal Effects
During operation, the Project will provide economic benefits to the federal and provincial
governments via royalty and corporate tax payments (see Table 16.3-3). The Project will
pay an estimated $66 billion of taxes and royalties to the federal and provincial
government in the 2026 to 2066 period. This estimate assumes:


the current provincial royalty framework



an average long-term real oil price of US$95 per barrel for West Texas Intermediate



an average United States–Canada currency exchange rate of 0.90



corporate taxes paid as if on a standalone project basis2

Because the tax and royalty benefits flowing from the Project will not start until 2026 and
will accrue over time, they are presented in NPV terms as well as total terms. As shown
in Table 16.3-3, the NPV of the taxes and royalties is estimated at $13.2 billion over the
2026 to 2066 period. The NPV calculation uses an 8% real discount rate. On an NPV
basis, the provincial government captures $10.8 billion in royalties and taxes, while the
federal government captures $2.4 billion by way of corporate income and capital taxes.

Table 16.3-3

Taxes and Royalties Payments
NPV @ 8%
(2026 to 2066)

Total
Tax or Royalty
Provincial royalties
Provincial income taxes

2014 $million
46,300

9,200

7,900

1,600

Subtotal Provincial Revenues

54,200

10,800

Federal income and capital taxes

11,800

2,400

Total

66,000

13,200

2

Not considering potential impacts from other Canadian operations or available corporate tax pools. For tax
purposes, Teck consolidates its Canadian operations and Canadian tax filings.
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The total tax and royalty estimate of $66 billion is roughly $4.9 billion (7%) lower (more
conservative) than the estimate in the Integrated Application. Although total production
over the life of the Project is higher than estimated in the Integrated Application, total
royalties payable as estimated in 2015 are expected to be lower. This difference is
primarily due to revised assumptions regarding the long-range average price of West
Texas Intermediate ($95 per barrel versus $100 per barrel) and lower estimated
construction costs. Actual revenues accruing to government will depend on the economic
conditions, and tax and royalty regimes in place throughout Project operations.

16.3.4

Prediction Confidence
Prediction confidence remains the same as the Integrated Application because the Project
is still in the planning phase. There is a margin of uncertainty in the cost and workforce
estimates that are used in the economic and fiscal analysis. Effects included in this
section should therefore be treated as estimates and not as certain outcomes.

16.3.5

Responses to Aboriginal Community Concerns
See Section 16.7

16.3.6
16.3.6.1

Management and Monitoring
Regional
Regional management and monitoring initiatives remain the same as described in the
Integrated Application.

16.3.6.2

Project-Specific
Workforce Accommodation
Owing to the Project’s distance from Fort McMurray, the construction and operation
workforce will be housed in on-site lodges. Teck plans to use its existing winter drilling
camp to accommodate the initial on-site construction workforce. By about 2022, Teck
plans on having the first 1,500 beds of its on-site construction lodge ready, with capacity
growing to 4,000 to 5,000 beds by 2023.
During the construction period, when the on-site construction workforce exceeds the
capacity of the existing camp and planned construction lodge, the Project will use open
camps near the Project to accommodate the extra demand. See Section 10.3.1 for further
discussion on on-site workforce accommodation and projected open camp demand.
Teck envisions transitioning an executive portion of the construction lodge to the
permanent operations lodge after Phase 1 construction. Early operations hires will be
accommodated in the construction lodge. The operation lodge will be available to house
operation workers as early as 2025, concurrent with the hiring of most of the on-site
operation workforce. During operations, the lodge will have between 1,500 and 2,000
beds to accommodate the Project’s full complement of on-site operation personnel.
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The lodges will be developed in a way that contributes to worker satisfaction with the
aim of establishing the Project as a favourable workplace among developments
competing for the same labour resources. Lodge amenities and services, including
individual rooms and shared spaces, the quality of the food services, and free-time
activities, will be competitive with other lodge accommodations in the region.

16.4

Population Effects

16.4.1

Introduction
This section addresses key question SEIA2: What are the population effects of the Project
on the study area?
Population growth is the primary driver of service providers and infrastructure effects in
the region. Net population growth within the region is expected to predominantly accrue
to the urban service area, which consists of Fort McMurray and the nearby community of
Saprae Creek. The full-time resident population effect of the Project is influenced by the
Project’s distance from Fort McMurray (about 120 kilometres) and the planned exclusive
use of a camp-based, fly-in/fly-out system, resulting in:

16.4.2
16.4.2.1



temporary population effects during Project construction



a muted, but permanent population effect during Project operations

Effects Analysis
Methods
Population effects estimates presented in the Integrated Application used three forecasts:


the Urban Population Impact Model, developed by the Oil Sands Developers Group
in 1997 to provide population estimates as input into RMWB, school board and other
agency planning. This model, now maintained by the Oil Sands Community Alliance
is regularly used in generating population estimates for the urban service area of the
region as part of socio-economic assessments



the RMWB population forecasting tool, developed in 2009, which forms the basis for
the 2010 Municipal Development Plan (MDP)



the Comprehensive Regional Infrastructure Sustainability Plan (CRISP) for the
Athabasca Oil Sands Area – an initiative of the Oil Sands Sustainable Development
Secretariat in cooperation with a number of Alberta government departments and
local area municipalities, including the RMWB

The updated SEIA relies on the Urban Population Impact Model for all assessment cases.
The model has been updated to reflect publicly available information for developments
considered in the Base Case and PDC as of the end of 2014, including developments that
have been delayed indefinitely (i.e., Pierre River Mine and Joslyn North Mine). No more
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recent updates to the other two forecast sources have been publicly released since the
Integrated Application3.
The outcomes of this methodological change are discussed below in the Base Case and
PDC subsection.
16.4.2.2

Urban Service Area
Application Case
Urban population growth associated with the Project begins in 2019 with the
commencement of on-site construction. The Project’s peak population effect on the urban
service area is estimated at just over 4,700 people, occurring in 2025 when Phase 1
construction overlaps with operations hiring. Once on-site construction is complete and
the Project reaches full production, the long-term population effect of the Project is
estimated at about 2,000 people in 2038. Figure 16.4-1 shows the expected Project
population effect to the urban service area.

6,000

5,000

4,000

3,000

2,000

1,000

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Population Effect - Urban Service Area

Figure 16.4-1

3

Project Population Effect – Urban Service Area

To facilitate and coordinate the implementation of various planning initiatives at both the provincial and
municipal levels (e.g., MDP, CRISP, Lower Athabasca Regional Plan [LARP]), the RMWB spearheaded a
process to develop a Regional Structure Action Strategy (RSAS). The strategy, involving municipal, provincial
and industry representatives, included a population forecast component. An action strategy was targeted by the
end of 2013. As of Q1 2015, the findings of this initiative have not been publicly released; however, the results of
the updated socio-economic assessment were checked for consistency against the draft RSAS estimates.
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The effect of the Project on the resident urban population is limited during both the
construction and operation phases by the lodge-based approach. During construction, the
effect of the Project on the urban population stems primarily from indirect and induced
employment effects. During operation, workers will relocate permanently to the region or
live in marshalling points outside the region based on personal preference.
For the purposes of this analysis, it is assumed that 90% of operation workers will live
outside the region and be flown in for work. This estimate is a reflection of:


the region’s remote location and existing or perceived socio-economic pressures,
including the high cost of housing



the results of a 2007 mobile worker study by the Athabasca Regional Issues Working
Group (RIWG 2007) [now the Oil Sands Community Alliance], which found that
more than 95% of mobile workers reside outside the region



comparable estimates used for previous SEIAs for other developments employing a
fly-in/fly-out option for operation workers (e.g., Kearl project)

Teck acknowledges that the assumption of 90% of the workers living outside the study
area may be of concern to the RMWB and Aboriginal communities. The company will
develop policies and standards to guide local labour force development and hiring
initiatives to increase the potential number of qualified local residents (see Section 6.5.7).
The full-time resident population effect estimated in the Integrated Application, (based on
the same assumptions) was a temporary effect of 4,000 persons during peak construction
and 2,000 persons by 2031. The higher temporary peak reflected in the SEIA update is a
result of the higher peak on-site construction workforce.
The longer development timeline means the Project’s population effect occurs further
into the future than estimated in the Integrated Application, with the full operations-based
effect reached by 2037, as opposed to 2031.
Base Case and Planned Development Case
In the Integrated Application, the long-range population growth of the urban service area
under PDC assumptions was estimated to reach about 137,000 by 2027, declining slightly
afterwards with the completion of various construction projects. The Base Case
population forecast was comparable to the PDC estimate in the beginning years of the
forecast period, but reduced by between 2% and 5% below the PDC population estimate
as additional developments considered in the PDC begin construction and then operation.
As of Q1 2015, long-range projections for the urban service area indicate a slower growth
rate for the region than projected in 2011, reflecting the current outlook for approved and
planned projects. The revised projection indicates that by 2027 the resident population
will be in the range of:
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103,000 under Base Case assumptions



117,000 under PDC assumptions
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These estimates are roughly 20% lower and 15% lower, respectively, than Base Case and
PDC estimates presented in the Integrated Application.
Forecasting population in the urban service area continues to be subject to much
uncertainty. Some developments included in the development cases might not proceed;
some might proceed along a different timeline or with a different scope, and new projects
might occur. A return to stronger oil prices and increased investment in the region may
push the growth rate to earlier, higher estimates. In general, the consensus notionally
suggests a continued upward growth trend driven by future oil sands development. The
pace at which this occurs is more challenging to determine.
16.4.2.3

Rural Communities
Predicted effects on rural communities remain the same as the Integrated Application, for
example, annual growth in the order of:

16.4.2.4



4.5% in Fort McKay



0.5% in Fort Chipewyan



3.0% average growth across all rural communities in the RMWB

Lodge-Based Accommodations
Predicted effects on rural communities remain the same as the Integrated Application.
The level of construction activity implied in the PDC will likely result in an increase in
regional, lodge-based workforce during much of the forecast period.

16.4.3

Management and Monitoring
The boundary resolution of the Urban Development Sub-Region, finalized in 2013,
provides the RMWB with greater certainty and control over future land planning and
releases within its boundaries (Alberta Energy 2014). This in turn improves the ability of
the municipality to plan for and absorb population growth.
For information about existing regional monitoring and reporting systems, as well as
planned management and monitoring activities related to Project population effects,
see Section 16.6.6 of the Integrated Application.
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16.5

Community Effects

16.5.1

Introduction

Frontier Oil Sands Mine Project Update

This section addresses key question SEIA3: How will housing, transportation (including
traffic), social infrastructure and municipal infrastructure and services in the study area
be affected by the Project?

16.5.2

Methods
Methods used to access community effects remain the same as the Integrated
Application.

16.5.3
16.5.3.1

Housing
Application Case
Project effects on the urban service area housing market are expected to include:


peak demand of 1,680 units by 2025 (or 240 units on an average annual basis
between 2019 and 2025) during Phase 1 construction and initial hiring for Phase 1
operations. This demand is related to new residents in Fort McMurray providing
predominantly indirect (supplier) services or filling general jobs in the economy
(induced) created by Project spending.



long-term demand for about 715 units once the Project reaches full build-out in 2037

Annual demand of 240 units during Phase 1 construction reflects roughly 33% of the
average annual housing starts achieved in the study area during the most recent 5-year
period (2010 to 2014), or 11% of the peak year of housing starts in the region. The peak
effect of 1,680 units is roughly 15% higher than forecasted in the Integrated Application.
The long-term housing need associated with Project operations is 715 total units, or
roughly 65 units per year between 2026 and 2037. This demand represents roughly 10%
of annual starts in the region, based on the past five-year average. This demand estimate
remains unchanged from that presented in the Integrated Application.
16.5.3.2

Base Case and Planned Development Case
Under Base Case assumptions, the urban area housing requirement is expected be in the
order of 975 units annually, between 2015 and 2025, the year of peak population effect.
The PDC population effect implies a need for 1,290 units on an annual average basis, or
roughly 300 additional units above the Base Case estimate.
These estimates reflect demand levels above the average number of housing starts in the
region over the past five years, but roughly 60% of the peak annual starts achieved in
2007.

Page 16-20

June 2015

Frontier Oil Sands Mine Project Update

Volume 1: Project Description
Section 16: Socio-economic Impact Assessment

The housing demand estimates are roughly 20% lower than Base Case and 15% lower
than PDC estimates in the Integrated Application. These differences are the result of the
reduced population growth estimates for the region.
This estimate implies an average of 2.8 people per dwelling and does not account for any
unmet housing demand as of 2015. The actual number of housing units might vary based
on the number of people per dwelling (which is an amalgam of single and multifamily
units). Recent market reports (CMHC 2014; FMREB 2014, pers. comm.) indicate that
housing availability, including apartment vacancy rates, has improved. Housing costs in
Fort McMurray have leveled out in recent years:


the average single-family home price in 2014 is roughly equivalent to the 2011
average price



the average apartment rental rate in 2014 is essentially the same as the 2007 average
rate

Housing affordability in Fort McMurray remains a concern as average house prices and
apartment rental fees are still the highest in the province. For households earning average
incomes in Fort McMurray, the relative affordability is still advantageous when
compared to Edmonton. However, for households earning below-average incomes,
housing affordability in Fort McMurray is less than in Edmonton.

16.5.4
16.5.4.1

Social Infrastructure
Introduction
All residents of the region rely on social infrastructure as a means of maintaining and
improving quality of life. Social infrastructure includes a diverse range of human services
and infrastructure, including housing, health care, education, social services, policing and
emergency services.
These facilities and services are important to the community as a means of:


supporting the functioning of the community by sustaining the well-being of its
residents and building social cohesion



sustaining economic growth by making the community more attractive to those
considering investing in, or relocating to, the region

Some services such as housing and education are fundamental to the everyday life of
many residents. Others, such as fire and ambulance services, are only used during an
emergency. Many areas of social infrastructure, such as social services, health care and
education are particularly important for those who have been unable to take advantage of
the current growth opportunities.
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Application Case
With regards to the Project’s expected long-term effect on the region’s social
infrastructure, the findings from the Integrated Application remain unchanged. During
Phase 1 construction, the revised temporary peak population estimate is in the order of
18%, or roughly 700 people above the 2011 estimate. This signifies increased Project
demand on area social infrastructure of roughly the same magnitude. The additional
demand, which is expected to last for roughly one year, is not expected to represent a
material difference for social infrastructure.

16.5.4.3

Base Case and Planned Development Case
Expected demands on the study area’s social infrastructure under Base Case and PDC
assumptions are lower than estimated in the Integrated Application as a result of changed
economic conditions. This reduced demand is expected to be in line with the reduced
population growth expected in the region (roughly 20% lower under the Base Case and
15% lower under the PDC).

16.5.5
16.5.5.1

Transportation
Introduction
The discussion of transportation in the study area focuses on highway traffic volumes. It
also presents an assessment of Project and PDC effects on traffic along Highway 63,
north of the urban service area, with a focus on peak activity during Phase 1 construction.

16.5.5.2

Base Case
Base Case traffic levels are expected to continue to increase as a result of continued
construction and operation of oil sands developments and general population growth in
the study area. Under Base Case assumptions, traffic volumes on Highway 63 are
expected to increase:


north of Fort McKay – from 8,460 average annual daily traffic (AADT) in 2013 to
10,720 AADT in 2024, and 11,225 in 2026



south of Fort McKay – from 9,660 AADT in 2013 to 12,240 AADT in 2024, and
12,820 in 2026

These figures represent increases of approximately 27% and 33% over 2013 volumes,
respectively (Alberta Transportation 2014).
The updated Base Case volumes are below those estimated in the Integrated Application,
reflecting slower than expected growth between the 2010 and 2013 period (latest data
available), and slower growth assumed during the 2014 to 2016 period reflecting the
current, uncertain economic climate.
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16.5.5.3

Application Case
Road access will be via an access road from Highway 63 to a bridge over the Athabasca
River and connecting with the Fort Chipewyan winter road at roughly kilometre marker
44 (see Section 10.4.1).
The Project’s traffic effect on Highway 63 is estimated to be:


270 average daily vehicle movements in 2024, the year of peak on-site construction



120 average daily vehicle movements in 2026, the year when Phase 1 construction is
completed and operations begins

Table 16.5-1 presents the estimated Project traffic effect during peak construction and the
commencement of Phase 1 operation. These estimates represent average daily traffic
levels during the peak construction year (2024) and the first year of operation (2026).
Some limited, daily peaking will occur, particularly during shift change days.

Table 16.5-1

Project Traffic Effects
2024 - Peak Construction Phase 1

Base
Case

Hwy 63
CS

TCS

11

40

Segment
Description

Project
Traffic

Application
Case

Traffic Volumes
(AADT)

Project
Traffic
as %
Base

2026 - Phase 1 Operations

Base
Case

Project
Traffic

Application
Case

Traffic Volumes
(AADT)

%

Project
Traffic
as %
Base
%

15.4 km N Fort
McMurray

29,100

270

29,370

0.9

30,470

120

30,590

0.4

12

8

N of Suncor

20,800

270

21,070

1.3

21,780

120

21,900

0.6

12

12

South of Fort
McKay

12,240

270

12,510

2.2

12,820

120

12,940

0.9

14

4

North of Fort
McKay

10,720

270

10,990

2.5

11,230

120

11,350

1.1

NOTES:
AADT = Average Annual Daily Traffic.
CS / TCS = Highway Segment Control Section and Traffic Control Section Number.
Volumes and percentages might not add up to totals because of rounding.

As shown in Table 16.5-1, along various segments between Fort McMurray and north of
Fort McKay, the Project is estimated to generate traffic levels between 0.9% and 2.5%
above Base Case volumes in 2024 and between 0.4% and 1.1% above Base Case volumes
in 2026.
The updated Project traffic estimates are of the same general magnitude as those
estimated in the Integrated Application. Project execution strategies underlying these
estimates include:
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transporting most construction and operations workers in and out of the region via
airplanes using the on-site aerodrome. Until the on-site aerodrome is ready in 2022,
Teck will arrange for use of an existing airstrip located north of Fort McKay



accommodating most workers in the on-site lodge
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using buses to transport most workers not using the on-site aerodrome (i.e.,
construction workers residing in Fort McMurray between shifts) and workers
accommodated in off-site open camps, as required



using open camps to accommodate the workforce contingent not accommodated
on-site



locating a concrete batch plant on-site and sourcing aggregate materials from existing
or approved sources on the east side of the Athabasca River, thereby limiting truck
traffic

Table 16.5-2 presents a high-level estimate of Project traffic by vehicle type during
Phase 1 construction and operation. These estimates are based on preliminary engineering
results as well as industry experience with similar mining developments. Detailed traffic
estimates are presented for Phase 1 only; traffic estimates for Phase 2 will be generated
during future stages of engineering.

Table 16.5-2

Estimated Project Phase 1 Traffic by Type

Year

Light Vehicle

Bus

Transport Truck

Oversize

Total

Traffic Volumes (AADT)
Phase 1 Construction
2019

50

10

50

–

110

2020

60

10

70

–

140

2021

70

10

80

2

162

2022

40

4

40

–

84

2023

90

10

100

2

202

2024

120

10

140

3

273

2025

100

10

110

2

222

50

10

60

–

120

Phase 1 Operation
2026

NOTES:
Numbers subject to rounding.
AADT = Average Annual Daily Traffic (two-way vehicle movements).

16.5.5.4

Planned Development Case
It is estimated that under PDC assumptions traffic volumes on Highway 63 north of Fort
McKay could reach 11,780 AADT by 2026. This represents a PDC effect in the order of
4% over the Base Case estimate. The updated estimate of cumulative traffic volume is
lower than that estimated in the Integrated Application, based on the adjustments noted in
the Base Case analysis.
The PDC traffic volume estimate is sensitive to the fact that much of the cumulative
construction activity will be completed by 2026 and that most operation workers at oil
sands developments located north of Fort McKay will be commuting by air, thus muting
traffic effects on Highway 63.
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Regional transportation infrastructure requirements are the subject of ongoing study and
consideration by the provincial government.

16.5.6
16.5.6.1

Municipal Infrastructure and Services
Introduction
Since the submission of the Integrated Application, investment has continued in
municipal infrastructure and services in the RMWB. Key municipal services like water
and wastewater treatment now have capacity levels to service 130,000 residents (RMWB
2013). Investments from the provincial government and the RMWB have been made to
meet existing demand levels, and prepare for continued future growth in the region. The
RMWB’s latest capital plan indicates planned spending of $2.2 billion over the next six
years (RMWB 2014a).
The RMWB still faces challenges in meeting infrastructure and service demands,
including:


relatively higher costs of providing infrastructure in the RMWB as compared to
municipalities in the southern half of the province. These cost concerns are offset by
recent and expected increases in the RMWB rural non-residential assessment base.



reduced management capacity within the RMWB as a result of difficulties in
attracting and retaining staff. The RMWB has several initiatives in place to address
staff recruitment and retention, including a housing allowance, relocation assistance
and house equity protection.

The long-term ability of the RMWB to finance critical infrastructure projects, carry
increased debt load and maintain operating services will depend on future municipal tax
revenue from planned oil sands development. The RMWB’s Fiscal Management Strategy
2014 to 2016 states that the rural non-residential taxation class, “. . . will have a tax
burden that allows the Municipality to maintain a revenue neutral methodology as a result
of growth in assessment” (RMWB 2014b). The assessment in the rural service area of the
RMWB will expand further as developments currently under construction come on
stream and additional projects are sanctioned and built.
The RMWB’s Fiscal Management Strategy also indicates the RMWB is maintaining a
strong financial position (RMWB 2014b). Under this strategy the RMWB will:

16.5.6.2



be collecting property tax revenue in the range of $675 to $685 million by 2016



stay under both the debt and debt service limits set by council

Base Case
Additional population under the Base Case will require additional investment in
municipal infrastructure, albeit at a slower pace than implied by the population
projections estimated in the Integrated Application and those estimated in the RMWB’s
long-range population planning (RMWB 2011).
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Application Case
Water and sewer services will be provided for the Project, minimizing the effect of the
Project on municipal infrastructure. The Project’s population effect, estimated at about
2,000 people over the long term, will also have a limited additional effect on the region’s
municipal infrastructure above the forecasted Base Case.
As outlined in Section 16.3.3.2, the Project will also provide fiscal benefits to the RMWB
by adding to the assessment base and contributing payments in the form of property
taxes. Based on current assessment standards and tax rates, annual property tax payments
associated with the Project are estimated at $68 million once the first phase of the Project
is operational and $94 million at full build out (2014 dollars). These estimates assume the
existing assessment standards and tax rate.

16.5.6.4

Planned Development Case
The PDC population forecast calls for the urban service area population to reach
117,000 by 2027. Planning and investment currently underway in the region assumes
population levels above this population estimate.
While the planned oil sands developments assumed in the PDC will drive further
population growth, non-residential assessment will also grow, expanding the RMWB’s
ability to pay for municipal services and infrastructure.

16.5.7

Management and Monitoring
Teck is developing policies and standards to manage, mitigate and enhance Projectrelated effects on affected peoples and communities. In terms of local procurement and
employment, Teck is considering:


establishing mechanisms to enhance employment prospects of local residents,
including preferential consideration



using procurement processes that regard local ownership and prevalence of workers
residing locally as positive criteria in goods and services vendor selection
competitions



establishing monitoring programs that measure local involvement, gather feedback
and work with interested parties on how to improve results

Teck will continue to develop its local procurement and employment policies as the
Project progresses towards sanctioning and development. Teck has undertaken
Aboriginal community engagement with respect to procurement, employment and
training. Teck will build upon these conversations and engage local Aboriginal
communities in the development of local procurement and employment policies and
strategies.
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Teck has yet to determine the exact reporting and monitoring mechanisms, but they will
likely be similar to mechanisms used by Teck’s other operations, and may include:


total employment, attraction and retention rates, average salary levels and other
general human resource data. Where possible, the data will be disaggregated at the
local community level.



procurement activity, including examination of goods and services sourced from
providers in local communities, value and length of contracts, types of goods and
services provided and employment and enterprise effects associated with
procurement.

The primary source of this data is expected to be Teck’s human resource and
procurement systems, complimented by input from local businesses, including First
Nation and Métis -owned enterprises.
Due to confidentiality concerns, Teck will likely be limited in its ability to track and
disclose personal and commercial information, including ancestry or Aboriginal
community affiliation, employee occupations and individual contract values. However,
Teck is open to working with Aboriginal communities on monitoring employment and
procurement effects at the local level.
Teck’s Aboriginal community employment and business development program will
consider establishing employment and procurement policies and procedures, as well as
adaptive management mechanisms specific to Aboriginal community employment and
procurement. This program, which will take into consideration input provided by local
Aboriginal communities, will be guided by a commitment to:


develop substantial opportunities for local Aboriginal businesses to supply services
and products in support of Project construction and operations



hire qualified Aboriginal people from the communities surrounding the Project



support education, training and investment initiatives in local Aboriginal
communities, where appropriate

Tech anticipates that ongoing Aboriginal engagement will form the foundation for an
adaptive management system and drive the resolution of issues if they arise.
Teck’s social sustainability vision includes successful attraction, retention and
development of employees and contractors. Included in the company’s short term
corporate sustainability goals (Teck 2014) are initiatives focused on employment and
procurement, including:

June 2015



increasing employee training and development opportunities



enhancing recruitment programs, including increasing the proportion of women in
technical and operations roles



emphasizing local employment and procurement opportunities
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Teck will continue to develop its local procurement and employment policies as the
Project progresses towards sanctioning and development. Teck has undertaken
Aboriginal community engagement with respect to procurement, employment and
training and plans to build upon these conversations and continue to engage local
Aboriginal communities in the development of local procurement and employment
policies and strategies.
For further information about existing regional monitoring and reporting systems, as well
as planned management, mitigation and monitoring activities related to Project
community effects, see Section 16.7.10 of the Integrated Application.

16.6

Project Closure
The Project is expected to be in operation from 2026 until 2066 (41 years). Progressive
reclamation will occur as operations allow; however, closure related activities including
moving waste and reclamation materials into their final position, contouring the
landscape and decommissioning the plant will continue after mining is complete. Water
management is another important post-closure activity that involves filling the pit lakes
and constructing the post-closure seepage control system. See Section 7 for details of the
water management plan and Section 13 for details of the closure, conservation and
reclamation plan.
The bulk of closure activity spending will take place in the first 10 years after the end of
active mining and is expected to be complete when the pit lakes are integrated with the
surrounding receiving waters in 2081. There will be opportunities for local contractors to
benefit from closure related activities and monitoring. Opportunities for traditional land
use, forestry and recreation will exist once the Project is reclaimed. However, the socioeconomic effects associated with closure have not been quantified as they fall well
outside the typical 3-, 5- and 10-year planning horizons of planning authorities and
service providers.
There is also likely to be other oil-sands related employment opportunities available in
the region when the Project reaches the end of its economic life. Ongoing oil sands
activity is plausible, considering the extent of the oil sands resource in the region. Thus,
socio-economic effects related to employment and population will likely continue.
Nonetheless, a variety of individuals or groups will be affected, to varying degrees, by
Project closure. For this reason, a plan will be developed to manage the human resource
elements of the closure process. The development of this plan will occur in advance of
Project closure and will:
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take into consideration the likely socio-economic environment in which the closure
will take place



take into consideration Aboriginal community and public stakeholder input including
end land use provided during ongoing Project consultations



draw upon Teck’s experience closing mines and other closure experiences in the
region, including strategies used and lessons learned
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Responses to Aboriginal Community Concerns
As introduced in Section 16.1.1.1, socio-economic technical reviews of the Integrated
Application by Aboriginal communities have identified a number of interests and
concerns related to the Project. Feedback from these reviews has been grouped into three
categories:


concerns with the scope of the regulatory terms of reference



concerns that the level of analysis (e.g., local, regional) does not provide sufficient
Aboriginal community-specific information



a request for more specific information on Project activities and commitments from
Teck regarding benefits, including contracting and employment opportunities,
logistics (e.g., flight frequencies and shift schedules), and specific policies

The general conclusions regarding Project and cumulative socio-economic effects on
Aboriginal peoples remain unchanged from the Integrated Application and are based on:

16.7.1



the continued belief that the level of detail of analysis applied in the SEIA is
sufficient to identify concerns and interests of Aboriginal communities to enable the
regulator to assess the Project for a public interest determination



traditional use studies provided by area Aboriginal communities, while providing
fulsome information and more specific detail regarding interests and concerns, does
not fundamentally alter the 2011 findings in terms of core socio-economic indicators

Regulatory Terms of Reference
The scope of the socio-economic assessment presented in the Integrated Application as
well as in this updated SEIA is directed by the terms of reference issued for the Project
by Alberta Environment (AENV 2009). The assessments also take into account
regulatory and public stakeholder inputs and concerns from potentially affected
Aboriginal communities.

16.7.2

First Nation and Métis-Specific Assessments
The SEIA examines the social and economic effects of a large project at a level
appropriate to the type, location and magnitude of each effect type. Some effects
(economic) are examined at the provincial level and beyond, while others, including
employment, population, and social infrastructure effects, are examined largely at the
regional level. Particular attention is given to the communities close to the Project,
including Fort McKay (about 60 km south of the Project) and Fort Chipewyan (about
165 km north of the Project). For example, the SEIA provides an overview of key social
infrastructure and services for Fort McMurray, Fort McKay and Fort Chipewyan. It also
discusses population and social infrastructure effects on rural communities.
Teck recognizes that Aboriginal communities in the regional study area, particularly
those north of Fort McMurray have recommended that additional information be
presented regarding Project-specific and cumulative effects on individual Aboriginal
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communities. Teck acknowledges that each potentially-affected Aboriginal community
may have different challenges in addressing specific effects and in being able to
capitalize on opportunities these effects represent.
Teck will continue to work with Aboriginal communities to identify specific interest
areas that are either directly affected by Project-related activities or are affected through
cumulative activity and broader trends, such as a rapid transition from a traditional to a
wage-based economy and a changing social and environment landscape in the region.
Teck considers many of the information requests to represent a level of analysis beyond
the broadly applicable regional considerations required for the regulatory filing that the
Project Update comprises.
Teck is also in ongoing discussions with potentially affected Aboriginal communities
regarding their specific socio-economic concerns and interests with regard to the effects
of oil sands development on Aboriginal culture. The Integrated Application addressed, at
a high level, cultural effects related to traditional land use changes resulting from
cumulative activity in the region, to which the Project contributes (see Section 16.7.7 in
the Integrated Application). Further, Teck has agreed to fund community-led cultural
impact assessments for potentially affected Aboriginal communities. Some of these
assessments are provided in Volume 4. These studies will serve as important inputs to
ongoing discussions involving Teck and Aboriginal communities, and regulators as
appropriate.

16.7.3
16.7.3.1

Specific Information and Commitments
Project Details
In response to the request for specific Project information and commitments, Teck has
noted in previous responses to Aboriginal concerns that the level of detail on specific
company commitments provided in the SEIA are felt to be appropriate for the current
stage of project advancement. As additional engineering is completed and the Project
moves to sanction by Teck’s Board of Directors, it will be possible to provide more
specific information and commitments.
Teck’s actions to date regarding community investment and local supply chain
involvement in early project development work (about $22 million) demonstrate the
company’s commitment to local involvement. Teck intends to continue expanding its
knowledge of, and engagement with, local stakeholders and Aboriginal communities near
the Project to enable ongoing and growing participation in Project-related benefits, as
well as the design of appropriate and effective mitigation measures to limit adverse
effects. These efforts are envisioned to include capacity building support for Aboriginal
communities to develop relevant socio-economic indicators, baseline conditions and the
ongoing measurement of Project-related activities and results over time.
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Traffic Volumes and Road Maintenance
Aboriginal communities have requested further information on Project-related traffic
volume estimates and mitigation related primarily to Highway 63 and the Fort
Chipewyan winter road north of Fort McKay. Responses to these concerns are presented
as follows:
Source of Project-related traffic estimates – Teck has drawn on the experience of other
industrial developments in developing the effects assessment, including traffic
projections. Mining developments that informed the SEIA traffic analysis include:


Shell Muskeg River Mine Expansion , Jackpine Mine, and Jackpine Mine Expansion



Canadian Natural Resources Limited Horizon oil sands mine



Suncor Base Mine and Fort Hills Oil Sands mine



Imperial Oil Limited Kearl oil sands mine

These comparator developments are felt to be highly informative as they reflect similar
projects in the same industry utilizing the same regional road system. The traffic
estimates presented in this update (see Section 16.5.5) reflect the most current available
information regarding project design and execution. In the opinion of Teck, the estimates
provided are robust and appropriate to the current stage of project development.
Commitment to support maintenance and upgrading of Highway 63 from Fort
McKay to Fort Chipewyan – Teck is committed to providing funding to assist in the
maintenance and safety of applicable segments of the road affected by the Project. Teck
has not yet undertaken discussions with the RMWB regarding road maintenance and
safety, but plans to as Project development advances. Teck supports existing initiatives
(e.g., structural upgrades, speed control, notification of over-dimensional loads, avoiding
driver fatigue and managing traffic flows).
As indicated in Teck’s response to ESRD/CEAA Round 1 SIR 10b, the winter road
segment between kilometre zero to the Project access road has seen recent improvement
through industry support, and the RMWB expresses confidence that this type of
collaboration will continue.
16.7.3.3

Work Shift and Fly-In/Fly-Out Schedules and Commuting Effects
Aboriginal communities have requested specific information about work shift and flyin/fly-out schedules, including those by contractors, as well as potential effects related to
distance commuting. Responses to these concerns are presented as follows:
Work shift schedules – As stated in the response to ESRD/CEAA Round 1 SIR 10,
Project shift schedules have not yet been determined, and depend on a variety of factors,
including contractor arrangements, work package duration and labour sourcing. Based on
industry practice, a number of worker shifts during construction are possible, including:
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10 days worked, 4 days off



8 days worked, 6 days off



20 days worked and 8 days off
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Similar shifts, or other combinations, may be selected for operations. Teck will work with
its contractors on shift design, and will rely on contractor experience to develop shift
schedules that meet both Project need and worker expectations. As one of numerous
industrial employers in the region, Teck recognizes that worker shift schedules are a key
competitive factor in attracting and retaining the requisite personnel, as are progressive
policies which accommodate seasonal considerations and bereavement leaves.
Fly-in/fly-out schedules – Specific schedules have not been identified for Fort
Chipewyan at this time for construction or operations. The selection of fly-in/fly out shift
schedules will consider that:


Teck has committed to hiring qualified Aboriginal people from surrounding
communities, including an early commitment to include Fort Chipewyan in a flyin/fly-out program



Teck desires to attract and retain workers within a potentially highly competitive
labour market



some Aboriginal communities in the region have expressed a desire for shift rotations
that are more compatible with family, community life and the ability to undertake
traditional pursuits

In developing a fly-in/fly-out plan, Teck will engage with potential employees resident to
Fort Chipewyan to discuss shift schedules and other travel and lodging logistics that
influence their choice to work at the Project versus other opportunities.
Distance-commuting effects – The use of a fly-in/fly-out, lodge-based approach can
change over time in response to local circumstances. As such, Teck is committed to
ongoing monitoring of the model. The Project’s fly-in/fly-out lodge-based approach is
intended to:


eliminate the health and safety concerns associated with workers commuting daily
from Fort McMurray to a remote facility



increase worker productivity and job satisfaction by reducing extended travel times



access a wider labour pool so as to reduce recruiting challenges



facilitate the opportunities for qualified Fort Chipewyan residents to access
employment opportunities at the Project while remaining resident in their community

In addition, Teck’s monitoring will take into consideration input received via its workers,
contractors, and ongoing local stakeholder and Aboriginal engagement process. This
would likely include feedback with respect to the social and economic effects of the flyin/fly-out model on individual workers, their families, and communities. Teck seeks
strong engagement with local communities in Project employment, and plans to discuss
the design of fly-in/fly-out shifts that best benefit its employees and families while
remaining logistically and financially feasible.
Teck will share information about its fly-in/fly-out model on an ongoing basis as part of
local stakeholder and Aboriginal consultation. Teck is also open to engaging in broader,
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regional initiatives, for example through the Oil Sands Community Alliance and its study
of the use of aerodromes in the region.
Teck has experience managing sustained distance commuting for employees at other
remote mine locations. Observations from other sites indicate that, in general, society
appears to be becoming increasingly mobile, with more employees expressing a
preference for fly-in/fly-out arrangement so they can choose where they want to live,
which does not necessarily correspond with where they work. Distance commuting is not
for everyone, and the operations have noted that when employment opportunities increase
in other centres, a portion of employees elect to work closer to home.
For some employees, fly-in/fly-out positions are agreeable and present certain
advantages, including more sustained days off at home with family, and the avoidance of
stress of relocating their families to remote locations where employment, schooling and
social and entertainment opportunities are more limited. Fly-in/fly-out connections to
Fort Chipewyan greatly increase oil sands employment opportunities available to
community residents, as transportation to and from the jobsite on a regular basis, removes
a major barrier faced by residents. It represents a key mechanism to increasing the
capture of economic activity in the region, a priority identified by Aboriginal
communities. Community members are currently participating in fly-in/fly-out programs
with other operators. In the absence of fly-in/fly-out programs, residents interested in
working outside the community have had to relocate to Fort McMurray or arrange and
pay for their own commute to area worksites.
16.7.3.4

Population Change and Infrastructure Effects
Aboriginal communities have requested further, specific information on how the Project
will affect population levels and any resultant changes in community infrastructure and
services in the region. Responses to these concerns are presented as follows:
Population effects on rural communities – Cumulative development in the region is
expected to drive growth in some rural communities, especially those near the urban
service area. Volume 1, Section 16.6 of the Integrated Application provides population
estimates by individual rural communities to the year 2028. Fort McKay is expected to
see growth in the order of 4.4% per annum, while Fort Chipewyan is expected to see
modest growth of 0.5% per year.
The Project is expected to have a marginal population effect on Fort McKay and Fort
Chipewyan. To the degree that Teck supports economic activity in these communities via
employment and business contracts with local Aboriginal workers and businesses, the
Project may assist in retaining current residents in these communities or attracting former
residents back to these communities from other locations.
In general, Aboriginal-based communities can experience higher levels of mobility than
non-Aboriginal communities, with a certain subset of the population leaving and
returning, based on economic, family or other social reasons. For example, the 2011
Federal Census indicates Aboriginal people are 32% more likely to report having lived in
a different city, town or reserve one year before the census than non-Aboriginal people
do across the province (Statistics Canada 2013a, 2013b).
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In the RMWB, the dynamic is often related to the movement of people away from rural
communities in search of education, training and employment opportunities and then
returning to the community, in part to avoid high housing prices in the urban centre
(ACFN 2012). People who live in remote communities might also move to access shortand long-term health care services and other support services not offered in their
communities. A certain level of mobility is expected to continue in the region over the
foreseeable future, associated with the level of cumulative activity forecasted.
Infrastructure and service demand in rural communities – Infrastructure and service
providers in rural communities face a number of delivery challenges, including:


funding challenges for both infrastructure and services (e.g., sometimes ad hoc and
project-specific funding)



difficulty in attracting and retaining qualified staff (e.g., remote location)



relatively higher in-community costs (e.g., limited availability of supplies and added
transportation costs)



difficulties in planning for population levels that fluctuate with inter-community
migration

Growth in the region’s rural communities is expected to reflect a combination of
returning community members in addition to natural growth. Returning members
employed by industry (such as through fly-in/fly-out programs) may place additional
demands on community infrastructure and services. They can also help increase stability
in the local labour force, population base and by extension, community-service planning
and delivery over the longer-term.
Many of the concerns regarding housing and social programs relate to the level of
funding provided by the Federal government. As Aboriginal communities become more
engaged in the oil sands economy, First Nation and Métis-owned ventures are realizing
economic gains. In many instances these revenues are helping fund infrastructure and
programming beyond what government transfers would permit, for example, the Fort
McKay housing program. As more community members become employed in wellpaying, stable jobs, their reliance on certain social and infrastructure supports is reduced.
Beyond direct employment and contracting activities (see Section 16.7.3.5), Teck plans
to continue providing direct support to community initiatives through its social
investment programs. These programs contribute towards the long-term sustainability of
communities in the region, and are intended to positively contribute to the quality of life
in communities, including those community members unable to directly participate in
employment and contracting activities of the Project.
Infrastructure and service demand in Fort McMurray – Growth and change in
communities can have differing effects on the social stability and well-being of residents.
In the case of Fort McMurray, oil sands industry expansion has led the community to
grow over the past few decades from a relatively small, isolated northern town with few
amenities into one of Alberta’s larger urban centres that also services many of the needs
of surrounding communities.
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For existing residents, growth over time means having to adapt to changes to community
size, layout, ability to move around and familiarity with residents. In terms of social
stability and community well-being, this transition has had both positive and negative
influences. Specifically:


a shortage of housing, particularly affordable housing, due to high demand for
accommodation



a rising cost of living, driven especially by housing costs



an increase in complex social issues more often associated with urban communities,
including social isolation, reduced community cohesion, increased homelessness, and
traffic



increased demand for regional services, including health, education, emergency,
municipal, and social services



difficulties for both public and private sector service and infrastructure providers in
meeting increased demand due to capacity constraints (e.g., limited funding,
difficulties in attracting and retaining personnel)



growth in the breadth and nature of social infrastructure services available. For
example, policing, emergency, education, social and health services have all
expanded their service offerings



an increase in recreational, entertainment and commercial options available to
residents



increased public and private sector support for community programs and
infrastructure used by residents

As part of the overall population, in general Aboriginal residents of Fort McMurray face
similar challenges and enjoy similar benefits as listed above. However, many Aboriginal
residents are below the average rates for a number of socio-economic indicators
(e.g., employment, income) and are often more susceptible to types and degrees of social
risks. For example, although the Aboriginal identity population accounts for less than
10% of the urban population, roughly one-third of the homeless population, or roughly
105 individuals in Fort McMurray, were identified as Aboriginal in 2012 (RMWB 2012;
Statistics Canada 2013a). This is lower than the proportion in Edmonton, where
Aboriginal people comprised 46% of the homeless population (HTE 2012). The effect for
some Aboriginal residents is further compounded by the social stressors associated with
departure from traditional pursuits and culture.
Community size alone is not a predictor of social risk factors. On many levels, Aboriginal
people in urban centres have higher measures on social indices as compared to
community members remaining on reserve. Linkages between education attainment,
labour force engagement, life skills, family and social supports and history, all play a part
in an individual’s risk factor.
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Discussions with the Fort McMurray Family Crisis Centre regarding the way community
growth affects social risk factors and service provider responses, particularly for
Aboriginal clients, suggest the following:


benefits of growth include more community diversity, leading to new perspectives
and an impetus for social service agencies to work more collaboratively



negative effects of growth include a decrease in housing affordability and adverse
effects for those residents encountering challenges (e.g., limited resources, isolation,
coping mechanisms) in attempting to adapt to changes in a community

For the Family Crisis Centre, housing availability and affordability is the main issue
affecting its ability to serve its clientele because families in crisis, including women
discharged from their shelter operation, face challenges in finding suitable and affordable
housing. The Centre is constructing a new, larger shelter, but a Centre representative
acknowledges that the current housing situation creates risk factors that allow family
stability to deteriorate. Although approximately half of the agency’s clientele are
Aboriginal, the respondent did not note a particular difference in the linkage between
community growth and degree of risk or dysfunction faced by Aboriginal as opposed to
its other clients (Lamb 2013, pers. comm.).
Further detail with respect to infrastructure and services for residents in the region, along
with service delivery issues, and public and private sector responses are provided in
Volume 1, Section 16 of the Integrated Application.
16.7.3.5

Work and Training Opportunities and Barriers
Aboriginal communities have requested further, specific information regarding Teck’s
commitment to employment and contracting opportunities for local Aboriginal workers
and businesses. They have also expressed interest in training opportunities so that
community members have equal access to employment opportunities and Project-related
benefits. Responses to these concerns are presented as follows:
Work and training opportunities – Although the Project is in the early stages of
conceptual development and regulatory approval, Teck has already taken concrete steps
to confirm local Aboriginal participation in business and employment opportunities. For
example, Teck has implemented a contracting and hiring practice that prioritizes
qualified, local Aboriginal businesses and contractors and direct local Aboriginal
procurement for winter drilling activities. Teck has already demonstrated its commitment
to Aboriginal employment and procurement through the approximately $22 million spent
with local Aboriginal businesses during three winter seasons of Project predevelopment
field work (2011–2012 to 2013–2014). Local community involvement, including
Aboriginal communities, included:
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approximately 35 person-months of employment of direct field positions



roughly 20% of spending on contracted goods and services accruing to Aboriginal
owned enterprises or to Aboriginal participating joint ventures, which also supports a
number of indirect employment opportunities
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Through ongoing consultation, Teck has also committed to:


working with Aboriginal communities in the region to develop a detailed
procurement and hiring policy, including the identification of best practices



offering a fly-in/fly-out service to transport Fort Chipewyan residents to the Project
site during both construction and operations

Regionally, technical and other preparation programs targeting employment in the oil
sands sector are already in place, including in some cases, remote delivery to Fort
Chipewyan. These programs provide training appropriate to oil sands mines, and Teck
will be targeting graduates of these programs for employment at the Project.
Overcoming barriers to employment – Teck is committed to providing opportunities
for Aboriginal community members to participate in and benefit from social,
environmental and economic aspects of its activities. The Integrated Application (see
Volume 1, Sections 16.4.4.1 and 16.5.5.1) identifies Aboriginal concerns and issues
regarding access to business and employment opportunities.
Teck acknowledges these concerns and plans on investing time and resources in enabling
local participation in the Project. Teck will engage interested parties and stakeholders as
it moves forward with workforce planning. Teck feels that direct collaboration, including
specific studies with Aboriginal communities (e.g., Fort Chipewyan workforce
evaluation), is the appropriate way to address these issues, and will continue working
with Aboriginal communities on these initiatives throughout Project development,
construction and operation.
A review of labour force data for the Aboriginal people 15 years of age and over in the
region (Statistics Canada 2013b) indicates that:


labour force participation rates in Fort McMurray, Fort McKay and Fort Chipewyan
are higher than in many other northern Aboriginal communities in Alberta



unemployment rates for Fort McMurray, Fort McKay and Fort Chipewyan are
comparable to or lower than many other northern Aboriginal communities in Alberta

Although labour force indicators for Aboriginal people in the region compare favourably
to Aboriginal peoples in other northern communities, Aboriginal people lag behind the
non-Aboriginal population. The relatively higher unemployment rates among Aboriginal
people in the region indicates that many still face barriers to employment including a lack
of education and employment skills and training.
Local Aboriginal hiring and business development has long been a priority for industry
and the provincial government. The recently announced Aboriginal Initiatives Program,
coordinated by the Christian Labour Association of Canada, and supported through the
Government of Alberta and the private sector, is an example of a program focusing on
skills development specific to the needs and interests of Aboriginal communities (CLAC
2015).
A number of operators and proponents, including Teck, have identified local Aboriginal
communities as important to their operations. Teck envisions a continuation of supporting
local labour force skills development, and expects to work with communities,
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government and other industrial proponents on programs that assist community members
overcome labour market barriers. Labour force and business development initiatives help
expand local capacity in order to further capture Project-related economic benefits.
Supportive workplace – Teck continuously works to achieve workplaces that respect
and embrace cultural diversity and adhere to all relevant labour standards. With respect to
cultural accommodation and cross-cultural awareness programming at the Project site,
Teck has committed to provide cultural diversity awareness training to employees and
contractors, focusing on respect for traditional land users as well as respect for Aboriginal
world views, customs and values (see Volume 1, Section 16.7.9.4 in the Integrated
Application).
Practices from other Teck operations on how to create a supportive workplace include:


offering community-specific Aboriginal
collaboration with the communities



training, commencing with management and supervisory staff and then incorporating
staff, should be a regular part of workforce development efforts, not a one-time event



having Aboriginal-specific on-site support; for example, an elder that workers can
access when needed

awareness

training

developed

in

Teck will take these practices into consideration as it develops workplace policies and
will seek local Aboriginal community input into cultural awareness programming to be
provided at the Project site.

16.8

Summary
The analyses presented in the updated SEIA support the conclusion that the Project will
be a net benefit to the RMWB, Alberta and Canada. It will be a substantial economic
driver for the regional, provincial and national economy during both its construction and
operation phases. Although the Project will contribute marginally to regional pressures,
primarily via increased population, Teck is committed to undertake measures to mitigate
these effects. Also, governments, government-funded agencies and industry are
responding to the effects of growth on regional service providers and infrastructure as
well as traditional land users. These responses are expected to reduce the magnitude and
the length of time that effects from development are felt.

16.8.1

Economic and Fiscal Effects
The $20.6 billion construction cost of the Project will create 38,150 person-years of
direct employment in the 2019 to 2037 period. The total direct, indirect and induced
employment effects of Project construction are estimated at 75,800 person-years in
Alberta over the same period. The effect of Project construction in terms of GDP and
household income in Alberta is estimated at $18.3 billion and $13.2 billion, respectively.
Once fully operational, the Project will require 2,500 workers. The total direct, indirect
and induced employment effect is estimated at 4,100 person-years in Alberta annually.
The Project’s operation and sustaining capital expenditure is estimated at $2.1 billion
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annually or $76.8 billion over the life of the Project. The annual GDP and household
income effects in Alberta of Project operations are estimated at $2.1 billion and $2.2
billion, respectively.
The Project will have economic and employment benefits elsewhere in Canada.
Approximately $4.4 billion of total construction spending, and $167 million annually in
operation spending, is expected to accrue to other provinces. Indirect and induced
employment accruing to other provinces, particularly Ontario and British Columbia, is
estimated at 18,500 person-years during construction and 660 person-years annually
during operation.
The Project will also have a number of economic and employment benefits on the study
area. Approximately $592 million of total construction spending, and $219 million
annually in operation spending, is expected to accrue to the study area in the form of
worker wages and contractor income. Teck is committed to several measures to
maximize economic benefits for regional residents including:


hiring qualified and competitive local businesses and contractors



working with local Aboriginal communities to develop procurement policies and
provide opportunities for hiring Aboriginal people, including developing Aboriginal
employment and business development policies and programs



including Fort Chipewyan in its fly-in/fly-out program during construction and
operations



undertaking workforce development support, including a workforce assessment and
support for regional and Aboriginal community training and education programs

The Project is also expected to have large fiscal benefits for all three levels of
government. Over its lifespan, the Project is estimated to contribute over $54.2 billion in
provincial royalties and taxes, while the federal government is estimated to receive
$11.8 billion by way of corporate income and capital taxes. In terms of municipal
property taxes, the Project’s annual property tax payments are estimated at $68 million at
first oil, increasing to $94 million at maximum build-out. The Project-related activities
will have a minimal direct effect on municipal costs. These estimates assume current mill
rates.

16.8.2

Population Effects
Ongoing oil sands industry expansion in the region is expected to increase the urban
population of the region to 117,000 by 2027 and slightly less in the years thereafter as
construction activities decline.
The Project’s effect on the resident population of the region is limited during both the
construction and operation phases by its lodge-based approach. At its peak, the Project’s
population effect on the urban population is forecasted to reach over 4,700 people in
2025, when on-site construction for Phase 1 overlaps with operation employment. The
long-term population effect of the Project, once construction is complete and full
operation is underway, is estimated at 2,000 people. These population forecasts take into
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account the direct, indirect, and induced employment effects and the remote lodge and
fly-in/fly-out operating basis of the Project.

16.8.3

Community, Including Aboriginal Effects
Population growth drives regional infrastructure development needs and increases the
demand for regional services. Increases in demand for regional services and infrastructure
are estimated to be generally in line with population effects on the RMWB.
Increased population in the study area as a result of the Project will contribute marginally
to cumulative effects on regional services and infrastructure. The Integrated Application
provides metrics for many of the service providers to illustrate the effects of the Project,
and oil sands industry expansion in general on the region (for details, see Section 16.7.4.3
in the Integrated Application).
The Project will contribute to cumulative industrial development that can affect
traditional land use practices and contribute to social change in predominantly-Aboriginal
communities in the region. Teck is working with affected Aboriginal communities
directly and through collaborative industry efforts to address concerns, establish
agreements to ensure long-term benefits, and maximize employment, procurement and
worthwhile community investment activities.
Various mitigation and management measures will be taken by Teck to address the
effects of the Project. These actions, together with actions by other industrial proponents
and responsible public agencies are aimed at addressing the effects of regional oil sands
development in general. These measures are further discussed in Section 16.7.10 of the
Integrated Application.
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17

Aboriginal and Public Stakeholder Consultation

17.1

Introduction
This section provides an update on consultation activities for the Frontier Oil Sands Mine
Project (the Project). The changes to the Project (see Section 2) do not alter the course
and aim of Teck’s consultation efforts with Aboriginal communities or public
stakeholders, which are ongoing and planned for the life of the Project, including through
closure and reclamation.
Volume 1, Section 17 of the Integrated Application outlined Teck’s approach to
Aboriginal and public consultation activities undertaken since Project disclosure, and
provided responses to concerns expressed by Aboriginal communities and public
stakeholders. Teck has continued to build on these consultation activities, consistent with
the Frontier Aboriginal Consultation Plan developed for the Project (UTS and Teck
Cominco 2008), providing updates to regulators within subsequent regulatory
submissions. As such, the following submissions should be considered as companion
documents to this section:


Volume 1, Section 17 of the Integrated Application for the Frontier Oil Sands Mine
Project (November 2011)



Teck’s response to Round 1 supplemental information requests (SIRs), specifically
ERCB [now AER] Round 1 SIR 2 (January 2013)



Teck’s response to Round 2 SIRs, specifically ERCB [now AER] Round 2 SIR 2
(October 2013)



Teck’s response to Round 3 SIRs, specifically AER Round 3 SIR 2 (October 2014)



Volumes 1 through 4 of the Project Update (June 2015):


Each assessment update (see Volume 3) briefly summarizes key concerns
relevant to that discipline, and issues and concerns specifically raised by
Aboriginal communities throughout consultative engagement as well though
formal submissions.



Each assessment update (see Volume 3) also speaks to the concerns raised by
Aboriginal communities and acknowledges that some concerns require further
engagement and discussion with those communities



The baseline update for traditional land use (see Volume 2, Section 11)
summarizes key concerns outlined in Aboriginal community-led traditional land
use studies for the Project.

Teck has received and considered input from Aboriginal communities regarding their
interests and concerns about the Project. Over the seven years of consultation with
Aboriginal communities regarding the Project, these interests and concerns have been
expressed in meetings, technical workshops, personal conversations, and correspondence
June 2015
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such as reports, letters and e-mails. Teck has consistently tracked these interests and
concerns and endeavoured to respond to information requests, provide clarification of
methodology or conclusions, and avoid, mitigate or address specific issues and potential
impacts. Later sections describe Teck’s intentions and envisioned next steps for
continued issue resolution with Aboriginal communities.
Teck believes that the Project Update addresses some concerns and recommendations
expressed by Aboriginal communities and public stakeholders in the past and understands
that new concerns may arise related to aspects of the Project Update. For example, Teck
has reviewed Aboriginal community and public stakeholder concerns regarding the Pierre
River Mine bridge and east side access road, for which Teck now intends to pursue
regulatory permits to construct (see Section 2.1.5). Teck is committed to building on
consultation activities completed to date, including Shell’s efforts related to the bridge
and east side access road, and working within jointly developed consultation processes to
continue to consult on the Project.
Based on interests and concerns raised during consultation on the updated Project, Teck
expects Aboriginal communities and public stakeholders may be particularly interested in
the:


revised tailings management plan



groundwater seepage control system during and after operations



possible Project effects on the Ronald Lake bison herd



placement of external disposal areas over Unnamed Lake 1 (Oakley Lake) and
Unnamed Lake 2 (Small Sandy Lake) and the surrounding area



phased license request for Athabasca River water withdrawals

Teck provided a thorough update on consultation activities with Aboriginal communities
and public agencies and stakeholders in Teck’s responses to Round 3 SIRs. The
following sections provide an update on consultation activities since that submission. The
approach to consulting on Project Update-related changes and resolving Aboriginal
concerns is also discussed.

17.2

Aboriginal Consultation Update

17.2.1

Background
Teck has implemented a robust consultation program for the Project, and expects to
continue meaningful engagement through the regulatory process and full life of the
Project. Teck’s consultation activities adhere to the principles and practices outlined in
the Frontier Aboriginal Consultation Plan (UTS and Teck Cominco 2008) and reflect
Teck’s practices, principles and values in engaging with communities of interest and
indigenous peoples.
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Teck’s Approach to Community Engagement
Teck engages with communities to build strong and healthy relationships with the goal
that communities are better off as a result of its presence. Teck puts special emphasis on
the rights of vulnerable groups that may be impacted by its operations, including
indigenous peoples, women, and children.
Teck is a member of numerous local, national and international industry associations and
are involved in organizations that provide a platform for advancing sustainability,
including contributing to community well-being as part of its work. In 2013, Teck
became a member of the United Nations Global Compact LEAD companies,
demonstrating Teck’s commitment to embrace universal principles and to partner with
the United Nations on advancing global initiatives and goals.
Teck is also a member of the International Council on Mining and Metals (ICMM), a
global industry association that represents leading international mining and metals
companies. ICMM member companies are required to implement the 10 Sustainable
Development Framework Principles to produce an externally verified sustainability
report at the Global Reporting Initiative A+ level, as well as to adopt the ICMM
Assurance Procedures. Company performance working with community and indigenous
peoples is part of the sustainability report.
These external commitments formalize Teck’s internal principles and approach to
working with communities, and specifically indigenous peoples. Teck’s consultation
efforts for the Project reflect Teck’s internal and external commitments to sustainability
and making positive contributions to communities as a result of its presence.

17.2.1.2

Aboriginal Consultation Requirements
Teck’s consultation activities are undertaken to comply with:


the EIA terms of reference for the Project (AENV 2009)



the goals and objectives detailed in the Frontier Aboriginal Consultation Plan (UTS
and Teck Cominco 2008). The Frontier Aboriginal Consultation Plan was developed
to outline how Teck would meet the Government of Alberta’s First Nations
Consultation Guidelines on Land Management and Resource Development (GOA
2007) and was approved by Alberta Environment June 10, 2008.



requirements set out in the Alberta Energy Regulator (AER) Directive 056
(Participant Involvement Program) and Directive 023 (Stakeholder Involvement
Program)

The Canadian Environmental Assessment Agency (CEA Agency), on behalf of the
Government of Canada, undertakes consultation directly with Aboriginal communities
and organizations related to the Project. The CEA Agency’s Aboriginal consultation
program is part of Canada’s environmental assessment review for the Project and is
guided by consultation plans developed for each Aboriginal community the CEA Agency
engages. The information provided by Teck and Aboriginal communities during the
regulatory review of the Project supplement CEA Agency’s consultation activities.

June 2015

Page 17-3

Volume 1: Project Description
Section 17: Aboriginal and Public Stakeholder Consultation

17.2.1.3

Frontier Oil Sands Mine Project Update

Aboriginal Consultation Goals
Teck’s overarching goals for consultation remain the same as the Integrated Application to understand Aboriginal concerns and work in good faith to address those concerns,
particularly concerns that relate to potential impacts to Aboriginal rights and interests.
Teck believes that it has considered key topics of Aboriginal concern throughout the
body of the Project Update; however, Teck intends to address any new or revised
questions or concerns from Aboriginal communities should they arise.
Teck’s consultation efforts have focused on sharing information, identifying and
discussing potential impacts and concerns, developing culturally appropriate mitigation
measures and resolving issues. While Teck has made progress in its consultation program
including responding to issues and proposing mitigation measures for potential impacts to
rights and traditional uses, some communities feel that Teck has not fully addressed
outstanding issues and potential impacts to Aboriginal rights and traditional uses. Teck
acknowledges this feedback and will continue to work with communities to address
outstanding concerns with the goal of resolving concerns.

17.2.1.4

Section Overview
The balance of this section focuses on providing an update on consultation activities that
have taken place since Teck’s response to Round 3 SIRs, which were submitted in
October 2014. Some of these activities have focused on strengthening mutual
relationships and trust while other activities have focused on working through
community-specific issues, and as such, their content may be confidential between Teck
and the community.
This section is organized by Aboriginal community. The following potentially impacted
Aboriginal communities are included:


Athabasca Chipewyan First Nation (ACFN)



Fort McKay First Nation



Fort McKay Métis



Mikisew Cree First Nation (MCFN)



Fort Chipewyan Métis (Métis Local 125)



Fort McMurray Métis (Métis Local 1935)



Lac La Biche Métis (Métis Local 1909)



Non-Status Fort McMurray/Fort McKay First Nation & Clearwater River Band
No. 175

Teck’s engagement activities with other Aboriginal communities and organizations (as
outlined in the Frontier Aboriginal Consultation Plan) are also discussed.
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Key Consultation Activities
Since Teck’s response to Round 3 SIRs, Teck has continued consultation with potentially
affected Aboriginal communities.

17.2.2.1

Round 3 SIRs and Project Update
Teck has a strong desire to engage in a respectful and meaningful way with Aboriginal
communities and public stakeholders. The following section summarizes some of the
broader efforts Teck has made to engage early, particularly around the Project Update.
Shortly following Teck’s business decision to undertake an update to the Project, and in
advance of formally disclosing the decision, Teck notified Aboriginal community leaders
and staff of the decision. Teck’s early engagement around the decision to undertake a
Project Update reflects Teck’s desire to maintain respectful relationships with local
Aboriginal communities and consistent with Teck’s values of early and respectful
engagement. Early engagement also positioned Teck and Aboriginal communities to
begin discussing drivers of the Project Update and helped to support early identification
of Aboriginal concerns with Project changes.
In August 2014, Teck invited ACFN and MCFN to undertake a review of those draft
Round 3 SIRs that considered ACFN and MCFN traditional knowledge and traditional
land use information from their Project specific traditional land use studies. ACFN was
unable to undertake a review citing capacity constraints. MCFN undertook a review of
draft Round 3 SIRs specific to incorporation of traditional knowledge and traditional land
use. MCFN provided constructive input that was incorporated by Teck. In some
instances, a draft SIR response was identified as a response that would benefit from
further discussion with ACFN and MCFN regarding incorporation of traditional
knowledge and traditional land use information. In these instances, Teck’s responses
included language that was developed jointly with ACFN and MCFN that clearly
indicated the parties intent to undertake further work. Teck plans to continue discussions
with ACFN and MCFN regarding the consideration of traditional knowledge and
traditional land use in Project planning, providing additional information for these SIR
responses in the future.
In December 2014, Teck invited potentially affected Aboriginal communities to review
and provide input into the methodology that would be used by the Project Update to
assess traditional land use. MCFN and Métis Local 125 provided a review the traditional
land use methodology for Teck’s consideration.
Métis Local 125 provided Teck with a thorough and constructive written review of the
proposed assessment methodology. Teck incorporated Métis Local 125 input where
feasible (e.g., avoidance was made a measurable parameter based on sensory disturbances
such as light and noise). However, Teck’s ability to address much of Métis Local 125’s
input into the traditional land use methodology requires access to community information
that has not been collected or made available to Teck. In other instances, Teck did not
agree with Métis Local 125 recommendations (e.g., regional study area and local study
area sizes) (see Volume 3, Section 17, Appendix 17E). Teck met with Métis Local 125 on
March 24, 2015 to discuss their review of the Project Update traditional land use
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methodology. Teck described where Teck incorporated input and where it did not,
including a description of why input was not incorporated.
In consultation with MCFN regarding the Project Update traditional land use assessment
methodology, Teck has agreed not to undertake a proponent-led traditional land use
assessment with respect to MCFN and no discussion of the effects on MCFN traditional
land use is included in the Project Update. Instead, Teck will look to the MCFN rights
and culture impact assessment, which Teck and MCFN have been developing
cooperatively. The MCFN rights and culture impact assessment will be provided to
regulators as soon as it is complete. Teck anticipates continuing to work cooperatively
with MCFN on the review of the rights and culture impact assessment, and the resolution
of MCFN issues and concerns, and will update regulators on the progress of those
discussions periodically.
17.2.2.2

Conceptual Fisheries Offsetting Plan
Teck continues to advance consultation with Aboriginal communities regarding a
conceptual fisheries offsetting plan (CFOP) for the Project, within a fisheries offsetting
framework (see Section 15).
Subsequent to a July 2014 consultation meeting with Fisheries and Oceans Canada
(DFO), Environment Canada and Aboriginal communities, ACFN provided a technical
memorandum outlining ACFN’s questions regarding the proposed fish habitat
compensation lake as well as the fisheries offsetting framework for the Project. Teck has
responded to this memorandum, answering the questions posed by ACFN.
Teck hosted a second workshop on April 30, 2015 with DFO, Environment Canada and
Aboriginal communities to review and seek input on a variety of fisheries offsetting
options. Aboriginal communities in attendance included ACFN, MCFN, Fort McKay
First Nation, Fort McKay Métis, Métis Local 125, Métis Local 1935, Métis Local 1909
and Fort McMurray First Nation (#468). ACFN and MCFN attended as observers;
however, input provided by other Aboriginal communities will be used to refine
offsetting options and to design a field program to further evaluate some of the options.
Teck will continue consultation with Aboriginal communities and looks forward to
further collaborative efforts in refining the CFOP.

17.2.3

Athabasca Chipewyan First Nation
In addition to consultation activities listed in Section 17.2.2, Teck’s engagement with
ACFN has focused on advancing ACFN additional studies, resolving technical issues and
establishing a technical issues resolution process.

17.2.3.1

ACFN Additional Studies
Teck has worked with ACFN to provide information that meets their needs. In June 2014,
ACFN requested that Teck provide funding for additional studies to address concerns
regarding information gaps in the assessment for the Project. Teck committed to funding
most of the studies and working with ACFN to prioritize which studies to initiate first. In
October 2014, ACFN provided Teck with a revised outline of additional studies that
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would further engage ACFN members with respect to the Project, collect additional
information about potential Project effects, and provide input to Teck on the Project. As
these studies are further scoped, Teck has provided feedback regarding the studies with
the intent of clarifying the manner in which the additional work would contribute to Teck
and ACFN objectives and commissioning the studies.
Table 17.2-1 outlines additional studies that ACFN has proposed and that Teck has
committed to fund, including a description of the work, the status of whether Teck has
received or approved a Statement of Work from ACFN for that work, and expected
timeframe of completion.
Teck recognizes that studies support identification of issues that ACFN may have in
regards to the Frontier Project. Teck is appreciative of any information that ACFN should
chose to share. It is Teck’s intent and hope that by having face-to-face meetings with
ACFN that the scope of proposed studies can be agreed upon and advanced in a timely
manner. It is Teck’s intention to find opportunities through the ongoing regulatory
process and future stages of engineering to address issues that are raised and incorporate
the input received from them into the Project wherever possible.
17.2.3.2

Technical Engagement
Teck has provided capacity funding to support joint ACFN and MCFN technical reviews
of the Integrated Application and responses to Round 1, Round 2 and Round 3 SIRs
(described as technical statements of concern [SOCs]). Section 17.2.5 and the Excel
spreadsheet (see Appendix 17A) describe the outcomes and issues raised in the ACFN
and MCFN joint technical reviews.
ACFN and MCFN are largely pursuing the resolution of technical issues in separate
conversations with Teck at this time; therefore, the ACFN and MCFN “Issues
Resolution” and “Next Steps” sections are specific to each community.
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ACFN Additional Studies

Study

Description

Request
Received

Statement of
Work Status

Projected
Completion Date

Comment

Update to MSES
disturbance analysis

Update to an existing disturbance analysis/report
using current data.

June 2014

Approved

June 2015

Teck will work with
ACFN to resolve
issues identified

ACFN Indigenous
Legal Traditions Study

Intended to draw out the indigenous legal traditions
that ACFN could use to inform an approach to
integrating traditional knowledge into a westernscience- based environmental assessment.

October 2014

Approved

September 2015

At time of drafting
the Project Update,
Elder interviews
were underway.

Caribou and bison

Western science and traditional
knowledge/traditional land use information
collection. Western science component would
focus on a bison population and habitat analysis
and caribou range study.

June 2014 (bison)
and October 2014
(bison and caribou)

SoW under
discussion with
ACFN

Revised scope
received May 1,
2015

Teck review of
SoW underway

Water study

To characterize the aquifers, the groundwater
regime, and its interaction with surface water (e.g.,
springs) in the ACFN territory.

May 2015

SoW under
discussion with
ACFN

Ongoing joint
discussion to
finalize SoW

–

Partial assessment of
impacts to Poplar Point

Partial impact assessment focusing on specific key
components relevant to anticipated impacts at
Poplar Point Reserve (e.g., water, air, noise and
light, access, lost opportunity, loss of food values).

June 2014

SoW pending

TBD

–

Poplar Point camp

To obtain input from community members and
Elders regarding incorporation of traditional
knowledge and traditional land use information in
the EIA, and to provide culturally appropriate and
more meaningful engagement on the Project via a
camping trip to Poplar Point.

June 2014

SoW pending

TBD

–

Community oversight
and involvement

Capacity funding to support community oversight
and involvement in ACFN studies.

January 2015

Approved

Occurs for the
duration of the
studies

–

Key resource study

Traditional knowledge-based research into the
importance of certain key resources, and to
combine these findings with technical research to
determine the thresholds and management needs
of, and recommendations for, each resource.

October 2014

SoW pending

TBD

–
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Table 17.2-1

ACFN Additional Studies (cont’d)
Request
Received

Statement of
Work Status

Projected
Completion Date

Study

Description

Comment

Traditional foods study

To compare the safety and nutrition of traditional
foods verses some common store-bought foods,
and to help members make educated choices
about consuming traditional verses store-bought
foods and be used to assessing the impacts of loss
of use of the resources associated with the Project
at the community level.

October 2014

SoW pending

TBD

–

Understanding ACFN
cultural resilience

To better understand ACFN cultural resilience and
the capacity of ACFN to respond to change while
retaining central cultural elements.

October 2014

SoW pending

TBD

–

Cultural impact
assessment

ACFN-led cultural impact and livelihood
assessment for the Frontier Project

May 2015

Approved

Q1 2016

–

NOTES:
– No comment
SoW = Statement of Work
TBD = To be determined
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ACFN Issues Resolution
To date, ACFN has expressed dissatisfaction with many of Teck’s responses to ACFN’s
issues and concerns. Teck understands ACFN would like Teck to address issues with the
aim of resolving them rather than responding to issues without clear resolution. Teck is
open to working on such an effort with ACFN. In addition, ACFN has clearly stated that
they have concerns with the degree and manner with which their traditional knowledge
and Aboriginal perspectives have been considered and incorporated by Teck, particularly
in the assessment of impacts to ACFN’s rights and culture.
Recognizing that additional work needs to be done, Teck has made requests to meet with
ACFN to develop a process to address outstanding concerns, to revisit certain
conclusions made by Teck in the Integrated Application, and to work toward
understanding and incorporating ACFN’s traditional land use and traditional knowledge
into Project planning in a meaningful way. In May 2015, Teck and ACFN have agreed to
regular face-to-face meetings. Additionally, Teck has become a full member of the
ACFN Industrial Relations Corporation (IRC).
Teck has invited ACFN to participate in a technical issues resolution process; however,
ACFN has indicated they are not in a position to participate at this time, in part due to the
status of the additional studies listed above. Teck will update regulators on a regular basis
about progress with ACFN. In response to Round 3 SIRs, Teck informed regulators that it
will not be filing responses that pertain to traditional knowledge or the assessment of
impacts to ACFN’s rights and culture with regulators until the parties have pursued the
process referred to above, or until Teck and ACFN agree otherwise.

17.2.4

Mikisew Cree First Nation
Teck’s engagement with MCFN has largely focused on jointly scoping an MCFN Rights
and Culture Impact Assessment for the Project, discussing outstanding MCFN concerns
and jointly developing processes to consider MCFN traditional knowledge and technical
issues resolution.

17.2.4.1

MCFN Additional Studies
During Project consultations, MCFN have expressed interest in undertaking additional
studies, in line with MCFN interests, and in support of better understanding potential
impacts of the Project. Table 17.2-2 outlines MCFN additional studies including a
description of the proposed work, status of the work, and expected timeframe of
completion.

17.2.4.2

Technical Engagement
Teck’s technical engagement efforts to date and planned technical engagement efforts for
MCFN mirror technical engagement efforts described for ACFN, as ACFN and MCFN
have undertaken joint technical work related to the Project. See Section 17.2.4 for a
description of the work and issues raised by MCFN.
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MCFN Additional Studies

Study

Description

Request
Received

SoW Status

Date of
Completion

Comments

Bison
documentary

A documentary that records a
traditional MCFN bison hunt

January 2014

Approved

TBD

Hunt undertaken
in March 2014

Species-specific
MCFN indigenous
knowledge and
use report on
bison

Collecting and documenting MCFN
indigenous knowledge on bison in
support of discussions with Teck and
the Crown regarding bison in
MCFN’s territory.

April 2014

Approved

April 2015

Appended to
updated
traditional land
use assessment
(see Volume 3,
Section 17,
Appendix 17D).

Community-based
monitoring
program

Comprehensive analysis of
polycyclic aromatic hydrocarbons
(PAH) in raw water near Fort
Chipewyan and in the PeaceAthabasca Delta.

March 2014

Approved

TBD

–

MCFN Rights and
Culture Impact
Assessment

MCFN rights and culture impact
assessment for the Frontier Project.
The assessment also includes an
updated assessment of impacts to
traditional land use.

September
2014

Approved

TBD

Assessment
near completion
at time of
drafting the
Project Update

NOTES:
– No comment

SoW = Statement of Work
TBD = To be determined

17.2.4.3

MCFN Issues Resolution
Although Teck considers some concerns have been resolved, MCFN has expressed that a
number of the concerns have not been resolved to their satisfaction. Teck respects
MCFN’s views and plans to take action to seek resolution on these issues. At the time of
writing, Teck and MCFN remain engaged in discussions regarding a Teck and MCFN
consultation framework to support:

17.2.4.4



joint efforts to identify and resolve outstanding concerns related to the Project



the identification of culturally appropriate mitigation measures for potential impacts
to MCFN rights, culture and traditional uses



meaningful consideration of traditional knowledge and Aboriginal perspective in
Project planning

Next Steps
Moving forward, Teck intends to prioritize the following activities with MCFN:

June 2015



Develop and implement a collaboratively developed consultation framework (as
described above)



Engage MCFN in a technical issues resolution process. Teck intends to focus on core
issues originating from MCFN’s review of the Integrated Application.



Review the Project Update with MCFN
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ACFN and MCFN Joint Technical Reviews
Teck has provided ACFN and MCFN with capacity funding to conduct independent
technical reviews of the Integrated Application. ACFN and MCFN’s technical SOCs
related to the Project include ACFN and MCFN issues and concerns raised in their
Technical Sufficiency Reviews (2012 and 2014) and also a review of Teck’s responses to
regulatory SIRs. These SOCs were provided in the following submissions:


ACFN and MCFN Technical Sufficiency Review of Teck Resources Ltd. Integrated
Application for the Frontier Oil Sands Project (June 4, 2012)



ACFN and MCFN Technical Review of Teck’s Response to Round 1 SIRs (February
28, 2013)



ACFN and MCFN Technical Review of Teck’s Response to Round 2 SIRs
(December 4, 2013)



ACFN and MCFN Response to Teck’s Response to the ACFN and MCFN Technical
Sufficiency Review of the Frontier Integrated Application (March 27, 2014)



ACFN and MCFN Technical Review of Teck’s Response to Round 3 SIRs
(November 24, 2014 and February 9, 2015)

Teck has addressed some joint ACFN and MCFN technical SOCs through Teck’s
responses to SOCs in February 2013. However, SOCs received in December 2013 and
November 2014 showed that many of the issues that ACFN and MCFN identified during
their original 2012 review of the Integrated Application remained after they had
considered Teck’s responses to Round 1 and 2 SIRs. Teck has drafted but not formally
provided responses to the February and December 2013 SOCs because shortly after the
draft responses were compiled, Teck received ACFN’s and MCFN’s March 2014 SOCs.
Teck reviewed the March 2014 SOCs and determined that they expressed most, but not
all, of ACFN’s and MCFN’s outstanding technical concerns. Similar common themes
and issues were identified again when Teck reviewed the November 2014 ACFN and
MCFN SOCs related to Teck’s Round 3 SIR response.
In an effort to provide assistance with navigation, to more clearly identify key issues and
to work towards addressing ACFN and MCFN SOCs, Teck has sought to co-create a
process with ACFN and MCFN to identify and work to resolve the main technical themes
and issues reflected in the five reviews (i.e., SOCs). To assist this process, Teck has
developed a comprehensive Excel-based spreadsheet that allows issues to be sorted and
filtered by discipline and theme. The spreadsheet has been used to identify and combine
SOC issues that were on the same unresolved issue, or indicate concordance with very
similar issues. The spreadsheet provides all previous identifying SOC numbering so that
users can concord concerns originally expressed by ACFN and MCFN with the 3 rounds
of SIRs. The Excel spreadsheet is provided in Appendix 17A. Table 17.2-3 shows the
general structure (e.g., headings) and an example of the contents of the spreadsheet.
Teck’s intention is to work through these technical SOCs with ACFN and MCFN to
reach mutually satisfying outcomes.
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Currently, there are approximately 389 unresolved technical SOCs (unresolved original
2012 SOCs and unresolved SOCs that request more information than Teck’s responses to
multiple rounds of SIRs). There are many related topics and overlapping issues within
these 389 SOCs. When the issues are concorded and combined where they are the same
or on the same topic, there are approximately 350 outstanding technical concerns. Many
of these concerns relate to an information request, need for technical clarification or
question about methodology and approach. Concerns related directly to potential impacts
to ACFN and MCFN are a fraction of the total. These key concerns are more easily
identified and addressed through the use of the spreadsheet. As of early May, MCFN has
expressed interest in participating in this process. Ultimately, Teck is hopeful that these
outstanding issues can be resolved through a much smaller number of key mitigation
measures that are mutually acceptable.

17.2.6

Fort McKay First Nation
Since filing Round 3 SIR responses, the Fort McKay First Nation and Fort McKay Métis
informed Teck that they no longer collaborate on regulatory reviews, consultation
activities and long term sustainability agreement negotiations. Teck respects the Fort
McKay First Nation and Fort McKay Métis engagement preferences and has engaged
each Aboriginal community separately since the fall of 2014.
Engagement activities with the Fort McKay First Nation have included:


regular meetings with the Fort McKay Sustainability Department



two advisory committee meetings (November 2014 and March 2015).

The advisory committee comprises community members and Elders and exists for the
purpose of consulting with Teck on the Project. Fort McKay advisory committees
provide an opportunity to share information with and provide updates to the community
as well as receive their direct input, concerns and issues. Fort McKay does not consider
advisory committee meetings a substantive element of the consultation process (e.g., Fort
McKay does not consider concerns addressed and impacts mitigated unless
acknowledged by the Fort McKay Sustainability Department). The following advisory
committee meetings were held:

June 2015



November 2014: This meeting centered on reviewing key elements of the Project
Update with the advisory committee.



March 2015: This meeting centered on soliciting community input on employment
and training initiatives in the region, in anticipation of Teck developing such
initiatives for the Project.
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At the time of drafting this response, Teck and Fort McKay are in discussions regarding a
scope of work for a community-led, Project-specific cultural impact assessment. Teck
and Fort McKay First Nation continue to work through outstanding traditional land use
concerns, outside of the regulatory process. To this end:


Teck has provided a letter to regulators highlighting that conclusions reached by
Teck and Fort McKay First Nation regarding potential effects on Fort McKay’s
traditional land use as a result of the Project are markedly different. A memo
summarizing the Fort McKay traditional land use study, prepared by Fort McKay
First Nation, was appended to the letter. The Teck letter informed regulators that
Teck and Fort McKay First Nation have agreed to work collaboratively in parallel to
the regulatory process to develop a common understanding of effects to Fort McKay
traditional land use, including identifying if there are potential mitigation measures
that would be culturally appropriate and supported by Fort McKay First Nation.



In discussions regarding the Fort McKay traditional land use study and the Project
Update, Fort McKay has expressed to Teck that their circumstances have changed
since the traditional land use study was conducted and completed (2010-2011) (the
First Nation and Métis no longer collaborate on consultation activities, including
traditional land use studies). As such, Fort McKay has identified the following
caveats to the 2011 traditional land use study for the Project:


The 2011 traditional land use study is a small sample of the types of traditional
land use activities on or near the Project.



The traditional land use study does not in any way reflect the totality of Fort
McKay First Nation land use activity



The study participants followed the rules of the Fort McKay Industry Relations
Corporation used at the time, which was to provide a representative sample of
individuals including men, women, elders, adults, trappers, First Nation, and
Métis. There was no attempt to distinguish between First Nation and Métis
membership.



Fort McKay First Nation considers that the 2011 traditional land use Study would
fall short of the Alberta Consultation Office’s (ACOs) current expectations,
which have been outlined to Fort McKay in direct consultation meetings or in
group consultation meetings. The 2011 traditional land use study was conducted
to inform the Project impact assessment rather than meeting the ACO’s mandate
to evaluate ‘site-specific’ impacts to rights and traditional uses.

In a letter to the Canadian Environmental Assessment Agency (CEA Agency) on
December 3, 2013, Fort McKay informed regulators that Teck has agreed to provide
additional technical information sought by Fort McKay directly to the community and
that Fort McKay does not currently have any comments for the CEA Agency on the
sufficiency of information provided by Teck. Fort McKay reserves the right to present its
views on the Project at a future public hearing. Teck is currently working with Fort
McKay, outside of the regulatory process, to address outstanding concerns with the
Project.
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Fort McKay Métis
Since filing Round 3 SIR responses, the Fort McKay First Nation and Fort McKay Métis
informed Teck that they no longer collaborate on regulatory reviews, consultation
activities and long term sustainability agreement negotiation. Teck respects the Fort
McKay First Nation and Métis engagement preferences and has engaged each Aboriginal
community separately since the fall of 2014. In April 2015, the Fort McKay Métis
established the Fort McKay Métis Sustainability Center which is responsible for:


managing consultation on behalf of the Fort McKay Métis



negotiating and implementing environmental mitigation and consultation aspects of
impact benefits agreements



negotiating agreements supplementary to the consultation process, such as traditional
ecological knowledge, community environmental monitoring, access planning and
management, etc.



participating in consultation initiatives of the local, provincial and national
governments



managing community investments

Engagement activities with the Fort McKay Métis have included three meetings (October
2014, March 2015 and May 2015). These meetings focused on providing updates and
discussing items of mutual interest. During the May 2015 meeting, Teck and the Fort
McKay Métis discussed community engagement preferences and capacity funding,
including support to review the Project Update, regular advisory committee and office
meetings, technical engagement and funding for the Fort McKay Métis Sustainability
Center. Teck and the Fort McKay Métis also intend to begin discussions regarding Fort
McKay’s 2012 SOC and technical review, with the objective of identifying any
outstanding technical concerns. Additionally, Teck and the Fort McKay Métis are in
discussions regarding a scope of work for a community-led, Project-specific cultural
impact assessment.
Moving forward, Teck intends to continue to discuss and confirm the following with the
Fort McKay Métis to:
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confirm any outstanding concerns and technical issues related to the Project, based on
the fact that the 2011 Fort McKay traditional land use study and 2012 Fort McKay
technical review of the Integrated Application included the Fort McKay Métis



review the Project Update and discuss any concerns or technical issues that the Fort
McKay Métis may have



collaboratively develop a process to resolve outstanding concerns or technical issues.
This may include the development of culturally appropriate mitigation measures to
address potential impacts to rights and traditional uses.
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discuss the 2011 Fort McKay traditional land use study for the Project, which
included both Fort McKay First Nation and Fort McKay Métis community members.
In the event the Fort McKay Métis feel traditional land use gaps exist, Teck will
engage the Fort McKay Métis in a discussion regarding the closing of these gaps.

Teck looks forward to continuing to engage the Fort McKay Métis in a positive and
collaborative fashion as Teck advances the Project through the regulatory review. Teck
will provide regulators with updates on the status of consultation activities and outcomes
with the Fort McKay Métis.

17.2.8

Fort Chipewyan Métis (Métis Local 125)
Since filing Round 3 SIR responses, engagement activities with Métis Local 125 have
included:


regular meetings with the Métis Local 125 office (November 2014, March 2015).
These meetings focused on providing updates and discussing items of mutual interest,
including the Métis Local 125 led traditional land use study and cultural impact
assessment for the Project, among other items.



one advisory committee meeting (December 2014); the committee comprises
community members and Elders and exists for the purpose of consulting with Teck
on the Project

At the time of writing, Métis Local 125 have completed a Project traditional land use
study (see Volume 3, Appendix 17B) and are in the late stages of completing a Project
cultural impact assessment. The Métis Local 125 cultural impact assessment interim
report has been included in the Project Update (see Volume 4, Section 2). Métis Local
125 expect to complete their Project-specific cultural impact assessment in June 2015.
Upon completion of these studies, Teck plans to engage Métis Local 125 in co-creating a
process to resolve outstanding concerns and develop culturally appropriate mitigation
measures for potential impacts to rights and traditional uses identified in these studies.
As discussed in the introduction, Teck plans to review the Project Update with Métis
Local 125.

17.2.9

Fort McMurray Métis (Métis Local 1935)
Since filing Round 3 SIR responses, engagement activities with Métis Local 1935 have
included:
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regular meetings with the Métis Local 1935 office (November 2014, March 2015).
These meetings focused on providing mutual updates and advancing issues resolution
discussions.



one advisory committee meeting (October 2014). The advisory committee meeting
focused on Teck’s proposed conceptual fisheries offsetting plan as well as Teck’s
fisheries offsetting framework.
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Métis Local 1935 completed a Project traditional land use study, providing a copy to
Teck in October 2014. Teck and Métis Local 1935 have reviewed Métis Local 1935
recommendations outlined in the traditional land use study. At the time of drafting, Teck
and Métis Local 1935 are continuing discussions regarding commitments to address
Métis Local 1935 concerns and potential impacts to rights and traditional uses.
At the time of writing, Métis Local 1935 are in the late stages of completing a Projectspecific cultural impact assessment (expected completion in June 2015). Similar to the
engagement process undertaken for the Métis Local 1935 traditional land use, Teck and
Métis Local 1935 intend to embark on a similar process for reviewing the Project cultural
impact assessment. Teck and Métis Local 1935 will communicate the outcome of this
process to regulators, upon completion.
As discussed in the introduction, Teck plans to review the Project Update with Métis
Local 1935. Teck has previously committed to providing Métis Local 1935 with capacity
funding to undertake a technical review of the Project Update and Teck plans to follow
through with that commitment. Further, Teck remains committed to resolving identified
technical issues and non-technical concerns and potential impacts identified by Métis
Local 1935.

17.2.10

Lac La Biche Métis (Métis Local 1909)
Since filing Round 3 SIR responses, engagement activities with Métis Local 1909 have
included telephone meetings with the Métis Local 1909 President and support staff to
discuss Métis Local 1909’s interests in the Project regulatory review, including Teck and
Métis Local 1909 submissions to regulators.
Métis Local 1909 provided Teck with a traditional knowledge and land use gap analysis
memo for the Project in November 2014. Teck reviewed the memo, and, in subsequent
discussions with Métis Local 1909, agreed to provide capacity funding for Métis Local
1909 to undertake traditional knowledge and land use study for the Project, approving a
scope of work and budget in December 2014. Teck expects the study to be complete and
a report provided to Teck in July 2015. Given the forecasted date of completion of the
report, Teck was not able to include it in the Project Update as the Project Update was in
the final stages of production. Teck is hopeful that the report will be completed and
submitted in advance of a future Joint Review Panel hearing. Once the Métis Local 1909
traditional knowledge and land use report is complete, Teck is committed to working
with Métis Local 1909 to better understand, discuss and address potential Project effects
on Métis Local 1909.
In addition, Teck has offered capacity funding for Teck and Métis Local 1909 community
members to discuss the Project and better understand potential impacts and concerns.
Teck believes that the funding it has provided to date is commensurate with its current
understanding of the Project’s potential impacts to Métis Local 1909.
As discussed in the introduction, Teck plans to review the Project Update with Métis
Local 1909.
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Non-Status Fort McMurray/Fort McKay First Nation and Clearwater River
Band No. 175
Teck has engaged a representative of the Non-Status Fort McMurray/Fort McKay First
Nation and Clearwater River Band No. 175 (formerly ‘Wood Buffalo First Nation’), a
group of non-status Indians1 in the Athabasca oil sands region. The representative of this
group has expressed an interest in discussing potential impacts of the Project on its
members as well as business opportunities related to Teck’s activities in the region.
Since filing Round 3 SIR responses, Teck has undertaken two meetings with a
representative of this group. The meetings were focused on business opportunities related
to Teck’s exploration activities for the Project, expectations regarding depth of
engagement and consultation, and expectations regarding a relationship with Teck.
Teck maintains a positive relationship with the representative of this group, meeting
regularly to share information and discuss shared interests. Teck plans to review the
Project Update with the representative of this group.

17.2.12

Other Aboriginal Communities
Although Teck has not undertaken specific engagement activities with other Aboriginal
communities in the oil sands region, all Aboriginal communities and organizations
identified in the Frontier Aboriginal Consultation Plan receive Teck’s ‘Frontier Forward’
newsletter which provides updates on the Project, on Teck, and on Teck’s development
intentions in the region. Contact information is provided in each newsletter. In the event
that any Aboriginal community or organization expresses an interest in learning more
about the Project, Teck will share additional information and meet with the organization.

17.3

Public Consultation Update
Teck has and will continue to consult with public stakeholders (including resource
holders) regarding the Project. Teck’s consultation activities reflect Teck’s principles and
values in engaging with communities of interest.
Since filing the Project Integrated Application (2011), Teck has undertaken the following
public stakeholder consultation activities:


1

Regular Project updates (‘Frontier Forward’ newsletters) have been delivered to
Group A and Group B (as identified in the Project Integrated Application, Volume 1,
Section 17) individuals and organizations. In advance of these mail outs, Teck
verifies and updates its Group A and Group B public stakeholder listing

“Non-status Indians” commonly refers to people who identify themselves as Indians but who are not entitled to
registration on the Indian Register pursuant to the Indian Act.
Reference: Aboriginal Affairs and Northern Development Canada (https://www.aadncaandc.gc.ca/eng/1100100014433/1100100014437)
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Meetings have been held with public stakeholders, upon request.



Regular meetings with various provincial and federal departments and agencies have
been undertaken to provide Project updates and solicit input into Project planning and
the environmental impact assessment.

Regular updates and responses to stakeholder concerns will continue.

17.3.1

Oil Sands Environmental Coalition
The Oil Sands Environmental Coalition (OSEC), represented by the Pembina Institute,
submitted comments on Teck’s response to both Round 1 and Round 2 SIRs for the
Project. OSEC’s comments outline their concerns with the Project. Teck responded to
OSEC’s concerns and has engaged OSEC in discussions regarding its concerns. These
engagement efforts culminated in Teck and OSEC signing a Memorandum of
Understanding (MOU) in November 2014. The MOU provides a process and framework
within which Teck and OSEC can discuss and address OSEC’s concerns with the Project.
Discussions with OSEC to date have been constructive and Teck is hopeful that Project
specific concerns can be resolved in advance of a Hearing for the Project.

17.3.2

Regional Municipality of Wood Buffalo
Since filing Round 3 SIR responses Teck has met with the Regional Municipality of
Wood Buffalo (RMWB) to discuss a draft Teck and RMWB Memoradum of
Understanding (MOU) for the Project as well as a Teck and RMWB engagement plan.
Teck and the RMWB have confirmed a 2015 engagement plan. Teck and the RMWB will
update the engagement plan annually and undertake engagement activities according to
this plan. At the time of writing, Teck and the RMWB remain in discussions regarding an
MOU for the Project.
As discussed in the introduction, Teck plans to review the Project Update with RMWB.

17.4

Community Projects and Community Investment
Teck’s community projects and programs are focused on high-impact activities that
support the general objectives of the community and community-driven initiatives.
Opportunities to develop or support community projects and programs were identified
during the course of consultations and stem from issues and concerns expressed by
Aboriginal communities and public stakeholders. Development and support of
community projects and programs will continue throughout the regulatory process and
throughout the life of the Project.
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Since filing the Integrated Application in 2011, Teck has developed or continued to build
upon community projects and programs described in the Integrated Application (see
Volume 1, Section 17) including the following programs and projects:


Winter Road Safety Program – Teck continues to implement a winter road safety
program when undertaking exploration activities on the Project leases. The program
is designed to assist travelers in accessing emergency personnel in the event of a
medical emergency on the Fort Chipewyan winter road. Laminated cards detailing the
location and contact information for traffic stations located along the winter road are
distributed to Fort McKay, Fort McMurray and Fort Chipewyan community
members.



Fort Chipewyan Firewood Program – Approximately 400 tonnes of firewood have
been provided for home heating use in Fort Chipewyan in the winters of 2008, 2009,
2010 and 2014.



Fort Chipewyan Community Book Exchange – Following two book drives where
Teck delivered over 7,000 books to the Athabasca Delta Community School and the
Fort Chipewyan community, Teck has established a Fort Chipewyan Community
Book Exchange at the community’s recreation center. Following the establishment of
the Community Book Exchange, Teck has supported improvements to reading and
learning spaces at the Fort Chipewyan community recreation center and the
Athabasca Community Delta School.



Fort Chipewyan Pet Wellness Clinic – Teck contributed $2,000 in funding towards a
second animal centred wellness clinic in the community of Fort Chipewyan as part of
a partnership between the community and the Fort McMurray SPCA in the Northern
Animal Education and Management program delivered by the shelter. The clinic, held
on December 3, 2014 saw 65 dogs, providing not only parvo and distemper
vaccinations, deworming, an identification microchip and rabies vaccines, but also
peace of mind to both pet owners and community residents by contributing to overall
community health and safety.



Fort Chipewyan Métis Genealogy Study – The Fort Chipewyan Métis (Local 125)
sought to undertake a genealogy study to document their membership and identity, in
part, to effectively respond to industry and government questions regarding the
community’s ancestry. Objectives of the Fort Chipewyan Métis genealogy study,
which was completed in April 2015, included:


providing genealogies/family histories for the root ancestors of the Fort
Chipewyan region, starting from scrip or earlier census records



beginning the development of genealogies for the present members of the Fort
Chipewyan community to demonstrate their relationship to the historic people of
the region



generating a list of potential names for membership eligibility

The genealogy study featured a certified genealogist who guided the work and also
trained two community members to undertake genealogical work.
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In addition to these community projects and programs, Teck has undertaken the
following community investment activities:

17.5



Established a $10,000 bursary at Keyano (Fort Chipewyan campus) to support a
nursing program



Established a $25,000 scholarship at Keyano College that supports students seeking
support to achieve a GED



Ongoing local community investments and donations that support community events
and programs.

Agreements with Aboriginal Communities
Teck seeks formal agreements with Aboriginal communities in a number of
circumstances ranging from early relationship agreements, MOUs for capacity funding
and engagement, confidentiality agreements, and long-term benefits agreements that may
describe long-term commitments to effected Aboriginal communities. Teck has a positive
history of entering into mutually beneficial agreements with Aboriginal communities on
projects around the world, and particularly in North America.
Confidentiality agreements are often important when community information is shared
with project proponents. Permission has been sought from Aboriginal communities and
organizations to access community information for use in Project planning and the
assessment for the Project. Currently, traditional knowledge sharing agreements and
traditional knowledge use licenses are held with Fort McKay First Nation, Fort McKay
Métis, Métis Local 125, ACFN and MCFN.
Teck and Fort McKay First Nation are currently in discussions regarding a Long Term
Sustainability Agreement (LTSA) related to the Project. The LTSA, expected to be
completed in 2015, will formalize the Teck and Fort McKay First Nation relationship and
provide a mechanism for resolving concerns and sharing benefits.
A Memorandum of Agreement with Métis Local 63 (now ‘Fort McKay Métis’) was
signed in March 2009. The memorandum outlines the manner in which Teck and the Fort
McKay Métis will develop a long-term and mutually beneficial relationship. Teck and the
Fort McKay Métis recently entered into discussions regarding a LTSA for the Project.
The LTSA, expected to be completed in 2015, will formalize the Teck and Fort McKay
Métis relationship and provide a mechanism for resolving concerns and sharing benefits.
At the time of writing, Teck has entered preliminary impact benefit agreement (IBA)
discussions with MCFN, Métis Local 125 and Métis Local 1935. Teck intends to pursue
these discussions with the objective of arriving at a formal agreement that formalizes
Teck’s relationship with these groups, provides a mechanism for resolving concerns and
sharing benefits. Teck would like to pursue IBA discussions with ACFN and has
communicated its interest in such to ACFN.
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Teck currently provides capacity funding for the following First Nation and Métis
consultation offices in the oil sands region:


the Fort McKay First Nation Sustainability Department



the ACFN Industry Relations Corporation



the MCFN Government and Industry Relations Métis Local 125 office



Métis Local 1935 office

While Teck currently does not provide capacity funding directly to the Fort McKay Métis
office, Teck intends to undertake capacity discussions with the Fort McKay Métis when
their consultation office is established and operational.

17.6

Regional Groups
During consultations for the Project, several Project-specific as well as regional concerns
have been documented. Within the Athabasca Oil Sands Region, a variety of forums exist
to address regional issues.
Teck is currently a member of the following organizations:


Oil Sands Community Alliance



Alberta Environmental Monitoring, Evaluation and Reporting Agency (AEMERA)



Alberta Association for Conservation Offsets (AACO)



Canada’s Oil Sands Innovation Alliance (COSIA)

As Teck approaches construction and operations, it will evaluate its membership and
participation in additional multi-stakeholder organizations. Teck will consider its
membership based on Teck’s needs as well as input from regulators, Aboriginal
communities and public stakeholders.

17.6.1

Ronald Lake Bison Herd Technical Team
Aboriginal communities have expressed concern regarding potential impacts to the
Ronald Lake bison herd as a result of the development and operation of the Project. The
herd is culturally significant and utilized for subsistence. Since 2011, the idea of a Ronald
Lake Bison Herd Technical Team, chaired by Alberta Environment and Sustainable
Resource Development (ESRD), has been discussed and ultimately established. The
mandate of this team is to:
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identify the knowledge necessary for sound management of the Ronald Lake bison
herd and its habitat



use current data to identify and direct studies to develop this knowledge



gather and use this knowledge to inform regulatory and management decisions that
could affect the herd’s current and future viability
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The team was formed in 2014 and represents a regional collaboration with membership
that includes:


Athabasca Chipewyan First Nation



Mikisew Cree First Nation



Fort Chipewyan Métis Local 125



Fort McMurray Métis Local 1935



Fort McKay Métis



Fort McKay First Nation



Government of Alberta (ESRD, Stewardship)



Environment Canada



Industry representatives (Teck, Shell, SilverWillow)



Parks Canada – Wood Buffalo National Park

Teck considers that all parties interested in the Ronald Lake bison herd must work
collaboratively to identify and prioritize actions based on shared information and values.
In northeastern British Columbia, where Teck’s Quintette steelmaking coal mine is
located, Teck helped create a regional collaboration between Treaty 8 First Nations,
government regulators, industry colleagues and other interested parties such as the British
Columbia Wildlife Federation to identify common goals for woodland caribou recovery.
This regional collaboration, known as the Peace Northern Caribou Committee (PNCC),
has been able to implement several on-the-ground actions to increase caribou
populations. Teck believes that this model has value for managing the Ronald Lake bison
herd and is willing to support it.
Opportunities to facilitate dialogue between Aboriginal communities and provincial and
federal authorities about Project-specific and regional planning and policy issues will
continue to be identified.

17.7

Sustainability at Teck
Teck’s approach to consultation and community engagement outlined in this section is
best understood in the context of Teck’s approach to sustainability. Teck is proud of its
approach to sustainability, having cultivated a culture sustainability focused on six key
focus areas:
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Biodiversity



Energy



Community



Water
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Teck has identified short term and long term sustainability goals and reports on its
sustainability initiatives and achievements annually. For more information on Teck’s
approach to sustainability, including Teck’s short term and long term sustainability goals,
visit www.tecksustainability.com.

17.7.1

Teck’s Sustainability Achievements
Teck has been recognized as a leader in sustainability by independent organizations.
Teck’s achievements in the area of sustainability have been and continue to be
recognized by the Dow Jones Sustainability Index, Mining Association of Canada
(Towards Sustainable Mining), and Corporate Knights.

17.7.1.1

Dow Jones Sustainability Index
Teck has been named to the Dow Jones Sustainability World Index (DJSI) for the past
five consecutive years indicating that Teck’s sustainability practices rank in the top 10
percent of the 2,500 largest companies in the S&P Global Broad Market Index.
Teck was named to the World Index based on an in-depth analysis of economic, social
and environmental performance. Teck received the highest possible score in a number of
assessment areas including biodiversity, enabling local development and approach to
managing water-related risks.
Teck first achieved a DJSI North America ranking in 2009, which reflected a position in
the top 20 per cent in the mining industry in North America, and was first named to the
Dow Jones Sustainability World Index in 2010.
Dow Jones contracts RobecoSAM, an investment specialist focused on sustainability
investing, to compile the DJSI. The DJSI tracks the performance of global sustainability
leaders, through an annual assessment of the world’s 2,500 largest public companies.
Among other factors, it measures management practices surrounding economic,
environmental and social criteria. For more information on the DJSI, go to
http://www.sustainability-indexes.com/

17.7.1.2

Towards Sustainable Mining
The Towards Sustainable Mining (TSM) Leadership Award is granted when a facility
meets or exceeds a level “A” ranking in their results across all of the six TSM
performance areas. A facility’s TSM results must be externally verified to be eligible for
this recognition. Teck’s Elkview Operations, Trail Operations and Cardinal River
Operations have received TSM Leadership Awards.
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Elkview Operations (November 2013)
In November 2013 Teck’s Elkview Operations earned a Mining Association of Canada
TSM Leadership Award for its outstanding performance in the Towards Sustainable
Mining (TSM) initiative’s focus areas of tailings management, Aboriginal and
community outreach, energy use and crisis management planning. Teck’s Elkview
Operations was honoured with awards in each of these four performance areas, as well as
the TSM Leadership Award for its 2012 results.
Trail Operations (December 2014)
In December 2014 Teck’s Trail Operations in Trail, BC, earned a Mining Association of
Canada TSM Leadership Award for its outstanding performance in the TSM initiative’s
three focus areas—environmental stewardship, communities and people, and energy
efficiency. Trail Operations was also honoured with TSM Performance Awards for its
2013 results in each of the initiative’s five applicable performance areas: Aboriginal and
community outreach, crisis management, safety and health, biodiversity conservation
management, and energy use and greenhouse gas management.
Cardinal River Operations (October 2014)
In October 2014, Teck’s Cardinal River Operations in Alberta received a Mining
Association of Canada TSM Leadership Award for its outstanding performance in the
TSM initiative’s three focus areas—environmental stewardship, communities and people,
and energy efficiency.
Cardinal River Operations was also honoured with TSM Performance Awards for its
2013 results in each of the initiative’s six performance areas: Aboriginal and community
outreach, crisis management, safety and health, tailings management, biodiversity
conservation management, and energy use and greenhouse gas management.
17.7.1.3

Corporate Knights
In January 2015 Teck was recognized as one of the Global 100 Most Sustainable
Corporations for the third consecutive year by media and investment research company
Corporate Knights. Teck was the top-ranked mining company worldwide and the secondranked Canadian company on the 2015 Global 100 list. Companies are evaluated based
on a range of sector-specific sustainability metrics, such as water, energy and carbon
productivity, and safety performance.
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Conclusion
The Project Update gives Teck the opportunity to provide a high-level but comprehensive
summary of the status of Aboriginal and public stakeholder engagement and
consultation. Teck’s efforts to date reflect its corporate goals, focus on understanding
public and Aboriginal concerns, and consider those interests and concerns through
various forms such as Project adjustments, additional studies, mitigation, compensation
measures and reclamation planning.
Teck’s experience as a company supports the planning and execution of a thorough and
meaningful consultation process for the Project. This is experience is underpinned by
Teck’s approach to sustainability, which has been recognized by independent
organizations. Company-wide, Teck aims to work respectfully with public stakeholders
and build mutually beneficial relationships with Aboriginal communities. Most of Teck’s
existing operations are located within or adjacent to Aboriginal traditional territories.
Teck seeks to understand how its activities may impact the interests and rights of
Aboriginal communities, and we actively pursue the meaningful involvement of
Aboriginal communities to manage impacts and create opportunities.
Teck looks forward to building upon consultation efforts to date with a focus on
continuing to strengthen relationships, confirming mitigation measures and resolving
outstanding issues. Teck is also actively working to formalize its commitments to the
public and Aboriginal communities through letters of commitment and other forms of
agreement.

17.9
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Overview
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Volume 3 provides an update to the environment impact assessment (EIA) presented in
the Integrated Application for the Frontier Oil Sands Mine Project (the Project). The
assessment update:


includes information obtained since the Integrated Application was filed in 2011,
including additional baseline data (see Volume 2) and responses to supplemental
information requests (SIRs) from regulators (see Appendix 1G)



identifies changes to regulations and guidance documents, and focuses on the
relevance of these changes to the effects assessment



considers input received during the review process, including traditional use reports,
third-party technical reviews and statements of concerns (SOCs) from potentially
affected Aboriginal communities

Since Shell Canada Limited’s February 2015 decision to withdraw its regulatory
application for the Pierre River Mine (PRM), Teck has assumed the regulatory
applications for construction of the Athabasca River bridge and east side access road.
These features were previously proposed for the PRM and were included in the Base
Case for the Integrated Application. The bridge and east side access are now part of the
Application Case for the Project. As a result of the timing of Shell’s decision, the
assessment of environmental effects of the bridge and east side access road are provided
in a separate section (see Volume 3, Section 18).

18.1.1

Regulatory Requirements
The terms of reference (TOR) for the Project (AENV 2009) have not changed since the
Integrated Application, and the assessment update meets all TOR requirements. The
assessment update also addresses input provided by the Government of Canada (CEA
Agency 2009a, 2009b). Concordance tables are provided in Section 1 that identify where
the assessment update addresses specific regulatory requirements or requests:
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See Appendix 1B for concordance with the provincial EIA terms of reference for the
Project



See Appendix 1C for concordance with Directive 023



See Appendix 1D for concordance with the Environmental Protection and
Enhancement Act (EPEA)



See Appendix 1E for concordance with the Water Act



See Appendix 1F for concordance with federal requests



See Appendix 1G for concordance with SIRs (Rounds 1 to 4)
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The assessment update also considers changes in regulatory guidance and policy
documents that have been released since the Integrated Application. These include, for
example, the:


Air Quality Model Guideline (ESRD 2013)



Alberta Wetland Policy (GOA 2013a)



Canadian Environmental Assessment Act, 2012



End Pit Lakes Guidance Document (CEMA 2012)



Fisheries Act



Surface Water Quantity Management Framework for the Lower Athabasca River
(GOA 2015)

At the time Teck filed the Integrated Application, the Lower Athabasca Regional Plan
(LARP) was still in draft form. The updated assessment reflects the goals, objectives and
language of the finalized LARP (GOA 2012a), which are largely consistent with the draft
document that was considered by the Integrated Application. Relevant companion
documents to LARP such as the Draft Lower Athabasca Region Biodiversity
Management Framework (GOA 2014) are also considered by the Project Update.

18.1.2

Spatial Extent
The assessment update defines the spatial extent of the Project as the Project disturbance
area (PDA) (see Figure 18.1-1). The PDA is 29,217 ha, 118 ha smaller than in the
Integrated Application in spite of the recovery of an additional 200 million barrels of
resource. The updated PDA reflects the anticipated maximum limit of disturbance at the
completion of mining in 2066. The PDA includes:


Project components such as pits, external disposal areas, external tailings areas,
reclamation material stockpiles, borrow sources, the plant, the river water intake and
pipeline, the off-stream storage pond, roads, drainage channels, and the fish habitat
compensation lake



additional areas where soil stripping, soil covering, or vegetation clearing are planned

Defining the spatial extent of the Project solely in terms of the PDA differs from the
Integrated Application, which considered three spatial extents: the Project area, PDA and
Project assessment area (PAA). The change to an all-encompassing PDA simplifies the
consideration of spatial extent and aligns with feedback received from the SIR process.
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18.2

Frontier Oil Sands Mine Project Update

Approach
Overall, the assessment approach for the Project Update is consistent with that described
in the Integrated Application. Some changes in methodology have been incorporated for
certain disciplines in response to input from regulatory reviewers, Aboriginal
communities and their third-party technical reviewers. Regulatory changes have also
resulted in changes to some of the assessment methods. Changes in methodology are
detailed in each assessment section.

18.2.1

Assessment Components
As with the Integrated Application, the assessment update is structured to address key
issues identified during scoping with key questions. Key questions are examined using
assessment cases placed into a temporal and spatial framework that enables the
identification of possible Project and cumulative effects. Temporal boundaries are
defined using snapshots and spatial boundaries are defined by study area(s). Temporal
and spatial boundaries are specific to each discipline.
Mitigation for the Project is discussed for each discipline in relevant key issue sections.
Project-specific design and mitigation measures and cooperative regional initiatives are
discussed and considered in the effects analysis, where relevant.
As with the Integrated Application, a rating for environmental consequence was
developed for relevant ecological, receptor-based environmental disciplines relative to
predevelopment. In response to requests made during the SIR process, the traditional land
use assessment now includes a determination of consequence for key issues. The
classification of effects includes consideration of geographic extent and attributes such as
duration, reversibility, frequency, and magnitude. Consequence ratings provide a means
to evaluate effects on key indicators and consider the effects in an assessment context. It
is the responsibility of the Governor-in-Council to identify whether effects are significant
(see Section 31 of the Canadian Environmental Assessment Act 2012). As a result, this
assessment uses environmental consequence and consequence ratings to evaluate effects
instead of significance.
For disciplines and key issues that have defined guidelines or criteria, or for those that are
not ecological receptors, an effects analysis is completed, but a classification and
determination of environmental consequence is not. Due to the predictive nature of
effects analyses, a qualitative determination of prediction confidence is provided for each
key question. Prediction confidence is determined by evaluating the data and processes
used in the effects analysis.
Management and monitoring activities are described for each discipline as follow-up to
the assessment.

18.2.1.1

Assessment Cases
Assessment cases represent a set of developments and activities that are analyzed and
compared to each other temporally and spatially. Each case assesses and compares
Project-specific and cumulative regional changes during (and sometimes beyond)

Page 18-4

June 2015

Frontier Oil Sands Mine Project Update

Volume 1: Project Description
Section 18: EIA Summary

operations to predevelopment and existing conditions. The assessment update uses three
assessment cases:


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

In response to feedback from regulators, developments included in Base Case have
changed compared to the Integrated Application. For the Project Update, the Base Case
does not include likely- to-be-approved Projects. Developments included in the Base
Case and PDC reflect publically available information at the end of 2014. Developments
included in each assessment case are listed in Volume 3, Appendix 2A, Table 2A-1 and
shown in relation to the Project in Volume 3, Section 2.5.2, Figure 2-14.
Since regional developments were identified in late 2014, the mine development
schedules for the Joslyn North Mine (JNM), JNM Expansion and Pierre River Mine
(PRM) have been delayed indefinitely. The outcome of these delays in relation to
assessment is:


The Base Case includes the JNM as approved.



The PDC includes the JNM Expansion and the PRM as applied for.

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 during the life of the Project.
18.2.1.2

Temporal Snapshots
Consistent with the Integrated Application, the assessment update uses temporal
snapshots to assess local and regional changes, reflect differing environmental conditions
and important Project activities. Environmental reference conditions are represented by
predevelopment (pre-oil sands) and existing (i.e., baseline) snapshots. Key Project
activities include peak year for air and noise emissions, creek diversions and maximum
build-out. Different snapshots are used by each discipline, with snapshots chosen to
ensure the maximum potential for effects is captured. Each discipline discusses the
snapshots used and provides a justification for their use. Although the approach to
identifying temporal snapshots is the same as the Integrated Application, dates have
changed to reflect the updated Project milestones and schedule. For the Project activity
snapshots used by each discipline, see Table 18.2-1.
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Table 18.2-1

Frontier Oil Sands Mine Project Update

Snapshots Considered in the Project Update

Discipline

Snapshot(s)

Acoustics

Peak noise emissions (Year 35) (2060)

Air

Peak operating capacity (both Phases) for air emissions (Years 23 to 37)
(2048 to 2062)

Groundwater

Regional maximum build-out: approximate timing of the maximum northern
build-out of the PRM as publically disclosed (2026)
Regional maximum build-out: (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) (2036)
Project maximum build-out (Year 41) (2066)
Far future (defined as end of mine + 100 years) (2166)

Hydrology
Surface water quality
Fish and fish habitat

Construction (Year -2) (2024)
Major watercourse diversion (Year 25) (2050)
Peak operating capacity (both Phases) for air emissions (applies to surface
water quality only) (Years 23 to 37) (2048 to 2062)
Project maximum build-out (Year 41) (2066)
Closure (defined as pit lake release) (2081)
Far future (defined as pit lake release + 100 years) (2181)

Terrain and soils
Vegetation
Wildlife

Project maximum build-out (Year 41) (2066)
Peak operating capacity (both Phases) for air emissions (Years 23 to 37)
(2048 to 2062)
Closure (2081)

Human health
Wildlife health

Based on acute and chronic exposures

Historical resources
Visual aesthetics

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

Resource use
Traditional land use

Project maximum build-out (Year 41) (2066)
Closure (2081)

18.3

Acoustics

18.3.1

Key Issues, Questions and Indicators
A summary of key issues, questions and indicators for each phase of the Project and their
relevance to the Project are summarized in Table 18.3-1.

18.3.2

Study Areas
For the acoustics study area and receptors, see Figure 18.3-1.

18.3.3

Baseline Overview
The Project is located in a remote area where the sound environment is expected to be
quiet and dominated by natural background (e.g., wind, vegetation rustling, birds
chirping).
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Table 18.3-1

Key Issues, Questions and Indicators – Acoustics

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

N1: Could the Project
contribute to changes in sound
levels at the receptor
locations?

Increase in ambient sound
levels (ASLs)



Increase in ASL



Predicted total sound level
(i.e., ASLs plus Project
contributions)

Local study area (LSA)

N2: Could the Project
contribute to cumulative
changes in sound levels at the
receptor locations?

Potential increase in ASLs
resulting from the cumulative
operation of the Project and
other operating or approved
energy-related projects




Equivalent sound level
Maximum sound level
(Lmax)



Predicted cumulative
sound level or Application
Case sound level
Permissible sound level
(PSL)

Regional study area
(RSA)

N3: Could air traffic noise from
the Project contribute to
changes in sound levels at
nearby receptor locations?

Potential increase in ASLs
resulting from the air traffic
noise of the Project



Noise exposure forecast
(NEF) level during takeoff
and approach
Effective perceived noise
level (EPNL)




NEF contour
EPNL

RSA
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Mitigation
The following noise management and mitigation measures are being considered to reduce
noise to receptors:


Vehicles will be maintained in good working condition (e.g., mufflers will be
maintained) and speed limits will be enforced.



Emergency alarms will be tested during daytime, where reasonably practical.



Acoustic performance of building wall construction will meet a minimum sound
transmission class (STC) rating of 29, based on published data in the North American
Insulation Manufacturers Association for a pre-engineered structure.



For outdoor equipment, the manufacturer incorporates mitigation in the equipment
design to achieve the published sound power level.



Noise effects from mine haul trucks will be mitigated using various measures,
including but not limited to the following:


haul trucks exhaust silencer



haul truck speed



trip frequency (number of trips per daytime and nighttime period)



route location or alignment



Ventilation openings (i.e., air intake and exhaust openings) will be fitted with
appropriate acoustic silencers, louvers, or plenums, where applicable, to reduce
outdoor sound transmission from indoor equipment.



Buildings housing indoor noise-generating equipment will be appropriately sealed to
reduce noise.



Where practical, flanking path and penetrations from plumbing, heating ducts, and
electrical wire in the buildings will be properly insulated and covered to reduce noise.



Appropriate acoustical lagging will be installed to provide additional attenuation to
the steel casing, where practical.



Vibration isolation pads, resilient mounts on equipment, resilient pipe support
systems, and dampers will be installed where appropriate.

Mitigation measures will be finalized during future stages of engineering.

18.3.5

Project and Cumulative Ambient Sound Levels Effects Analysis
As in the Integrated Application, cumulative sound levels are expected to be less than the
PSLs at all receptors. Therefore, operation of the Project is predicted to be in compliance
with Alberta Energy Regulator (AER) Directive 038 (EUB 2007) noise control
guidelines.
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The change in ASL from the Project contribution during the daytime period is less than
1 dB at all receptor locations. During the nighttime period, the change in ASL for all
trapper cabins receptors is less than 1 dB. For receptors along the traditional trails, the
change in ASL ranges from 0.2 dB to 3.3 dB. The change in nighttime ASL for LSA
boundary receptors ranges from 0.2 dB to 5 dB. The increase in nighttime ASL at some
of the receptors along traditional trails and the LSA boundary (R17, R20, R21 and R23)
is expected to be perceptible.
Sound levels for the Application Case meet the requirements of the AER’s Directive 038
at all receptor locations. The cumulative change in sound level from the Project during
the daytime period is less than 1 dB at all receptor locations. During the nighttime period,
the change in ASL for most receptors is below 1 dB at all trapper cabin receptors. There
is not expected to be a perceptible increase in sound levels at any of the trappers cabins;
however, there will be a perceptible change at locations R17, R20, R21 and R23.
Noise effects from the bird deterrent system were included in predicted daytime and
nighttime cumulative sound levels for the Project. These effects are quantified by
equivalent daytime and nighttime sound levels, which do not represent the maximum
sound level during activation (firing) of the bird deterrent system. The maximum noise
effect from the bird deterrent system during the activation period (estimated duration is
3 seconds) might be perceptible in areas beyond the PDA. The perceptibility will depend
on the ASL at a location during the short-term event.

18.3.6

Aircraft Flyover Effects Analysis
Sound levels associated with aircraft flyover, takeoff and approach are well below the
ASL at all noise-sensitive receptors. In addition, noise effects are expected to be in
compliance with the Transport Canada NEF limits. Annoyance due to aircraft noise
effects are not expected at noise-sensitive receptors, including the community of
Fort McKay.

18.3.7

Assessment Conclusions
Assessment conclusions for the updated acoustics assessment remain the same as the
Integrated Application. During operations, cumulative effects of the Project on the
acoustic environment are predicted to comply with Directive 038 noise control guidelines
at all receptors.
Noise effects from aircraft and the Project’s bird deterrent system were assessed as part
of this update. Noise levels associated with aircraft flyover, takeoff and approach are well
below the ambient sound level at all noise-sensitive receptors. In addition, aircraft noise
is expected to be in compliance with Transport Canada NEF limits. Results indicate that
intermittent noise effects from the bird deterrent system may be perceptible in areas
outside the PDA.
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Air

18.4.1

Key Issues, Questions and Indicators

Volume 1: Project Description
Section 18: EIA Summary

A summary of key issues, questions and indicators for each phase of the Project and their
relevance to the Project are summarized in Table 18.4-1.

18.4.2

Study Areas
For the air quality LSA and RSA and modelling domain, see Figure 18.4-1.
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Table 18.4-1

Frontier Oil Sands Mine Project Update

Key Issues, Questions and Indicators – Air
Measureable Parameter

Spatial Considerations

AQ1: Could the Project
contribute to cumulative
changes in ambient NO2
concentrations?

Key Issue and Key Question

Change in ambient air quality
relative to Base Case and the
ambient nitrogen dioxide (NO2)
criteria

NO2 concentration

1-hour and annual averaging
periods

Outside the Project and
other development areas,
within the LSA

AQ2: Could the Project
contribute to cumulative
changes in ambient SO2
concentrations?

Change in ambient air quality
relative to Base Case and the
ambient sulphur dioxide (SO2)
criteria

SO2 concentration

1-hour, 24-hour, and annual
averaging periods

Outside the Project and
other project
development areas,
within the LSA

AQ3: Could the Project
contribute to cumulative
changes in ambient PM2.5
concentrations?

Change in ambient air quality
relative to Base Case and the
ambient fine particulate matter
(PM2.5) criteria

PM2.5 concentration

1-hour, 24-hour, and annual
averaging periods

Outside the Project and
other development areas,
within the LSA

AQ4: Could the Frontier
Project contribute to
cumulative changes in health
related substance
concentrations?

Change in ambient air quality
relative to Base Case and the
ambient criteria

Common air substance,
hydrocarbon, total reduced
sulphur substance, and metal
concentrations

1-hour, 24-hour, and annual
averaging periods

At identified human
health receptor locations

AQ5: Could the Project
contribute to cumulative
changes in odour-related
substance concentrations?

Change in ambient air quality
relative to Base Case and the
ambient criteria

Selected common air
substance, hydrocarbon, and
total reduced sulphur
substance

1-hour and shorter term peak
values for odours

At identified human
health receptor locations

AQ6: Could the Project
contribute to cumulative
changes in acid-forming
substance deposition?

Change in deposition relative
to Base Case and the
deposition loading criteria

Potential acid input (PAI)
deposition

5-year average deposition
Areas above loading
thresholds

Outside the Project and
other development areas,
within the RSA

AQ7: Could the Project
contribute to cumulative
changes in nitrogen substance
deposition?

Change in deposition relative
to Base Case and the
deposition loading criteria

Total nitrogen substance
deposition

5-year average
Areas above loading
thresholds

Outside the Project and
other development areas,
within the RSA

AQ8: Could the Project
contribute to cumulative
changes in TSP, PAC and
metal deposition?

Change in deposition relative
to Base Case

Total suspended particulate
(TSP) and grouped/individual
polycyclic aromatic compounds
(PAC) and metal deposition

5-year average

Outside the Project and
other development areas,
within the water quality
RSA
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Table 18.4-1

Key Issues, Questions and Indicators – Air (cont’d)
Measureable Parameter

Spatial Considerations

AQ9: Could the Project
contribute to cumulative
changes in ground-level
ozone?

Key Issue and Key Question

Change in ambient air quality
relative to Base Case and the
ambient criteria

Precursor NOX and volatile
organic compounds (VOC)
emissions, and potential
increase in ozone
concentration

1-hour and 8-hour averaging
periods

Outside the Project and
other development areas,
within the RSA

AQ10: Could the Project
contribute to cumulative
changes in regional visibility?

Change in haze formation due
to precursor emissions.

Change in regional visibility
(deciviews)

Spatial extent

Outside the Project and
other development areas,
within the RSA

AQ11: Could the Project
contribute to greenhouse gas
emissions?

Greenhouse gas (GHG)
emissions relative to Alberta
and national totals

Direct GHG emission

Average over the Project life

Direct emissions from
Project activities in the
development area.
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Baseline Overview
Existing regional emissions are nominally based on information representing the period
2008 to 2013. The existing condition information was used to gauge the performance of
the CALPUFF model by comparing associated model predictions with ambient air
quality measurements in the Wood Buffalo Environmental Association (WBEA) region.
From an overview perspective, the following are noted:


Oxides of nitrogen (NOX): Industrial emissions account for 95% of the NOX
emissions, with 64% from stacks and 30% from mine fleets.



SO2: Industrial emissions account for virtually all the SO2 emissions, with 99.0%
from stacks and 0.9% from mine fleets.



Carbon monoxide (CO): Industrial emissions account for 75% of the CO emissions,
with 47% from stacks and 28% from mine fleets. Most of the non-industrial CO
emissions are due to traffic.



PM2.5: Industrial emissions account for 88% of the direct PM2.5 emissions, with 51%
from stacks and 31% from mine fleets.



Hydrocarbon compounds. Industrial emissions account for 96% of the hydrocarbon
compound emissions, with 38% from fugitive plant sources, 24% from mine faces,
and 18% from tailings areas.



Reduced sulphur compounds: Industrial emissions account for all of the total reduced
sulphur emissions, with 66% from fugitive plant sources and 18% from tailings areas.

With the exception of SO2 and PM2.5, the updated emissions are about 20% greater than
an emission inventory conducted for CEMA (Davies et al. 2012). The CEMA data
nominally represented the 2010 year, while the updated assessment emissions includes
more recent data. The SO2 emissions are virtually the same for the updated and CEMA
emission inventories. The updated PM2.5 emissions are less than the CEMA values. The
CEMA inventory and the Integrated Application did not incorporate an adjustment to
compensate for overestimation bias for PM2.5 emissions from gas fired combustion units.
The updated values account for this adjustment and also include fugitive PM2.5 emissions.
While most of the emissions are associated with industrial sources, the ambient air
quality in communities, particularly Fort McMurray, can be strongly influenced by the
smaller non-industrial sources (e.g., domestic/commercial heating and local traffic).

18.4.4

Mitigation
Changes in air quality resulting from the Project will be reduced by applying mitigation
measures throughout the Project operations. Many of the actions taken to manage air
emissions are mandatory given the sophisticated regulatory regime in Alberta and
Canada. Other actions represent good engineering practice in keeping with professional
and societal expectations and Teck’s environmental performance objectives. The
following are examples of planned actions to manage and reduce air emissions that are
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generally the same as the Integrated Application and appropriate for the current level of
engineering.
Site Access and Construction Mitigation Measures


Constructing a bridge across the Athabasca River to produce a shorter access road
than west side access options.



If slash burning is required as part of site clearing activities, protocols will be
established to reduce off-site effects. Specific actions include restricting the amount
of material being burned at any given time, burning when the winds are favourable,
and informing local communities.



Applying dust mitigation measures to on-site roads during construction include:
appropriate selection of road materials, limiting vehicle speeds, and surface watering
(or equivalent).



Retaining natural vegetation as windbreaks.

Mine Fleet Mitigation Measures


Purchase of U.S. EPA Tier IV-compliant haul trucks, when available.



Optimize mine planning and engineering to reduce haul distances that will result in
reduced emissions and increased fuel efficiency.



Develop and implement an anti-idling program for the mine fleet.



Use ultra-low sulphur diesel in the mine fleet.

Cogeneration of Heat and Power


On-site cogeneration of heat and power using natural gas will reduce GHG emissions
in relation to drawing electricity from the Alberta grid.



Use of clean-burning natural gas as a fuel source for the cogeneration plant instead of
heavier hydrocarbons.



Use of dry low NOX1+ technology to reduce emissions and increase the efficiency of
the cogeneration plant.

Fugitive Hydrocarbon Mitigation Measures
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Designing the tailing solvent recovery unit to extract solvent from tailings in the froth
treatment plant to maintain solvent losses to less than four volumes solvent per
1,000 volumes of bitumen produced.



Floating roof tanks where appropriate and a vapour recovery system to condense and
recover vapours from tanks and process areas.



Use of dual solvent vapour recovery units to provide full redundancy in vapour
recovery.
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Energy Efficiency Mitigation Measures


Using variable frequency drives on boiler feed pumps and forced draft fans to reduce
electrical energy related to steam production.



Designing and configuring equipment in the froth treatment plant to maximize the
recovery of thermal energy (e.g., use of heat exchangers instead of a cooling tower).

Continual Improvement
In addition to the above actions, Teck anticipates that regulatory change will require
further action to comply with increasingly stringent regulations. In preparation for these
changes, Teck plans to implement the following continual improvement actions:

18.4.5



Review the current Project design at the feasibility level to determine if emergent
emission reduction technology exists that is compatible with the Prefeasibility design
and site conditions.



Continue research and development, and participation in associations that advance
emission reduction technologies and strategies that are applicable to oil sand
extraction.



Employ applicable learnings and strategies from other Teck operations and
multi-stakeholder organizations such as WBEA and Canada’s Oil Sands Innovation
Alliance (COSIA).



During operations, continually improve the efficiency of energy use and emission
reduction technologies.



Commission studies of hydrocarbon emissions from tailings areas and the mine face
to gain a better understanding of these emissions with a goal of identifying mitigation
actions.



Continue to evaluate and invest in ‘green-energy’ initiatives to reduce or offset
emissions (e.g., in 2015 Teck increased its ownership position in the Wintering Hills
wind farm from 30% to 49%).

Ambient NO2 Concentrations Effects Analysis
The maximum 1-hour concentrations near the Project are predicted to be less than the
1-hour Alberta Ambient Air Quality Objectives (AAAQO) (see Table 18.4-2). Higher
values (which are greater than the AAAQO) are predicted in the LSA and are associated
with operating, approved and planned developments to the south of the Project. The
Project contributions to the LSA maxima are less than 0.1%. These findings are
consistent with the Integrated Application.
The maximum annual concentrations near the Project are also predicted to be less than
the annual AAAQO (see Table 18.4-2). Higher values (which are greater than the
AAAQO) are predicted in the LSA and are associated with operating, approved and
proposed developments to the south of the Project. The Project contribution to the LSA
maximum is less than 0.3%. In contrast to the Integrated Application, the predicted
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values for the Project Update are less than the AAAQO. Otherwise, the findings are
consistent with the Integrated Application.
In general, NO2 maxima are predicted to occur within and near all operating, approved
and planned mining developments. This is consistent with the Integrated Application.

Table 18.4-2

NO2 Concentrations

Assessment Case

Along the PDA Boundary
3
(g/m )

LSA Maximum
(Outside of Development Areas)
3
(g/m )

th

1-hour NO2 (9 highest)
Existing Condition
Base Case

78.7

504

87.6

366

Application Case

158

PDC

158

367
369
300

1-hour NO2 AAAQO
Annual NO2
Existing Condition

10.1

67.5

Base Case

13.8

63.4

Application Case

42.4

63.5

PDC

42.7

Annual NO2 AAAQO
NOTES:
Concentrations that are greater than the AAAQO are shown in bold text.
– = No data

18.4.6

66.8
45

Ambient SO2 Concentrations Effects Analysis
The maximum 1-hour values near the Project and within the LSA are predicted to be
much less that the 1-hour AAAQO (see Table 18.4-3). The Project does not contribute to
the LSA maxima. These findings are consistent with the Integrated Application.
The maximum 24-hour values near the Project and in the LSA are predicted to be much
less than the 24-hour AAAQO (see Table 18.4-3). The Project contribution to the LSA
maximum is less than 0.0001%. These findings are consistent with the Integrated
Application.
The maximum annual values near the Project and in the LSA are predicted to be much
less than the annual AAAQO (see Table 18.4-3). The Project contribution to the LSA
maximum is 0.1%. These findings are consistent with the Integrated Application.
While increased SO2 concentrations are predicted to occur within and near operating,
approved and planned developments, the increases are much less than those associated
with NO2 concentrations. This is consistent with the Integrated Application.
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Table 18.4-3

SO2 Concentrations
Along the PDA Boundary
3
(g/m )

LSA Maximum
(Outside of Development Areas)
3
(g/m )

Existing Condition

44.5

185

Base Case

40.7

177

Application Case

40.7

177

PDC

46.6

Assessment Case
1-hour SO2

187
450

AAAQO 1-hour SO2 Concentration
24-hour SO2
Existing Condition

24.4

65.6

Base Case

23.1

69.5

Application Case

23.2

69.5

PDC

27.1

72.0
125

AAAQO 24-hour SO2 Concentration
Annual SO2
Existing Condition

1.5

9.0

Base Case

2.0

10.9

Application Case

2.4

11.0

PDC

2.7

AAAQO Annual SO2 Concentration
NOTE:
Concentrations that are greater than the AAAQO are shown in bold text.

18.4.7

11.4
20

Ambient PM2.5 Concentrations Effects Analysis
The maximum 1-hour values near the Project are predicted to be less than the 1-hour
Alberta Ambient Air Quality Guidelines (AAAQG) and maximum values elsewhere in
the LSA are predicted to be greater than the 1-hour AAAQG (see Table 18.4-4). The
Project contribution to the LSA maximum is less than 0.02%.
The maximum 24-hour values near the Project and in the LSA are predicted to be greater
than the 24-hour AAAQO. The predicted values greater than the AAAQO are limited to a
small region (5 km²) northeast of the PDA boundary (see Table 18.4-4). These values are
predicted to occur on average 1 d/a to 3 d/a. The predicted PDA boundary maximum for
the Application Case is consistent with predictions along other oil sands mine boundaries.
The Project contribution to the LSA maximum is less than 0.1%.
The 98th percentile 24-hour values near the Project are predicted to be slightly greater
than the 24-hour Canadian Ambient Air Quality Standards (CAAQS) only for the PDC
(see Table 18.4-4). The maximum 98th percentile 24-hour values in the LSA are predicted
to be greater than the 24-hour CAAQS. The Project contribution to the LSA maximum is
0.04%. The PDC conservatively includes two mine developments (JNM and PRM)
whose applications have recently been withdrawn.

June 2015

Page 18-19

Volume 1: Project Description
Section 18: EIA Summary

Frontier Oil Sands Mine Project Update

The annual values near the Project are predicted to be less than the annual CAAQS. The
maximum annual values in the LSA are predicted to be greater than the annual CAAQS
(see Table 18.4-4). The Project contribution to the Base Case LSA maximum is less than
0.3%.
Increased PM2.5 concentrations are predicted to occur within and near operating,
approved and proposed mining developments (e.g., PRM), some of which may not
proceed during the life of the Project. These are due mainly to fugitive dust emissions and
to mine fleet exhaust emissions. The benefits of Tier IV emission standards to reduce
exhaust emissions are accounted for in the Base Case, Application and the PDC
assessments.
Relative to the Project emissions, the maximum predicted 24-hour PM2.5 concentration is
predicted to be greater than the AAAQO for a small region adjacent to the PDA. This is
primarily due to the assumed fugitive dust emissions; as previously indicated, there is a
greater level of uncertainty with respect to estimating fugitive emissions than estimating
combustion emissions. Teck will develop a Project-specific dust management plan
(see Section 14.4.2.6) that incorporates mitigation used at other Teck operations as well
as measures employed by other operators in the oil sands.
The results of the updated assessment are different than the Integrated Application for
several reasons: gas-fired stack PM2.5 emissions have been reduced to reflect more
accurate dilution tunnel measurements; mine fleet haul truck PM2.5 emissions have been
reduced as Tier IV engines are assumed to be used in all haul trucks in the region when
peak Project emissions occur (2048 to 2062); a more accurate accounting of the nitrate (a
particle) and nitric acid (HNO3) (a gas) using the ammonia limiting method has been
adopted; and increased PM2.5 emissions from fugitive dust sources (e.g., haul roads) are
now included. The net effect of these refinements is lower PM2.5 predictions relative to
those presented in the Integrated Application.

Table 18.4-4

PM2.5 Concentrations
Along the PDA Boundary
3
(g/m )

LSA Maximum
(Outside of Development Areas)
3
(g/m )

Existing Condition

24.9

253

Base Case

21.9

252

Application Case

56.0

252

PDC

56.5

252

Assessment Case
th

1-hour PM2.5 (9 highest)

80

AAAQG 1-hour PM2.5 Concentration
st
24-hour PM2.5 (1 highest)
Existing Condition

19.5

129

Base Case

17.5

122

Application Case

40.0

122

PDC

40.5

AAAQO 24-hour PM2.5 Concentration
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Table 18.4-4

PM2.5 Concentrations (cont’d)
Along the PDA Boundary
3
(g/m )

LSA Maximum
(Outside of Development Areas)
3
(g/m )

Existing Condition

14.8

89.0

Base Case

14.5

62.2

Application Case

27.7

62.3

PDC

28.3

Assessment Case
th

24-hour PM2.5 (98 percentile)

62.8
28

CAAQS 24-hour PM2.5 Concentration
Annual PM2.5
Existing Condition

5.1

22.7

Base Case

5.2

16.6

Application Case

7.8

16.6

PDC

8.0

16.9

CAAQS Annual PM2.5 Concentration

10

NOTE:
Concentrations that are greater than the AAAQG, AAAQO or CAAQS are shown in bold text.
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Health-Related Substance Concentrations Effects Analysis
Fort Chipewyan
Air quality is influenced mainly by local community emissions and secondarily by more
distant industrial emissions. Concentration increases occur for the Base Case relative to
the existing condition; much of these increases can be attributed to increased community
emissions. Increases also occur for the Application Case relative to the Base Case. For
the Application Case and depending on the metric, the maximum predicted:


NO2 concentrations are 3.7 to 6.7 times less than the AAAQO.



SO2 concentrations are 3.2 to 7.1 times less than the AAAQO.



PM2.5 concentrations are 2.2 to 4.9 times less than the AAAQG/AAAQO/CAAQS.



CO concentrations are 13 to 28 times less than the AAAQO.



Hydrocarbon concentrations are 1.7 to 64,815 times less than the respective
AAAQO. The 1.7 factor is associated with acrolein; most of the contribution is
associated with the assumed background value.



Reduced sulphur compound (RSC) concentrations are 12 to 2,000 times less than the
respective AAAQO.



Metal concentrations are 30 to 3,297 times less than the respective AAAQO.

For most of the substances, the Project contribution is not substantive (i.e., it is less than
1%). Project contributions greater than 1% occur for benzo(a)pyrene, n-hexane, styrene,
chromium, lead and manganese. The air quality in the community is expected to continue
to be representative of a remote background community location.
Fort McKay
Air quality is strongly influenced by industrial emissions. For the Application Case and
depending on the metric, the maximum predicted:
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NO2 concentrations are to 1.2 to 2.7 times less than the AAAQO.



SO2 concentrations are 3.6 to 3.9 times less than the AAAQO.



PM2.5
concentrations are
AAAQG/AAAQO/CAAQS.



CO concentrations are 13 to 31 times less than the AAAQO.



Hydrocarbon concentrations are 1.6 to 4,440 times less than the respective
AAAQO. The 1.6 factor is associated with benzo(a)pyrene.



RSC concentrations are 11 to 159 times less than the respective AAAQO.



Metal concentrations are 4.3 to 550 times less than the respective AAAQO.

1.2

to

2.5

times

less

than

the
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For most substances, the Project contribution is not substantive (i.e., it is less than 1%).
Project contributions greater than 1% occur for benzo(a)pyrene, chromium and
manganese.
Fort McMurray
Being a large community, the air quality is influenced by both industry and community
emissions. For the Application Case and depending on the metric, the maximum
predicted:


NO2 concentrations are 1.4 to 2.7 times less than the AAAQO.



SO2 concentrations are 4.2 to 8.1 times less than the AAAQO.



PM2.5 concentrations are greater than the AAAQG/AAAQO/CAAQS. The Project
contributions to these maxima are 0.2% or less.



CO concentrations are 5.0 to 8.2 times less than the AAAQO.



Hydrocarbon concentrations are 1.05 to 3,465 times less than the respective
AAAQO. The 1.05 factor is associated with acrolein; most of the contribution is
associated with the assumed background value.



RSC concentrations are 12 to 368 times less than the respective AAAQO.



Metal concentrations are 4.5 to 97 times less than the respective AAAQO.

Community PM2.5 emissions are primarily due to residential and commercial heating
sources; the emissions for the three assessment cases relative to the existing condition
increase by 36%. This is similar to associated concentrations changes relative to the
existing condition.
For most substances, the Project contribution is not substantive (i.e., it is less than 1%).
Project contributions greater than 1% occur for benzo(a)pyrene and manganese.

18.4.9

Odour Potential Effects Analysis
The updated assessment indicates three odourants of potential concern as part of typical
emissions (i.e., not during upset events): acetaldehyde, the thiophene group and NO2. The
acetaldehyde emissions appear to be strongly influenced by community emission sources,
in contrast to the thiophene group emissions that are strongly influenced by upgrading
facilities. NO2 emissions are influenced by both community and industrial emissions.
Areas where most of the population could detect an odour (i.e., areas where values are
greater than the recognition thresholds) tend to be confined to the respective development
areas. Areas where the most sensitive members of the population could detect an odour
(i.e., areas where values are greater than the detection thresholds) can extend beyond the
individual development areas. The main contributions of the Project to odour appear to be
confined within the PDA boundary for the recognition threshold, and extend slightly
beyond the PDA boundary for the detection threshold.
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Teck will apply prudent operating practices to manage these emissions. In addition, an
ongoing communication protocol between operators and community members to work
within or improve any existing odour management plans needs to be established.

18.4.10

Acid-Forming Substance Deposition Effects Analysis
The Integrated Application adopted base cation values based on provincial scale
precipitation measurements, with the nearest monitoring sites being Fort Chipewyan,
Fort McMurray and Cold Lake. In contrast, the updated assessment adopted base cation
values based on monitoring sites located closer to oil sands activities. These nearby
monitoring sites show much larger base cation deposition due to dust from mining
activities; this neutralizes the acid forming compound contributions to a much greater
degree than indicated in the Integrated Application (Fenn et al. 2015).
Generally, positive PAI depositions are predicted for the four northern RSA grid cells,
and negative PAI depositions are predicted for the eight southern RSA grid cells. On a
grid cell basis, the PAI deposition for all RSA grid cells are less than the most stringent
deposition loading criteria (i.e., the 0.17 keq H+/ha/a monitoring load for sensitive grid
cells). There are isolated locations within and near operating, approved and planned
operations where the PAI is greater than the 0.17 keq H+/ha/a deposition load. Overall,
the updated assessment PAI predictions are much lower than those presented in the
Integrated Application.
The updated assessment predictions indicate that the risk of acidification appears to be
mitigated by base cation deposition. The risk for acidification would increase if
additional dust control at the mines reduces regional scale base cation emissions without
associated decreases in SO2 and NOX, emissions.
For further discussion relative to the implication of PAI deposition on aquatic and
terrestrial systems, see surface water quality (see Section 18.5.5.7) and soils
(see Section 18.6.3.6).

18.4.11

Nitrogen Deposition Effects Analysis
Nitrogen deposition results from NOX and reduced nitrogen emission sources in the RSA
and from emission sources located outside the region. Near major emission sources, the
predicted nitrogen deposition is strongly influenced by these emissions and less by
outside sources. More distant from the major source, the influence of background due to
these sources becomes more important.
Higher-than-background nitrogen deposition values tend to occur near operating,
approved and planned oil sands developments. Specifically, nitrogen deposition values
greater than 8 kg/ha/a occur in a corridor extending from operating upgraders in the south
to the PDA in the north. The Project emissions increase the area enclosed by the
8 kg N/ha/a contour by 2.5%; this increase also includes lands that are disturbed. For the
Application Case, the area greater than the 8 kg/ha/a contour represents 0.9% of the RSA.
These increased areal extents due to the Project Update are less than the corresponding
values provided in the Integrated Application.
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For further discussion about the implication of nitrogen deposition on terrestrial systems,
see Section 18.6.3.6.

18.4.12

PAC and Metal Substance Deposition Effects Analysis
This section focused on presenting the predicted total polycyclic aromatic hydrocarbon
(PAH) deposition and the predicted total metal deposition as contours superimposed over
the RSA base map. The updated emission inventory data and the CALPUFF model were
also used to predict the deposition of individual PACs and individual metals for the RSA
and at discrete locations. The predicted individual substance deposition values are further
examined in the context of the surface water quality (see Section 18.5.5.8) and human
health (see Section 18.7).
While the predicted PAC deposition was of similar magnitude as those derived from
snowpack measurements, the predicted metal deposition may potentially be understated.
Both model predictions and the snowpack measurements, however, indicate a strong
decrease of deposition rates with distance from oil sands developments, indicating that
the oil sands sources are the potential source of the deposition.

18.4.13

Ground-Level Ozone Substance Concentrations Effects Analysis
Ozone is a naturally occurring substance and is not directly emitted by the Project or by
other oil sands developments. High backgrounds levels occur in springtime (March to
May). High nitrogen oxide (NO) concentrations due to high NOX emissions will decrease
the natural ozone levels in the atmosphere in the immediate vicinity of the emission
source. During periods of hot weather in the summer, ozone can be formed due to
precursor NOX and VOC emissions.
The Project along with other existing and planned developments in the oil sands region
collectively result in a substantive increase on precursor NOX and VOC emissions. With
the appropriate weather conditions, these emissions can lead to an increase in ambient
ozone episodes. As discussed in the Integrated Application, the maximum 1-hour ozone
concentration could increase by up to 20 µg/m3, and the 4th highest daily maximum
8-hour ozone concentrations could increase by 4 µg/m3 to 8 µg/m3 relative to the existing
condition.

18.4.14

Regional Visibility Effects Analysis
The Project will be a source of regional haze precursor emissions. A first-order
calculation estimate indicates that while the Project contribution in itself may not result in
regional haze, it may be a source of local plume blight and will contribute with other
developments to regional haze and associated visibility impairment.
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Greenhouse Gas Emissions Effects Analysis
Most of the Project GHG emissions are associated with the operation phase. The
estimated Project direct and indirect GHG operation emissions of 4,082 kt/a represent
1.64% of the provincial total and 0.58% of the national total. The Project GHG emission
intensity is expected to be 40.4 kg CO2e/bbl (kilograms carbon dioxide equivalent per
barrel) for combined direct and indirect emissions. In contrast, the corresponding
emission intensity for the Integrated Application was estimated to be 46 kg CO 2e/bbl.

18.4.16

Assessment Conclusions
Results of the updated air quality assessment are not identical to those presented in the
Integrated Application. This is a result of Project changes discussed in Section 2 and new
technical information listed above; particularly the fugitive emission rates for mine face,
tailings areas and dust. Because of the new information, the updated assessment is
considered more thorough than previous assessments.

18.5

Aquatics

18.5.1

Key Issues, Questions and Indicators
A summary of key issues, questions and indicators for each phase of the Project and their
relevance to the Project are summarized in Table 18.5-1.

18.5.2

Study Areas
The aquatics LSA is the same for groundwater, hydrology, surface water quality and fish
and fish habitat (see Figure 18.5-1). A similar RSA was used for hydrology, surface
water quality, and fish and fish habitat, while groundwater used a larger RSA
(see Figure 18.5-2). In addition, surface water quality used a second, larger study area to
assess regional emissions effects.
A number of assessment nodes were examined to capture cumulative changes due to the
Project during construction, operation, and at closure in conjunction with other operating,
approved or planned developments (see Figures 18.5-1 and 18.5-2).

Page 18-26

June 2015

Volume 1: Project Description
Section 18: EIA Summary

Frontier Oil Sands Mine Project Update

Table 18.5-1

Key Issues, Questions and Indicators – Aquatics

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

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

Change in groundwater levels,
seepage rates and flow
patterns





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

Change in groundwater quality




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)

Groundwater quality in
aquifers
Groundwater baseflow
quality



Specific hydrochemical
constituents or surrogates

LSA and RSA (when
appropriate)

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)

Hydrology





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

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)
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Key Issues, Questions and Indicators – Aquatics (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

Hydrology (cont’d)
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

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 Volume 3, Section
7.3.5, Table 7-3)



Concentrations of water
quality substances
(see Volume 3,
Section 7.3.5, 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 dissolved oxygen
(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
Volume 3, Section 7.3.5,
Table 7-5)



Concentrations of
sediment quality
substances (see
Volume 3, Section 7.3.5,
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

Surface Water Quality
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Table 18.5-1

Key Issues, Questions and Indicators – Aquatics (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

Surface Water Quality (cont’d)
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 Volume 3, Section
7.3.5, Table 7-3)



Concentrations of water
quality substances (see
Volume 3, Section 7.3.5,
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

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
aquatics RSA

Fish and Fish Habitat
F1: Could the Project
contribute to cumulative
changes to fish habitat?
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Key Issues, Questions and Indicators – Aquatics (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

Fish and Fish Habitat (cont’d)
F2: Could the Project
contribute to cumulative
changes to fish abundance?

Changes in fish abundance






F3: Could the Project
contribute to cumulative
changes to fish and fish habitat
diversity?
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Changes in fish and fish
habitat diversity






Habitat productivity (area
and condition)
Aquatic health
Fish entrainment and
impingement
Fishing pressure




Fish habitat diversity
Fish species diversity
Fish trophic level diversity
Benthic invertebrate
diversity










Fish abundance
Acute and chronic aquatic
health
Baseline sport fish
presence and population
Fish harvest

Aquatics LSA and
aquatics RSA

Habitat types
Qualitative fish habitat
productivity assessment
Fish presence or
populations
Benthic invertebrate
community abundance
and composition

Aquatics LSA and
aquatics RSA
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Groundwater
Baseline Overview
Geology
The stratigraphic succession in the LSA consists of the following principal geologic units
and lithologies:


Holocene fluvial fan deposits and localized muskeg



Quaternary clays, silts and sands



Cretaceous siliclastics that include the intra-orebody water-bearing layers and the
basal water sands (BWS)



Devonian limestones, dolomites, shales and evaporites



Precambrian granitoids, granite gneisses and metasediments

The main water-bearing units or subunits of hydrogeologic interest to the Project occur in
the Cretaceous to Quaternary part of the succession. These two water-bearing units are
the BWS and the Quaternary deposits.
An improved regional understanding of the regional Devonian stratigraphy, structure and
karst north of Fort McMurray has allowed a more detailed description of the local karst
setting near the PDA. Deep-seated karst and the potential for vertical hydraulic
connection between the deep Devonian strata and the basal aquifer under the PDA is
interpreted to be relatively low. Shallow karst, as manifest through the occurrence of
sinkholes, is expected to occur adjacent to the Athabasca River where Quaternary strata
directly overly the surface of the Devonian strata. Similar shallow karst is not expected to
occur in areas where a thick accumulation of Cretaceous oil sand separates the
Quaternary strata from the Devonian surface, such as in the PDA. These local
interpretations remain consistent with the interpretation provided in the Integrated
Application.
One north-south oriented Quaternary channel-like feature was described in the Integrated
Application. This Quaternary feature was imaged geophysically, and follow-up
exploratory drilling was conducted. This feature has been confirmed to be dominantly
filled with clayey material, so it does not constitute an aquifer. This interpretation is
consistent with that of the Integrated Application.
Reinterpretation of the hydraulic conductivity tests for wells installed in the Quaternary
strata has provided a refined representation of the hydraulic conductivity distribution.
Sandy deposits that dominate the east side of the LSA have hydraulic conductivities
ranging from about 10-5 m/s to 10-4 m/s. Sands that have a hydraulic conductivity within
this range can be considered moderately permeable. The clayey deposits that dominate
the west side of the LSA have comparatively low hydraulic conductivities, with an
approximate range of 10-7 m/s to10-9 m/s.
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Hydrogeology
As expected, groundwater movement in the Quaternary deposits shows a close
correlation with terrain topography. Overall, groundwater flow is west from the Birch
Mountains towards the Athabasca River on the east. Hydrochemically, groundwater types
range from calcium-magnesium-bicarbonate across mixed cation-bicarbonate, mixed
cation sulphate-bicarbonate, to fully sodium-bicarbonate waters. Such variability would
reflect a corresponding variability of surficial geologic material. For example, conditions
become increasingly sandy eastward across the PDA. Mineralization is generally less
than 1,000 mg/L total dissolved solids (TDS), representing fresh water. These results are
consistent with the data presented in the Integrated Application.
Groundwater Use
There is currently no abstraction of groundwater for use by communities or
municipalities in the aquatics LSA. The largest production of groundwater in the
industrial sector is for overburden dewatering and BWS depressurizing for mine
operation. This production is for engineering control purposes rather than groundwater
use.
18.5.3.2

Mitigation
Groundwater quantity and quality changes resulting from the Project will be reduced by
applying mitigation measures throughout the Project’s life, including during construction,
operation and closure as outlined in the environmental controls developed for the Project
(see Section 14.11).
The mitigation strategy for groundwater is generally consistent with the information
presented in the Integrated Application. Depressurization and dewatering activities
around the pits and external tailings areas (ETAs) will be used during operations to
enable safe mining and provide containment of seepage. Post-closure, a passive seepage
control system will be employed around the ETAs. As in the Integrated Application,
Teck maintains its commitment to not place tailings in the watershed that flows north to
Ronald Lake.
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.
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
control system.

Page 18-34

June 2015

Frontier Oil Sands Mine Project Update

Volume 1: Project Description
Section 18: EIA Summary

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 possible weathering of the
upper few metres of the Waterways Formation or related to karst. Teck responded to
these concerns through the SIR process. 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 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).
Seepage Interception and Groundwater Quality
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. For additional
discussion about groundwater seepage control for the Project, see Section 2.1.9.
Teck will continue to develop and enhance the groundwater 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 monitor performance and protect the receiving environment protected
(see Section 14.11.2). The groundwater monitoring plan will incorporate monitoring
wells located east of the ETA (see Section 14.11.2). Should monitoring identify the need
for enhanced collection of process-affected groundwater the seepage control system will
be upgraded. During operations, this will likely involve additional interception wells.
Post-closure upgrades could include additional passive depressurization wells or
enhancements to the hydraulic barrier.
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Groundwater Levels, Flows and Flow Patterns Effects Analysis
The conclusions from the Project Update are consistent with those presented in the
Integrated Application and the revised assessment that was completed in 2013 as part of
the SIR response process. 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, additional groundwater will be captured and
incorporated into the closed-circuit operations of the Project. This has been incorporated
into the overall water management plan (see Section 7). This represents a reduction of the
Athabasca River withdrawal 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.

18.5.3.4

Groundwater Quality Effects Analysis
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.
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 fish habitat compensation lake
(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 18.5.5.7). 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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Assessment Conclusions
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 2013 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 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).

18.5.4
18.5.4.1

Hydrology
Baseline Overview
Watercourses
The Project is situated in an area dominated by wetlands and is expected to affect
(directly or indirectly) the following watercourses:
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Unnamed Creek 18, which includes Unnamed Creek 17 and Unnamed Creek 16, that
flows into Ronald Lake
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Unnamed Creek 19, Redclay Creek and Big Creek, which includes Unnamed
Creek 5, Unnamed Creek 7, Unnamed Creek 2



Athabasca River

Since the updated PDA is smaller than the Integrated Application due to the removal of
the south development area (SDA), the Pierre River and Eymundsen Creek watershed
will no longer be affected by the Project.
2B

Site-specific hydrologic data was collected as part of the field program for the Project.
Key streamflow statistics for watercourses in the aquatics LSA are summarized in
Table 18.5-2 and key streamflow statistics for the aquatics RSA are summarized in
Table 18.5-3. The results of existing hydrologic information are consistent with those
presented in the Integrated Application. However, flow statistics for the aquatics LSA
and RSA are slightly changed from what was presented in the Integrated Application
because that dataset is slightly larger (i.e., additional data from 2010 to 2013).
The mean annual discharge for the Athabasca River below Fort McMurray (07DA001) is
620 m³/s, corresponding to a water yield of 147 mm. The mean monthly flow ranges from
158 m3/s in February to 1,381 m3/s in July.

Table 18.5-2
7B

Streamflow Statistics for Watercourses in the LSA
Drainage
Area
(km²)

Mean
Annual
Discharge
3
(m /s)

Mean
Annual
Water Yield
(mm)

300.5

0.445

47

53.2

0.121

72

3.13

0

Unnamed Creek 17 at the mouth

106.7

0.163

48

4.03

0

Unnamed Creek 16 at the mouth

40.7

0.034

27

0.973

0

Unnamed Creek 19 at the mouth

45.4

0.034

24

1.02

0

67.9

8.75

0

Watercourse
Unnamed Creek 18 at the mouth
Unnamed Creek 17 at station UTS06

Redclay Creek at station UTS05

0.276

128

Redclay Creek the mouth

197

0.397

64

Unnamed Creek 2 at station UTS03

104.7

0.169

51

Big Creek at the mouth

326.2

0.561

54

Table 18.5-3

10-Year
Flood Peak
Discharge
3
(m /s)
11.8

10.4
4.34
14.1

7Q10 Low
Flow
(L/s)
0

0
0
0

Streamflow Statistics for Major Watercourses in the RSA
Mean
Annual
Discharge
3
(m /s)

10-Year
Flood Peak
Discharge
3
(m /s)

7Q10 Low
Flow
3
(m /s)

Mean
Annual
Sediment
Yield
(mm)

Athabasca River below Fort McMurray (07DA001)

620

3,810

101

0.0316

Athabasca River below Eymundson Creek (S24)

649

3,880

103

NA

Athabasca River at Embarras Airport (07DD001)

667

3,930

105

NA

Watercourse
(Station Number)

NOTE:
NA = Data not available
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Waterbodies
Several small waterbodies exist in the watersheds in the aquatics LSA. Ronald Lake is
the biggest waterbody in the aquatics LSA with a lake surface area of 5.0 km2. The lake
is fed by flows from Unnamed Creek 18 and local runoff from the surrounding area. The
total drainage area at the outlet of Ronald Lake is about 332 km2, including:

18.5.4.2



300 km2 of Unnamed Creek 18 drainage area



27 km2 of surrounding local runoff area



5.0 km2 of lake surface area at a mean elevation of about 259 m amsl, including the
areas of surrounding small waterbodies directly connected to Ronald Lake

Mitigation
The hydrologic changes resulting from the Project will be reduced by implementing
mitigation measures throughout the Project’s life, including during construction,
operation and closure as outlined in the water management plan (see Section 7).
Mitigation for Flows, Water Levels and Open-Water Areas
The water management plan (see 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:
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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.



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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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 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

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.
Mitigation for Sediment Yields Concentrations and Channel Regimes
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 Section 7).
All Project facilities except the for the river water intake (RWI), access road and bridge
will be located greater than 2 km west of the Athabasca River. This places all facilities
except the RWI intake structure and bridge piers 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.
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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 total suspended solids (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 proposed fish habitat
compensation lake to reduce sediment discharge during Project operations.
18.5.4.3

Flows, Water Levels and Open-Water Areas Effects Analysis
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, predicted changes for
the updated Project are comparable to the results presented in the Integrated Application.
Together, the Project and PRM (if constructed) 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 PRM 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.
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At closure, the small reduction in outflows from Ronald Lake of about 0.2% will be
offset through the advantages offered by the pit lakes, 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 lakes and
surrounding watershed will not contain tailings materials.
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, at 2081.
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 its
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, the JNM project has been indefinitely delayed but remains in the Base Case
based on Total’s publically disclosed schedule. Total’s delayed JNM Expansion project
exists in the PDC for the Project and is therefore conservative in the same manner as for
the PRM.
18.5.4.4

Sediment Yields Concentrations and Channel Regimes Effects Analysis
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
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constructed to have erosion characteristics similar to natural drainage systems. As a
result, the Project drainage will cause negligible changes to channel regimes.
18.5.4.5

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).

18.5.4.6

Assessment Conclusions
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).

18.5.5
18.5.5.1

Surface Water Quality
Baseline Overview
This baseline update includes additional water quality data and a change to the spatial
boundary of the aquatics LSA. Characterization of water quality baseline conditions in
the aquatics LSA and RSA provided in this update was shown to be similar to baseline
conditions reported as part of the Integrated Application.
Water quality samples were collected in winter and spring 2012 from eight watercourse
sampling stations and two waterbody sampling stations in the aquatics LSA. These
samples were analyzed for detailed water chemistry to supplement the data collected and
presented in the original surface water quality baseline study, submitted as part of the
Integrated Application. Additional baseline surveys of water and sediment quality will
continue before and after Project development to confirm the predictions made in the
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modelling assessment, to comply with authorizations issued under Alberta’s EPEA and
Fisheries Act, and to inform adaptive management strategies if required. Historical water
quality data in both the aquatics LSA and RSA were compiled from various sources.
Water quality data were summarized, tabulated and compared with available historical
and recent water quality data for the aquatics LSA and RSA. Key findings are
summarized here:
Conventional Parameters and Major Ions
Surface waters in the aquatics RSA were generally very clear to coloured. Those in the
aquatics LSA were coloured or highly coloured. Surface water in both the aquatics LSA
and RSA was generally well oxygenated and characterized by moderate total organic
carbon and high alkalinity, which suggests that these waters are well buffered against
acid deposition. Concentrations of TSS were usually low in all waterbodies and
watercourses during winter but higher during spring, summer and fall. In the aquatics
RSA, water was classified as moderately soft to very hard; in contrast, waters in the
aquatics LSA were classified as hard to very hard.
Concentrations of TDS varied widely from very low to very high. With the exception of
several fluoride and sulphide levels, ion concentrations were generally low and
dominated by bicarbonate, calcium, sodium and sulphate species. With few exceptions,
DO and pH values were within water quality guideline ranges in surface waters in the
aquatics LSA and RSA.
Nutrients
Surface waters in the aquatics LSA and RSA were classified as moderate to high for
concentrations of total Kjeldahl nitrogen, but had low concentrations of ammonia, nitrate
and nitrite. Total phosphorus concentrations ranged from below analytical detection to
greater than 20 mg P/L.
Trace Metals
Concentrations of total metals including aluminum, arsenic, barium, beryllium, cadmium,
chromium, cobalt, copper, iron, lead, mercury, nickel, silver, thallium, vanadium and zinc
were above guidelines for the protection of aquatic life and/or wildlife and human health
in several waterbodies and watercourses. Concentrations of dissolved aluminum,
cadmium and iron were above acute and chronic guidelines for the protection of aquatic
life in several waterbodies and watercourses.
Organics
Concentrations of organic compounds were usually below analytical detection limits,
with the exception of total phenolics, which was often above the wildlife health guideline
and chronic guideline for the protection of aquatic life. These elevated concentrations can
be attributed to natural factors and do not indicate that water quality has been
compromised. There were no apparent temporal or seasonal trends in the concentrations
of organics.
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Mitigation
Surface water quality changes resulting from the Frontier Project will be reduced by
applying mitigation measures throughout the Project’s life, including during construction,
operation and closure. Specific monitoring and reporting requirements for surface waters
for the Project will be defined in conjunction with Alberta Environment and Sustainable
Resource Development (ESRD) in compliance with expected EPEA approval
requirements.
Surface Water Quality
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 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,
external disposal areas (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)



installing a passive seepage control system to limit seepage of process-affected
waters from the ETAs. Installation is assumed to at the completion of mining for the
Project Update, whereas the Integrated Application assumed the system would be
installed early in the mine life.

Project activities will follow safety protocols designed to limit accidents and reduce
effects if an accident should occur. 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.
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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. 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 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.
Thermal Regimes
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 EPEA approval.
Dissolved Oxygen
Mitigation measures designed to limit potential changes in DO in receiving waters are the
same as 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
through the use of active aeration devices such as those employed at the Aurora North
project (Heisler 2010).
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Sediment Quality
Mitigation measures designed to limit the release of metals and PAHs from the Project
are the same as those presented in 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.

Pit Lakes
Mitigation measures to maximize pit lake function are the same as those presented in 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



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

Aquatic Health
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 Volume 3, Section 6 (hydrology), Section 7.4.5 (changes in water
quality) and Section 7.10.5 (pit lakes). Mitigation related to managing acidifying
emissions is outlined in Volume 3, Section 7.8.6.
18.5.5.3

Surface Water Quality and Aquatic Health Effects 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
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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 chronic effects benchmarks (CEBs).
Concentrations that were predicted to be higher than guidelines and CEBs were carried
forward to an aquatic health assessment for further evaluation.
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.
18.5.5.4

Thermal Regimes
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.

18.5.5.5

Dissolved Oxygen
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.

18.5.5.6

Sediment
Sediment quality modelling indicated that there would be negligible changes to sediment
quality in Big and Redclay creeks from reference conditions.
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Acid Deposition
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
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.
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.
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.
Surface Water Quality and Deposition of Aerial Emissions
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 Community
Multiscale Air Quality (CMAQ) model. Both metal and PAH concentrations are
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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 Athabasca Oil Sands Region (AOSR).
Pit Lakes and Aquatic Health
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.
18.5.5.8

Assessment Conclusions
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 in-flows by the time they begin discharging to the
surrounding environment and into the far future.
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Fish and Fish Habitat
Baseline Overview
Key findings from the Integrated Application and Project Update are that LSA
waterbodies, watercourses or watercourse segments in the PDA either have limited fish
habitat potential or are not thought to provide productive fish habitats (see Table 18.5-4).
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 upper and middle
watercourse reaches within or upstream of the PDA) in the aquatics LSA lack fish habitat
potential altogether 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
fish habitat potential within the forested wetland complexes themselves is limited to the
presence of small, defined yet isolated 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

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 18.5-4). 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)
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are also present in Ronald Lake, and one (northern pike) is present in Unnamed
Waterbody 19, which is connected to Ronald Lake.

Table 18.5-4

Fish Habitat Potential for Watercourses and Waterbodies in the
LSA or RSA

Watercourse or Waterbody

Reach1

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

Unnamed Creek 16

Middle

N

Not sampled – Desktop study

3
3

I

Unnamed Creek 19

Lower

Not sampled – Desktop study

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 18.5-4

Fish Habitat Potential for Watercourses and Waterbodies in the
LSA or RSA (cont’d)

Watercourse or Waterbody

Reach1

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

18.5.6.2

Mitigation
Changes to fish and fish habitat resulting from the Project will be reduced by
implementing mitigation measures throughout the Project’s life, including during
construction, operation and closure as outlined in the conceptual fisheries offsetting plan
(CFOP) (see Section 15) (formerly the conceptual fish habitat compensation plan
[CFHCP]). The Project FHCL will be monitored following construction to confirm that
the habitat is functioning as intended. Monitoring will incorporate all requirements
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specified in the Section 35(2) Fisheries Act Authorization for the works. Additional
mitigation measures will be employed to reduce the effects on fish and fish habitat:
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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 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 2013b) and the
Fisheries Act Measures to Avoid Causing Harm to Fish and Fish Habitat (DFO
2013).



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.



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.



Teck will develop and implement an access management plan (AMP) 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



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).
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Fish Habitat and Fish Abundance Effects Analysis
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.
18.5.6.4

Fish and Fish Habitat Diversity Effects Analysis
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,
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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 aquatics 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.
Fish species in the aquatics LSA consist mostly of forage fish, with sport fish and sucker
species. While loss of habitat will result in the loss of relative abundance, it will not result
in a loss of fish habitat, fish species, benthic diversity or trophic levels. As a result, the
linkage between Project activities and changes in fish and habitat diversity is not valid
and the effects were not assessed.
18.5.6.5

Assessment Conclusions
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 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 CFOP. 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
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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.

18.6

Land

18.6.1

Key Issues, Questions and Indicators
A summary of key issues, questions and indicators for each phase of the Project and their
relevance to the Project are summarized in Table 18.6-1.

18.6.2

Study Areas
The terrestrial LSA is the same for terrain and soils, vegetation and wildlife
(see Figure 18.6-1). For terrain and soils, a potential acid input (PAI) study area is used
and includes the area within which Project contributions to cumulative acidifying
emissions could affect soil resources in conjunction with existing, approved and planned
developments. For vegetation and wildlife, the RSA includes the terrestrial LSA and all
land expected to receive an annual critical load of nitrogen deposition for the most
sensitive vegetation species (i.e., lichens and bryophytes). For the Project Update, the
PAI study area, and vegetation and wildlife RSA are identical (see Figure 18.6-2).
The vegetation and wildlife RSA used in this assessment represents an area planned for
intensive industrial use. It does not include large areas of land the province has protected
or has identified for future conservation. Specifically, it includes most of the Mineable
Oil Sands Area (MOSA), which represents 39.6% of the vegetation and wildlife RSA
(see Figure 18.6-2) but only 5,549 ha (0.5%) of protected area and 22,687 ha (1.9%) of
new conservation area identified in the LARP (GOA 2012a).
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Key Issues, Questions and Indicators – Terrestrial

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

Terrain and Soils
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

Land capability classification
(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

V1: Could the Frontier Project
contribute to cumulative
changes in landscape
diversity?

Fragmentation and
homogeneity

Patch number and size



Patch number and size

RSA

Patch perimeter



Patch perimeter length

V2: Could the Frontier Project
contribute to cumulative
changes in vegetation
community diversity?

Loss or alteration of vegetation
types from Project construction
and operation

Upland ecosite phase,
wetlands classes



Area

Old growth



Area

Rare and special plant
communities



Location

Species diversity potential



Area

Rare species



Location

Species integrity



Qualitative

Vegetation

V3: Could the Frontier Project
contribute to cumulative
changes in plant species
diversity?
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Loss of vegetation species
from construction and
alteration of vegetation species
from Project operation

LSA and RSA
(when appropriate)

LSA and RSA
(when appropriate)
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Table 18.6-1

Key Issues, Questions and Indicators – Terrestrial (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

Vegetation (cont’d)
V4: Could Frontier Project
contributions to cumulative air
emissions affect vegetation
health and diversity?

Fumigation

Cover classes sensitive to SO2
and NO2 emissions




Cover class distribution
and extent exceeded
Cover class distribution
and extent exceeded

Fertilization

Cover classes sensitive to
nitrogen (N)-deposition



Cover class distribution
and extent exceeded

Acidification

Soil series critical loads



Soil series critical loads
distribution and extent
exceeded

Cover classes sensitive to
tailings dust



Qualitative

All key indicators (except
wolverine)

Change in areal extent of
habitat classes within footprint

RSA

Wildlife
W1: Could the Project
contribute to cumulative
changes in habitat availability?

Direct changes to habitat
conditions (e.g., clearing,
grading)
Indirect changes to habitat
conditions from sensory
disturbance in adjacent
habitats outside of Project
footprint (i.e., within zones of
influence)

W2: Could the Project
contribute to cumulative
changes in landscape
connectivity?

June 2015

Blockage of wildlife
movements within RSA
because of increased habitat
loss, human disturbance and
fragmentation

Change in areal extent of
habitat classes within zones of
influence (ZOI)

Landscape key indicators,
including:
 moose
 black bear
 wolverine
 fisher
 Canada lynx

Change in area of movement
hindrance at the landscape
scale

 LSA
 RSA
 Ronald Lake bison
study area (BSA)
 Caribou range study
area

RSA
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Key Issues, Questions and Indicators – Terrestrial (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

Wildlife (cont’d)
W2: Could the Project
contribute to cumulative
changes in landscape
connectivity? (cont’d)

W3: Could the Project
contribute to cumulative
changes in wildlife mortality
risk?
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Evidence of boreal caribou
extra-range movement and
dispersal between ranges in
the RSA

Boreal caribou

Qualitative

 RSA
 Caribou range study
area

Blockage of wildlife
movements within RSA
because of increased habitat
loss, human disturbance and
fragmentation

 Ronald Lake bison
 little brown and northern
myotis
 birds
 amphibians

Qualitative

 RSA
 Ronald Lake BSA

Direct wildlife mortalities from
Project-related physical works
and activities

Key indicators monitored for
vehicle collisions, including:
 moose
 black bear
 Ronald Lake bison
 fisher
 wolverine
 avian key indicators
 amphibian key indicators

Estimated change in moose
and black bear mortality based
on traffic volumes (other key
indicators qualitative)

 LSA
 RSA
 Ronald Lake BSA

Indirect wildlife mortalities from
increased hunting, trapping
resulting from Project activities
(i.e., increased access to
hunters and trappers)

Key indicators that are hunted
or trapped, including:
 Ronald Lake bison
 moose
 black bear
 Canada lynx
 wolverine
 fisher
 beaver
 muskrat

Change in extent of core
security habitat for moose,
black bear, wolverine, and
Canada lynx)

 RSA
 Ronald Lake BSA

Change in hunting and
trapping harvest
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Table 18.6-1

Key Issues, Questions and Indicators – Terrestrial (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial Considerations

Wildlife (cont’d)
Indirect wildlife mortality
associated with changes in
disturbance

 Ronald Lake bison
 moose
 boreal caribou

Changes in linear feature
density (Ronald Lake bison
qualitative)

 RSA
 Ronald Lake BSA
 Caribou range study
area

Changes in wildlife health
resulting from Project releases
(see Section 13)

Key indicators selected for
ecological risk assessment

Change in contaminant
exposure as a result of
changes in environmental
quality

 RSA

W4: Could the Project
contribute to cumulative
changes in wildlife abundance
and distribution?

Combined effects of changes
in habitat availability,
landscape connectivity and
mortality risk on wildlife
abundance and distribution

All key indicators

Net change in wildlife
populations (based on
changes in habitat availability,
landscape connectivity and
mortality risk)






W5: Could the Project
contribute to cumulative
changes in wildlife
biodiversity?

Combined effects of changes
in habitat availability, mortality
risk and landscape connectivity
on wildlife biodiversity potential

Not applicable (all species in
RSA considered)

Change in areal extent of land
units ranked by biodiversity
potential

 LSA
 RSA

W3: Could the Project
contribute to cumulative
changes in wildlife mortality
risk? (cont’d)

June 2015

LSA
RSA
Ronald Lake BSA
Caribou range study
area
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Terrain and Soils

18.6.3.1

Baseline Overview
The extent of different terrain and soils units have changed somewhat since the Integrated
Application. These changes have occurred because the baseline update for terrain and
soils:


Adopted a controlled legend for soil mapping in response to SIRs, which tended to
reduce the amount of taxonomic complexity compared to the data presented in the
Integrated Application and resulted in fewer soil series or phases of series. This
change was made at the request of regulatory reviewers



Used soil map units, which tended to increase average polygon size and reduce the
number of very small polygons.



Areas of potential soil disturbance were reviewed against new field data obtained for
those areas. Most areas of disturbed vegetation (e.g., cutlines or well pads) possessed
normal (i.e., undisturbed) soil profiles. This result is expected given that winter
drilling programs completed by Teck in the area have followed low-impact methods
that include not stripping topsoil.

Baseline conditions for the Project Update reflect existing conditions in 2013.
Terrain Units
Fluvial fan deposits dominate the terrestrial LSA, covering 18,164 ha, or 42% of the area.
Glaciofluvial and organic deposits are also important, each covering more than 10% of
the terrestrial LSA. The rest of the terrestrial LSA comprises deposits that include fluvial,
eolian, till, glaciolacustrine, colluvium and lacustrine as well as water (see Table 18.6-2).

Table 18.6-2

Surficial Materials

Surficial Material
Fluvial fan

Area
(ha)

Percent of Terrestrial LSA

18,163.5

41.9

Glaciofluvial

7,905.2

18.2

Organic

4,678.0

10.8

Fluvial

4,028.4

9.3

Eolian

3,887.0

9.0

Till

3,000.7

6.9

Glaciolacustrine

1,288.6

3.0

179.0

0.4

9.3

<0.1

Colluvium
Lacustrine
Water
Total

209.4
43,349

0.5
100

NOTE:
Areas and proportions might not add up to totals because of rounding.
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Topographic Diversity
The terrestrial LSA is mostly flat (i.e., 26,999 ha; 62% have slope classes of 1; 1 to 2;
and 2) (see Table 18.6-3). Steeper slopes are generally associated with sand dunes in the
northeastern portion of the terrestrial LSA and the edge of the Birch Mountains
escarpment to the west.
Soil Series Diversity
Gleysols and Brunisols dominate the terrestrial LSA covering 29,230 ha or 68%. For the
distribution of soil series in the LSA, see Table 18.6-4.
Forest Land Capability
Soils in the terrestrial LSA were rated for land capability according to the Land
Capability Classification System for Forest Ecosystems in the Oil Sands (AENV 2006).
Based on areal extent, Class 2 lands are the most abundant, followed by Class 4, Class 5,
Class 3 and Class 1. Relatively nonproductive forest land (Class 4 and 5) occupies about
43% of the terrestrial LSA, moderately productive units (Class 2 and 3) occupy just less
than 55% of the terrestrial LSA, and productive land (Class 1) occupies only 2% of the
terrestrial LSA. Less than 1% of the terrestrial LSA was not rated because it contains
open water or soil disturbance. For the extent of capability class, see Table 18.6-5.
The extent of LCC classes has changed since the Integrated Application because of
updated mapping and because sample sizes of more extensive soil series have increased,
which have changed LCC inputs. The parameters most important to the calculations,
including bulk density, organic carbon and nitrogen, and soil pH are now more accurately
described. Chemical results of each soil taxon now are based on as many as 10 or
11 sampled profiles, whereas in the Integrated Application it was usually three or less.

Table 18.6-3

Extent of Slope Classes

Polygon Slope Class

1

Area
(ha)

Percent of Terrestrial LSA

5,693.6

13.1

1–2

10,863.3

25.1

2

10,441.9

24.1

2–3

6,678.6

15.4

3

3,119.4

7.2

3–4

4,302.8

9.9

9.9

<0.1

4–5

1,210.7

2.8

5–6

731.8

1.7

4

6–7
N/A
Total

77.5

0.2

219.6

0.5

43,349

100

NOTE:
Areas and proportions might not add up to totals because of rounding.
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Soil Map Unit Areas and Extents in the LSA

Series Code and
Phase

Area
(ha)

Percent of
Terrestrial LSA

Series Code and
Phase

Brunisols

Luvisols

EYM

2,082.1

4.8

HRR

MAR

3,628.3

8.4

HRRgl

MARgl

15.1

0.0

KME

6,398.1

14.8

SRTfi

MILgl

235.0

0.5

SRTfigl

RUT

269.2

0.6

WNF

12,627.8

29.1

MIL

Subtotal

Gleysols
AST

8,922.0

Percent of
Terrestrial
LSA

Area
(ha)

WNFgl
Subtotal

1,152.7

2.7

221.3

0.5

94.5

0.2

1,065.6

2.5

218.6

0.5

92.8

0.2

23.2

0.1

2,868.7

6.7

Organic

20.6

ASTco

501.1

1.2

ALB

329.5

0.8

ASTcopt

288.3

0.7

ALBte

681.9

1.6

ASTpt

4,705.7

10.9

MLD

390.4

0.9

BMT

1,892.9

4.4

1,385.1

3.2

BMTpt
ELS
MMW
Subtotal

MLDte

95.4

0.2

MRN

56.8

0.1

166.1

0.4

MUS

74.2

0.2

30.7

0.1

MUSte

64.0

0.1

16,602.2

38.5

2,981.9

6.9

Subtotal

Regosols

Cryosols

MMYgl

555.6

1.3

NAMgl

6,956.8

16.0

NAMglco
Subtotal

529.9

1.2

8,042.3

17.3

NOTE:
Areas and proportions might not add up to totals because of
rounding.

Table 18.6-5

MKW

6.5

<0.1

Subtotal

6.5

<0.1

ZDL

<0.1

<0.1

ZZZ

219.5

0.5

Other Map Units

Subtotal
Total

219.5

0.5

43,349

100

Land Capability by Class

Land Capability Class

Areal Extent
(ha)

Percent of Terrestrial LSA

1

908.4

2.1

2

21,878.6

50.5

3

1,803.2

4.2

4

15,385.0

35.5

5

3,154.4

7.3

219.6

0.5

N/A (Water, Disturbed Land)
Total

43,349

100

NOTE:
Areas and proportions might not add up to totals because of rounding.
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Mitigation
The effects of the Project on terrain and soils will be reduced by implementing mitigation
measures throughout the Project’s life, including during construction, operation and
closure. Teck has identified mitigation measures to reduce effects on topographic and soil
series diversity, LCC as well as effects from air emissions of soils.
Mitigation for Topographic Diversity
The revised closure, conservation and reclamation (CC&R) plan (see 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 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 PRM as part of
the Teck–Shell Projects Agreement should Shell reapply for and build PRM.

Mitigation for Soil Series Diversity and Land Capability Class
The revised CC&R plan (see 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:


June 2015

A sustainable drainage plan has been developed that integrates recontouring terrain
features to restore topographic complexity. For details on the closure drainage plan,
see Section 13.
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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. 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.



A detailed soils map that includes associated topsoil and subsoil depths has been
developed and will be used to ensure materials are properly salvaged.



Environmental monitors will be on hand during salvage operations to maximize
material recovery.



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.



A total of 19 soil prescriptions are provided for the reclamation landscape. They
consist of a range of combinations of salvaged materials, substrates, and anticipated
drainage regimes. Salvage materials will be separated into different piles. For more
information on soil prescription composition, see Section 13.



Conditions suitable for supporting wetlands will be established in selected areas by
combining drainage and hydrology planning, and appropriate soil prescriptions.



Material handling plans will be prepared with the objective of placing unsuitable
reclamation materials at depth.



Overburden material salvage will be managed so that subsoil materials are suitable
for placement on reclaimed surfaces.



Efforts will be taken to prevent spills of materials that would contaminate soil. A spill
remediation plan will be in place if a spill should occur.
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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

Mitigation for Air Emissions and Changes in Soil Quality
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 Section 18.4.4. Strategies for controlling dust
emissions are discussed in Section 14.4.
18.6.3.3

Topographic Diversity Effects Analysis
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 of moderate environmental consequence, which is consistent with the
Integrated Application (see Table 18.6-6).

18.6.3.4

Soil Series Diversity Effects Analysis
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 (see Table 18.6-6) with Gleysolic
soils expected to develop in the 13,650 ha of reclaimed closure landscape where poor to
very poor drainage regimes are expected.

18.6.3.5

Land Capability Diversity Effects Analysis
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
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decrease in Class 1 to 3 land is partly the result of a greater emphasis on wetlands in the
closure landscape in response preferences expressed by Aboriginal communities. 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 (see Table 18.6-6). This
conclusion aligns with the assessment conclusions presented in the Integrated
Application.
18.6.3.6

Air Emissions and Changes in Soil Quality Effects Analysis
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
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.
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
(see Table 18.6-6). This conclusion aligns with the assessment conclusions presented in
the Integrated Application.

18.6.3.7

Assessment Conclusions
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 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 SDA whereas the updated assessment includes data only for terrestrial LSA and an
overall 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
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versus the main development area. These regulatory reviewer requested differences in
assessment approach have implications in particular for soil series diversity and forest
land capability 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:

June 2015



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 in
conjunction with existing, approved and planned developments are considered to
have a low environmental consequence.
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Environmental Consequence – Terrain and Soils Key Issues
Environmental Consequence

Key Indicator
Topographic Diversity

Duration
Medium

Frequency

Ability to Recover

From
Predevelopment
to Existing
Conditions

Isolated

Irreversible

No change

1

1

From
Predevelopment
to Base Case

From
Predevelopment
to Application
Case

From
Predevelopment
to PDC

No change

Moderate

Moderate

Soil Series Diversity

Long

Isolated

Reversible

No change

No change

Low

Low

Land Capability

Medium

Continuous

Reversible

No change

No change

Low

Low

Air Emissions (PAI)

Long

Continuous

Reversible

Low

Low

Low

Low

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.

Page 18-72

June 2015

Frontier Oil Sands Mine Project Update

18.6.4

Volume 1: Project Description
Section 18: EIA Summary

Vegetation

18.6.4.1

Baseline Overview
The extent of land units in the vegetation and wildlife RSA and terrestrial has changed
somewhat since the Integrated Application reflecting additional anthropogenic and
natural (e.g., 2011 Richardson fire) disturbances that have occurred since 2008. Baseline
conditions for the Project Update reflect existing conditions in 2013.
Regional Study Area Land Units
For the distribution of vegetation cover classes in the vegetation and wildlife RSA,
see Table 18.6-7. Wetlands dominate the vegetated areas of the vegetation and wildlife
RSA (51%), uplands cover 37%, with the remaining 13% representing water,
nonvegetated lands, cutblocks and disturbed land.

Table 18.6-7

Land Units in the RSA

Vegetation Type
Upland

Vegetation Cover Class
Coniferous – Jack pine leading

Percent of
Vegetation and
Wildlife RSA

108,861.7

9.1

Coniferous – White spruce leading

29,780.1

2.5

Coniferous – Black spruce leading

2,132.3

0.2

Mixedwood – Jack pine leading

62,730.4

5.2

Mixedwood – White spruce leading

60,593.4

5.1

144,238.3

12.1

Upland shrubland

13,175.9

1.1

Upland grassland

15,093.6

1.3

Deciduous and Mixedwood – Deciduous leading

Upland Subtotal
Wetland

Area
(ha)

436,606

37

Shrubby bog

44,022.6

3.7

Wooded bog

136,538.7

11.4

Wooded poor fen

41,925.8

3.5

Rich wooded fen

37,533.7

3.1

Shrubby fen

22,746.3

1.9

Open fen

41,536.4

3.5

Wooded swamp

196,938.3

16.5

Shrubby swamp

75,606.3

6.3

8,439.5

0.7

Marsh/wet meadow
Wetland Subtotal
Mineral soil
Water
Cutblock
Disturbed land
Total

605,288

51

100.2

<0.1

22,017.6

1.8

17,454.2

1.5

114,094.6

9.5

1,195,560

100

NOTE:
Areas and proportions might not add up to totals because of rounding.
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Structural Stages
All structural stages are present in the vegetation and wildlife RSA (see Table 18.6-8).
Young forest (structural stage 5) is the most common, covering 25% of the vegetation
and wildlife RSA. Old growth (structural stage 7) covers 3% of the vegetation and
wildlife RSA and is most common in the southern two-thirds of the RSA, particularly
west of the Athabasca River in proximity to the Project.

Table 18.6-8

Structural Stages in the RSA

Structural Stage Code

Structural Stage Description

0

Nonvegetated/Water

1

Sparse or bryoid

2

Herb

3a

Area
(ha)

Percent of Vegetation
and Wildlife RSA

153,566.4

12.8

100.2

<0.1

65,069.5

5.4

Low shrub

218,187.4

18.2

3b

Tall shrub

72,593.9

6.1

4

Pole or sapling

103,057.4

8.6

5

Young forest

295,210.6

24.7

6

Mature forest

252,777.1

21.1

7

Old-growth forest

Total

34,997.3
1,195,560

2.9
100

NOTE:
Areas and proportions might not add up to totals because of rounding.

Local Study Area Land Units
For the distribution of land units in the terrestrial LSA, including upland ecosite phases
and wetland classes, see Table 18.6-9. The terrestrial LSA is dominated by uplands
(55%) with wetlands covering 43%. Differences in vegetation type distribution between
the terrestrial LSA, and vegetation and wildlife RSA reflect differences in overall
physiographic conditions.
Structural Stages
All structural stages are present in the terrestrial LSA (see Table 18.6-10). Low shrub
(structural stage 3a) is the most common, covering 20,097 ha (46%) of the terrestrial
LSA. Old growth (stage 7) covers 3,936 ha, or about 9%, of the terrestrial LSA
particularly along the western margin of the Birch Mountains.
Rare and Special Ecological Communities
One rare ecological community, river alder/ostrich fern shrubland (Alnus incana ssp.
tenuifolia/Matteuccia struthiopteris), was identified in the terrestrial LSA in the
Athabasca River valley.
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Land Units in the LSA

Upland Ecosite Phase and Lowland Wetland Class

Area
(ha)

Percent of
Terrestrial
LSA

a1: Jack pine/lichen

3,379.7

7.8

b1: Jack pine–aspen/blueberry

3,016.2

7.0

395.2

0.9

b2: aspen–white birch/blueberry
b3: aspen–white spruce/blueberry

561.0

1.3

b4: white spruce–Jack pine/blueberry

587.9

1.4

c1: mesic Jack pine–black spruce/Labrador tea
d1: aspen/low-bush cranberry

75.5

0.2

6,312.1

14.6

d2: aspen–white spruce/low-bush cranberry

1,136.2

2.6

d3: white spruce–aspen/low bush cranberry

1,383.8

3.2

e1: balsam poplar–aspen/dogwood

3,471.7

8.0

e2: balsam poplar–white spruce/dogwood

666.9

1.5

e3: white spruce/dogwood

234.7

0.5

1,248.8

2.9

404.7

0.9

f1: balsam poplar–aspen/horsetail
f2: balsam poplar–white spruce/horsetail
f3: white spruce/horsetail

97.4

0.2

g1: subhygric black spruce–Jack pine/Labrador tea

320.2

0.7

h1: white spruce–black spruce/Labrador tea

343.9

0.8

2.3

<0.1

Upland graminoid
Upland shrubland
Subtotal Upland

295.2
23,934

0.7
55

Forested bogs without internal lawns (BFNN)

20.4

<0.1

Wooded bogs without internal lawns (BTNN)

762.3

1.8

503.9

1.2

2,493.0

5.8

Nonpatterned, open, graminoid-dominated fens (FONG)
Nonpatterned, open, shrub-dominated fens (FONS)
Patterned, open fen (FOPN)
Nonpatterned, wooded fens with no internal lawns (FTNN)
Forested fens without internal lawns (FFNN)
Marshes (MONG)
Shrubby swamps (SONS)

51.3

0.1

1,849.7

4.3

23.9

0.1

517.8

1.2

2,310.0

5.3

Forested and wooded swamps – coniferous (SFNNcs and STNNcs)

4,568.2

10.5

Forested and wooded swamps – hardwood (SFNNhs and STNNhs)

4,762.9

11.0

Forested and wooded swamps – mixedwood (SFNNms and STNNms)

131.0

0.3

Shallow open water (WONN)

477.8

1.1

Subtotal Lowland
Water

Lakes and rivers

Nonvegetated

Sand (NMS)

Cutblock
Disturbed Land
Total

18,472

43

14.3

<0.1

2.0

<0.1

29.9

0.1

897.3
43,349

2.1
100

NOTE:
Areas and proportions might not add up to totals because of rounding.
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Structural Stages in the LSA

Structural Stage Code
Structural Stage Description
0
Nonvegetated/Water
1
Sparse or bryoid
2
Herb
3a
Low shrub
3b
Tall shrub
4
Pole or sapling
5
Young forest
6
Mature forest
7
Old-growth forest
Total
NOTE:
Areas and proportions might not add up to totals because of rounding.

Area
(ha)
1,389.4
2.0
1,075.2
20,097.0
1,544.7
1.1
784.3
14,519.0
3,936.4
43,349

Percent of Terrestrial
LSA
3.2
<0.1
2.5
46.4
3.6
<0.1
1.8
33.5
9.1
100

Vegetation Species
In the terrestrial LSA, 559 vegetation species were identified to species or genus,
including 427 vascular plants and 132 bryophytes. Of the 559 vegetation species
identified to genus, 10 vascular and 23 bryophyte species are considered rare. None of the
rare vegetation species identified are listed under the federal Species at Risk Act. No
prohibited noxious weeds were found in the terrestrial LSA; however, four noxious weed,
as defined by the Weed Control Regulations were found at six locations.
18.6.4.2

Mitigation
The effects of the Project on vegetation will be reduced by implementing mitigation
measures throughout the Project’s life, including during construction, operation and
closure. Teck has identified mitigation measures to reduce effects on vegetation
landscape, community and species diversity as well as effects from air emissions of
vegetation health.
Mitigation for Landscape Diversity
As outlined in the conceptual CC&R plan (see Section 13), reclamation of the closure
landscape will focus on generating a sustainable landscape that is designed to maximize
diversity through the generation of landforms that include:
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topographic diversity and associated diversity in moisture regimes



aspect diversity



substrate diversity including both fine- and coarse-grained landforms



mesotopography
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Maximizing diversity in the reclaimed landscape will allow for the inclusion of all site
types identified in the Guidelines for Reclamation to Forest Vegetation in the Athabasca
Oil Sands Region (2nd Edition) (ESRD 2010) and the Guideline for Wetland
Establishment on Reclaimed Oil Sands Leases (3rd Edition) (CEMA 2014).
In addition to creating a diverse and sustainable landscape, reclamation of the Project will
allow for the removal of existing linear disturbances that are currently fragmenting the
landscape. Existing linear disturbances will be integrated into Project disturbance and,
once reclaimed, will result in large, integrated patches of vegetation, eliminating
numerous former linear edges.
Removal of linear disturbances and the integration of these disturbances into the
reclamation landscape align with key strategies identified in the LARP to reduce the
effects of fragmentation, with the CEMA’s Terrestrial Ecosystem Management
Framework (TEMF) recommendations for aggressive reclamation of linear corridors
(CEMA 2008), and with related recommendations from Aboriginal communities.
Currently, oil sands operators have been reclaiming linear corridors as part of a
COSIA-led joint industry project to reduce fragmentation and reduce effects on woodland
caribou (for details, see OSLI 2012 and Nexen 2013, 2014).
To mitigate the Project’s incremental contribution to regional changes in biodiversity,
Teck will work with the governments of Alberta and Canada and look to their guidance
on the development of a Conservation Agreement. Teck believes that the development of
detailed mitigation measures or offset plans that could form the basis of a Conservation
Agreement should occur after the anticipated EPEA approval for the Project is received,
and involve consultation with regulators and potentially affected Aboriginal communities
and stakeholders. Development of a Conservation Agreement forms part of the
biodiversity management plan that Teck will develop for the Project and aligns with
corporate sustainability goals. For details on the biodiversity management plan,
see Section 14.8.3.
Mitigation for Community Diversity
Reclamation Guidelines and Manuals
As outlined in the conceptual CC&R plan (see Section 13), mitigation to reduce effects
on community diversity have focused on research results and strategies as summarized in:
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Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region
(2nd Edition) (ESRD 2010)



Guideline for Wetland Establishment on Reclaimed Oil Sands Leases (3rd Edition)
(CEMA 2014)



Oil Sands Marshes: A Knowledge Transfer (Charette et al. 2012)



Best Management Practices for Conservation of Reclamation Materials in the
Mineable Oil Sands Region of Alberta (MacKenzie 2011)
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Restoration and Reclamation of Boreal Ecosystems: Attaining Sustainable
Development (Vitt and Bhatti 2012)



Riparian Classification and Reclamation Guide, Revised Edition (Mihajlovich 2012)

The CC&R plan allows for adaptive management (see Section 13.3.4) to incorporate new
best practice and follow new guidance documents as they become available.
Upland Forests
The Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region
(2nd Edition) (ESRD 2010) represents over 10 years of guided research. One of the major
modifications between editions has been the introduction of the site type concept. Site
type is introduced as the primary revegetation target to:


reflect species overlap between ecosite phases



allow for greater flexibility in revegetation in recognition of uncertainty in edaphic
conditions on new reclaimed landscapes

The five upland site types include:


Dry Site Type – a and b ecosites; the closure plan for the updated Project focused on
b1 (Jack pine–aspen/blueberry) and b3 (aspen–white spruce/blueberry) ecosite phases



Moist Poor Site Type – c ecosite; the closure plan for the updated Project focused on
c1 (mesic Jack pine–black spruce/Labrador tea) ecosite phase



Moist Rich Site Type – d ecosites; the closure plan for the updated Project focused on
d1 (aspen/low-bush cranberry) and d3 (white spruce-aspen/low bush cranberry)
ecosite phases



Wet Rich Site Type – f and e ecosites; the closure plan for the Project focused on
e1 (balsam poplar–aspen/dogwood), e2 (balsam poplar–white spruce/dogwood) and
e3 (white spruce/dogwood) ecosite phases



Wet Poor Site Type – g and some h ecosites; the closure plan for the Project focused
on the g1 (subhygric black spruce–Jack pine/Labrador tea) and h1 (white
spruce-black spruce/Labrador tea) ecosite phase.

Wetlands
Teck has made a concerted effort to increase the amount of wetland and littoral areas on
the closure landscape from the Integrated Application following commitments made as
part of responses to SIRs and Aboriginal community concerns and recommendations. The
conceptual reclamation plan now includes 6,500 ha (22.2% of the updated PDA) of
wetlands, including littoral areas, an increase of 477 ha (20.5% of the original PDA). In
addition to planned wetlands, opportunistic wetlands are expected to develop, adding
wetland area, as well as introducing heterogeneity into the closure landscape.
Opportunistic wetlands have not been included in the effects assessment.
The revised Guideline for Wetland Establishment on Reclaimed Oil Sands Leases (3rd
Edition) (CEMA 2014) makes several recommendations for the construction of marshes
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along with associated ponds. Charette et al. (2012) provides a thorough summary of the
current knowledge concerning marsh reclamation, including topics such as hydrology and
landform design, chemistry, toxicology, and revegetation.
Numerous marsh wetlands have been constructed in the oil sands region and elsewhere
(see Macyk and Drozdowski 2008 for a summary) and learnings have been extensive
(Charette et al. 2012). Opportunistic establishment of marsh wetlands has also been
observed in depressions on landscapes reclaimed with overburden (Charette et al. 2012).
Establishment of peatland ecosites i, j and k (i.e., fens and bogs) that naturally develop
over several thousand years, are just beginning to be tested in the oil sands region (Vitt
and Bhatti 2012). Given the amount of time required to naturally develop these
ecosystems, many consider it unlikely that peatland ecosites can be developed in the time
period typically considered for oil sands reclamation (i.e., 100 years) (Sherrington 2005).
Research outside of the oil sands region suggests peatland restoration is possible with the
reestablishment of former hydrological characteristics, reintroduction of peat-forming
plants and subsequent establishment of carbon storage (Ferland and Rochefort 1997;
Rochefort et al. 2003; Lucchese et al. 2010; Vitt and Bhatti 2012).
Recent studies provide evidence that several boreal peatland species, especially
graminoids, are able to survive in wetlands with elevated concentrations of parameters
associated with oil sands process material (e.g., high salinity) (summarized in Vitt and
Bhatti 2012; Pouliot et al. 2012; Mollard et al. 2012; Raab and Bayley 2013; Roy et al.
2014). Currently, both Syncrude (Wytrkykush 2010) and Suncor (Daly 2010) are testing
the viability of fen reclamation. In addition, reclamation of peatlands on mineral soil is
being tested on well pads in northern Alberta. Vitt and Bhatti (2012) summarize the fen
watershed design, watershed construction and planting prescriptions undertaken on fen
reclamation trials.
Although peatlands are not currently included in the CC&R plan for the Project, Teck
anticipates that marshes and swamps will start to accumulate peat and move towards
peatlands as salinity decreases. It has been noted that saline marshes do accumulate peat
in northern Alberta as 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 and therefore Teck will make
an effort to include peatlands in detailed CC&R planning should research results and
recommendations prove to be feasible and appropriate.
Long-Term Oil Sands Reclamation Monitoring
Monitoring in the last two decades has begun to focus on natural ecosite reclamation.
Because of this, monitoring initiatives designed to gauge the successional and temporal
performance of oil sands reclamation efforts from a diversity perspective span less than a
decade. In terms of site productivity, preliminary measurements from older monitoring
plots indicate that early tree growth on reconstructed soils is comparable to growth rates
of trees on natural soils, although the long-term sustainability of this growth is still in
question (Timberline Natural Resource Group 2008). For the most part, long-term
monitoring plots show that reclaimed oil sands sites appear to be developing into
ecosystems with similar plant community composition and nutrient availability to those
June 2015
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that occur naturally (see Rowland et al. 2009 for an evaluation of long-term reclamation
monitoring data). From a community succession perspective, however, the diversity of
plants on sites with reconstructed peat/mineral mix soils still remains well below that of
natural sites (Stantec 2009).
Based on Teck’s extensive reclamation knowledge and experience from elsewhere in
western Canada, diversity will be improved by planting additional species to supplement
those recommended in provincial reclamation guidelines. In addition, targeting early
development of a tree canopy will improve overall stand composition.
Oil Sands Research Innovations
In addition to providing recommendations for species out-planting and planting densities
by site type, the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil
Sands Region (2nd Edition) (ESRD 2010), Teck will incorporate results of ongoing oil
sands research on reclamation as follows:
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Variations of slope and aspect will be part of the reclaimed landscape (i.e.,
undulating and rolling topography). Introducing mesotopography onto the landscape
will increase site diversity, establish sustainable drainage patterns, manage salinity,
and enhance opportunities for wetland reestablishment.



Islands of native vegetation will be conserved in the PDA, where feasible, to allow
for potential seed sources and natural reclamation.



Teck will use the LFH layer and upper 10 cm to 30 cm of upland forest soils as a
source of propagules. These soil layers enhance the abundance and diversity of
wooded plants on reclaimed landscapes when directly placed or stored, preferably in
small stockpiles, for a year or less (MacKenzie 2006; MacKenzie and Naeth 2009;
Pinno et al. 2012). Teck will use available LFH (forest floor material) to enhance
reclamation success where feasible.



By targeting different plant communities for surface soils, conductivities will likely
exceed 4 dS/cm (see Purdy et al. 2005). A recent study by Bissonnette et al. (2014)
found that alders (Alnus spp.) are very tolerant of oil sands process-affected material;
survival was not affected by exposure to the oil sands process-affected material.
Closure land units for the Project will focus on salt-tolerant shrubby swamps in
riparian areas likely to be influenced by salt. This will include planting species
identified as appropriate for areas where surface salts are present.



Research (Brown 2010; Brown and Naeth 2014) completed since the completion of
the Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands
Region (2nd Edition) (ESRD 2010) identifies the use of coarse woody debris as a
favourable amendment because it provides microsites that assist the establishment
and growth of native species. Teck will incorporate woody debris into the
reclamation landscape and will monitor outcomes.



Studies have concluded that the inoculation of trees and shrubs with symbionts can
provide a benefit to growth and establishment (Bissonnette et al. 2014; Onwuchekwa
et al. 2014).
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Development of a closed tree canopy can suppress early-successional species and
provide microsites for the establishment of a more diverse understory over time
(shade-tolerant species) (Vitt and Bhatti 2012).



Forest stand type (i.e., species composition) and canopy cover are important factors
in forest floor development (Sorenson et al. 2011; Vitt and Bhatti 2012).



Teck will continue to participate and fund regional reclamation research relevant to
the Project, including research initiatives managed by COSIA. Teck will incorporate
evolving research such as that discussed above to improve reclamation timing and
success, as relevant to the Project, as part of more detailed reclamation planning.

Assessment Implications
Following guidelines, recent research and monitoring results, reclamation of upland
forests and mineral wetland communities (i.e., marshes, swamps and shallow open
waters) are considered reversible in this assessment, though it is expected that not all
species currently present will return.
Reclamation of peatlands (i.e., bogs and fens) is considered irreversible by the
assessment because reclamation of these ecosystems directly on mineral substrates is just
beginning. Although reclamation of peatlands is considered irreversible, independent
review of oil sands reclamation efforts suggests that reclamation of peatlands is more
feasible than generally believed (Royal Society of Canada Expert Panel 2010) and for
this reason Teck will also incorporate results and recommendations of this evolving
research should it prove to be feasible and appropriate.
Conservation Agreement
To mitigate the Project’s incremental contribution to regional changes in diversity, Teck
will work with the governments of Alberta and Canada and look to their guidance on the
development of a Conservation Agreement. Teck believes that the development of
detailed mitigation measures or offset plans that could form the basis of a Conservation
Agreement or Conservation Allowance should occur after the anticipated EPEA approval
for the Project is received, and involve consultation with regulators and potentially
affected Aboriginal communities and stakeholders. Development of a Conservation
Agreement forms part of the biodiversity management plan that Teck will develop as part
of the Project and aligns with corporate sustainability goals. For details on the
biodiversity management plan, see Section 14.8.3.
Mitigation for Species Diversity
Many, though not all, common species will likely be planted or become established on
the closure landscape. To improve species diversity and incorporate reclamation
knowledge gathered from Teck’s extensive mining history, Teck will plant additional
species on the reclamation landscape, including those with traditional value, to
supplement those recommended in provincial reclamation guidelines.
Mitigation for rare plant species will be achieved through avoidance whenever possible.
In areas where avoidance is not possible, alternate mitigation strategies will be developed
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to promote conservation of these species and associated genetic diversity. Alternate
mitigation could include strategies such as seed collection and sowing, direct
transplantation of affected individuals or diaspore dispersal. In addition, Teck will
examine the potential to introduce rare species into the reclamation landscape. Because
mitigation of rare species has not been well tested, mitigation measures are considered
experimental and are not used to reduce effects and environmental consequence ratings.
Details on rare plant mitigation will be developed prior to construction.
Teck does not expect that the presence of weeds in the closure landscape will limit
wildlife habitat or forage for ungulates such as bison. However, to mitigate the effects of
non-native invasive species, a weed management plan will be implemented throughout
the life of the Project including during reclamation and at closure. Although oil sands
reclamation aims to establish locally common plant communities, it is recognized that
non-native vegetation species can become invasive and hinder the establishment of native
flora in reclaimed lands (ESRD 2010). However, in most cases, non-native vegetation
species remain relatively rare (ESRD 2010), and generally, the spread of weeds is
currently not considered a critical issue in the Fort McMurray area (Landhäusser et al.
2012).
18.6.4.3

Landscape Diversity Effects Analysis
Based on the magnitude of change and concept of reversibility, effects from
fragmentation, as assessed at a regional scale, are generally rated the same as those in the
Integrated Application and range from a low to moderate environmental consequence for
existing conditions, Base Case, Application Case and PDC (see Table 18.6-11). The
Project does not result in a change in environmental consequence ranking from Base
Case for any of the key indicators examined.
Progressive reclamation of the Project along with other developments, reclamation of
linear disturbances through programs such as the Algar Historic Restoration Project
(formally the Oil Sands Leadership Initiative [OSLI] Algar Caribou Habitat Restoration
Program) (OSLI 2012 and Nexen 2013, 2014), expansion of protected areas (see GOA
2012b) and Project-specific conservation initiatives will all contribute to mitigating
cumulative effects.

18.6.4.4

Community Diversity Effects Analysis
Change to community diversity is considered long-term but eventually reversible for
most vegetation cover classes. The exception is for peatland cover classes that are
typically not included in oil sands reclamation plans and for which the technology to
reclaim in the oil sands region is evolving. No known rare ecological communities will
be affected by the Project.
Based on the magnitude of change and concept of reversibility, effects on community
diversity are predicted to be of:
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Moderate environmental consequence for existing conditions for wetland cover
classes as marsh/wet meadow cover classes are typically included in reclamation
planning for oil sands developments. As a result, changes are generally reversible
(see Table 18.6-12).



High environmental consequence for Base Case, Application Case and PDC for
wetland cover classes that are not typically included in reclamation planning for oil
sands development (e.g., bogs and fens) (see Table 18.6-12). As a result, changes are
likely irreversible or largely irreversible because the current body of knowledge on
peatland reclamation is still in the early stages. Although oil sands reclamation
landscape topography results in a general overall decrease in the amount of wetland
on the landscape, Teck has provided a conceptual plan to optimize the amount of
wetland on the closure landscape. Specifically, the PDA is conceptualized to support
22.2% of wetland and littoral areas compared to 20.5% in the Integrated Application.
Teck recognizes that peatlands are an important traditional use area for Aboriginal
communities and therefore Teck will make an effort to include peatlands in detailed
CC&R planning should research results and recommendations prove to be feasible
and appropriate. In addition, it is likely that opportunistic wetlands will develop on
the closure landscape. Opportunistic wetlands are recognized to occur and be an
important component of oil sands mine reclamation (CEMA 2014).



Moderate environmental consequence for old growth for existing conditions through
to PDC given its age-dependant nature (see Table 18.6-12).

To mitigate effects on community diversity, Teck will consider new and evolving
research and guidelines throughout the life of the Project and integrate findings and
practices into the reclamation plan. Teck has committed to co-create Reclamation
Working Group(s) with potentially affected Aboriginal communities to guide more
detailed reclamation planning and monitoring to determine reclamation success.
In addition, to the development of a more detailed reclamation plan, Teck plans to
provide additional offsets for vegetation diversity through a Conservation Agreement that
will be developed in conjunction with provincial and federal regulators and involve
consultation with potentially affected Aboriginal communities. While Teck plans to
provide additional offsets for vegetation diversity through a Conservation Agreement, the
assessment has not considered this when determining the Project’s contribution to
cumulative effects. As a result, the updated vegetation assessment is considered
conservative.
Environmental consequence ratings for community diversity reflect the relatively high
proportion of MOSA in the vegetation and wildlife RSA and the relatively small
proportion of protected areas and identified new conservation areas relative to the Lower
Athabasca Region (LAR). Wetland habitats present in the MOSA are well represented in
the LAR. If predicted effects were placed into a larger regional planning framework (e.g.,
LAR) that includes areas identified for intensive development as well as protected areas
and identified conservation areas, predicted high environmental consequences would be
reduced.
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As with the Integrated Application, overall prediction confidence related to community
diversity is moderate. To incorporate the added level of uncertainty associated with
potential future climate change, adaptive management is included as one of the core
principles of the CC&R plan.
18.6.4.5

Species Diversity Effects Analysis
Effects on species diversity are expected to be of high environmental consequence, as
rare species are eliminated from the vegetation and wildlife RSA as a result of the Project
(i.e., Application Case). In addition, species with a high fidelity to some vegetation cover
classes (bogs and fens) will be reduced, and these effects are considered irreversible.
This environmental consequence rating reflects the fact that several rare species that will
be disturbed by the Project have been identified only in the proposed footprint and have
not been recorded elsewhere in the vegetation and wildlife RSA. Although species will be
regionally lost, none of the eliminated species are listed as Species at Risk under the
Species at Risk Act (SARA). Similar results have been predicted for other projects in the
Athabasca Oil Sands Region including the Kearl project (Imperial Oil Resources Ltd.
2005) and Fort Hills oil sands project (Fort Hills Energy Corporation 2007).
The high environmental consequence rating is meant to identify to regional resource
managers new species diversity issues that might need to be tracked and managed
through existing cooperative resource management initiatives. The rating does not imply
environmental significance at a broader jurisdictional or geographic area. In all
probability, future regional vegetation studies will identify additional occurrences of one
or more of these rare species and a delisting of some species will occur.
As with the Integrated Application, overall prediction confidence associated with changes
in species diversity is low. Overall prediction confidence for species diversity is low as:

18.6.4.6



Rare species are difficult to locate and as a result are imperfectly detected.



Many rare species are considered rare because of under collection or uncertain
taxonomy and may be more common that currently considered.



Current understanding of factors that control species, and particularly rare species, is
poor.

Air Emissions and Vegetation Health and Diversity Effects Analysis
Localized effects from air emissions are anticipated as a result of existing, approved and
planned developments with effects considered generally reversible in the long-term.
Following these assumptions, effects of SO2 and NO2 fumigation on vegetation are
considered to be of low to moderate environmental consequence for existing conditions
as well as for Base Case, Application Case and PDC. For N-deposition, existing
conditions and the assessment cases can be rated as a moderate environmental
consequence as some cover classes are above the critical level or load by 20%. The
Project will result in a small, incremental increase to overall emissions effects in the
vegetation and wildlife RSA.
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Air emissions are predicted to have an effect on vegetation resources; however, no cover
classes in the RSA are completely exposed to critical levels, and reduced community
diversity is not expected in the vegetation and wildlife RSA. Localized effects of
fumigation and have been noted in the oil sands region near active mines; however,
widespread effects have not been documented. Similarly, although localized effects of
N-deposition have been documented for sensitive vegetation species (Vitt et al. 2003),
broad, regional effects from air emissions have not been noted (Whitfield et al. 2010;
Wieder et al. 2010b).
Prediction confidence about the extent that SO2, NO2 and N-deposition will affect
vegetation is moderate. The use of cover classes to predict the distribution of sensitive
vegetation species is a relatively coarse scale of resolution, with the linkage of individual
sensitive species being generalized. In addition, the extent of emissions effects is likely
overstated as the assessment cases include developments that have been cancelled or
withdrawn (i.e., PRM, JNM and JNM Expansion).
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Environmental Consequence – Landscape Diversity
Environmental Consequence

Key Indicator

Duration

Frequency

Ability to Recover

From
Predevelopment
to Existing
Conditions

From
Predevelopment
1
to Base Case

1

From
Predevelopment
to Application
1
Case

From
Predevelopment
1
to PDC

Vegetation Cover Classes
Patch number

Long

Isolated

Reversible

Moderate

Low

Low

Low

Mean patch area

Long

Isolated

Reversible

Moderate

Moderate

Moderate

Moderate

Total patch edge

Long

Isolated

Reversible

Low

Moderate

Moderate

Moderate

Patch number

Long

Isolated

Reversible

Moderate

Moderate

Moderate

Moderate

Mean patch area

Long

Isolated

Reversible

Moderate

Moderate

Moderate

Moderate

Total patch edge

Long

Isolated

Reversible

Low

Moderate

Moderate

Moderate

Structural Stage

NOTE:
1
Environmental consequence ratings include low (reversible and low to moderate magnitude or low magnitude and irreversible), moderate (moderate-magnitude
and irreversible or high-magnitude and reversible) and high (high magnitude and irreversible). Magnitude of change for patch metrics follows percolation theory
and includes a low magnitude of change (<20%), moderate magnitude of change (20% to 40%) and high magnitude change (>40%).

Table 18.6-12

Environmental Consequence – Community Diversity
Environmental Consequence

1

Frequency

Ability to Recover

From
Predevelopment
to Existing
1
Conditions

Upland cover classes

Long

Isolated

Reversible

Moderate

Moderate

Moderate

Moderate

Wetland cover classes

Long

Isolated

Irreversible for
most cover classes

Moderate

High

High

High

Structural stage

Long

Isolated

Reversible

Moderate

Moderate

Moderate

Moderate

Key Indicator

Duration

From
Predevelopment
1
to Base Case

From
Predevelopment
to Application
1
Case

From
Predevelopment
1
to PDC

NOTE:
1
Environmental consequence ratings include low (reversible and low to moderate magnitude or low magnitude and irreversible), moderate (moderate magnitude
and irreversible or high magnitude and reversible) and high (high magnitude and irreversible). Magnitude of change for follows CEMA’s Terrestrial Ecosystem
Management Framework and includes a low magnitude of change (<10%), moderate magnitude of change (10% to 20%) and high magnitude change (>20%).
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Assessment Conclusions
Since the Project Update and Integrated Application have a similar disturbance area and
geographic location, assessment conclusions related to vegetation are generally the same
as the Integrated Application. These include assessment conclusions about cumulative
effects and the incremental contribution of the Project to changes in:


landscape diversity (i.e., fragmentation): effects range from low to moderate
environmental consequence for existing conditions, Base Case, Application Case
PDC



community diversity: effects range from moderate to high environmental
consequence for existing conditions, Base Case, Application Case and PDC



species diversity: effects include a high environmental consequence because of
regional loss of provincially rare plants and a decline in specific wetland classes in
the region



air emissions: effects on vegetation health and diversity from concentrations of NO2
and SO2, and from loading of nitrogen and dust, range from low to moderate
environmental consequence, with localized effects predicted adjacent to oil sands
developments

High environmental consequence ratings reflect the Project’s incremental contribution to
regional losses of provincially rare plants and wetlands. These changes do not consider
Project-specific conservation initiatives that will align with the Alberta Wetland Policy
(GOA 2013a) and the draft Biodiversity Management Framework for the Lower
Athabasca Region (GOA 2014). Teck places high value on biodiversity and has used new
regulatory guidance to justify updating the conceptual closure plan to include 477 ha
more wetlands than in the Integrated Application in spite of the updated PDA being
smaller than originally applied for.

18.6.5
18.6.5.1

Wildlife
Baseline Overview
Wildlife baseline surveys were done in the terrestrial LSA from 2005 to 2014 to gather
baseline information on the presence, relative abundance, distribution and habitat use of
wildlife species and species of management concern. Wildlife surveys completed include:
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winter track count surveys (completed for the Integrated Application)



aerial ungulate surveys (completed for the Integrated Application)



pellet group surveys (completed for the Integrated Application)



nocturnal bat surveys (completed for the Integrated Application)



nocturnal owl surveys (completed for the Integrated Application and Project Update)



raptor surveys (completed for the Integrated Application)
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breeding songbird surveys (completed for the Integrated Application and Project
Update)



nocturnal rail survey (completed for the Integrated Application and Project Update)



amphibian surveys (completed for the Integrated Application and Project Update)



beaver lodge aerial surveys (completed for the Project Update)



bison wallow aerial surveys (completed for the Project Update)



common nighthawk surveys (completed for the Project Update)



waterfowl aerial surveys (completed for the Project Update)

A total of 17 mammal species, 54 bird species and 3 amphibian species of management
concern federally, provincially or by CEMA were observed or otherwise detected
(systematically or incidentally) in the terrestrial LSA during these surveys.
Mammals
A total of 17 mammal species of management concern were recorded with 12 of these
species being identified during systematic surveys and 5 being detected incidentally. The
most abundant mammal species observed (systematically and incidentally) was snowshoe
hare (574 observations), which is considered a Priority I wildlife indicator species
(CEMA 2001).
For ungulates, the most abundant species observed (systematically and incidentally) was
moose (511 observations). Moose are also considered a Priority I wildlife indicator
species (CEMA 2001). Of the 256 bison observations, 169 were recorded in the terrestrial
LSA. Ronald Lake bison are currently considered non-wildlife provincially; however,
wood bison are listed as Special Concern by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC 2014) and Threatened under SARA (2014a). A single
observation of boreal caribou (pellet sample) was recorded incidentally in the terrestrial
LSA. Boreal caribou are considered At Risk provincially (ESRD 2012) and Threatened
federally (SARA 2014b).
Four bat species of management concern were observed in the terrestrial LSA during the
bat systematic surveys:


hoary bat



silver-haired bat



little-brown myotis



northern myotis

Little-brown and northern myotis were recently (2014) listed as Endangered by SARA
(2014c). Eastern red bat were observed incidentally in the terrestrial LSA. There were
also 52 incidental observations of American black bear.
Other species of management concern observed include Canada lynx, wolverine, fisher,
grey wolf, northern river otter, common muskrat and American beaver.
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Birds
Overall, 53 bird species of management concern were observed or otherwise detected in
the terrestrial LSA during baseline surveys between 2006 and 2014. A total of 40 species
were recorded during systematic surveys, whereas 51 species were detected incidentally.
Observations include 8 bird species of management concern that are federally listed
(COSEWIC 2014):


short-eared owl



horned grebe



common nighthawk



yellow rail



barn swallow



Canada warbler



olive-sided flycatcher



rusty blackbird

Thirty bird species observed in the terrestrial LSA are provincially listed (ESRD 2012)
and 34 are listed under the CEMA wildlife priority list (CEMA 2001). Twenty-one of the
provincially listed and CEMA species observed were songbirds, and the remaining
species comprise waterfowl, raptors, upland game birds, owls, woodpeckers and common
nighthawk.
Sora was the most widespread bird species of management concern, observed at
140 locations systematically and incidentally. Of the songbird species of management
concern recorded in the terrestrial LSA, least flycatcher had the widest distribution
(observed at 56 locations), followed by western tanager (42 locations) and common
yellowthroat (39 locations).
Amphibians
Three amphibian species of management concern were recorded in the terrestrial LSA:
Canadian toad, western toad and wood frog. Canadian toad was recorded at eight
locations systematically and once (a single juvenile) incidentally; western toad was
recorded once incidentally (a single juvenile in 2008); and wood frog was recorded at
150 locations systematically and at six locations incidentally. Canadian toad has also
been recorded in the vegetation and wildlife RSA during surveys in the PRM project area
(Golder 2007). In the terrestrial LSA, Canadian toad was observed in adult and juvenile
life stages, and wood frog was observed in all three life stages (adult, juvenile and
tadpole).
18.6.5.2

Mitigation
The effects of the Project on wildlife will be reduced by implementing mitigation
measures throughout the Project’s life, including during construction, operation and
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closure. Teck has identified mitigation measures to reduce effects on wildlife habitat
availability, habitat connectivity, mortality, and abundance.
Mitigation for Habitat Availability
Mitigation measures to reduce the effects on wildlife habitat availability focus on
reestablishing wildlife habitat (i.e., reclamation) and reducing sensory disturbance. The
primary means of mitigating Project effects on wildlife habitat will be through
reclamation of the landscape with forest vegetation and establishment of wetlands areas.
As outlined in the conceptual closure plan (i.e., the CC&R plan [see Section 13]),
reclamation of the closure landscape will focus on generating a sustainable landscape that
is designed to promote biological diversity.
Maximizing diversity in the reclaimed landscape will allow for the inclusion of all site
types identified in the Guidelines for Reclamation to Forest Vegetation in the Athabasca
Oil Sands Region (2nd Edition) (AENV 2010) and the Guideline for Wetland
Establishment on Reclaimed Oil Sands Leases (3rd Edition) (CEMA 2014). In addition,
information gathered from field studies, such as species-specific habitat requirements, as
well as species habitat recommendations in AENV (2010) and CEMA (2014), will be
used for future closure planning.
Overall, the closure landscape will include a variety of site types (upland ecosite phases)
and wetland classes (where possible), as well as structural stages (i.e., seral stages), that
are accessible to a wide range of species.
The closure landscape for the updated Project includes 28,255.5 ha of upland ecosite
phases; this represents an increase of 3,814.9 ha (15.6%) of upland ecosite phases relative
to predevelopment. All five upland site types (see AENV 2010) are represented in the
closure plan, including:


Dry Site Type – a and b ecosites; the closure plan for the updated Project focused on
b1 (Jack pine–aspen/blueberry) and b3 (aspen–white spruce/blueberry) ecosite phases



Moist Poor Site Type – c ecosite; the closure plan for the updated Project focused on
c1 (mesic Jack pine–black spruce/Labrador tea) ecosite phase



Moist Rich Site Type – d ecosites; the closure plan for the updated Project focused on
d1 (aspen/low-bush cranberry) and d3 (white spruce-aspen/low bush cranberry)
ecosite phases



Wet Rich Site Type – f and e ecosites; the closure plan for the Project focused on
e1 (balsam poplar–aspen/dogwood), e2 (balsam poplar–white spruce/dogwood) and
e3 (white spruce/dogwood) ecosite phases



Wet Poor Site Type – g and some h ecosites; the closure plan for the Project focused
on the g1 (subhygric black spruce–Jack pine/Labrador tea) and h1 (white spruceblack spruce/Labrador tea) ecosite phase

At Application Case, the closure landscape will have 5,614 ha of open marshes (MONG)
and shrubby swamps (SONS) and 886 ha of littoral zones (or shallow open water
[WONN]) (see Section 13.6.3.2). These will replace, in part, approximately 14,096 ha of
wetlands that are present in the predevelopment landscape. Teck has made a concerted
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effort to increase the planned area of wetlands and littoral zones in the closure landscape
relative to the Integrated Application. Reclaimed wetlands provide habitat for numerous
species at risk and valued species. Key indicators observed in existing oil sands reclaimed
wetlands include: Canadian toad, waterfowl, horned grebe, short-eared owl, common
nighthawk, olive-sided flycatcher, Canada warbler, rusty blackbird, beaver, muskrat,
moose, and boreal caribou (Alberta Biodiversity Monitoring Institute [ABMI] data in
CEMA 2014).
Although Project-related loss of peatlands has been considered irreversible from an
assessment perspective, independent review of oil sands reclamation efforts suggests that
reclamation of peatlands is more feasible than generally believed (Royal Society of
Canada Expert Panel 2010). In the oil sands region, hydrological conditions suitable for
peatland establishment are considered feasible (Price et al. 2009), with high salinity and
fluctuating water tables posing the greatest impediment to peatlands establishment (Vitt
and Bhatti 2012). Recent studies provide evidence that several boreal peatland species,
especially graminoids, are able to survive in wetlands with elevated concentrations of
parameters associated with oil sands process material (e.g., high salinity) (summarized in
Vitt and Bhatti 2012; Pouliot et al. 2012; Mollard et al. 2012; Raab and Bayley 2013;
Roy et al. 2014). Teck anticipates that marshes and swamps will start to accumulate peat
and move towards peatlands as salinity decreases.
Reclamation of oil sands for boreal caribou is perhaps most successful if it focuses of
mitigating functional loss of habitat due to increased predation. This involves reclaiming
disturbed land, particularly linear disturbances, over large areas. Currently, oil sands
operators have been reclaiming linear disturbances as part of a COSIA-led joint industry
project to reduce fragmentation and reduce effects (e.g., predation risk) on woodland
caribou (for details, see OSLI 2012 and Nexen 2013, 2014). Reclamation of linear
disturbances such as seismic lines may also reduce predation risk for key indicators such
as Ronald Lake bison and moose (see Volume 3, Section 11.6). Teck is a member of
COSIA and will be looking at future involvement with caribou-focused habitat
restoration projects and opportunities to restore linear features outside of the PDA.
Further to reclamation, Teck will develop and implement a wildlife mitigation and
monitoring plan (WMMP) that compiles with all strategies to mitigate effects on wildlife
and wildlife habitat in the terrestrial LSA during all phases of the Project. The WMMP
will, in part, provide guidance on reclamation of wildlife habitat based on species-habitat
preferences and requirements (see Section 14.8.4).
Protecting and enhancing biodiversity is integral to Teck’s approach to sustainability.
Teck’s goal is to achieve a net positive effect on biodiversity as a result of its activities
and presence in a region. To mitigate the Project’s incremental contribution to regional
changes in biodiversity, Teck will work with the governments of Alberta and Canada and
look to their guidance on the development of a conservation agreement which would
include considerations for off-site habitat protection and enhancement to compensate for
mine-related effects. Teck believes that the development of detailed mitigation measures
or offset plans that could form the basis of a conservation agreement should occur after
the anticipated EPEA approval for the Project is received, and involve consultation with
regulators and potentially affected Aboriginal communities and stakeholders.
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Development of a conservation agreement forms part of the biodiversity management
plan that Teck will develop as part of the Project and aligns with corporate sustainability
goals. For details on the biodiversity management plan and WMMP, see Section 14.8.
Mitigation for Landscape Connectivity
Habitat connectivity will be largely maintained along the Athabasca River. Wildlife
movements between the Athabasca River and habitats to the west will be maintained
through existing habitat north of the terrestrial LSA and across the PDA depending on
clearing timelines (see Volume 3, Section 11.5.4, Figure 11-7).
The primary mitigation for reclaiming connectivity due to Project effects will be through
the reestablishment of wildlife habitat (i.e., reclamation of natural vegetation) and
minimizing sensory disturbance, as described in the section on Mitigation for Habitat
Availability.
Further to reclamation, a WMMP (see Section 14.8.4) will be developed that compiles all
strategies to mitigate effects on wildlife (including those listed above). It will include
monitoring of the effectiveness of these measures and apply adaptive management
strategies, as needed if measures are not providing the desired level of mitigation. The
success of progressive reclamation will be enhanced through incorporation of an adaptive
monitoring program that includes ongoing assessments of reclamation success (including
use by wildlife). This program will allow determination of needs for modifications to
reclamation prescriptions and revegetation based on specific end land uses. In addition to
creating a diverse and sustainable landscape, reclamation of the Project will allow for the
removal of existing linear disturbances that are currently fragmenting the landscape.
Existing linear disturbances will be integrated into the PDA and, once reclaimed, will
result in large, integrated patches of vegetation, increasing landscape connectivity. As
discussed in Section 14.8.3 residual effects remaining after mitigation will be considered
by a biodiversity management plan. Offsets provided by the biodiversity management
plan could be local to the Project and support regional connectivity.
Removal of linear disturbances and the integration of these disturbances into the
reclamation landscape align with key strategies identified by LARP to reduce the effects
of fragmentation, and with the TEMF recommendations for aggressive reclamation of
linear corridors (CEMA 2008). Currently, oil sands operators have been reclaiming linear
corridors as part of a COSIA-led joint industry project to reduce fragmentation and
reduce effects on woodland caribou (for details, see OSLI 2012; Nexen 2013, 2014). For
further discussion on habitat reclamation, see Volume 3, Section 11.4.3.
Mitigation for Mortality Risk
Additional details will be provided in the WMMP for the Project (see Section 14.8.4).
The following mitigation measures will be implemented for:
i.

Nuisance wildlife:
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implement protocols to prevent wildlife harassment or feeding (to avert wildlife
habituation)



prohibit firearms use by Project personnel for recreational purposes



provide wildlife awareness training for Project staff and contractors to reduce
disturbance and negative human–bear interactions



provide bear-aware training courses, personal protective equipment (PPE) (e.g.,
bear spray, bear bangers, air horns) and training on proper use of PPE for all field
staff



develop a nuisance WMMP in cooperation with ESRD

ii. Interaction with vehicles and equipment


implement a fly-in/fly-out policy for workers to reduce traffic volume



erect wildlife cautionary signage on access roads in high potential conflict areas



foster environmental awareness with speed restrictions on access roads that will
be enforced by Teck



implement reporting protocols for Project-related wildlife fatalities



implement vegetation maintenance at roadsides (trim vegetation regularly to
discourage roadside foraging and prevent visual obstruction of wildlife)



develop seed mixes for roadside reclamation from less-palatable species to
reduce wildlife attraction to road edges



avoid clearing during the May 1 to August 10 migratory bird-breeding period for
the boreal ecozone per Environment Canada guidelines. For species at risk
habitat, a more conservative breeding window of April 1 to August 31 may apply
(Gregoire 2014, pers. comm.); complete pre-clearing nest surveys to inform
mitigation actions, if clearing activities during the breeding window cannot be
avoided.



conduct owl nest search if clearing scheduled within the non-migratory breeding
bird window (March 1 to April 15), based on Enhanced Approval Process (EAP)
guidelines for barred owl (GOA 2013c)

iii. Interaction with Project infrastructure
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develop and implement fuel and chemical spill contingency and response plans



provide adequate spill protection for all fuel storage facilities



monitor and maintain waste disposal sites, wastewater storage areas and runoff
control structures to prevent contamination of surface waters



mark transmission and distribution lines near waterfowl staging and potential
stopover areas (e.g., aviation spheres and spiral vibration dampeners)



during overburden dewatering, intermittently backslope the sides of drainage
ditches to allow for wildlife crossings and to reduce the potential for entrapment



where possible, design transmission and distribution lines to match height of
surrounding trees to reduce wire strikes by birds
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keep the inner walls of the tailings dyke free of vegetation to reduce
attractiveness of tailings areas for birds



as part of a waterfowl protection plan, use bird deterrent systems to discourage
waterfowl from landing on tailings areas ( see Volume 3, Appendix 11F)

iv. Hunting and trapping


develop an AMP to manage public access to and through the PDA



implement deactivation plans for roads no longer in use



prohibit construction and operations personnel and contractors from hunting and
trapping while working



disallow personal recreational vehicle use onsite



prohibit Project personnel from using firearms for recreational purposes

v. Alteration of predator-prey dynamics and competition


reduce the PDA where possible (the PDA has been reduced by 118 ha from the
Integrated Application)



limit linear corridor widths



reclaim linear features within and outside of the PDA (see Project-based
considerations in Volume 3, Section 11.6.8.1)

vi. Disease transmission to the Ronald Lake bison herd


implement progressive reclamation in the PDA to create suitable Ronald Lake
bison habitat and reduce the potential of shifting habitat use northward



work with regulators, stakeholders and Aboriginal communities to reduce the
potential of shifting habitat use northward as part of a regional management plan
for the herd

Mitigation for Wildlife Abundance and Distribution
The Project will influence the abundance and distribution of regional wildlife populations
throughout all phases of the Project. Mitigation measures provided for changes in habitat
availability, landscape connectivity, and mortality risk (see Section 18.6.5.2) are
inclusive and incorporate mitigation measures to reduce changes in regional populations.
18.6.5.3

Habitat Availability Effects Analysis
Overall, conclusions on habitat availability for the updated wildlife assessment are
broadly similar to those in the Integrated Application. However, predictions for
environmental consequence have changed for a number of species largely as a result of
regional level differences in base data used for the habitat suitability models but also
because of changes in assumptions concerning the ability to recover species’ habitat (i.e.
reversibility). The most apparent difference between the updated assessment and the
Integrated Application is the inclusion of the 2011 Richardson fire which altered the
vegetation structure in the region. This extensive fire resulted in an overall younger forest
age within the vegetation and wildlife RSA for existing conditions and all assessment
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cases in the Project Update relative to the Integrated Application. The method used to
determine magnitude of effects for the updated assessment takes a more conservative
approach than the Integrated Application by considering change in preferred habitat
availability relative to predevelopment conditions and does not recognize a range of
natural variability (RNV). 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 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
which may not be realized.
As a result of regulator SIRs, six key indicators were added to the assessment of habitat
availability (boreal caribou, muskrat, little brown and northern myotis, whooping crane,
horned grebe and Canadian toad). Based on the magnitude of change and concept of
reversibility, the changes to habitat availability are generally ranked similarly as those in
the Integrated Application and responses to SIRs and range from a low to high
environmental consequence for existing conditions and all assessment cases
(see Table 18.6-13). The percent change in habitat availability at the Application Case
(maximum build-out and closure) and the PDC, relative to predevelopment, is greater
than the thresholds for high environmental consequence for three wildlife key indicators:
boreal caribou, yellow rail and rusty blackbird. These species have a high dependency on
wetland habitats that are not reclaimed to predevelopment levels during oil sands mine
reclamation. This conclusion differs slightly from the Integrated Application, which
predicted high environmental consequence for yellow rail, rusty blackbird and western
toad.
The high environmental consequence ratings for habitat availability reflect the relatively
high proportion of MOSA in the vegetation and wildlife RSA and lower representation of
protected areas and new conservation areas identified for the Regional Municipality of
Wood Buffalo (RMWB) and lower LAR (see the LARP; GOA 2012). Wetland habitats in
the MOSA are well represented in the larger RMWB and LAR. When predicted effects
were placed into a larger regional planning framework (e.g., LARP) that includes areas
identified for intensive development as well as protected areas and identified
conservation areas, predicted high environmental consequences were shown to be
reduced (see the response to ESRD/CEAA Round 1 SIR 439).
High levels of development and associated lower levels of environmental indicator values
have been expected in both the TEMF and LARP for lands that are underlain by bitumen.
For instance, TEMF reported that several environmental indicators have already been
substantially altered by linear developments, oil sands developments, forestry and other
activities. TEMF states that:
Areas underlain by bitumen would be available for development, except within
the Protected Zone; however, a significant proportion of the RMWB is expected
to be intensively developed at some point, and declines in environmental
indicators are expected while an area is in an intensively developed condition.
(CEMA 2008).
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Aboriginal community concerns related to effects of development on wildlife habitat
availability identified during consultation include decreases in wildlife habitat quality and
quantity, particularly related to bison, moose and fur-bearers as well as the suitability of
reclaimed habitat for wildlife species. The Project will cause decreases in habitat
availability for all wildlife species due to direct (quantity) and indirect (quality) habitat
loss in the terrestrial LSA and vegetation and wildlife RSA. Reclaimed vegetation in the
terrestrial LSA initially provides habitat to wildlife species that prefer young shrubby and
deciduous-dominated vegetation. As the landscape matures habitat for mature and
old-growth dependent species will increase in the terrestrial LSA.
Progressive reclamation of the Project along with other developments and initiatives for
expansion of protected areas (e.g., see GOA 2012) will mitigate cumulative effects on
wildlife habitat availability in vegetation and wildlife RSA. As vegetation communities in
the closure landscape change, species-specific habitat use of the terrestrial LSA will also
change, as is expected in a dynamic ecosystem like the boreal forest.
18.6.5.4

Landscape Connectivity Effects Analysis
Based on the magnitude of change and concept of reversibility, effects changes to
landscape connectivity are generally ranked the same as those in the Integrated
Application and range from a low to moderate environmental consequence for existing
conditions and all assessment cases (see Table 18.6-14). Based on the determination of
environmental consequence for landscape connectivity, low environmental consequence
is predicted for moose, black bear, wolverine, fisher, Canada lynx, Ronald Lake bison,
boreal caribou, waterfowl, horned grebe, whooping crane, and forest birds at Application
Case and PDC. For moose, black bear, wolverine, fisher, and Canada lynx, which were
assessed using linkage zone analysis, the percent change in landscape connectivity at
maximum build-out (Application Case) relative to predevelopment is well below the
percolation theory-based threshold for high environmental consequence (i.e., less than
40% of the vegetation and wildlife RSA is considered high and moderate hindrance to
movement potential). Moderate environmental consequence is predicted for little brown
and northern myotis at Application Case and PDC. This reflects the scarcity of old
growth roosting areas in the vegetation and wildlife RSA combined with the relatively
high proportion of MOSA in the vegetation and wildlife RSA and lower representation of
protected areas and new conservation areas identified for the RMWB and LAR (GOA
2012).
Aboriginal and stakeholder concerns related to effects of development on wildlife
landscape connectivity identified during consultation include changes to movement
corridors and overall effects on seasonal migration for species of traditional importance
including Ronald Lake bison. While landscape connectivity in the vegetation and wildlife
RSA is expected to decrease without progressive reclamation at maximum build-out
(Application Case), reclamation activities will mitigate landscape connectivity at closure
these key indicators.
Progressive reclamation of the Project along with other developments and initiatives for
expansion of protected areas (see GOA 2012) will mitigate cumulative effects on wildlife
habitat availability, and thus landscape connectivity, in the vegetation and wildlife RSA.
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Overall, landscape connectivity will persist at all assessment cases to support necessary
seasonal and dispersal movements required to sustain populations of all key indicators in
the vegetation and wildlife RSA. The proposed CC&R plan will provide an increase in
topographic diversity and more highly developed drainage in the terrestrial LSA, as well
as a decline in fragmentation and presence of human disturbances; this should provide
suitable conditions for the development of preferred habitat for the key indicators with
time. Reclamation will also allow for movement corridors (i.e., east-west) from the Birch
Mountains to the Athabasca River through the proposed PDA be reestablished after
closure.
18.6.5.5

Wildlife Mortality Risk Effects Analysis
Mortality risk, including direct (i.e., Project-related) and indirect (not associated directly
with Project activities), has the potential to affect abundance and distribution of key
indicator wildlife species in the vegetation and wildlife RSA. As with the Integrated
Application, the overall effect of mortality risk (direct and indirect combined) on the key
indicator wildlife species is discussed as part of changes in wildlife abundance and
distribution.

18.6.5.6

Abundance and Distribution Levels Effects Analysis
Based on the magnitude of change and concept of reversibility, effects changes to
wildlife abundance and distribution range from low to high environmental consequence
and are similar to those provide for key indicators assessed for changes in regional
population levels in the Integrated Application (see Table 18.6-15). Predictions for
environmental consequence have changed for six key indicators previously assessed (i.e.,
moose, fisher, whooping crane, short-eared owl, rusty blackbird, and waterfowl). In
addition, six key indicators included in the updated wildlife assessment were not assessed
for the Integrated Application (i.e., boreal caribou, wolverine, muskrat, little brown and
northern myotis, horned grebe, and Canadian toad).
The change in wildlife abundance and distribution at the Application Case, relative to
predevelopment is expected to be of high environmental consequence for boreal caribou
and yellow rail. At PDC, high environmental consequence is predicted for a third key
indicator, rusty blackbird. High environmental consequence for these key indicators is
linked primarily to predicted changes in habitat availability. These species are dependent
on wetland habitats (i.e., peatlands) that are being removed from the MOSA; however,
they are well represented in the larger RMWB and LAR. For remaining key indicators,
cumulative effects for the Application Case including the Project, as well as other
developments included in Base Case, are considered of low to moderate environmental
consequence.
Environmental consequence ratings for regional abundance and distribution reflect the
relatively high proportion of the MOSA in the vegetation and wildlife RSA and lower
representation of protected areas and newly proposed conservation areas relative to the
RMWB and LAR (GOA 2012). For instance, a high environmental consequence ranking
is to be expected and aligns with CEMA’s TEMF that recognized the wildlife habitat
availability in the region has already been substantially altered by linear developments,
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oil sands developments, forestry and other activities, and is the key driver of decline in
environmental [key] indicators (CEMA 2008). Progressive reclamation of the Project
along with other developments, and initiatives for expansion of protected areas as well as
timely removal of linear features (see GOA 2012) will mitigate cumulative effects.
Wetland habitats present in the mineable oil sands region are well represented in the
larger RMWB and LAR. When predicted effects were placed into a larger regional
planning framework (e.g., LARP) that includes areas identified for intensive development
as well as protected areas and identified conservation areas, predicted high environmental
consequences were shown to be reduced (see the response to ESRD/CEAA Round 1
SIR 439).
High levels of development and associated lower levels of environmental indicator values
have been expected in both the TEMF and LARP for lands that are underlain by bitumen.
For instance, TEMF reported that several environmental indicators have already been
substantially altered by linear developments, oil sands developments, forestry and other
activities. TEMF states that
Areas underlain by bitumen would be available for development, except within
the Protected Zone; however, a significant proportion of the RMWB is expected
to be intensively developed at some point, and declines in environmental
indicators are expected while an area is in an intensively developed condition”
(CEMA 2008).
Progressive reclamation of the Project along with other developments and initiatives for
expansion of protected areas (e.g., see GOA 2012) will mitigate cumulative effects on
wildlife abundance and distribution in the vegetation and wildlife RSA.
Aboriginal and stakeholder concerns related to effects of development on regional
abundance and distribution identified during consultation include changes to wildlife
populations (particularly Ronald Lake bison) and effects of direct and indirect mortality
on abundance and distribution. The abundance of the Ronald Lake bison herd is not
expected to decline as there is abundant suitable habitat throughout the herd’s range
outside of the PDA, reclamation planning will include suitable habitat in the closure
landscape, and the interaction between Ronald Lake bison and diseased Wood Buffalo
National Park (WBNP) bison appears to be mitigated by natural barriers, which will be
maintained as part of mitigation strategies for the herd. The abundance and distribution
for wildlife species of traditional importance is expected to change in the vegetation and
wildlife RSA at maximum build-out and PDC without reclamation; however, reclamation
activities are predicted to mitigate these potential declines at closure.
18.6.5.7

Wildlife Biodiversity Effects Analysis
Based on direction provided by ESRD/CEAA Round 2 SIR 185, an analysis of changes
in biodiversity was undertaken, following a comparable approach used in recent Shell oil
sands applications. Based on that approach, changes in wildlife biodiversity are predicted
to be of low environmental consequence for Base Case, Application Case and PDC.
However, habitat diversity for species with a high fidelity to wetlands (i.e., peatlands)
that are not typically included in reclamation planning will likely not be returned to
predevelopment conditions. Therefore, on a species-specific level, the loss of wetland
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diversity has been rated as a high environmental consequence in the habitat availability
assessment. For this reason, the environmental consequence rating for change in wildlife
biodiversity has been increased to high.
18.6.5.8

Assessment Conclusions
Assessment conclusions related to wildlife are generally the same as in the Integrated
Application, though there are some changes due to the inclusion of recent forest fires
(e.g., 2011 Richardson fire) and changes in assumptions around reversibility of effects on
some key indicator species (i.e., short-eared owl and western toad). For the Project
Update, included are assessment conclusions about cumulative effects and the
incremental contribution of the Project to changes in:


habitat availability: effects range from low to high environmental consequence for
existing conditions, Base Case, Application Case and PDC



landscape connectivity: effects range from low to moderate environmental
consequence for existing conditions, Base Case, Application Case and PDC



wildlife mortality risk: environmental consequence was not rated; instead, magnitude
ratings of low to high for mortality risk were incorporated into environmental
consequence ratings for abundance and distribution



wildlife abundance and distribution: effects range from low to high environmental
consequence for existing conditions, Base Case, Application Case and PDC



wildlife biodiversity: effects are high environmental consequence for Base Case,
Application Case and PDC

High environmental consequence ratings reflect the Project’s incremental contribution to
regional losses of peatland habitat. These ratings do not consider Project-specific
conservation initiatives that align with the draft Biodiversity Management Framework for
the Lower Athabasca Region. For the Ronald Lake bison herd, a moderate consequence
rating was assigned, based on an assumption that initiatives to maintain continued
separation of the herd from the diseased bison in WBNP will be successful. However, if
these measures are not successful, and the Ronald Lake bison become diseased, the
consequence would be high. Teck places high value on biodiversity and has updated the
conceptual closure plan to include 477 ha more wetlands than in the Integrated
Application in spite of the PDA being smaller. In addition, Teck has developed a strategy
and schedule for a biodiversity management plan that will help realize Teck’s vision of
having a net positive effect on biodiversity in the region.
The updated wildlife assessment presents results for many additional species and
provides extensive information in response to SIRs from regulators and requests from
Aboriginal communities. Although the information presented is extensive, the overall
conclusions and outcomes of the updated wildlife assessment are similar to the Integrated
Application.
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Environmental Consequence – Habitat Availability
1,2

Magnitude of Change in Habitat Availability
Key Indicators

Base Case

Application Case
3
[Closure]

PDC

Reversibility

Range of Environmental
4
Consequence
3

Ronald Lake bison*
Bison Study Area

Moderate

High
[High]

High

Reversible

Low to Moderate

Moose**

Low

Low
[Low]

Moderate

Reversible

Low

Woodland caribou, boreal
population*

High

High
[High]

High

Irreversible

High

Woodland caribou*,
Caribou Range Study
Area

Moderate

Moderate
[Moderate]

Moderate

Irreversible

Moderate

Black bear**

Low

Low
[Low]

Low

Reversible

Low

Fisher*

High

High
[High]

High

Reversible

Moderate

Canada lynx*

High

High
[High]

High

Reversible

Moderate

Muskrat**

Low

Low
[Low]

Low

Reversible

Low

Beaver**

Low

Low
[Low]

Low

Reversible

Low

Little brown* and
northern* myotis

High

High
[High]

High

Reversible

Moderate

Northern goshawk*

High

High
[High]

High

Reversible

Moderate

Yellow rail*

Moderate

High
[Moderate]

High

Irreversible

Moderate to High

Whooping crane*

High

High
[High]

High

Reversible

Moderate
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Table 18.6-13

Environmental Consequence – Habitat Availability (cont’d)
1,2

Magnitude of Change in Habitat Availability
Key Indicators

Base Case

Application Case
3
[Closure]

PDC

Reversibility

Range of Environmental
4
Consequence

Horned grebe*

High

High
[High]

High

Reversible

Moderate

Short-eared owl*

High

High
[High]

High

Reversible

Moderate

Common nighthawk*

High

High
[High]

High

Reversible

Moderate

Olive-sided flycatcher*

High

High
[High]

High

Reversible

Moderate

Canada warbler*

High

High
[High]

High

Reversible

Moderate

Rusty blackbird*

Moderate

Moderate
[Moderate]

High

Irreversible

Moderate to High

Waterfowl**

Low

Low
[Low]

Low

Reversible

Low

Western toad*

High

High
[High]

High

Reversible

Moderate

Canadian toad*

Moderate

Moderate
[Moderate]

Moderate

Reversible

Low

NOTES:
* Species at risk, ** valued species
1
Only high- and moderate-suitability habitat was assessed for determination of magnitude and environmental consequence of change in habitat.
2
Magnitude of change for assessment cases was based on change from predevelopment (2066) conditions.
3
Magnitude of change is based on the percent change from predevelopment for the Project at closure (2081).
4
See Volume 3, Section 11.3.7 for methods used to determine environmental consequence.
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Table 18.6-14
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Environmental Consequence – Landscape Connectivity
Magnitude

Key Indicators
2

Moose**

Base Case

1

Application Case

PDC

Reversibility

Environmental Consequence

Low

Low

Low

Reversible

Low

Low

Low

Low

Reversible

Low

Low

Low

Low

Reversible

Low

Low

Low

Low

Reversible

Low

Canada lynx*

Low

Low

Low

Reversible

Low

Ronald Lake bison (BSA)*

Low

Moderate

Moderate

Reversible

Low

Woodland caribou, Boreal
population*

Low

Moderate

Moderate

Reversible

Low

Little brown and northern
myotis*

Moderate

High

High

Reversible

Low to Moderate

Waterfowl, whooping crane
and horned grebe*

Low

Low

Low

Reversible

Low

Forest birds*

Moderate

Moderate

Moderate

Reversible

Low

Western and Canadian
toad*

Moderate

Moderate

Moderate

Reversible

Low

2

Black bear**
2

Wolverine*
2

Fisher*

2

3

NOTES:
* species at risk, ** valued species
1
Comparison of change in landscape connectivity is based on predevelopment (2066) conditions for assessment cases.
2
For species assessed using linkage zone analysis, magnitude of change in landscape connectivity is measured as the change from predevelopment in the area
of the RSA having minimal or low hindrance value using the theoretical percolation threshold (see Table 11-7).
3
See Volume 3, Section 11.3.7 for methods used in determination of environmental consequence.
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Table 18.6-15

Combined Environmental Consequence – Regional Abundance and Distribution
Magnitude

Key Indicators

Base Case

1

Application Case

PDC

2

Ability to Recover

Range of Environmental
3
Consequence

Ronald Lake bison*,
Ronald Lake Bison Study Area

Moderate

High

High

Reversible

Low to Moderate

Moose**

Low

Low

Moderate

Reversible

Low

Woodland caribou, boreal
population*

High

High

High

Irreversible

High

Woodland caribou,*
Caribou Range Study Area

Moderate

Moderate

Moderate

Irreversible

Moderate

Black bear**

Low

Moderate

Moderate

Reversible

Low

Wolverine*

Moderate

Moderate

Moderate

Reversible

Low

Fisher*

High

High

High

Reversible

Moderate

Canada lynx*

High

High

High

Reversible

Moderate

Muskrat**

Moderate

Moderate

Moderate

Reversible

Low

Beaver**

Moderate

Moderate

Moderate

Reversible

Low

Little brown and northern
myotis

High

High

High

Reversible

Moderate

Northern goshawk*

High

High

High

Reversible

Moderate

Yellow rail*

Moderate

High

High

Irreversible

Moderate to High

Whooping crane*

Moderate

Moderate

Moderate

Reversible

Low

Horned grebe

High

High

High

Reversible

Moderate

Short-eared owl*

High

High

High

Reversible

Moderate

Common nighthawk*

High

High

High

Reversible

Moderate

Olive-sided flycatcher*

High

High

High

Reversible

Moderate

Canada warbler*

High

High

High

Reversible

Moderate

Rusty blackbird*

Moderate

Moderate

High

Irreversible

Moderate to High

Waterfowl**

Low

Low

Low

Reversible

Low
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Table 18.6-15

Frontier Oil Sands Mine Project Update

Combined Environmental Consequence – Regional Abundance and Distribution (cont’d)
Magnitude

Key Indicators

Base Case

1

Application Case

PDC

2

Ability to Recover

Range of Environmental
3
Consequence

Western toad*

High

High

High

Reversible

Moderate

Canadian toad*

Moderate

Moderate

Moderate

Reversible

Low

NOTES:
* Species at risk, ** valued species
1
Magnitude of change is based on highest magnitude ranking from habitat availability, landscape connectivity or mortality risk effects assessments (see Table 1141) Magnitude of change in habitat availability for assessment cases includes the change in high- and moderate-suitability habitat relative predevelopment
(2066) conditions for the RSA.
2
The ability to recover only refers to the ability to reclaim available habitat and does not assume actual use.
3
See Volume 3, Section 11.3.7 for methods used in determination of environmental consequence.
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18.7

Human Health Risk Assessment

18.7.1

Key Issues, Key Questions and Key Indicators
For a summary of key issues, key questions and key indicators for the human health risk
assessment see Table 18.7-1.

18.7.2

Study Areas
The human health risk assessment (HHRA) focuses primarily on potential health risks to
people within the air quality LSA. This area will be most affected by the Project, and is
located within the larger air quality RSA.
The HHRA focused on a number of established residential communities (including
Aboriginal communities), as well as cabins, recreational and traditional use areas, and
worker lodges.
While most of the discrete locations included in the HHRA lie within the boundaries of
the air quality LSA, locations in or near the communities of Fort McMurray and
Fort Chipewyan also have been included to provide context and help address concerns of
individuals who may live in these larger, established communities.

Table 18.7-1

Key Issues, Questions and Indicators – Human Health

Project Phase

Key Issue

Relevance to Project

Construction and operation

Short-term (acute) risks to
human health from Project
and cumulative air
emissions

 plant and mine fleet combustion emissions
 fugitive plant, mine and tailings emissions

Construction and operation

Long-term (chronic) risks to
human health from Project
and cumulative air
emissions

 plant and mine fleet combustion emissions
fugitive plant, mine and tailings emissions

Construction, operation,
closure and far future

Long-term (chronic) risks to
human health from
changes in water quality of
watercourses, waterbodies
and pit lakes in the LSA








18.7.3

stream diversions
closed-circuiting of mine areas
muskeg drainage and overburden dewatering flows
basal water sands depressurization
pit lakes releases
process-affected seepages from backfilled mine pits
and tailings management areas
 process-affected groundwater seepages
 pit lakes, drainage from reclaimed mine site and
process-affected water remaining at the end of
mining

Results
The effects of the Project on human health will be reduced by implementing mitigation
measures throughout the Project’s life, including during construction, operation and
closure. A summary of key mitigation measures to reduce the effects of the Project on
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human health are provided in the air quality and surface water quality sections
(see Sections 18.4.4 and 18.5.5.2)
18.7.3.1

Acute Inhalation Health Risks
Acute health risks associated with the air emissions from the Project were characterized
by comparing predicted maximum short-term air concentrations with health-based
guidelines.
Most of the predicted acute inhalation risks, when expressed as risk quotients, are not
greater than 1.0 with the exceptions of PM2.5, NO2 and SO2 in the Base Case, Application
Case and PDC. For these chemicals of potential concern (COPC), existing and Base Case
emission sources were associated with the most risk. An analysis of the magnitude and
frequencies of the predicted air concentration exceedances, revealed a considerable
degree of conservatism in the HHRA. Overall, the anticipated health risks associated with
the NO2, PM2.5 (primary and secondary) and SO2 air concentrations are expected to be
low. Similarly, the health risks associated with the chemical mixtures are expected to be
low.
The incremental change between the Base Case and Application Case acute health risks
are generally negligible, suggesting that the Project will have a minimal impact on
short-term health risks in the region.

18.7.3.2

Chronic Inhalation Health Risks
For the chronic multiple pathway assessment, the exposures are predicted to be below the
health-based exposure limits for most of the COPC, with a few exceptions. Non-cancer
risk quotients greater than 1.0 were identified for manganese and methyl mercury.
However, the estimated daily intakes for manganese are consistent with predicted intakes
for the general population, and thus the risks are likely overstated. Overall, the predicted
mercury concentrations in fish are comparable to fish collected from other areas of
Alberta. The potential for adverse health effects because of exposure to these COPC over
the long-term is considered low.
Some of the chronic multiple pathway risk quotients for the chemical mixtures were
greater than 1.0. For all of the chemical mixtures, the degree of conservatism
incorporated into the assessment for each of the individual COPC in the mixture, as well
as the assumption that the predicted adverse effects are additive, have likely resulted in
the overstatement of the actual risks to these mixtures.
All predicted incremental cancer risks for COPC with carcinogenic oral exposure limits
are less than 1 in 100,000, with the exception of benzo(a)pyrene. Overall, the
contribution from the Project to cancer risks in the area in relation to human exposure via
multiple pathways (e.g., food, water, soil) is expected to be negligible.
The pit lakes and FHCL scenarios were evaluated in the updated HHRA to evaluate the
potential health risks associated with exposure to water from these lakes. Generally, the
risks predicted for these two scenarios are comparable to the PDC for the residential
group. In all instances, the conservative assumptions applied in the updated HHRA,
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specifically the exposure and toxicity assessments, likely resulted in the predicted risks
being overstated.
18.7.3.3

Chronic Multiple Pathway Health Risks
For the chronic multiple pathway assessment, the exposures are predicted to be below the
health-based exposure limits for most of the COPC, with a few exceptions. Non-cancer
risk quotients greater than 1.0 were identified for manganese and methyl mercury.
However, the estimated daily intakes for manganese are consistent with predicted intakes
for the general population, and thus the risks are likely overstated. Overall, the predicted
mercury concentrations in fish are comparable to fish collected from other areas of
Alberta. The potential for adverse health effects because of exposure to these COPC over
the long-term is considered low.
Some of the chronic multiple pathway risk quotients for the chemical mixtures were
greater than 1.0. For all of the chemical mixtures, the degree of conservatism
incorporated into the assessment for each of the individual COPC in the mixture, as well
as the assumption that the predicted adverse effects are additive, have likely resulted in
the overstatement of the actual risks to these mixtures.
All predicted incremental cancer risks for COPC with carcinogenic oral exposure limits
are less than 1 in 100,000, with the exception of benzo(a)pyrene. Overall, the
contribution from the Project to cancer risks in the area in relation to human exposure via
multiple pathways (e.g., food, water, soil) is expected to be negligible.
The pit lakes and FHCL scenarios were evaluated in the updated HHRA to evaluate the
potential health risks associated with exposure to water from these lakes. Generally, the
risks predicted for these two scenarios are comparable to the PDC for the residential
group. In all instances, the conservative assumptions applied in the updated HHRA,
specifically the exposure and toxicity assessments, likely resulted in the predicted risks
being overstated.

18.7.4

Assessment Conclusions
Overall, air emissions and water releases from the Project alone, and in combination with
emissions from other sources, are not expected to result in adverse health effects. The
changes between the Base Case and Application Case risks are generally small, as are the
changes between the Base Case and PDC risks.
The conclusions of the updated HHRA are consistent with those presented in the
Integrated Application.
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Based on the results of the HHRA and the Project-specific monitoring and management
programs already planned for surface water quality, groundwater and air quality,
additional health-related programs were not deemed necessary for Project-specific
monitoring and management.

18.8

Wildlife Health Risk Assessment

18.8.1

Key Issues, Key Questions and Key Indicators
Based on input gathered from regulatory sources and consultations with potentially
affected Aboriginal communities and public stakeholders, a single key issue was defined
for the wildlife health risk assessment (WHRA) (see Table 18.8-1).

Table 18.8-1

Key Issues – Wildlife Health

Project Phase

Key Issue

Operation

18.8.2

Change in wildlife health

Relevance to the Project
Project operations will emit chemicals to air and water that
could pose a risk to wildlife health.

Study Areas
The WHRA study area corresponds to the LSA defined in the updated air quality
assessment. This area will be most affected by the Project, and is located within the larger
air quality RSA. The WHRA study area also contains the aquatics LSA and RSA.

18.8.3

Receptors of Potential Concern
Table 18.8-2 lists the wildlife species or species groups identified as key indicators for
the updated assessment and the rationale for their selection.

Table 18.8-2

Key Indicators and Selection Rationale

Key Indicator

Scientific Name
1

Selection Rationale

Bison bison athabascae

Listed federally as Threatened in Schedule 1 of the Species
at Risk Act (SARA); ecological and cultural importance

Moose

Alces americanus

Cumulative Environmental Management Association (CEMA)
Priority I species, ecological, economic and cultural
importance; TEMF environmental indicator

Woodland caribou,
2
boreal population

Rangifer tarandus caribou

Listed provincially as Threatened and federally as
Threatened in Schedule 1 of SARA, ecological and cultural
importance

Black bear

Ursus arctos

CEMA Priority II species, ecological and cultural importance;
TEMF environmental indicator

Wolverine

Gulo gulo

Listed provincially as May Be At Risk and federally as Special
Concern by COSEWIC

Fisher

Martes pennanti

CEMA Priority I species, listed provincially as Sensitive,
ecological, economic and cultural importance; TEMF
environmental indicator

Ronald Lake bison
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Key Indicators and Selection Rationale (cont’d)

Key Indicator

Scientific Name

Selection Rationale

Canada lynx

Lynx canadensis

CEMA Priority I species, listed provincially as Sensitive,
ecological, economic and cultural importance

Muskrat

Ondatra zibethicus

CEMA Priority I species, ecological, economic and cultural
importance

Beaver

Castor canadensis

CEMA Priority II species, ecological, economic and cultural
importance

Little brown and
northern myotis

Myotis lucifugus and Myotis
septentrionalis

Northern myotis is listed provincially as May Be At Risk and
both species are listed federally as Endangered in Schedule
1 of SARA

Northern goshawk

Accipiter gentilis

Listed provincially as Sensitive, ecologically important,
representative of raptor guild

Yellow rail

Coturnicops
noveboracensis

Listed provincially as Undetermined and federally as Special
Concern in Schedule 1 of SARA

Whooping crane

Grus americana

Listed provincially as At Risk and federally as Endangered in
Schedule 1 of SARA

Horned grebe

Podiceps auritus

Listed provincially as Sensitive and federally as Special
Concern by COSEWIC

Short-eared owl

Asio flammeus

Listed provincially as May Be At Risk and listed federally as
Special Concern in Schedule 3 of SARA

Common nighthawk

Chordeiles minor

Listed provincially as Sensitive and federally as Threatened
in Schedule 1 of SARA

Olive-sided flycatcher

Contopus cooperi

Listed provincially as May Be At Risk and listed federally as
Threatened in Schedule 1 of SARA

Canada warbler

Cardellina canadensis

Listed provincially as Sensitive and federally as Threatened
in Schedule 1 of SARA

Rusty blackbird

Euphagus carolinus

Listed provincially as Sensitive and federally as Special
Concern in Schedule 1 of SARA

Waterfowl

N/A

CEMA Priority II species group, ecological and economic
importance

Western toad

Anaxyrus boreas

Listed provincially as Sensitive and federally as Special
Concern in Schedule 1 of SARA, ecological importance

Canadian toad

Anaxyrus hemiophrys

CEMA Priority I species, listed provincially as May Be At
Risk, ecological importance

NOTES:
1
Although the Ronald Lake bison herd is not protected under the Alberta Wildlife Act, it was treated as a species at
risk in the updated Wildlife assessment given its importance to local communities and its recent disease-free
status. For additional information, see Volume 3, Section 11.3.5.3.
2
Additional information about the conservation status, population and range of boreal caribou is provided in
Volume 3, Section 11.3.5.4.
N/A = Not applicable; the key indicator represents a species group.

18.8.4

Results
The WHRA followed a conventional risk assessment framework that is consistent with
guidance provided by CCME (1996), GOC (2012) and the U.S. EPA (1998). The updated
WHRA adopted a conservative approach for assessing the potential risks to wildlife
health, wherein emphasis was placed on reasonable worst-case conditions to ensure risks
were not underestimated.
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In response to regulatory input and Aboriginal community concerns regarding the scope
of the screening-level assessment in the Integrated Application, a more comprehensive
WHRA was undertaken for the updated assessment to provide a greater depth of
treatment to wildlife health.
The major findings and conclusions of the updated WHRA are:
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In all instances, acute inhalation risk estimates (expressed as hazard quotients [HQs])
were low. Short-term air concentrations are not expected to have an adverse impact
on either mammalian or avian wildlife in the region.



With the exception of NO2, maximum predicted chronic air concentrations were
below levels at which adverse effects on wildlife populations would be expected. The
elevated risk estimates for NO2 were associated with the existing condition, Base
Case, Application Case and PDC. The weight-of-evidence suggests a low potential
for adverse health effects in wildlife as a result of long-term exposure to NO2. The
lines of evidence include:


The predicted annual NO2 concentrations and associated HQ values for the Base
Case and Application Case are generally similar suggesting that Project NO2
emissions will have little effect on the existing or Base Case wildlife health risks
in the region.



Actual inhalation exposure to wildlife in the region are expected to be lower than
the maximum predicted values as the air dispersion model tends to overpredict
NO2 on an annual basis.



The predicted NO2 air concentrations remain below the lowest observable
adverse effect level identified in the scientific literature.



When considering all the risk estimates, there is generally little to no change between
the Base Case and the Application Case, indicating that the Project’s emissions are
not expected to have an appreciable impact on the potential risks to wildlife in the
region.



The WHRA also considered the risks to wildlife associated with changes in soil
concentrations, water concentrations, vegetation concentrations and prey
concentrations. In most instances, the associated risks to wildlife were low.



The predicted chronic multiple pathway HQs were below 1 for most of the
chemicals, with the following exceptions for avian receptors:


chromium



manganese



methyl mercury



nickel



selenium
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The predicted chronic multiple pathway HQs were below 1.0 for most of the
chemicals, with the following exceptions for the mammalian receptors:


antimony



cadmium



manganese



methyl mercury



selenium



thallium



zinc

In spite of the modestly elevated HQs for some of these “receptor-chemical”
combinations, the potential for adverse effects on wildlife populations in the region
were considered low for the following reasons:


The conservative nature of the WHRA led to the overestimation of the exposure
levels.



Although
some
predicted
exposure
levels
were
above
the
no-observed-adverse-effect-level that formed the basis of the toxicity reference
value (TRV), most of the exposure levels were below levels where adverse
population-level effects would be expected.



The Base Case and Application Case risk estimates were generally similar,
suggesting that the Project will not contribute to the overall risks to wildlife.



The predicted surface water concentrations and soil concentrations typically
remained below the ESRD surface water and soil quality guidelines.

Some of the uncertainty identified in the WHRA stems from an absence of measured
aquatic plant concentrations in the region which resulted in a number of elevated
(albeit conservative) estimates of risk to wildlife. To reduce this uncertainty, Teck
plans to collect samples of aquatic plants in the aquatics LSA to accurately
characterize the existing concentrations of PAHs and metals in these plants.

The overall conclusion of the updated WHRA is that Project-related changes in air, water
and soil quality are not expected to result in population-level effects in the region’s
wildlife.

18.8.5

Assessment Conclusions
The WHRA describes the nature and extent of potential adverse population-level effects
on wildlife that might be associated with chemical emissions to air and releases to water
from the Project.
The assessment examined short-term (or acute) and long-term (or chronic) health risks to
wildlife populations that may be attributable to the Project, combined with existing,
approved and planned developments in the area. The WHRA evaluated the potential risks
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to wildlife health associated with the chemicals of concern emitted from the Project to air
and water. To assess the potential risks to wildlife health, predicted chemical exposures
are compared to toxicological reference values intended to be protective of the health of
wildlife populations.
Overall risks to wildlife are considered low. In the few cases where elevated risks were
predicted, the elevations were modest and likely attributable to the conservative nature of
the WHRA. The estimated risks for Base Case and Application Case were consistently
similar, suggesting that the Project will not contribute to the overall risks to wildlife
health.
The overall conclusion of the WHRA is that any Project-related changes in air, water and
soil quality are not expected to result in population-level effects on wildlife health in the
110 km x 110 km study area. Moreover, population-level effects on wildlife health are
not expected as a result of the combined influence of the Project with existing, approved
and planned developments in the study area.

18.9

People

18.9.1

Key Issues, Key Questions and Key Indicators
A summary of key issues and key questions for each phase of the Project and their
relevance to the Project are summarized in Table 18.9-1. Key indicators for each question
examined in sections that relate to people (i.e., historical resources, resource use, visual
aesthetics and traditional land use assessments) are provided in Table 18.9-1. An updated
palaeontology assessment was not completed as part of the Project Update. The original
palaeontology assessment provided as part of the Integrated Application remains relevant
for the Project Update.

18.9.2

Study Areas
Study areas were individually defined for the historical resources, resource use, visual
aesthetics and traditional land use assessments to evaluate potential effects from the
Project (see Table 18.9-2).
For maps showing the study areas used for the historical resources, resource use, visual
aesthetics and traditional land use assessments, see Figures 18.9-1 and 18.9-2.
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Table 18.9-1

Key Issues, Questions and Indicators – People

Key Issue and Key Question
Historical Resources
HR1: Could the Project result
in the loss of contents and site
context of historical resource
sites, thereby affecting the
interpretive value of sites?
Resource Use
R1: Is the Project consistent
with regional management
goals of LARP?
R2: Is the Project consistent
with regional management
goals of the Fort McMurray–
Athabasca Oil Sands
Subregional IRP?
R3: Could the Project affect
aggregate and mineral
resources?

Effects Pathway

Key Indicator

Measureable Parameter

Spatial
Considerations

Loss of historical resources
site contents and context and
associated interpretive value

Historical sites

Historical resources

PDA

Consistency with land and
resource use goals, objectives
and policies
Consistency with land and
resource use goals, objectives
and policies

 LARP

 Management plan goals

RSA

 Fort McMurray–Athabasca
Oil Sands Subregional
Integrated Resource Plan
(IRP)

 Management plan goals

RSA

Reduction in volume of
aggregate or mineral resources
from project construction or
operation
Reduction in timber volume
from project construction or
operation

 Aggregate and mineral
resources

 Aggregate volume

RSA

 Timber resources

LSA

R5: Could the Project affect
guiding, hunting and trapping
opportunities?

Reduction in guiding, hunting or
trapping opportunities from
Project construction or
operation

 Hunting and trapping
resources

 Volume of merchantable timber
 Timber productivity
 Forest land capability class (see
Volume 3, Section 9.6)
 Quality of wildlife habitat for
moose, black bear, bison, caribou,
waterfowl, beaver, muskrat, fisher,
and lynx in the LSA and the
quantity that will be removed by
the Project

R6: Could the Project affect
sport fishing?

Reduction in fishing
opportunities from Project
construction or operation

 Fishing resources

 Number of highly rated or popular
recreational sport fishing sites in
the LSA and known access routes
in the LSA that connect to such
sport fishing sites

LSA

R4: Could the Project affect
forestry?
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Key Issues, Questions and Indicators – People (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Spatial
Considerations

Measureable Parameter

R7: Could the Project affect
designated parks and protected
areas?

Reduction in areal extent of
parks or protected areas from
Project construction

 Parks and protected areas

 Area of parks and protected areas

LSA and RSA

R8: Could the Project affect
recreation and tourism?

Reduction in recreation or
tourism opportunities from
Project construction or
operation

 Recreation and tourism
resources

 Number of recreational sites and
facilities (i.e., campgrounds,
provincial recreational areas,
designated walking trails)
 Known access routes in the LSA
that lead to important recreational
areas or facilities

LSA

Changes in visual aesthetics





Presence or absence of visibility
at receptors
Extent of visibility of the Project
from receptors
Linear extent of visibility of the
Project along roads and
watercourses

Visual aesthetics
study area

Disturbance to preferred bison
harvesting areas
Changes in the availability of
bison
Changes in access to preferred
bison harvesting areas
Sensory disturbance affecting
Aboriginal land users



Visual Aesthetics
V1: Could the Project affect
visual aesthetics?



Two-dimensional (2D) line
of sight viewshed
Three-dimensional (3D)
simulations




Traditional Land Use
TLU1: Could the Project affect
traditional land uses?

Project activities may affect the
continued opportunity to
harvest bison



Opportunities to harvest
bison
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Table 18.9-1

Key Issues, Questions and Indicators – People (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Spatial
Considerations

Measureable Parameter

Traditional Land Use (cont’d)
TLU1: Could the Project affect
traditional land uses? (cont’d)

Project activities may affect the
continued opportunity to hunt
traditionally important wildlife
species



Opportunities to hunt
traditionally important
wildlife species






Project activities may affect the
continued opportunity to trap
fur-bearers



Opportunities to trap furbearers






Project activities may affect
culturally important sites and
areas, such as cabins and
sacred sites



Opportunities to use
culturally important sites
and areas





Project activities affect the
continued opportunity to fish
for traditionally important
species



Opportunities to fish for
traditionally important
species
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Disturbance to preferred hunting
areas
Changes in the availability of
traditionally important key
wildlife species
Changes in access to preferred
hunting areas
Sensory disturbance affecting
Aboriginal land users




Terrestrial LSA
Traditional land
use RSA

Disturbance to preferred
trapping areas
Changes in availability of key
fur-bearing species
Changes in access to preferred
trapping areas
Sensory disturbance affecting
Aboriginal land users




Terrestrial LSA
Traditional land
use RSA

Disturbance to culturally
important sites and areas
Changes in access to culturally
important sites and areas
Sensory disturbance affecting
Aboriginal land users




Terrestrial LSA
Traditional land
use RSA

Loss of preferred use fishing
areas
Changes in fish or fish habitat
Changes in access to preferred
use fishing areas
Sensory disturbance affecting
Aboriginal land users




Aquatics LSA
Aquatics RSA
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Key Issues, Questions and Indicators – People (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Spatial
Considerations

Measureable Parameter

Traditional Land Use (cont’d)
TLU1: Could the Project affect
traditional land uses? (cont’d)

Project activities may affect the
continued opportunity to
harvest traditionally important
vegetation for consumption,
medicinal or spiritual purposes



Opportunities to harvest
traditionally important
vegetation







TLU2: Could the Project in
combination with other
developments cumulatively
affect the potential for
traditional land uses?

The cumulative effects of
development may affect the
continued opportunity to
harvest bison



Opportunities to harvest
bison






The cumulative effects of
development may affect the
continued opportunity to hunt
traditionally important wildlife
species



Opportunities to hunt
traditionally important
wildlife species
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Disturbance to preferred plant
or berry harvesting locations
Disturbance to areas of high or
moderate traditional use plant
potential
Changes in access to preferred
plant or berry harvesting
locations
Sensory disturbance affecting
Aboriginal land users




Terrestrial LSA
Traditional land
use RSA

Disturbance to preferred bison
harvesting areas
Changes in the availability of
bison
Changes in access to preferred
bison harvesting areas
Sensory disturbance affecting
Aboriginal land users



Ronald Lake
BSA

Disturbance to preferred hunting
areas
Changes in the availability of
traditionally important key
wildlife species
Changes in access to preferred
hunting areas
Sensory disturbance affecting
Aboriginal land users



Traditional land
use RSA

June 2015

Volume 1: Project Description
Section 18: EIA Summary

Frontier Oil Sands Mine Project Update

Table 18.9-1

Key Issues, Questions and Indicators – People (cont’d)

Key Issue and Key Question

Effects Pathway

Key Indicator

Spatial
Considerations

Measureable Parameter

Traditional Land Use (cont’d)
TLU2: Could the Project in
combination with other
developments cumulatively
affect the potential for
traditional land uses? (cont’d)

The cumulative effects of
development may affect the
continued opportunity to trap
fur-bearers



Opportunities to trap furbearers






The cumulative effects of
development may affect
culturally important sites and
areas, such as cabins and
sacred sites



The cumulative effects of
development may affect the
continued opportunity to fish
for traditionally important
species



Opportunities to use
culturally important sites
and areas





Opportunities to fish for
traditionally important
species






The cumulative effects of
development may affect the
continued opportunity to
harvest traditionally important
vegetation for consumption,
medicinal or spiritual purposes



Opportunities to harvest
traditional important
vegetation
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Disturbance to preferred
trapping areas
Changes in the availability of
key fur-bearing species
Changes in access to preferred
trapping areas
Sensory disturbance affecting
Aboriginal land users



Traditional land
use RSA

Disturbance to culturally
important sites and areas
Changes in access to culturally
important sites and areas
Sensory disturbance affecting
Aboriginal land users



Traditional land
use RSA

Loss of preferred use fishing
areas
Changes in fish or fish habitat
Changes in access to preferred
use fishing areas
Sensory disturbance affecting
Aboriginal land users



Aquatics RSA

Disturbance to preferred plant
or berry harvesting locations
Disturbance to areas of high or
moderate traditional use plant
potential
Changes in access to preferred
plant or berry harvesting
locations
Sensory disturbance affecting
Aboriginal land users



Traditional land
use RSA
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Study Areas by Discipline

Discipline

Study Area

Historical resources

PDA

Resource use

Terrestrial LSA and planning boundaries of the RMWB for the RSA

Visual aesthetics

A study area boundary based on limits of visual acuity and light refraction

Traditional land use

The TLU assessment used the following study areas:
 terrestrial LSA (see Section 18.6.2)
 aquatics LSA (see Section 18.5.2)
 traditional land use RSA (based on the RSA used for the vegetation
and wildlife assessments)
 aquatics RSA (see Section 18.5.2)
 Ronald Lake BSA (see Volume 3, Section 11.3.1.3, Figure 11-3)

18.9.3

Historical Resources

18.9.3.1

Baseline Overview
Seven historical resources impact assessments (HRIA) studies conducted for the Project
(Youell 2007; Gryba and Tischer 2009a, 2009b; Roskowski et al. 2012; Foster 2013;
Foster and Tischer 2013; Foster 2015) suggest that overall archaeological potential near
the Project is high, although the potential ranges from low to very high across the PDA.

18.9.3.2

Mitigation
The effects of the Project on historical resources will be reduced by implementing
mitigation measures throughout the Project’s life, including during construction,
operation and closure. Historical resources sites in the PDA that Alberta Culture and
Tourism (ACT) determines to have moderate to high heritage value will likely have
requirements for further study. These might include some or all of the following:


additional shovel testing to identify site boundaries, areas of highest artifact density,
activity areas and areas with unique or specialized artifacts



archaeological excavation at sites with high interpretive potential



mapping and documentation at specific sites

Teck will phase the required supplemental HRIA studies so that all necessary studies in
the PDA are completed in advance of vegetation clearing in each development area. Once
the Project is approved, the completion of HRIA studies and known site locations relative
to each development area will be further evaluated. Any assessment gaps will be assessed
through HRIA field studies, and any sites that have moderate to high heritage value in
areas to be disturbed will be subject to mitigation studies as required by ACT.
Teck will also work collaboratively with Aboriginal communities on mitigation studies,
in an effort to address local concerns and interests regarding historical resources.
Mitigation studies will meet the requirements of ACT and aim to meet the desires of
Aboriginal communities.
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Historical Resources Effects Analysis
In total, 197 historical resources sites are on record in the PDA. All of these sites are
precontact archaeological sites, although two also contain minor historic period
components. Site types identified include isolated finds, artifact scatters, lithic workshops
and camp sites. Many of the sites identified are considered to have high heritage value
due to their large size and complexity. This potentially reflects lengthy occupations,
multiple occupations by different groups over time, or specialized activities at the site.
Although ACT has not yet issued site-specific mitigation requirements for any these sites,
additional assessment, mitigation studies (or both) have been recommended at many of
these sites prior to any Project-related impacts. In response, ACT has assigned 132 sites a
historical resource value (HRV) of 4, indicating that further study is required prior to
Project-related impact. Seventeen additional sites were identified in 2014 and have been
recommended to ACT for HRV 4 values.

18.9.3.4

Assessment Conclusions
As in the Integrated Application, effects of the Project on historical resources will be
mitigated through completion of the required HRIA studies and implementation of all
mitigation measures as required by ACT.

18.9.4
18.9.4.1

Resource Use
Baseline Overview
The updated resource use assessment is based on two main land use policy and planning
documents:


LARP (GOA 2012a)



the Fort McMurray–Athabasca Oil Sands Subregional Integrated Resource Plan
(IRP) (ASRD 2002)

Project effects on the use of resources in conjunction with operating, approved and
planned developments are examined in the context of these policy documents.
18.9.4.2

Mitigation
The effects of the Project on resource use are guided by provincial policy documents and
will be reduced by implementing mitigation measures throughout the Project’s life,
including during construction, operation and closure.
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Aggregate and Mineral Resources
Teck will apply the following mitigation measures to limit effects on aggregate and
mineral resources:


Consult with mineral lease and permit holders prior to construction regarding
potential conflicts between the Project and other aggregate or mineral dispositions in
the resource use LSA. Consultation will focus on creating synergies between oil
sands mining and aggregate and mineral resource development.



Consult with other industrial and commercial users in the LSA during construction to
identify opportunities for cooperation (e.g., sharing infrastructure) that might create
efficiencies in the use of aggregate materials.



Conserve and stockpile aggregate materials extracted during Project construction and
operation to conserve surface materials.



Report the location of any aggregate deposits discovered during exploration or
construction, as per the IRP.

These measures comply with LARP. In addition, Teck plans to salvage a portion of the
haul road material (base and crush) before it is mined out as part of the pit advance. Teck
estimates that 50% of these materials will be recovered and reused in this process. Teck
will develop detailed procedures to maximize recovery of these materials during future
stages of engineering.
Forestry
The mitigation measures proposed in the Integrated Application remain applicable to the
Project Update. Cooperation between energy and forestry industries towards integrated
land management is a key strategy in LARP to minimize cumulative effects of
development and harvesting. To this end, Teck and Northland Forest Products Ltd.
(Northland) have coordinated access (i.e., by Teck for drilling programs and by
Northland to access timber stands). This has included using the same ice bridge and
access roads throughout the resource use LSA.
Teck will develop an integrated land management (ILM) strategy for the Project in
consultation with Alberta-Pacific Forest Industries Inc. (Al-Pac), Northland and the
province. The ILM strategy will:


balance entries for progressive timber salvage while maintaining vegetation and
associated wildlife habitat in areas where clearing is not yet required



discuss opportunities for using common access corridors (e.g., to locate roads and
other infrastructure) and common facilities (e.g., work lodges), where possible



consider progressive reclamation of disturbed land no longer needed for oil sands
development

Teck is working to establish a collaborative working relationship with Northland and
Al-Pac that will facilitate the efficient planning of future salvage operations necessary to
accommodate the Project.
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Teck will consult ESRD so that deciduous timber in Forestry Management Unit (FMU)
A10 is accounted for and salvaged in an acceptable way. Where merchantable timber
cannot be salvaged, Teck will conduct a timber damage assessment according to ESRD
requirements to identify whether compensation is required.
Timber will be salvaged to specifications provided by Al-Pac or Northland with
consultation with ESRD. However, Teck will also develop an environmental
management plan to minimize effects on the environment from harvesting activities.
Teck has prepared a CC&R plan for the Project (see Section 13). One of the goals of the
CC&R plan is to reclaim the PDA to land capability for forestry and meet reforestation
standards. The plan addresses the use of coarse woody debris and outlines methods for
reestablishing forestlands in the PDA. Implementing progressive reclamation over the life
of the mine will allow forested lands to reestablish at the earliest opportunity.
Hunting, Trapping and Fishing
The mitigation measures proposed in the Integrated Application remain applicable to the
Project Update. Teck will mitigate potential effects on hunting, trapping and fishing
resulting from the Project primarily through reclamation and access management. One of
the goals of the CC&R plan is to restore habitat for key game and fur-bearer species of
interest and concern to hunters and trappers.
During Project construction and operation, limited access to the PDA might affect
hunting and trapping opportunities. Teck will develop an AMP that sets out objectives for
managing access both in and through the LSA while maintaining public safety. Although
the AMP has not been fully developed, Teck has provided further details and a draft table
of contents (see Section 14.8.5 and Appendix 14B). Teck will continue to consult with
potentially affected Aboriginal communities and regulators regarding the AMP.
Teck will also continue to consult with potentially affected local registered trappers.
Where appropriate, Teck may negotiate compensation for lost trapping opportunity,
losses of fur revenue, or other costs incurred as a result of the Project. Teck has reached
an agreement with the holder of trapline Registered Fur Management Area (RFMA)
1275. Although tenured trapping rights are different than Aboriginal rights, Teck
understands that some Aboriginal community members may use member-held traplines
to undertake traditional pursuits. As such, Teck will continue to consult with potentially
affected Aboriginal communities, including those who exercise their Aboriginal rights by
hunting and trapping in and near the PDA.
Discussions are currently underway between the Government of Alberta, Government of
Canada, potentially affected Aboriginal communities, industry and public stakeholders to
develop appropriate mitigation or management measures related to the Ronald Lake
bison herd. Teck is supporting studies by ESRD into the health, status and distribution of
the Ronald Lake bison herd and will contribute to ongoing provincial-led studies. Teck is
also undertaking independent studies such as motion-sensitive cameras studies in the
resource use LSA. A technical team comprising Aboriginal communities, industry and
federal and provincial governments is considering studies on the Ronald Lake bison herd
and developing recommendations towards ongoing monitoring and management.
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Teck has had discussions with Garrett Brothers Outfitting and Double Diamond
Wilderness Hunts, which conduct hunts in parts of the resource use LSA, and with
Wizard Lake Outfitting, which conducts hunts just south of the LSA but uses the Birch
Mountain Forestry Road for access purposes (Tondeleir 2011, pers. comm.). Teck will
continue to engage these and other potentially affected outfitters to understand potential
effects of the Project on their operations.
Mitigation measures relating to wildlife mortality in the resource use LSA (e.g., from
vehicle collisions and hunting) include:


establishing and enforcing speed limits



erecting wildlife caution signs on access roads



trimming road sides vegetation



managing food waste including prohibiting of feeding wildlife by Project personnel
including contractors



prohibiting the use of recreational vehicles by Project personnel including contractors



restricting hunting or firearm use by Project personnel including contractors



implementing measures to deter waterfowl from tailings areas



developing a WMMP for the Project that outlines strategies to limit or avoid Project
effects on wildlife (see Section 14.8.4)

For additional discussion of wildlife mortality and wildlife mitigation measures,
see Section 18.6.5.2.
Recreation and Tourism
Mitigation strategies for recreation and tourism have not changed since filing the
Integrated Application. Teck will develop:

18.9.4.3



a CC&R plan (see Section 13) that will provide a variety of end land uses, including
recreation activities currently taking place in the LSA



an AMP that will manage access in and through the PDA. A draft table of contents is
provided as part of the Project Update (see Section 14.8.5 and Appendix 14B). Teck
will continue to consult with potentially affected Aboriginal communities and
regulators regarding the AMP.

Aggregate Effects Analysis
There are no operating aggregate pits or mineral mines intersecting the LSA.
The estimated amount of aggregate resources required by the Project represents a small
percentage (7.8%) of the estimated 1.1 billion tonnes of aggregate that will be available
from aggregate producers in the RSA.
In terms of potential effects of the Project on aggregate resources, the conclusions of the
updated assessment are consistent with the Integrated Application. The Project is also
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consistent with the objectives, guidelines and strategies of LARP and the IRP as they
relate to aggregate and mineral resources.
18.9.4.4

Forestry Effects Analysis
The LSA falls within two FMU: FMU 15 and FMU 10. Al-Pac holds the deciduous
timber rights (through its Forest Management Agreement [FMA]) in FMU A15 and
Northland holds the coniferous timber rights in both FMU A10 and FMU A15 (through
its coniferous timber license [CTL] dispositions).
The effects of timber clearing for the Project will be mitigated through development of
the ILM strategy in cooperation with Al-Pac, Northland and ESRD. As part of the ILM
strategy, it is anticipated that merchantable timber within the LSA will be harvested by
Al-Pac and Northland.
The closure landscape has minimized the loss of productive forests to the degree
practicable given the changes in landscape features that will result from Project
development, and the need to incorporate a variety of end land uses.

18.9.4.5

Hunting and Trapping Effects Analysis
The LSA is located in the Birch Mountains Wildlife Management Unit (WMU 531).
Clearing associated with the Project will result in an additional disturbance of 1.6% of
WMU 531 and is not expected to substantially reduce wildlife habitat that would result in
a substantive loss of hunting opportunities in the WMU.
Teck will continue to consult with potentially affected local registered trappers. Where
appropriate, Teck may negotiate compensation for lost trapping opportunity, losses of fur
revenue, or other costs incurred as a result of the Project. Teck will also continue to
consult with potentially affected Aboriginal communities, including those whose
Aboriginal rights are exercised within traplines in and near the PDA.
Options for access to areas within and through the PDA will be addressed in the AMP.
Teck will continue to seek regulatory, Aboriginal community and stakeholder input in
developing the AMP.
Teck expects that Project effects on hunting and trapping in the resource use LSA will be
temporary, with a gradual return as reclamation occurs. With mitigation, the Project
remains consistent with the hunting and trapping land use guidelines outlined in the
Fort McMurray–Athabasca Oil Sands Subregional IRP (ASRD 2002). Success of
reclamation will be monitored as outlined in the biodiversity management plan and
WMMP (see Section 14.8.4) with the goal of returning habitat suitable for game and furbearer species. As well, the WMMP will include specific targets or benchmarks for
performance over time regarding wildlife habitat use and the successful recolonization of
disturbed landscapes by wildlife.

18.9.4.6

Sport Fishing Effects Analysis
The information collected since filing the Integrated Application supports the assessment
conclusions that the Project will not adversely affect sport fishing resources. Although

June 2015

Page 18-123

Volume 1: Project Description
Section 18: EIA Summary

Frontier Oil Sands Mine Project Update

some sport fish species have been found in the lower reaches of Redclay Creek, this
watercourse is not identified as a popular sport fishing area, and the Project is not
expected to affect the sport fish species in those reaches.
Increased angling pressure associated with the Project is also unlikely to affect the
availability of sport fishing species in the region. Teck intends to minimize this pressure
by prohibiting workers from bringing fishing equipment to the Project site and
developing an AMP.
18.9.4.7

Designated Parks and Protected Areas Effects Analysis
There are no existing or proposed provincial or federal parks and protected areas in the
LSA. Therefore, the Project is not anticipated to have any potential effects on parks and
protected areas. There is also no change in the designated parks and protected areas in the
RSA. As such, the conclusions of the updated assessment are identical to those in the
Integrated Application. Teck recognizes, however, that the Project is close Wood Buffalo
National Park. For this reason Teck will continue to consult with potentially affected
Aboriginal communities on concerns associated with potential Project and cumulative
effects on this important area.

18.9.4.8

Recreation and Tourism Effects Analysis
The LSA supports no formal recreation activities or facilities. However, low levels of
informal recreation (ATV or snowmobile use) may take place in the resource use LSA.
The Project will temporarily disrupt informal recreation opportunities in the LSA;
however, an AMP will be in place to mitigate the disruption to the extent practical.
The Project is located within the Green Area of the LARP, designated for mixed use
including oil sands, metallic and industrial mineral and coal development. The Project is
consistent with the land use objectives of this area, and does not interfere with areas
intended by the LARP for current or future recreation and tourism use. Existing
recreation and tourism within the LSA primarily consist of hunting outfitters operating in
the area.
One of the goals of the CC&R plan is to return the LSA to conditions that provide a
diversity of end land uses, and that would enable activities currently taking place in the
PDA (e.g., recreation and tourism) to continue in the future. The result is that the Project
would have no long-term effects on recreation opportunities in the LSA, an assessment
conclusion that is consistent with the Integrated Application.

18.9.4.9

Assessment Conclusions
Results of the updated resource use assessment are comparable to those presented in the
Integrated Application. Effects of the Project on most resource uses are temporary and
limited in extent. For hunting and trapping, predicted changes are expected to be greater,
and the magnitude of these changes differs from the Integrated Application. These
changes in resource use are due to changes in habitat availability for game and
fur-bearing species resulting from changes to the PDA and closure landscape (i.e., the
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PDA is smaller than that defined in the Integrated Application and closure plans have
been updated).
Teck will develop management plans, strategies and mitigation such the WMMP, AMP,
Integrated Land Management strategy and the CC&R plan that will reduce the effects of
the Project on resource use and align with LARP and the IRP.

18.9.5
18.9.5.1

Visual Aesthetics
Baseline Overview
The topography of the study area is generally flat to undulating. Topographic expression
is greatest along the Athabasca and Clearwater River valleys, along other watercourses
that discharge to these major rivers, and along the sides of tertiary uplands including the
Birch Mountains, Muskeg Mountain and Thickwood Hills. These features create natural
barriers to visibility west of the Birch Mountains and within the river valleys.
Vegetation in the study area is dominated by wooded cover classes with some areas that
have been recently burned by naturally occurring fires such as the 2011 Richardson fire.
Long distance visibility is largely limited by vegetation, except in areas with low density
or large clearings or recently burned areas that allow for an undisturbed line of sight.
The potential for long distance visibility occurs at high points in and around the study
area, including the Birch Mountains, along the east bank of the Athabasca River and
along Highway 63 where there are breaks in vegetation cover.
Most residential areas are located south of the study area and along the Athabasca River.

18.9.5.2

Mitigation
The effects of the Project on visual aesthetics will be reduced by implementing mitigation
measures throughout the Project’s life, including during construction, operation and
closure. The mitigation measures proposed in the Integrated Application remain
applicable to the Project Update. Teck has incorporated additional measures related to the
river water intake (RWI) based on supplemental information requests and input received
during the regulatory review process.
Effects of the Project on visual aesthetics will be mitigated by maintaining vegetated
buffers between the Project and the Athabasca River as well as along Project
transportation corridors to the extent feasible. Teck will implement mitigation measures
to reduce potential effects on visual aesthetics where safety concerns are not an issue. In
some cases, vegetated buffers may not be feasible as a line of sight may be required along
a transportation corridor for safety reasons.
Consistent with the Integrated Application, mitigation might include:
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using construction materials that reduce contrast, limit visual attraction to Project
features, and blending built structures into the natural surrounding environment



using construction materials, where practicable, that minimize light reflection,
potentially reducing viewing distances of Project features
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In addition to buffers, reclamation techniques will be used that integrate closure plans
with the surrounding landscape. Teck will work with operators of adjacent developments,
and specifically with Shell on the PRM, to develop closure plans that:


include integration and contouring of slopes to mimic natural topography



focus on establishing a variety of vegetation communities



avoid unnatural-looking breaks at development boundaries

As part of this update, Teck proposes the following additional measures for the RWI:


Plant a narrow band of white spruce along the edge of the cofferdam and plant
dogwood on the cofferdam, except in areas where tall vegetation would impede any
maintenance or present safety concerns. White spruce has been proposed because it is
an evergreen and will provide year-round mitigation. In addition, species such as
balsam poplar can have large, lateral roots that could compromise the cofferdam.



Complete reclamation in the area to minimize erosion and slope instability.

Although there are currently no regulations, guidelines, or policies in place within the
province of Alberta to regulate the amount of light being emitted from facilities, Teck has
committed to using lighting that minimizes light pollution and will incorporate lighting
consideration into future stages of engineering. Teck will consult with potentially
affected Aboriginal communities on lighting considerations.
At closure, infrastructure will be removed and the Project will be reclaimed using
vegetation types similar, though not identical to existing conditions, creating a continuous
vegetated landscape.
18.9.5.3

Visual Aesthetics Effects Analysis
Viewshed model output indicates that Project components taller than 30 m will be visible
from several locations on the surrounding landscape. Areas where Project components
are visible include:


between the Birch Mountains Escarpment and the Athabasca River, where the
topography is flat



at high elevations on the east side of the Athabasca River and from the Birch
Mountains



along potential recreational access routes, including 26.7 km along the
Fort Chipewyan Winter Road and 10.7 km along the Canterra Road at higher
elevations

The Project will not be visible from Fort McKay, Fort McMurray or Fort Chipewyan.
18.9.5.4

Assessment Conclusions
Results of the updated visual aesthetic assessment differ from those presented in the
Integrated Application. Changes in visibility from receptor locations since the Integrated
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Application are related to the changes made to the PDA and Project components (height
and layout) as well as changes to the natural landscape (e.g., 2011 Richardson fire).

18.9.6

Traditional Land Use

18.9.6.1

Key Issues
Based on input gathered from regulatory sources and consultations with potentially
affected Aboriginal communities, a series of key issues were defined for the updated
traditional land use assessment (see Table 18.9-3).

Table 18.9-3

Key Issues – Traditional Land Use

Project Phase
Construction, operation,
closure

18.9.6.2

Key Issue

Relevance to Project

Potential effects may affect opportunities
for hunting the Ronald Lake bison herd

Project activities may result in changes to
the availability of the Ronald Lake bison
herd for harvesters, or affect the use of
preferred hunting areas

Potential effects on wildlife may affect
opportunities for traditional hunting and
trapping

Project activities may result in changes to
the availability of wildlife for harvesters, or
affect the use of preferred harvesting
areas

Potential may affect opportunities for
traditional fishing

Project activities may result in changes to
fish and fish habitat, or affect the use of
preferred fishing locations

Potential effects may affect traditional
plant harvesting

Project activities may result in changes to
traditional plant potential or affect the use
of preferred harvesting areas

Potential effects may affect the use of
culturally important sites or areas, such
as cabins and sacred sites

Project activities may cause disturbance
to culturally important sites or areas, or
affect the use of these areas

Mitigation
Mitigation measures implemented to reduce effects on traditional land use often focus on
measures designed to reduce the effects on resources important for traditional land use
activities. Teck is committed to the ongoing involvement of Aboriginal communities in
the continued identification and implementation of mitigation measures that may reduce
the effects on traditional land use and culturally important resources.
The following is a selection of mitigation measures that have been adopted to reduce the
effects of the Project that may affect traditional land use resources.
Wildlife
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Teck plans to engage potentially affected Aboriginal communities in the
development of its CC&R plan including the development of end land use targets
consistent with traditional land use values.
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Teck also plans to engage potentially affected Aboriginal communities in the
development of its biodiversity management plan.



Teck intends to develop an AMP in consultation with potentially affected Aboriginal
communities, which may mitigate increased harvesting pressure on wildlife due to
the Project.

Harvesting, Trapping and Fishing


Project personnel will be prohibited from fishing, hunting and trapping within the
PDA during work rotations, which is when Teck’s policies can be enforced.



Project personnel will be prohibited from using personal recreational vehicles within
the PDA during work rotations, which is when Teck’s policies can be enforced.



Affected Aboriginal trappers will be compensated following industry-community
standards and the Alberta Trappers Compensation Program is available to negotiate
disputes.



Teck will provide cultural diversity awareness training to employees and contractors
focusing on respect for Aboriginal land users, traplines, cabins, trails and equipment,
as well as respect for Aboriginal world views, customs and values.



Teck intends to develop its AMP in consultation with potentially affected Aboriginal
communities.

Water Quality and Fisheries Resources
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Although the updated water management plan for the Project is designed to comply
with the Phase 1 Athabasca River Water Management Framework, Teck has
reviewed the 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.



Activities will be scheduled, whenever practicable, to avoid sensitive time periods in
downstream fish-bearing watercourses.



Fisheries offsetting plans will be advanced in discussion with potentially affected
Aboriginal communities.



Teck intends to develop its AMP in consultation with potentially affected Aboriginal
communities, to limit access by the general public to fish-bearing watercourses or
waterbodies.
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Teck plans to engage potentially affected Aboriginal communities in the
development of its CC&R plan including the development of end land use targets
consistent with traditional land use values.



Accidental spills from pipeline ruptures or vehicular accidents will be handled using
best management practices. Project activities will follow safety protocols designed to
limit accidents and reduce effects if an accident should occur.

Vegetation


Land will be reclaimed using traditional use plants, where feasible. Teck plans to
engage potentially affected Aboriginal communities in the development of its CC&R
plan including the development of end land use targets consistent with traditional
land use values.



Teck plans to engage potentially affected Aboriginal communities in the
development of its biodiversity management plan.



The preservation of traditional land use opportunities and associated resources will be
discussed with potentially affected Aboriginal communities.



Traditional resource harvesters will be invited to harvest traditional plants before
disturbance.

Sensory Disturbances
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Vehicles will be maintained in good working condition (e.g., mufflers will be
maintained) and speed limits will be enforced.



Emergency alarms will be tested during daytime, where reasonably practical.



Noise effects from the Year 35 (2060) mine haul truck operation along two haul
roads will be mitigated using various measures, including but not limited to the
following:


haul trucks exhaust silencer



haul truck speed



trip frequency (number of trips per daytime and nighttime period)



route location or alignment



Buildings housing indoor noise-generating equipment will be appropriately sealed to
reduce noise.



For outdoor equipment, the manufacturer incorporates mitigation in the equipment
design to achieve the published sound power level.



Dust mitigation measures will be applied to mine haul roads: appropriate selection of
road materials, limiting vehicle speeds, and surface watering (or equivalent).
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Teck will review the current project design at the feasibility level to determine if
emergent emission reduction technology exists that is compatible with the
prefeasibility design and site conditions (e.g., carbon capture and storage).



Teck will continue research and development and participation in associations that
advance emission reduction technologies that are applicable to oil sand extraction.



During operations, continuously improve the efficiency of energy use and emission
reduction technologies in an effort to outperform regulations in effect at the time.



Teck will commission studies of hydrocarbon emissions from tailings ponds and the
mine face to gain a better understanding of these emissions with a goal of identifying
mitigation actions.



Teck will continue to evaluate and invest in ‘green-energy’ initiatives to reduce or
offset emissions.



Teck plans to undertake source monitoring, and this monitoring will provide valuable
feedback with respect to the operation performance relative to emissions and help
identify and prioritize opportunities for continuous improvement.



Effects of the Project on visual aesthetics will be mitigated by maintaining vegetated
buffers between the Project and the Athabasca River as well as along Project
transportation corridors to the extent feasible.



As part of this update, Teck proposes the following additional measures for the
aesthetic effects of the river water intake:


plant a narrow band of white spruce along the edge of the cofferdam and plant
dogwood on the cofferdam, except in areas where tall vegetation would impede
any maintenance or present safety concerns. White spruce has been proposed
because it is an evergreen and will provide year-round mitigation. Species such
as balsam poplar that have large, lateral roots that could compromise the
cofferdam will not be used



complete reclamation in the area to minimize erosion and slope instability

Access Management
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An AMP will be developed in consultation with ESRD, potentially affected
Aboriginal communities and public stakeholders for the LSA. The purpose of an
AMP will be to allow access in and through the LSA as much as possible while
maintaining public safety. One objective of the AMP will be to optimize hunting
opportunities as well as to allow trappers and other key land users (i.e., established
outfitters) continued access through the LSA.



All individuals wanting to gain access to or through lands being actively developed,
which is generally Teck’s mineral surface lease (MSL), will be required to submit an
access request.



Traditional land users will be granted temporary access to and through the PDA
according to the policy and processes set out in the AMP.
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Traditional land users will not have to meet worker site access requirements but will
be escorted by someone who has permanent site access (i.e., a worker).



Access through, and to portions of the PDA not being actively developed will not
require an access request form be submitted. Individuals will be required to contact
the site’s security office and provide adequate notice about when they plan to be in
the area, who will be present, and the intended activities and general location(s) as
they relate to Teck leases. All individuals passing through the PDA will have to
check in at the security office and will be escorted by a Teck worker. Teck
understands that Aboriginal communities desire that the advance notice period be a
short as possible and expects that this issue will be discussed during future
consultation for the AMP.



Throughout the life of the mine, access to locations in the PDA by Aboriginal
community members will be based on mine advance. Additional traditional use areas
and options for accessing these locations will be determined during consultation with
ESRD and potentially affected Aboriginal communities. For safety reasons,
harvesting and use of firearms would not be permitted in areas being actively mined
or within and around facilities associated with the mine.



Although the updated water management plan for the Project is designed to comply
with the Phase 1 Athabasca River Water Management Framework, Teck has
reviewed the 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. These measures will reduce effects of the
Project on water flows and levels, and thereby effects on navigability of the
Athabasca River.

Historical Resources

18.9.6.3



Teck will work collaboratively with local First Nation and Aboriginal communities
on mitigation studies, in an effort to address local concerns and interests in relation to
historical resources in the area. Mitigation studies will meet the requirements of ACT
and aim to meet the desires of Aboriginal communities.



Monitoring programs will include the development of a discovery protocol relating to
historic resources.

Results
A qualitative assessment, supported by quantitative analysis where possible, was
conducted to determine to what extent traditional activities might be affected by the
Project, or in combination with other Projects, within the study areas used in this
assessment. The results of the updated traditional land use assessment differ from those
presented in the Integrated Application. These changes largely reflect updates in the
approach and methodology applied to this assessment. The changes in the assessment
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methodology were designed to provide a more conservative assessment of potential
effects on the continued opportunity to undertake traditional land use activities.
The assessment considered the disturbance affecting preferred use areas, changes in
access to preferred use areas, changes in the availability of traditionally important
resources and the potential for sensory disturbances to affect Aboriginal land users. A
residual effects classification was conducted for the effects of cumulative development
on each Aboriginal community’s opportunity to undertake traditional land use key
indicators. Project only effects were also discussed, and Project-specific mitigation
measures and management plans that relate to traditional and use were also provided.
The assessment determined that at Base Case, adverse and high consequence effects exist
for the continued opportunity to undertake traditional land use in the traditional land use
RSA for each of the Aboriginal communities considered within this assessment. The
effects described within this assessment are limited to study areas discussed. At
Application Case, the effects of the Project will incrementally add to the existing Base
Case effects. At PDC, high consequence effects are expected to continue. This prediction
is on a “prior to reclamation” basis, and the consequence; therefore, applies to the
expected effects during Project construction and operations.
Teck is committed to continuing meaningful consultation with potentially affected
Aboriginal communities to discuss potential effects and culturally appropriate
management, monitoring and mitigation measures. In this assessment, Teck has made a
concerted effort to describe and analyze effects based on not only the TOR issued for the
Project by Alberta Environment (AENV 2009), but from specific regulatory inputs and
concerns expressed by potentially affected Aboriginal communities. Aboriginal inputs
that were incorporated into the assessment include, but are not limited to, analysis against
a predevelopment baseline and assessment without consideration of reclamation. Effects
determined in this assessment are considered to represent the current experience
described by Aboriginal land users; however, they are considered by Teck to be
conservative in nature. For example, while all effects were assessed prior to reclamation,
the Project will include reclamation as required under EPEA. While Teck recognizes that
Aboriginal land users’ relationship with reclaimed areas may be altered due to the
Project, one goal of the CC&R plan is to develop end land use targets consistent with
traditional land use values.
Teck anticipates continuing to work cooperatively with Aboriginal communities on the
resolution of outstanding issues and concerns, including the review of any newly
identified issues or concerns, and will periodically update regulators on the progress of
those discussions.
18.9.6.4

Assessment Conclusions
The updated traditional land use assessment addresses the same two key questions as the
Integrated Application. These questions consider whether the Project alone could affect
traditional land uses, and whether the Project, in combination with other developments,
cumulatively could affect the potential for traditional land uses.
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Results of the updated traditional land use assessment differ from those presented in the
Integrated Application. These changes largely reflect updates in the approach and
methodology applied to this assessment. The changes in the assessment methodology
were designed to ensure a more conservative assessment of potential effects on the
continued opportunity to undertake traditional land use activities. The updated traditional
land use assessment also includes a determination of consequence, which describes
cumulative effects on Aboriginal communities’ opportunity to undertake traditional land
use activities within the traditional land use RSA.
The effects classification determined that, compared to predevelopment conditions,
adverse and high magnitude effects exist for multiple key indicators at Base Case and
prior to Project development. These effects are expected to continue through the
Application Case and the PDC. As a result of the predicted adverse effects, the
assessment update concluded that cumulative effects on opportunities to continue
traditional land use activities within the traditional land use RSA are of high consequence
for those Aboriginal communities considered in this assessment. This prediction is on a
“prior to reclamation” basis, and the consequence, therefore, applies to the expected
effects during Project construction and operation. Effects post-reclamation would be
reduced.
Teck is committed to continue to consult meaningfully with, and engage all potentially
affected Aboriginal communities at both a Project-specific and regional level to minimize
and mitigate potential Project and cumulative effects on traditional land use. This
includes, with input from Aboriginal communities as well as regulators where
appropriate, development of a number of management and monitoring plans;
participation in regional groups to continue to increase understanding and best practices;
and entering into community agreements. Although reclamation was not considered
mitigation in the traditional land use assessment, one of the goals of the CC&R plan is to
develop end land use targets consistent with traditional land use values. Teck is also
committed to involvement of Aboriginal communities in the review and refinement of the
CC&R plan.

18.10

Athabasca River Bridge
This section summarizes the environmental assessment of the Athabasca River bridge
and the associated 2.7 km access road from the east side of the bridge to the
Fort Chipewyan winter road. Shell originally proposed constructing the bridge to access
the PRM (Shell 2007); however, Shell has withdrawn its application for this development
(Shell 2015). As a result, Teck has added the bridge and east side access road to the
Project and has assessed both components as part of the Project Update. Should Shell
decide to reapply for the PRM, Teck and Shell will work together under the terms of their
Projects Agreement to coordinate the use of the bridge and other infrastructure.
The bridge location and basic design will remain the same as originally proposed and
assessed by Shell (see Figure 18.10-1 and for details, Section 10.4.1). It is important to
note that the bridge and east side access road were identified as the preferred Project
access by the Integrated Application and were assessed as part of the Base Case. The
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bridge and access road were assessed again as part of the PDC during the response to
Round 2 SIRs. As a result of the timing of Shell’s withdrawal of their PRM application,
the bridge and east side access road are assessed as part of the PDC in Volume 3,
Sections 3 to 17 and as part of the Application Case in Volume 3, Section 18. Overall, the
bridge and east side access road have been assessed five times since being conceptualized
by Shell.
The concept of a single bridge across the Athabasca River is consistent with:


the Comprehensive Regional Infrastructure Sustainability Plan (CRISP) for the
Athabasca Oil Sands Region (GOA 2011), which contemplates a new river crossing
north of Fort McMurray



the desired regional outcome (Outcome 5) identified in the LARP (GOA 2012a) that
“Infrastructure development supports economic and population growth”

To be consistent with these regional planning initiatives, Teck proposes two changes to
what Shell had proposed that would help enable the bridge’s future use by other parties:


Teck does not plan to suspend process pipelines from the bridge.



Teck does not plan to decommission the bridge in 2081 when Project access is no
longer required.

Teck will work with regulators, potentially affected Aboriginal communities and
stakeholders over the life of the Project to identify the optimal post-Project use for the
bridge. If there is no interest in or use for the bridge at the end of the Project, Teck will
decommission and remove it.

18.10.1

Regulatory, Public and Aboriginal Community Input
The scope of this assessment for the bridge and east side access road was directed by
specific regulatory and public stakeholder inputs and concerns from potentially affected
Aboriginal communities. In addition, Teck reviewed regulatory requests and Aboriginal
community concerns for the Shell PRM application (Shell 2007) and considered these in
determining the scope of this assessment. Source information includes:


the PRM application (Shell 2007) and subsequent regulatory SIRs regarding the
bridge and east side access road



Aboriginal-led traditional use studies, third-party technical reviews, and SOCs for the
Project



input from Aboriginal communities regarding the Shell PRM bridge

Each discipline has used these sources to identify key issues and associated key
indicators and measurable parameters for the assessment. These issues are identified, and
potential effects are described and assessed in each discipline section (see Table 18.10-1).
The approach and the scope of the assessment generally align with the assessment update
and the Integrated Application.
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The bridge and east side access road assessment is consistent with the TOR issued for the
Project (AENV 2009) as well as current regulatory requirements, policies and guidance
for the assessment of environmental effects.
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Figure 18.10-1: Bridge and East Side Access Road Location
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18.10.2

Key Issues, Questions and Indicators
Table 18.10-1 provides rationale for the disciplines included in the bridge and east side
access road assessment. Table 18.10-2 lists the key question, effects pathway, indicator
and measurable parameter for the Athabasca River bridge and east side access road
assessment.

Table 18.10-1

Discipline

Linkage Analysis for Athabasca River Bridge and East Side
Access Road Assessment
Linkage Analysis

Included in the
Assessment

Acoustics

Noise assessment of bridge and east side access road construction
and operation are not required by Directive 038.

No

Air quality

Emissions from bridge and east side access road construction are
not considered a substantial source of criteria air contaminants
(CACs) relative to guidelines.

No

Groundwater

No direct project-specific or cumulative effects are expected from
bridge or east side access road construction or operation.

No

Hydrology

The bridge can affect water flow and navigability in the Athabasca
River.

Yes

Surface water quality

No anticipated effects on water quality in Athabasca River from
construction and operation of bridge after considering appropriate
mitigation measures.

No

Fish and fish habitat

Bridge and east side access road construction can affect fish and fish
habitat within the Athabasca River.

Yes

Terrain and soils

Bridge and east side access road construction will require soil
disturbance.

Yes

Vegetation

Bridge and east side access road construction will require vegetation
clearing.

Yes

Wildlife

Bridge and east side access road can cause linear disturbance,
potential effects on wildlife movement corridors and mortality.

Yes

Human health

No direct project-specific or cumulative effects are anticipated from
bridge or east side access road construction or operation. Air
emissions and surface water quality effects are considered to not be
a substantial source of CACs relative to guidelines or effects will be
mitigated.

No

Historical resources

Bridge and east side access road footprint can physically affect
historical resources.

Yes

Resource use

No direct or Project-specific effects are anticipated except for
potential changes to productive forest. Forest productivity is
assessed as part of terrain and soils. The potential for increased
access to the area will be managed by an AMP.

No

Visual aesthetics

Construction and operation of the bridge will affect visual aesthetics
along the Athabasca River valley.

Yes

Traditional land use

Bridge and east side access road construction and operation can
affect traditional land use activities.

Yes
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Key Issues, Questions and Indicators – Athabasca River Bridge and East Side Access Road
Key Issue and Key
Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial
Considerations

Hydrology

Could the bridge
contribute to cumulative
changes in water levels
in receiving waters?

Changes in water levels
in receiving waters and
associated changes to
navigation

 2-year, 10-year and
100-year water levels

 Water level

Athabasca River
near the bridge

Fish and Fish Habitat

Could the bridge
contribute to cumulative
changes to fish habitat?

 Direct changes to
habitat
 Changes in habitat
accessibility
 Changes in sediment
load







Watercourse
surface area
Qualitative fish
habitat assessment
Fish passage
characteristics
Suspended
sediments or
sediment deposition
Benthic invertebrate
community
abundance and
composition as a
food source for fish

Athabasca River
near the bridge

Fish abundance
Sport fish presence
and population
Fish harvest

Athabasca River
near the bridge

Habitat area
Fish passage
Sediment load







Terrain and Soils
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Could the bridge
contribute to cumulative
changes to fish
abundance?

 Changes to available
fish habitat area
 Changes in fishing
pressure




Fish abundance
Fishing pressure




Could the construction of
the bridge and east side
access road and
contribute to a change in
forest LCC extents in the
bridge study area?

Bridge construction and
road expansion alter the
landscape will change
soil quality and overall
land capability for
forestry

Forest land capability





Distribution and
extent of forest land
capability class

Footprint and buffer
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Table 18.10-2

Discipline
Vegetation

Wildlife
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Key Issues, Questions and Indicators – Athabasca River Bridge and East Side Access Road
(cont’d)
Key Issue and Key
Question

Measureable Parameter

Spatial
Considerations

Effects Pathway

Key Indicator

Could the bridge and
east side access road
contribute to cumulative
changes in vegetation
community diversity?

Loss or alteration of
vegetation types from
Project construction and
operation

 Upland ecosite phase,
wetlands classes
 Old growth
 Rare and special plant
communities





Area
Area
Location

Footprint and buffer

Could the bridge and
east side access road
contribute to cumulative
changes in plant species
diversity?

Loss of vegetation
species from
construction and
alteration of vegetation
species from Project
operation

 Species diversity
potential





Area
Location
Qualitative

Footprint and buffer

Could the bridge and
east side access road
contribute to cumulative
changes in habitat
availability?

Direct changes to habitat
conditions (e.g., clearing,
grading)

All indicators (except
Ronald Lake bison and
boreal caribou)



Footprint and buffer



Preferred habitat
classes within
footprint (qualitative)
Preferred habitat
within ZOI
(qualitative)

Could the bridge and
east side access road
contribute to cumulative
changes in landscape
connectivity?

Potential hindrance to
wildlife movements within
RSA because of
increased habitat loss,
human disturbance and
fragmentation

Landscape indicators
with large home ranges
(moose, black bear,
wolverine, fisher, and
Canada lynx)



Qualitative

RSA (focus on
Athabasca River
valley)

Could the bridge and
east side access road
contribute to cumulative
changes in wildlife
mortality risk?

Direct wildlife mortalities
from project-related
physical works and
activities

Indicators vulnerable to
and monitored for vehicle
collisions (moose, black
bear, wolverine, fisher,
little brown and northern
myotis, birds)



Indirect changes to
habitat conditions from
sensory disturbance in
adjacent habitats outside
of project footprint (i.e.,
within ZOI)

Estimated change
in wildlife mortality
based on traffic
volumes
(qualitative)

RSA
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Table 18.10-2

Discipline
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Key Issues, Questions and Indicators – Athabasca River Bridge and East Side Access Road
(cont’d)
Key Issue and Key
Question

Effects Pathway

Key Indicator

Measureable Parameter

Spatial
Considerations

Historical Resources

Could the bridge and east
side access road result in
the loss of contents and
site context of historical
resource sites, thereby
affecting interpretive value
of sites?

Loss of historical
resources site contents
and context and
associated interpretive
value

Historical sites



Historical resources

Footprint and buffer

Visual Aesthetics

Could the bridge affect
visual aesthetics?

Changes in visual
aesthetics

Two-dimensional line of
sight viewshed



Extent of visibility of
the bridge from
surrounding
landscape
Linear extent of
visibility of the bridge
along roads and
watercourses
Changes in the
availability of
traditionally
important key wildlife
species
Changes in access
to preferred hunting
areas

Footprint and buffer

Changes in the
availability of
traditional plant and
berry resources
Changes in access
to preferred
traditional plant and
berry resources

Footprint and buffer



Traditional Land Use
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Could the bridge and east
side access road
contribute to cumulative
effects on wildlife that
may affect traditional
hunting and trapping

Project activities may
affect wildlife abundance
or distribution. Project
activities may affect
hunting and trapping
through changes in
access to harvesting
areas.

Opportunity to hunt and
trap

Could the bridge and east
side access road
contribute to cumulative
effects on continued
opportunity to harvest
traditional plant and berry
resources

Project activities affect
traditional plant and
berry resources. Project
activities may affect
access to traditional
plant and berry
resources

Opportunity to harvest
traditional plant and
berry resources









RSA
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Table 18.10-2

Discipline
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Key Issues, Questions and Indicators – Athabasca River Bridge and East Side Access Road
(cont’d)
Key Issue and Key
Question

Effects Pathway

Could the bridge and east
side access road
contribute to cumulative
effects on continued
opportunity to fish for
traditionally important
species

Opportunities to fish for
traditionally important
species

Could the bridge and east
side access road
contribute to cumulative
effects on continued
opportunity to affect
culturally important sites
and areas, such as cabins
and sacred sites

Opportunities to use
culturally important sites
and areas

Key Indicator








Loss of preferred
use fishing areas
Changes in fish or
fish habitat
Changes in access
to preferred use
fishing areas
Disturbance to
culturally important
sites and areas
Changes in access
to culturally
important sites and
areas

Measureable Parameter







Spatial
Considerations

Changes in the
availability of fish and
fish habitat
Changes in access to
preferred traditional
fishing areas near the
bridge

Athabasca River
near the bridge

Changes in the
availability of
culturally important
sites and areas
Changes in access to
culturally important
sites and areas

Footprint and buffer
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18.10.3
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Spatial and Temporal Boundaries
A distinct bridge study area has been defined to assess potential effects of the bridge and
east side access road on terrestrial resources (see Figure 18.10-1). This study area
consists of the 2.7 km east side access road with a 500-m buffer on either side of the
centerline. The buffer area extends from the Fort Chipewyan winter road to the east edge
of the Athabasca River as shown in Figure 18.10-1. No water course crossings or
wetlands occur along the east side access road alignment. For the purposes of the
hydrology, and fish and fish habitat assessment, the assessment considered the area of the
Athabasca River over which the bridge will cross as well as the surrounding immediate
area. For visual aesthetics, the study area used in the updated assessment is used for the
bridge assessment (see Section 18.9.5).
Temporal snapshots aim to provide a reference for the assessment of key issues.

18.10.3.1



existing conditions (2013)



construction of the bridge and east side access road (2019 to 2021)



operation of the bridge and east side access road (beyond 2021)

Baseline Overview
For a discussion for baseline conditions of the Athabasca River, see Sections 18.5.4.1 and
18.5.6.1. The east side access road and buffer area are dominated by sandy soils of the
Mildred soil series that support Jack pine dominated forest that have a land capability
class of 4. Most of the area was recently burned by the 2011 Richardson fire. No rare
ecological communities or rare plants have been identified in the east side access road
and buffer area.

18.10.3.2

Mitigation
Aquatics
If the Project is approved, Teck will complete a detailed design of the bridge for formal
application to Transport Canada. The Canadian Highway Bridge Design Code,
CAN/CSA – (CSA 2014) would define the minimum criteria for the detailed design.
Lights and other aids (e.g., signage or markings) will facilitate navigation around the
bridge piers in all types of conditions (day and night) as per the requirements of the
Navigation Waters Bridges Regulations.
The bridge proposed maximum opening width exceeds the minimum navigational
opening required by Transport Canada, so the bridge will have a negligible effect on the
navigability of the Athabasca River. Preliminary design concepts considered two options
for the foundation system: rock socket steel-encased concrete piles or driven steel
H-piles. Either system could probably be constructed using cofferdams or equipment
supported on barges.
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Instream work methods will be determined during detailed design in accordance with
Fisheries and Oceans Canada (DFO), Transport Canada and ESRD requirements and will
follow measures to reduce the effects of bridge construction and operation on fish habitat
area (quantity), habitat conditions (quality) and fish abundance including:


scheduling instream construction work on the bridge to occur within a defined
window as approved by ESRD and DFO. The annual restricted activity period for the
lower Athabasca River is listed as September 16 to July 15 in the Alberta Water Act
Code of Practice for Watercourse Crossings (GOA 2013a), with instream work to
occur between July 16 and September 15, unless otherwise approved by ESRD. Any
instream works required within the restricted activity period will be conducted
following approval from ESRD and under the conditions specified by ESRD (AENV
2001) to mitigate potential effects. All bridge designs, construction activities and
operations will comply with the Code of Practice for Watercourse
Crossings - Standards for Carrying out Works (GOA 2013b) and Measures to Avoid
Causing Harm to Fish and Fish Habitat (DFO 2013), to mitigate potential habitat
fragmentation and reduce potential effects on fish habitats and fish populations.
Instream work methods will be determined during detailed design, and will be
aligned with DFO and ESRD requirements.



implementing a sediment and erosion control plan to limit the introduction of fine
sediment to the river due to runoff from disturbed bank areas during construction



permanently stabilizing disturbed bank and riparian areas after construction is
complete



conducting regular inspection and maintenance of sediment and erosion control
measures to maintain effectiveness



ensuring the bridge does not interfere with fish passage or fish migration due to
constriction of the channel width or changes in water velocities or flows during
construction, or over the life-span of the bridge, as required by the Code of Practice
for Watercourse Crossings (GOA 2013b)



employing site isolation measures where appropriate for sediment mitigation



conducting fish rescue activities in any areas of the river that need to be isolated
during construction

The Project Update includes a conceptual fisheries offsetting plan (CFOP)
(see Section 15) designed to offset potential changes in fish habitat productivity and
mitigate changes in fish abundance that may result from Project development. A detailed
fisheries offsetting plan will include offset measures for potential effects associated with
the bridge works. However, because details on the baseline characteristics at the specific
location have not been determined, and detailed design and construction plans for the
bridge will be completed a part of future stages of engineering, any requirement for
additional offsetting measures will be determined in consultation with DFO.
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In addition, Teck has committed to the development an AMP to manage increased human
access created by the access road and bridge, including policies prohibiting workers from
bringing recreational fishing equipment on site. The AMP will be developed in
consultation with regulators and potentially affected Aboriginal communities.
Terrestrial
The following mitigation measures will be implemented to reduce the potential direct and
indirect effects on wildlife:
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limit the bridge footprint in upland and riparian areas



designing the road to maximize line of sight while leaving remnant forested areas
undisturbed, where practical and maintaining vegetation at roadsides (vegetation will
be trimmed regularly to discourage roadside foraging and prevent visual obstruction
of wildlife)



installing wing fencing adjacent to wildlife crossing structures



avoiding vegetation clearing during the recommended May 1 to August 10 migratory
bird-breeding period for the boreal ecozone per Environment Canada
guidelines - note that in species at risk habitat, a more conservative breeding window
of April 1 to August 31 may apply (Gregoire 2014, pers. comm.); complete nest
surveys if clearing activities occur during the breeding window



conducting owl nest search if clearing is scheduled within the non-migratory
breeding bird window, March 1 to April 15 (based on Enhanced Approval Process
guidelines for barred owl, GOA 2013b)



developing seed mixes for erosion control of road access margins from less-palatable
species to reduce wildlife attraction to road edges



provide wildlife passage under both sides of the Athabasca River bridge to allow
north-south wildlife movement along river banks using crossing design
considerations (e.g., bridge height and length) outlined in Clevenger and Huijser
(2011) and GOA (2011b)



limit the size of the east side access road ROW and temporary workspace to the
extent practical



design lighting to reduce potential sensory disturbance within corridors



provide coarse woody debris (e.g., stumps) along the wildlife underpass to provide
cover and increase use by fur-bearers and other small mammals



fostering environmental awareness with speed restrictions on east side access roads



undertaking effective dust control on roads



posting wildlife crossing signs along the proposed east side access road where
important wildlife crossings areas are identified



reporting Project-related wildlife fatalities
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immediately removing roadkill



reducing traffic volumes by through the use of a fly-in/fly-out process

In addition, Teck has committed to the development an AMP to manage increased human
access created by the access road and bridge, including policies prohibiting workers from
hunting and trapping in the area and from bringing firearms on site. The AMP will be
developed in consultation with regulators and potentially affected Aboriginal
communities.
A review of historical resources relative to the bridge and east side access road will be
conducted and submitted to ACT as a Statement of Justification, as required, for review.
If ACT considers the HRIA study conducted by Golder in 2007 to be adequate in
assessing the bridge and road relative to historical resources, and if ACT does not require
that HRIA studies relative to palaeontology be conducted, no mitigation measures are
expected to be necessary. Under Section 31 of the Historical Resources Act, any chance
discovery of historical resources must be reported to ACT.
Teck has made several commitments to mitigate the effects on visual aesthetics as a result
of Project components (see Section 18.9.5.2). Additionally, Teck will finish the bridge
with low-glare materials and plant vegetation buffers near the bridge. Teck also commits
to clear minimal vegetation and to vegetate cleared areas.
Traditional Land Use
To reduce effects on traditional land use, Teck intends to:
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develop an AMP in consultation with regulators and potentially affected Aboriginal
communities to manage access for Aboriginal community members and to manage
road access to the west side of the Athabasca River (for details, see Section 14.8.5)



implement policies to restrict Project staff and contractors from hunting, trapping and
fishing in the area and to prohibit workers from bringing firearms on site. These plans
will consider the future of the bridge after the Project is completed several
generations from now



implement additional mitigation measures to reduce the effects of the bridge on
aquatic and terrestrial resources and wildlife, as described in this subsection



Teck will also incorporate additional mitigation measures related to hydrology and
navigability of the Athabasca River, as described in this subsection



Teck is committed to using best practices to limit sensory disturbance within
corridors (e.g., designing lighting to reduce light pollution)



Teck will retain treed buffers around or near watercourses as practical
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Assessment Conclusions
Construction and operation of the Athabasca River bridge and east side access road will
follow applicable provincial and federal regulations and guidelines to reduce or offset
potential effects. Including the bridge and east side access road as part of the Project
Update results in no changes to the relevant effects conclusions presented in the
assessment update (Sections 18.5 to 18.9). However, the bridge and access road will
contribute additional incremental effects for some of the effects pathways considered in
the Project Update. Specifically:
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Hydrology: Changes in water levels (less than 1 cm) in the Athabasca River are
expected near the bridge. These changes are considered negligible and are not
expected to affect navigation or flow behaviours of the river.



Fish and Fish Habitat: Incremental loss of fish habitat is associated with the bridge.
These losses will be offset by measures identified in the detailed fisheries offsetting
plan.



Terrain and Soils: Incremental clearing of approximately 6 ha of soil with the
potential to support productive forest is predicted. Some of this area has already been
cleared of vegetation.



Vegetation: An incremental loss of 3 ha of Jack pine forest is expected; however,
there will be no loss of wetlands, old growth forests, rare ecological communities,
rare vascular plants or bryophytes.



Wildlife: Construction and operation of the bridge and east side access road has
potential to result in changes in habitat availability, landscape connectivity and
wildlife mortality risk. However, the bridge and east side access road footprint is
relatively small and proposed mitigation measures are considered effective to reduce
potential effects. In addition, proposed mitigation to reduce potential effects related
to wildlife movement along the Athabasca River (i.e., underpass bridge design)
suggests that landscape connectivity will be maintained for most species.



Historical Resources: No known archaeological or historic sites will be impacted by
the bridge and east side access road, and palaeontological potential is considered low.
If archeological, historical sites or paleontological resources are identified, resource
management measures will be implemented as directed by ACT.



Visual Aesthetics: The presence of the bridge contributes to the visibility of the
Project from the Athabasca River.



Traditional Land Use: The bridge and east side access road will result in
incremental effects on traditional wildlife harvesting, traditional plant and berry
harvesting, traditional fishing and use of culturally important sites and areas. Effects
on traditional wildlife harvesting and plant and berry harvesting are due to: 1)
changes in access resulting from bridge and from road construction and operation;
and 2) small changes in the abundance of the underlying resource (i.e., wildlife and
traditional vegetation). Incremental effects on traditional fishing are expected from
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increased access to the area; however, the bridge itself is not expected to affect fish
abundance.

18.11

Management and Monitoring

18.11.1

Regional
The Joint Oil Sands Monitoring (JOSM) program was announced in February 2012 as a
phased environmental monitoring program to be implemented in the Athabasca Oil Sands
Region. The Alberta Environmental Monitoring, Evaluation and Reporting Agency
(AEMERA) assumed provincial responsibility for JOSM with proclamation of the
Protecting Alberta’s Environment Act on April 28, 2014. The new environmental
monitoring program will build upon existing programs by ESRD, the Regional Aquatics
Monitoring Program (RAMP), Wood Buffalo Environmental Association (WBEA),
Alberta Biodiversity Monitoring Initiative, and Environment Canada. In addition to
AEMERA, participation is planned in the following organizations:


Canada’s Oil Sands Innovation Alliance (COSIA)



WBEA



Alberta Association of Conservation Offsets



Ronald Lake Bison Herd Technical Team

Information generated from the following organizations will be closely followed:

18.11.2



Alberta Biodiversity Monitoring Institute (ABMI)



Oil Sands Research and Information Network (OSRIN)



Oil Sands Developers Group (OSDG)



universities and other research institutes and initiatives

Project-Specific
Project-specific mitigation and management plans were provided as part of the Integrated
Application with updates and additional information provided in Volume 1 of the Project
Update, with the level of detail typical of oil sands mines at the application phase and
prior to future detailed engineering. Updates and additional information are provided for:
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tailings management (see Section 6)



water and wastewater management (see Section 7.6)



surface water management (see Section 7.7)



groundwater dewatering and depressurizing (see Section 7.8)



external tailings seepage control (see Sections 7.9 and 14.11.3)



pit lakes (see Section 7.10)
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mine site water balance (see Section 7.11)



Project water requirement and management (see Section 7.12)



soil conservation and vegetation management (see Section 13.5)



closure plan (see Sections 13.6.1, 13.6.3 and 13.10)



closure drainage (see Sections 13.6.4 and 13.10)



waste management and landfills (see Section 14.3)



biodiversity management plan (see Section 14.8.3)



wildlife mitigation and monitoring plan (see Section 14.8.4)



access management plan (see Section 14.8.5)



dust management plan (see Section 14.4.2.6)



pesticide and chemical handling and use (see Sections 14.9 and 14.10)



surface water monitoring (see Section 14.11.1)



groundwater monitoring (see Section 14.11.2 and 14.11.4)



karst management plan (see Section 14.11.5)



air quality monitoring (see Section 14.4.3)



emergency response and potential accidents and malfunctions (see Section 14.12)



conceptual fisheries offsetting plan (see Section 15)
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µg/dL

micrograms per decilitre

µg/L

micrograms per litre

µg/mL

micrograms per millilitre

µg/m

3

micrograms per cubic metre

µm

micrometre
c

c

μS/cm (or μS/cm )

microsiemens per centimetre ( indicates temperature corrected)

7Q

lowest 7-day consecutive average flow – This is measured at
different intervals; most common is 7Q10 (10-year), but also 7Q2
(2-year) or 7Q100 (100-year).

95UCLM

upper 95 percentile confidence limit on the mean

/a

per annum, year

AAAQG

Alberta Ambient Air Quality Guideline

AAAQO

Alberta Ambient Air Quality Objective

AAC

annual allowable cut

AACO

Alberta Association for Conservation Offsets

AADT

average annual daily traffic

AADT

average annual daily traffic

ABMI

Alberta Biodiversity Monitoring Institute

ABMP

Alberta Biodiversity Monitoring Program

ACB

Alberta Cancer Board

ACFN

Athabasca Chipewyan First Nation

ACGIH

American Council of Governmental Industrial Hygienists

acidification

A gradual increase in the acidity of a soil due to deposition
processes. Acidification is caused by acid depositions which
originate from anthropogenic emissions of three main pollutants:
sulphur dioxide (SO2), nitrogen oxides (NOx), and ammonia (NH3).

ACIMS

Alberta Conservation Information Management System

ACO

Alberta Consultation Office
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ACT

Alberta Culture and Tourism

ADAG

Acid Deposition Assessment Group

adaptive management

A continuous improvement process of planning, implementing and
evaluating results through monitoring and research programs and
developing new plans from lessons learned.

ADI

allowable daily intake

AE

assimilation efficiency

AEMERA

Alberta Environmental Monitoring, Evaluation and Reporting
Agency

AENV

Alberta Environment

AER

Alberta Energy Regulator

aggregate

Sand, gravel, crushed stone, or other granular material used for
construction or industrial purposes.

AGRASID

Agricultural Region of Alberta Soil Inventory Database

AHS

Alberta Health Services

AIR

air inhalation rate

alkalinity

A measure of the buffering capacity of a watercourse or
waterbody, it provides an indication of sensitivity to acid deposition.
It is expressed in terms of calcium carbonate (CaCO3) and mainly
reflects the presence of carbonates, bicarbonates and hydroxides.

alluvial channel

A river channel cut in alluvium. Its form reflects the load and
discharge of the river rather than bedrock constraints.

alluvial fan

A fan-shaped deposit of sand and gravel, usually located at the
mouth of a tributary valley. Material is transported and deposited
by concentrated running water; the fan is typically formed by a
combination of stream flood and debris flow activity.

alluvium

Loose, unconsolidated soil or sediments, eroded, deposited and
reshaped by water in a non-marine setting. It typically comprises a
variety of materials, including fine particles (silt and clay) and
larger particles (sand and gravel).

ALM

ammonia limiting method

Al-Pac

Alberta-Pacific Industries Limited Inc.

AMI

Athabasca Minerals Inc.

AMP

access management plan
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AMS

air monitoring station

ANC

acid-neutralizing capacity

ANOVA

analysis of variance

ANSI

American National Standards Institute

AOSA

Athabasca Oil Sands Area

AOSERP

Alberta Oil Sands Environmental Research Program

AOSR

Athabasca Oil Sands Region

Application Case

Assessment case that includes developments and activities in the
Base Case with the Frontier Project added.

AQHI

Air Quality Health Index

aquifer

A layer of rock, sand or earth that contains water or allows water to
pass through it. Aquifers are generally thought of as groundwater
reservoirs that are extensive and that may be overlain or underlain
by a confining layer.

ARM

Athabasca River Model

ASL

ambient sound level – Background sound or noise that includes
transportation sources, animals, nature and non-regulated
industrial facilities. The ASL does not include any energy-related
industrial component and must be measured without it.

asphaltenes

A component of crude oil, heavy oil or bitumen that is insoluable in
paraffinic solvents and is soluble in carbon disulphide.

ASRD

Alberta Sustainable Resource Development

assessment case

A description of environmental and development conditions at
certain times that provides context from which to evaluate the
environmental effects of the Project. For this assessment, three
development scenarios are considered: Base Case, Application
Case and Planned Development Case.

assessment node

A specific geographical site selected to quantify changes in
watercourses and waterbodies in the local and regional study
areas.

atm-m³

atmospheres metres cubed

ATSDR

Agency for Toxic Substances and Disease Registry

attenuation

A reduction of an effect (e.g., sound intensity or streamflow) by
various means.
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ATV

all-terrain vehicle

AVI

Alberta Vegetation Inventory

AWI

Alberta Wetland Inventory

AWMG

Air Quality Model Guideline

BACI

before-after-control-impact

bankfull condition

The water level or stage when a stream, river or lake is at the top
of its banks.

Base Case

Assessment case that includes developments that are currently
operating or under construction, and activities approved but not yet
constructed.

baseflow

That part of river flow that is not attributable to direct runoff from
rainfall or from melting snow.

baseline

Conditions at a reference point in time with which later conditions
are compared to assess the degree and character of change.

BATEA

best available technology economically achievable

BAW

beach above water

Bbar

excess pore pressure value

bbl

barrel, petroleum (42 U.S. gallons)

bbl/cd

barrels per calendar day

bbl/sd

barrels per stream day

BBW

beach below water

BC

base cation

BCF

bioconcentration factor

BCFR

British Columbia Ministry of Forests and Range

B.C. MOE

British Columbia Ministry of the Environment

B.C. MWLAP

British Columbia Ministry of Water, Land and Air Protection

BCR

Bird Conservation Region

BCS

Bureau of Chemical Safety

BD

bulk density
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benthic

The ecological region at the lowest level of a sea or lake, including
the sediment surface and some sub-surface layers.

bioherm

An ancient organic reef of mound-like form built by a variety of
marine invertebrates, including corals, echinoderms, gastropods
and mollusks.

bitumen

A naturally occurring viscous mixture of complex hydrocarbons,
with a specific gravity of about 1.0, that in its naturally occurring
state will not flow to a well.

bitumen froth

Air-entrained bitumen with a froth-like appearance that is the
product of the primary extraction and flotation bitumen recovery
steps in the water-based extraction process.

bitumen grade

The amount of bitumen in oil sands usually expressed as a
percentage by weight.

BLL

blood lead level

BLM

biotic ligand model

Bm

3

billion cubic metres

BMC

benchmark concentration

BMD

benchmark dose

BOD

biochemical oxygen demand

bog

Mineral-poor, acidic and peat-forming wetlands that receive water
only from precipitation.

brunisols

Upland forest soils that have a thin leaf litter layer overlying reddish
brown, sandy materials. They generally are prone to drought due
to coarse texture and have low fertility levels.

BS

borrow source

BSA

bison study area

BSFC

brake-specific fuel consumption

BTEX

benzene, toluene, ethylbenzene and xylenes

BTF

biotransfer factor

bw/d

body weight per day

BWS

basal water sands – McMurray Formation sand layers that are
water saturated, and which occur in the interval between Devonian
surface and oil sands.
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CAAQS

Canadian Ambient Air Quality Standard

CAC

criteria air contaminant – Contaminants for which there are
provincial or federal air quality objectives or standards.

CaCO3

calcium carbonate

CALA

Canadian Association for Laboratory Accreditation Inc.

CANSIS

Canadian Soil Information Service

CAS

Chemical Abstract Service

CASA

Clean Air Strategic Alliance

CATEF

California Toxic Emission Factor

CBOG

coke burner off-gas

CC&R

closure, conservation and reclamation

CCC

criterion continuous concentration

CCEMA

Climate Change and Emissions Management Act

CCME

Canadian Council of Ministers of the Environment

CCS

carbon capture and sequestration

CCT

coarse combined tailings

cd

calendar day

CD

Census Division

CDED

Canadian digital elevation data

CEA Agency

Canadian Environmental Assessment Agency

CEAA

Canadian Environmental Assessment Act

CEB

chronic effects benchmark

CEMA

Cumulative Environmental Management Association

centrate

Water exiting a centrifuge after most of the solids have been
removed.

CEPA

Canadian Environmental Protection Act

CF

conversion factor

CFA

commercial, recreational and Aboriginal (fisheries)
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CFHCP

conceptual fish habitat compensation plan

CFOP

conceptual fisheries offsetting plan

CFT

centrifuged fluid tailings – A process whereby fluid fine tailings, to
which flocculent has been added, is processed in centrifuges to
produce a partially dewatered underflow and an overflow
containing mostly water.

CFT cake

The product of the fluid fine tailings centrifuge plant.

closed-circuit operation

A system in which potentially contaminated water is not discharged
into a receiving stream but is reused (recycled).

closure

The Project phase after shutdown of operations and the site is
remediated to a stable productive condition. Also used to describe
the point when regulatory certification is received and the area is
returned to the Crown.

CMAQ

Community Multiscale Air Quality

CMC

criterion maximum concentration

CNRL

Canadian Natural Resources Limited

CO

carbon monoxide

CO2

carbon dioxide

CO2e

carbon dioxide equivalent

colluvium

Materials deposited as a result of downslope movements due to
gravity (e.g., rockfalls, landslides and debris flows). Colluvial
deposits are composed of rock fragments of all sizes. Deposits are
generally poorly sorted and poorly consolidated.

compaction

The process of pore space reduction in soil or sediments from
heavier overlying material weighing the soil down.

conductivity

Measure of the ability of water to carry an electrical charge,
determined by the concentration of dissolved substances. The
major ions associated with conductivity are bicarbonate,
carbonate, magnesium, calcium, sodium, chloride, potassium and
sulphate.

CONRAD

Canadian Oil Sands Network for Research and Development

COPC

chemical(s) of potential concern

COPD

chronic obstructive pulmonary disease

COSEWIC

Committee on the Status of Endangered Wildlife in Canada
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COSIA

Canada’s Oil Sands Innovation Alliance

CPOM

coarse particulate organic matter

CPT

cone penetration testing

CPUE

catch-per-unit-effort

CR

carcinogenic risk (also: crusher)

Cretaceous Period

A period of geologic time 145 to 65 million years before present.

CRISP

Comprehensive Regional Infrastructure Sustainability Plan

CRO

Cardinal River Operations

CS2

carbon disulphide

CSE

Culturally Significant Ecosystem – Those areas within Fort McKay
First Nation traditional lands that exhibit high value for renewable
resource harvesting.

CSM

conceptual site model

CST

coarse sand tailings – A coarse tailings stream from the cyclone
underflow, consisting predominantly of water and sand but
including a fluid fine tailings component. Fines content of CST
deposits is typically in the 4% to 5% range, corresponding to a
sand-to-fines ratio of about 20:1. CST is a segregating stream
which produces FFT.

CT

consolidated (composite) tailings

CTDM

Complex Terrain Dispersion Model

CTL

coniferous timber licence

CTV

critical toxicity value

CWS

Canada-wide standard (also: Canadian Wildlife Service)

dam

3

Equals 1,000 cubic metres.

DAWS

dearomatized white spirit

dB

decibel – Logarithmic units associated with sound pressure level,
sound power level or acceleration level.
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dBA

A-weighted sound level expressed in decibels; where the sound
pressure signal has been filtered using a frequency weighting that
mimics the response of the human ear to quiet sound levels. The
resultant sound pressure level is representative of the subjective
response of the human ear.

dBC

C-weighted sound level expressed in decibels; often used in lowfrequency noise analysis as the filtering effect is nearly flat at lower
frequencies.

dbh

diameter at breast height

DCS

distributed control system

DDA

dedicated disposal area – An area dedicated solely to the
deposition of captured fines using a technology or a suite of
technologies.

DEM

Digital Elevation Model

depressurization

The process of reducing the pressure in an aquifer, by withdrawing
water.

detritus

In watercourses, detritus consists of organic matter originating
from within the watercourse (‘autochthonous’ organic matter; e.g.,
benthic algal growth, secretion, egestion and excretion ) and
external inputs from the terrestrial ecosystem ( ‘allochthonous’
organic matter; e.g., leaf litter, conifer needles).

development area

Any area altered to an unnatural state. This represents all land and
water areas altered by activities associated with the development
of the Project oil sand leases.

Devonian Period

A period of geologic time 400 Ma to 360 million years before
present.

dewatering

Removal of groundwater from a geological formation using wells or
drainage ditch systems. The sediment is thus drained to an
unsaturated condition.

DFO

Fisheries and Oceans Canada

DI

deionized (e.g., water)

DIL

development inclusion list

dilbit

diluted bitumen

diluent

A light liquid hydrocarbon added to bitumen to lower viscosity and
density for the purpose of pipeline transportation.
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disposal area

An area dedicated to disposal of overburden and interburden. The
disposal area can be located either in-pit or ex-pit.

disturbed land

Area where vegetation, topsoil or overburden is removed, or where
topsoil, overburden and tailings are placed (as in mining).

DJSI

Dow Jones Sustainability World Index

DL

detection limit (also: dust level)

DNA

deoxyribonucleic acid

DO

dissolved oxygen – The amount of oxygen that is dissolved in a
liquid, usually represented in parts per million (ppm).

DOC

dissolved organic carbon

drawdown

The amount that the groundwater level is lowered when water is
pumped from a well.

DRI

Desert Research Institute

drill hole

A hole drilled into the ground using a drilling rig; used to determine
the surficial geological stratigraphy.

dS/m

decisiemen per metre (a measure of soil salinity)

dtph

dry tonne per hour

DUA

domestic use aquifer

Dup

duplicate sample

dw

dry weight

EAP

Enhanced Approval Process (Alberta)

EC

electrical conductivity

EC20

effective concentration (concentration that affects 20% of the
exposed [test] population); a measure of chronic toxicity

EC50

effective concentration (concentration that affects 50% of the
exposed [test] population); a measure of chronic toxicity

Eco-SSL

ecological soil screening level

EDA

external disposal area

EDI

estimated daily intake

egestion

Process of voiding of the refuse of digestion (ingested material not
absorbed or assimilated into the organism), generally as feces.
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EIA

environmental impact assessment – A review of the effects or
changes that a proposed development will have on the local and
regional environment.

entrainment

Occurs when a fish is drawn into a water intake and cannot
escape.

eolian

Pertaining to sediment deposited by wind. Dunes and sheet sand
deposits are made of sand, while silt forms blankets called loess.

EOSD

Earth Observation for Sustainable Development of Forests

EPA

(U.S.) Environmental Protection Agency

EPEA

Environmental Protection and Enhancement Act

EPNL

effective perceived noise level

EPT

Ephemeroptera, Plecoptera, Trichoptera (community)

ERA

ecological risk assessment

ERCB

Energy Resources Conservation Board [currently the Alberta
Energy Regulator]

EROD

7-ethoxyresorufin-O-deethylase

erosion risk

An expression of the inherent sensitivity of a soil to erosion or its
maximum erosion potential. Infiltration capacity and structural
stability are considered the most important factors in controlling
water erosion. Soil erosion risk increases as fine sand or silt
content increases. As organic matter depth and vegetation cover
increases, erosion risk decreases.

ERT

electrical resistivity tomography

ESA

Environmentally Significant Area

ESAR

East Side Athabasca River

ESL

effects screening level

ESRD

Alberta Environment and Sustainable Resource Development

ETA

external tailings area – Tailings deposition area external to pit 1
and 2. Typically required in the initial years of mining and then as
water clarification or storage facilities for longer term.

ETF

external tailings facility

ETMF

environmental toxicity modifying factor

ETS

Electronic Transfer System
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existing conditions

A reference condition or reference snapshot that approximately
represents the conditions present today. This snapshot is
characterized by baseline studies that were undertaken for the
Project.

FAA

U.S. Federal Aviation Administration

facies

An observable characteristic of a rock or stratigraphic unit, such as
overall appearance or composition.

FEC

field effect concentrations

FEL

frank effect level – Level of exposure or dose that produces
irreversible, adverse effects at a statistically or biologically
significant increase in frequency or severity between those
exposed and those not exposed.

FEQG

federal environmental quality guideline

fetch length

The horizontal distance along open water over which the wind
blows and generates waves.

FEV

forced expiratory volume

FFT

fluid fine tailings – Any fluid discard from bitumen extraction
facilities containing more than 1 mass percent suspended solids
and which behaves like a fluid.

FGD

flue gas desulphurization

FHCL

fish habitat compensation lake

fibric

A textural descriptor applied to organic materials. The least
decomposed organic material: it consists largely (>40%) of fibres
whose botanical origin are readily identifiable; they retain their
character when rubbed.

field parameter

Parameter that is routinely measured in the field using calibrated
meters (e.g., pH, dissolved oxygen, temperature and conductivity).

fines content

Ratio of fines to total mineral solids on a mass basis.

FiSH

Fisheries Sustainable Habitat

flocculation

Process of settling or consolidating suspended material by
increasing particle size. Flocculation helps to remove solids, thus
clarifying water or wastewater.

fluvial deposits

Sediment transported and deposited by streams and rivers,
including floodplain deposits, river terraces and alluvial fans.

fluvial fan

A fan-shaped fluvial deposit formed by a stream where its velocity
is abruptly decreased, as at the mouth of a ravine or at the foot of
a mountain.
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Fm

(Geological) formation – A formally named and defined body of
rock strata.

FMA

Forest Management Agreement

FMFN

Fort McKay First Nation

FMP

forest management plan

FMR

free-living (or field) metabolic rate

FMSD

Fort McKay Sustainability Department

FMU

forest management unit

FMZ

fish management zone

FOS

factor of safety

FPOM

fine particulate organic matter

FRD

fire road

freshet

A sudden rise in the level of a stream caused by heavy rains or the
rapid melting of snow and ice.

fry

The period from hatching until one year; also referred to as youngof-the-year.

FSU

froth separation unit

FTT

froth treatment tailings

fugitive emissions

Trace amounts of uncombusted hydrocarbon substances that are
released into the atmosphere during normal operations (except
those from stacks and vents). Typical sources include gaseous
leakage from valves, flanges, drains and volatilization from ponds.

FWMIS

Fish and Wildlife Information Management System

GDP

gross domestic product

GE

gross energy

geomorphic survey

A survey of the earth’s shape, surface configuration and material.

geomorphology

The scientific study of the formation, alteration and configuration of
landforms and their relationship with underlying structures.
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GHG

greenhouse gas – Any gas in the atmosphere that absorbs infrared
radiation (e.g., water vapour, carbon dioxide, methane, nitrous
oxide, halogenated fluorocarbons, ozone, perfluorinated carbons
and hydrofluorocarbons). GHGs are transparent to incoming solar
radiation, but absorb outgoing terrestrial (infrared) radiation, and in
turn re-emit it into the atmosphere. The net effect is a trapping of
energy and a tendency to warm the earth's atmosphere, land and
water surfaces.

GIS

geographic information system

GJ

gigajoule (109 Joules)

GJ/h

gigajoules per hour

glaciofluvial deposits

Sediment formed by meltwater issuing from or within a glacier. The
deposits are stratified and can occur in the form of outwash plains,
deltas, kame terraces and eskers.

glaciolacustrine deposit

Material ranging from fine clay to sand derived from glaciers and
deposited in glacial lakes by water originating mainly from the
melting of glacial ice.

gleysols

Mineral soils formed in wet areas with a water table within 1 m of
the surface. These soils exhibit characteristics caused by chemical
reducing conditions and tend to be too wet for good tree growth.

GOA

Government of Alberta

GOC

Government of Canada

GPS

global positioning system

ground truthing

Field observations and measurements done to determine whether
a map or interpretation of an aerial or satellite image accurately
represents features on the surface of the earth.

groundwater

Subsurface water that occurs beneath the water table, in
sediments or soils and geologic formations that are fully saturated.

GTG

gas turbine generator

H2S

hydrogen sulphide

ha

hectare

habitat potential

The likelihood that a particular habitat can satisfy the requirements
of a given life stage of a species.

HADD

harmful alteration, disruption and destruction
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hardness

Measure of the amount of calcium and magnesium compounds in
water, and other dissolved minerals (usually combined with
carbonates or sulphates). Expressed as milligrams per litre (mg/L)
calcium carbonate (CaCO3).

haze

A general reduction in visibility over a wide geographic area that
cannot be attributable to a single source and is usually due to
cumulative emissions from multiple sources.

HC

hydrocarbon

HEMP

Human Exposure Monitoring Program

HEP

habitat evaluation procedure

heritage value

A measure of the relative importance of a palaeontological or
archaeological resource, collection or site as determined by the
palaeontological consultant during the palaeontological
assessment.

HFAN

high flash aromatic naphtha

HHR

human health receptor

HHRA

human health risk assessment

HHV

higher (gross) heating value

HI

haze index

historical resources

Works of nature or of man, valued for their paleontological,
archaeological, prehistoric, historic, cultural, natural, scientific or
aesthetic interest.

HMW

high molecular weight

Holocene Epoch

The epoch of the Quaternary Period of geologic time following the
Pleistocene Epoch (from present to about 10,000 to 12,000 years
ago).

HQ

hazard quotient

HRIA

historical resources impact assessment – A review of the effects
that a proposed development will have on the local and regional
historic and prehistoric heritage of an area.

HRSG

heat recovery steam generator

HRV

historic resource value

HSDB

Hazardous Substances Data Bank (National Library of Medicine)

HSI

habitat suitability index
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HSPF

Hydrologic Simulation Program–Fortran model

HU

habitat unit

HVAC

heating, ventilation, air conditioning

hydraulic barrier

A feature installed at the completion of mining to control the
movement of groundwater seepage from the external tailings areas
to downgradient locations, as required to adequately protect the
receiving environment. A hydraulic barrier is part of the postclosure seepage collection system.

hydraulic conductivity (K)

The permeability of soil or rock to water.

hydrocyclone

A device for separating sand from extraction tailings slurry using a
rotating (cyclone) action. Water, fine tailings and residual bitumen
separate to the overflow, and sand flows out the bottom of the
device in a dense slurry.

hydrogeology

The science dealing with the occurrence of groundwater and the
related geologic aspects of surface water.

hydrology

The science of surface waters of the earth, their occurrence,
distribution, and circulation; their physical and chemical properties;
and their reaction with the environment, including living beings.

hygric

Soil moisture conditions where water is removed slowly enough to
keep the soil wet for most of the growing season.

IBA

impact benefit agreement

IC20 or IC25

inhibitory concentration (20% [or 25%] of test animals)

IC50

inhibitory concentration (50% of test animals)

ICAO

International Civil Aviation Organization

ICMM

International Council on Mining and Metals

IDA

internal disposal area

IEUBK

Integrated Exposure Uptake Biokinetic model

IFN

instream flow needs – Minimum flow of water required for river
habitat; used to define periods when river water withdrawals are
reduced or not permitted

IHDA

Interactive Health Data Application (Government of Alberta)

IHS

inclined heterolithic strata

ILCR

incremental lifetime cancer risk
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ILM

integrated land management

impingement

Occurs when an entrapped fish is held in contact with a water
intake screen and is unable to free itself.

interburden

Formation material located between layers of oil sands ore that is
removed for disposal to a waste area or used for construction
purposes.

IOB

intra-orebody

IOM

Institute of Medicine (U.S.)

IPCS

International Programme on Chemical Safety

IR

Indian Reserve

IRC

Industry Relations Corporation

IRIS

Integrated Risk Information System

IRP

Integrated Resource Plan

ISO

International Organization for Standardization

ISQG

Interim Sediment Quality Guidelines

ITA

internal tailings area

ITIS

Integrated Taxonomic Information System

JME

Jackpine Mine Expansion

JNM

Joslyn North Mine

JOSM

Joint Oil Sands Monitoring Program

ka

kilo annum (1,000 years before present)

karst

Landscape or structural topography formed from the dissolution of
soluble rocks such as limestone, dolomite, and gypsum.

KCAC

Keeping Clean Areas Clean

kcal/d

kilocalories per day

Kd

adsorption coefficient – A measure of the tendency of a chemical
to bind to soils (non-corrected). A large Kd value indicates strong
adsorption of a chemical to soil, leading to lower mobility.

KDE

kernel density estimate
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keq H+/ha/a

kiloequivalents of hydrogen ions (protons) per hectare per annum
(a measure of acid deposition)

kg N/ha/a

kiloequivalents of nitrogen per hectare per annum

kg S/ha/a

kiloequivalents of sulphur per hectare per annum

kg/a

kilogram per annum

kg/bbl

kilogram per barrel (of bitumen produced)

kg/d

kilogram per day

kg/h

kilogram per hour

kg/MWh

kilogram per megawatt-hour

kJ/h

kilojoules per hour

kJ/kWh

kilojoules per kilowatt-hour

Koc

adsorption coefficient (corrected) – Similar to Kd but corrected for
the organic carbon content of the soil.

Kow

octanol-water partition coefficient

kPa

kilopascal

kV

kilovolt

kW

kilowatt

KWBZ

Key Wildlife and Biodiversity Zone

Lacustrine

A surficial geologic formation produced by, related to or formed in
a lake.

LAR

Lower Athabasca Region

LARP

Lower Athabasca Regional Plan

LC50

lethal concentration (50% of test animals); a measure of acute
toxicity

LCC

land capability class

LCLo

lowest published lethal concentration

LDAR

leak detection and repair

lentic

Of, relating to, or living in still waters (e.g., lakes, ponds or
swamps).
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Leq

energy equivalent sound level

LFH

leaf litter layer plus surface horizons (forest floor material)

LFN

low frequency noise – Noise that ranges from infrasonic sounds
(<20 Hz) up to 100 Hz.

LHV

lower (net) heating value

LICA

Lakeland Industry and Community Association

LiDAR

light detecting and ranging

lithology

Defining characteristics of rocks, granular soil or sediment (e.g.,
mineralogy, grain size, texture and other physical properties).

littoral

The zone in a lake that extends from the shoreline to the maximum
water depth where rooted aquatic plants have sufficient light to
become established.

Lmax

maximum sound level

LMW

low molecular weight

LOAEL

lowest-observed-adverse-effect level

LOAEL

lowest-observed-adverse-effects level

LOC

License of Occupation

LOEC

lowest-observed-effects concentration

lotic

Of, relating to, or living in actively moving water.

low-flow event

A period when low-flow conditions occur in a watercourse for a
defined period of time.

LRAD

long-range acoustic device

LSA

local study area – The maximum area where project-specific
environmental effects can be predicted or measured with a
reasonable degree of accuracy and confidence. Different LSAs are
defined for each discipline.

LST

local standard time

LTSA

Long-Term Sustainability Agreement

luvisols

Upland forest soils with a leaf litter layer over a gray washed-out
layer, 15 to 20 cm thick, over grayish brown clayey subsoil. These
are normal soils with respect to moisture and nutrient supply.

m amsl

metres above mean sea level
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m bgl

metres below ground level

m btoc

metres below top of casing

m/s

metres per second

3

cubic metres per day

3

cubic metres per second

m /d
m /s
3

3

m /sd or m /cd

cubic metres per stream day (or per calendar day)

Ma

mega annum (millions of years before present)

MA DEP

Massachusetts Department of Environmental Protection

MAE

mean absolute error

makeup water

The process water required to replace that lost by evaporation or
leakage in a closed-circuit, recycle operation.

maltene

A component of bitumen that is not associated with asphaltenes.

MATC

maximum allowable toxicant concentration

maximum build-out

All planned disturbances for a development.

Mbcm

million bank cubic metres

MCFN

Mikisew Cree First Nation

MCP

minimum convex polygon

MDA

main development area – Includes the North pit, Main pit and other
main development facilities and landforms.

MDA-SDA corridor

Area connecting the main development area (MDA) with the former
south development area.

MDL

method detection limit

MDP

Municipal Development Plan

ME

metabolizable energy

measureable parameter

The metric used to measure and evaluate a key indicator.

MeHg

methyl mercury

member

A formally defined portion of a geological formation.

meq/L

milliequivalents per litre (or molar equivalent per litre)
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merchantable timber

Trees that are cut down during clearing and can be marketed.

mesic

A descriptor of soil texture or moisture regime; organic material
that is at a stage of decomposition that is intermediate between
fibric and humic.

Métis Local 125

Fort Chipewyan Métis Local 125

Métis Local 1909

Lac La Biche Métis Local 1909

Métis Local 1935

Fort McMurray Métis Local 1935

MF

metabolism factor

mg/kg-dw

milligrams per kilogram dry weight

mg/kg-ww

milligrams per kilogram wet weight

3

MJ/m h

megajoule per hourcubic metre

MLL

miscellaneous land lease

MLP

miscellaneous lease permit

MLSB

Mildred Lake Settling Basin

Mm

3

million cubic metres

MM5

Fifth-Generation NCAR/Penn State Mesoscale Model

MMAD

median mass aerodynamic diameter

MMEU

multi-model extraction utility

MOA

memorandum of agreement

model domain

The region of interest for a numerical model (e.g., groundwater
flow or air quality).

MODFLOW

regional groundwater flow model

MODPATH

particle tracking (seepage) model

moisture regime

The supply of moisture available for plant growth at a site.

moraine

An accumulation of earth, generally with stones, carried and finally
deposited by a glacier.

MOSA

Mineable Oil Sands Area

MOU

memorandum of understanding

MPOI

maximum point of impingement
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MRL

minimum risk level

MRM

Muskeg River Mine

MRP

mine reclamation plan

MSL

mineral surface lease (also: maximum sound level)

Mt

million tonnes

muskeg

A soil type comprised primarily of decayed vegetation prevalent in
wet boreal regions.

MW

megawatt

MWh

megawatt-hour

n.d.

no date (e.g., of publication or sample)

N/A

not applicable

NA

naphthenic acids (also: not available)

NAABA

Northeastern Alberta Aboriginal Business Association

NAAQO

National Ambient Air Quality Objective

NAAQS

National Ambient Air Quality Standard

ND

not detected or determined (e.g., to the species level)

NEB

National Energy Board

NEF

Noise Exposure Forecast

NEP

Interim Nitrogen (Eutrophication) Management Recommendations
and Work Plan

NFC

no fish captured

NLHR

Northern Lights Health Region

NM

not measured

NO

nitrogen oxide

NO2

nitrogen dioxide

NOX

oxides of nitrogen (NO, NO2) (gas), or all nitrogen species (e.g.,
NOx, N2O, N3O)

NOAEL

no-observed-adverse-effect level
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NOEC

no-observed-effect concentration

NP

no placement (i.e., of reclamation materials)

NPI

net positive impact

NPRI

National Pollutant Release Inventory

NPV

net present value

NR

not recorded (or not required)

NR-LETH

concentration associated with 100% mortality or 0% survival

NS

no salvage (i.e., of reclamation materials)

NSMWG

NOx-SOx Management Working Group

NTDB

National Topographic Data Base

NTP

National Toxicology Program

NTS

National Topographic System

NTU

nephelometric turbidity unit

nutrient regime

The relative supply of nutrients available for plant growth at a given
site.

NWPA

Navigable Waters Protection Act

O3

ozone

OB

overburden – The soil, sand, silt or clay that overlies an oil sands
deposit and must be removed to expose ore.

obliquity

The tilt of earth’s axis of rotation. It is one of three parameters that
contribute to major ice age fluctuations of climate.

OEHHA

California Office of Environmental Health Hazard Assessment

OHS

occupational health and safety

oil sands

A sand deposit containing a heavy hydrocarbon (bitumen) in the
pore space of sands and fine-grained particles.

OLM

ozone limiting method

OPP

ore preparation plant

ORP

oxidation–reduction potential

OSCA

Oil Sands Conservation Act
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OSDG

Oil Sands Developers Group

OSE

oil sands exploration

OSEC

Oil Sands Environmental Coalition

OSGA

Oil Sands Groundwater Agreement

OSL

oil sands lease

OSLI

Oil Sands Leadership Initiative

OSPW

oil sands process-affected water

OSRIN

Oil Sands Research and Information Network

OSSP

off-stream storage pond

OTHWG

once-through hot water generator

OTSG

once-through steam generator

OU

odour unit

PAA

Project assessment area – Spatial area defined in the Integrated
Application to include the Project disturbance area (PDA) and
areas where vegetation clearing may occur but is was not currently
planned. The PAA is not used in the Project Update; rather, the
spatial area of the Project is defined solely in terms of the PDA.

PAC

polycyclic aromatic compound

PAD

Peace-Athabasca Delta

PADD

Petroleum Administration for Defence District

PAH

polycyclic aromatic hydrocarbon

PAI

potential acid input

palaeontological potential

The likelihood of encountering fossils of high heritage value in a
particular geological unit.

palaeosol

A soil that was formed in the past. Paleosols are usually buried
beneath a layer of sediments and are thus no longer being actively
created by soil formation processes like organic decay.

PBPK

physiological based pharmacokinetic

PCA

Parsons Creek Aggregates

PCDD

polychlorinated dibenzodioxins
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PCDF

polychlorinated dibenzofurans

PCN

primary care network

PDA

Project disturbance area – Area that defines the spatial extent of
the Project and reflects the anticipated maximum limit of
disturbance at completion of mining. For the Project Update, this
includes areas that the Project occupies, additional areas where
soil stripping, soil covering or vegetation clearing are planned, and
Project components such as pits, external disposal areas, external
tailings areas are located.

PDC

Planned Development Case – Assessment case that includes
developments that have been disclosed or applied for, but not yet
approved.

PDS

plant design system (drafting software by Intergraph)

peat

Unconsolidated soil material consisting largely of undecomposed,
or slightly decomposed, organic matter accumulated under
conditions of excessive moisture.

PEF

potency equivalency factor

PEL

probable effects level

Phanerozoic

All rocks that were laid down or otherwise formed between end
Precambrian and present are assigned to a chronostratigraphic
unit known as the Phanerozoic Eon.

PHC

petroleum hydrocarbon

piezometer

A slimline (small diameter, e.g. 52 mm) well used to obtain
information about groundwater surface elevations, hydraulic
gradients and direction of flow, and hydraulic conductivity.

pit lake

A man-made lake used to fill a mine pit area.

PM

particulate matter

PM10

particulate matter less than 10 µm in diameter

PM2.5

particulate matter less than 2.5 µm in diameter

PMF

predicted maximum flow

PNCC

Peace Northern Caribou Committee

POI

point of impingement

polishing pond

Pond designed to remove suspended sediment and trace
hydrocarbons, if present, from waters before discharge into a
receiving environment.
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porewater

Water contained between grains of a soil or rock.

porosity

The percentage of the bulk volume of a rock or soil that is occupied
by interstices minute openings or crevices), whether isolated or
connected.

post-glacial

Pertaining to the time interval since the disappearance of glaciers
or ice sheets from a particular area; similar to the Holocene Epoch.

PP

preproduction

ppb

parts per billion

PPE

priority pollutants (also: personal protective equipment)

ppm

parts per million

PPRTV

Provisional Peer Reviewed Toxicity Value

PQRA

preliminary quantitative risk assessment

Precambrian

Rocks formed before the start of the Cambrian Period (540 million
years ago). It covers about 90% of all geologic time.

predevelopment

A reference condition or reference snapshot, pre-1965, used to
describe conditions and provide a reference from which to assess
Project effects. Pre-1965 was chosen as a period prior to oil sands
development activity

PRIME

Plume Rise Model Enhancement

PRM

Pierre River Mine

the Project

the Frontier Oil Sand Mine Project

Project area

Spatial area defined in the Integrated Application to include all
major works, such as mine pits, reclamation material storage,
external tailings areas and bitumen processing. The Project area is
not used in the Project Update; rather, the spatial area of the
Project is defined solely in terms of the PDA.

PSC

primary separation cell

PSD

particle size distribution – The relative amounts of particles
present, sorted according to size.

PSL

permissible sound level – The maximum sound level that a facility
should not exceed at a point 15 m from the nearest or most
affected dwelling unit.

QA

quality assurance

QC

quality control
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qPCR

quantitative polymerase chain reaction

Quaternary

The most recent geologic time period, encompassing the last 2.6
million years. The Quaternary includes the Pleistocene and
Holocene epochs.

RAF

relative absorption factor

RAIS

Risk Assessment Information System

RAMP

Regional Aquatics Monitoring Program

RAPP

Research on Avian Protection Project

RDL

reportable detection limit

receptor

A permanent or seasonally occupied human dwelling that is
regularly in use for at least six weeks per year.

reclamation

The process of stabilizing and returning disturbed land to a state of
equivalent or better capability, compared to predisturbance
conditions.

reclamation lakes

Constructed lakes placed in the closure landscape on the east and
south sides of the external tailings areas to treat groundwater
intercepted by the passive post-closure seepage collection system.

recycle water

Recycle water is a combination of reclaim water and river water
makeup. Recycle water is used for process water needs,
especially slurry preparation.

regosols

Young soils with minimal soil formation and weakly developed
horizons or layers.

reinjection efficiency

Volume of water not ‘recycled’ by the depressurization wells;
defined by the amount of water stored in the basal water sands at
the injection location divided by the injected amount.

REL

reference exposure level

RELAD

Regional Lagrangian Acid Deposition

relative humidity

The ratio of actual water vapour in the air to the amount needed to
saturate the air at the same temperature. Evaporation and
evapotranspiration rates depend on the relative humidity of the air.

RENEW

Recovery of Nationally Endangered Wildlife Initiative

Rep

replicate sample

ReV

acute reference value

RfC

reference concentration
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RfD

reference dose

RFMA

Registered Fur Management Area

RFQ

request for quotation

Rge

range

RH

relative humidity

RIC

Resource Inventory Committee (B.C.)

riffle

Partially to totally submerged pebble to cobble substrate, causing
moderate turbulence and ripples in watercourses, with little to no
whitewater

riparian

Of, relating to, or located on the banks of a river or stream.

RIVAD/ARM3

Regional Impact in Visibility and Acid Deposition/Acid Rain
Mountain Mesocale Model

RIVM

Netherlands National Institute of Public Health and the
Environment

RIWG

Regional Issues Working Group

RLBH

Ronald Lake bison herd

RMA

Resource Management Area

RMS

reclamation material stockpile – An area for storing materials to be
used during reclamation operations.

RMWB

Regional Municipality of Wood Buffalo

RNV

range of natural variability

ROPC

receptor(s) of potential concern

ROW

right of way

RPD

relative percent difference

RQ

risk quotient

RSA

regional study area – The area within which cumulative
environmental effects are likely to occur, depending on physical
and biological conditions (e.g., air sheds, watersheds, seasonal
range of movements, population unit), and the type and location of
other past, present or reasonably foreseeable projects or activities.
Different RSAs are defined for different valued environmental
components.
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RSAS

Regional Structure Action Strategy

RsC

risk-specific concentration

RSC

reduced sulphur compound

RsD

risk-specific dose

RUSLEFAC

Revised Universal Soil Loss Equation for Application in Canada

RVB

Athabasca River valley and major tributaries

RWG

Reclamation Working Group (of the Cumulative Environmental
Management Association)

RWI

river water intake

S

storativity

SAGD

steam-assisted gravity drainage

salinity

The amount of soluble salts (for soil, it is expressed as electrical
conductivity in dS/m).

SAR

sodium adsorption ratio

SARA

Species at Risk Act

SC

specific conductivity

SCI

stream condition index

SCS

soil conservation service

SD

standard deviation

SDA

south development area – Includes the Equinox pit and other south
development facilities and landforms. The SDA is no longer part of
the Project as a result of the Teck–Shell asset exchange.

SDI

Simpson’s diversity index

SE

standard error

sediment yield

The volume or weight of sediment transported from a watershed
per unit area in one year.

seepage

The slow movement of groundwater or other fluid through a porous
material such as soil. Also refers to an area where water
discharges slowly from the ground.

SEIA

socio-economic impact assessment
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SEWG

Sustainable Ecosystems Working Group

SF

slope factor

SFR

sand-to-fines ratio

SFT

secondary flotation tailings

SIL

Survey Intensity Level

SIR

supplemental information request

SLERA

screening-level environmental risk assessment

slope stability

The susceptibility of slope to landslides and the likelihood of slope
failure.

SLRA

screening-level risk assessment

slump

Material that has been deposited at the base of the slope by
gravity during an event where part of the hillside has collapsed.

SLWRA

screening-level wildlife risk assessment

SMA

surface mineable area

SMC

surface material licence

SMCV

species mean chronic value

SME

surface material exploration

SMV

species mean value

snapshot

A point in time, often defined by a specific project milestone, and
serving as a specific reference point to assess environmental
conditions.

SO2

sulphur dioxide

SO4

sulphate

SOC

statement of concern

soil profile

A vertical section of the soil through all its horizons and extending
into the parent material.

soil series

Subdivisions of soil families based upon relatively detailed
properties, including colour, texture, structure, consistence,
thickness, abundance of coarse fragments, depth, concentration of
soluble salts, pH, and lithology.

solbit

solvent-rich bitumen
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SOPC

substance(s) of potential concern

SoW

Statement of Work

sport fish

Species which are actively sought by sport or recreational fishers
(e.g., northern pike, whitefish, walleye, arctic grayling and trout).

SQC

sediment quality criteria

SQG

soil quality guideline

SRC

Syracuse Research Corp.

SRU

solvent recovery unit

SSD

species sensitivity distribution

STC

sound transmission class

STDA

south tailings disposal area

STP

south tailings pond

stratigraphy

The succession and age of strata of rock and unconsolidated
material. Also concerns the form, distribution, lithologic
composition, fossil content and other properties of the strata.

stream day rate

The maximum sustainable daily rate (design capacity) for a
process system.

subsoil

The B horizon of soils with distinct profiles. In soils with weak
profile development, the subsoil can be defined as the soil below
the plowed soil (or its equal of surface soil) in which roots normally
grow.

sub-watershed

A smaller geographic section of a larger watershed unit, generally
corresponding to an area drained by a small tributary.

subxeric

Soil moisture conditions where water is removed rapidly in relation
to supply.

suspended sediment

Particles of matter such as sand or silt, often originating from the
streambed, which become suspended in the water column as the
water flows downstream. This is usually reported as total
suspended solids (TSS).

SWI

specific work instructions

SWQ

surface water quality

SWQG

surface water quality guideline
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SWQMF

Surface Water Quantity Management Framework for the Lower
Athabasca River

t

tonne – a metric ton (1,000 kg)

t/a

tonnes per annum

t/sh

tonnes per stream hour

tailings

A byproduct of the bitumen extraction process composed of water,
sand, fines and residual bitumen.

tailings pond

Man-made impoundment structure used to control tailings.

TCA

tolerable concentration in air

TCEQ

Texas Commission on Environmental Quality

TCM

total conversion method

TCU

true colour unit

TDEM

time-domain electromagnetics

TDI

tolerable daily intake

TDGR

Transportation of Dangerous Goods Act and Regulation

TDP

total dissolved phosphorous

TDS

total dissolved solids – Measure of the combined content of all
inorganic and organic substances contained in a liquid in a
molecular, ionized or colloidal form; usually defined as a measure
of all solids small enough to pass through a filter of two
micrometres.

TEEM

Terrestrial Environmental Effects Monitoring

TEH

total extractable hydrocarbons

TEMF

Terrestrial Ecosystem Management Framework

TEPCA

Total E&P Canada

TEQ

toxic equivalency quotient

THC

total hydrocarbon compound

TIFA

temporary in-pit fluid area
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till

Unsorted, unstratified glacial drift, deposited directly by and
underneath a glacier without subsequent reworking by meltwater,
and consisting of a heterogeneous mixture of clay, silt, sand,
gravel and boulders.

TK

traditional knowledge – Aboriginal knowledge and understanding of
traditional resource and land use, harvesting and special places.
May also be referred to as traditional ecological knowledge (TEK).

TKN

Total Kjeldahl nitrogen

TLU

traditional land use – Activities involving the harvest of traditional
resources including hunting and trapping, fishing, plant harvesting,
cultural activities, or any travel related to these activities. Land use
maps document locations where the activities occur or are
occurring.

TLUS

traditional land use study

TLV

threshold limit value

TLV:TWA

threshold limit value:time-weighted average

TMF

Tailings Management Framework for the Mineable Athabasca Oil
Sands

TOC

total organic carbon (also: top of casing)

TOR

terms of reference

toxicity

Relating to harmful effects caused by a chemical substance
present in water or sediments.

TP

total phosphorus

tph

tonnes per hour

TPHCWG

Total Petroleum Hydrocarbon Working Group

TPP

traditional plant potential

TPU

tainting potential unit

traditional trail

A trail identified as an historic or current travel route by Aboriginal
peoples.

tributary

A watercourse that flows into a larger (parent) watercourse or a
waterbody.

TRO

tailings reduction operations

TRS

total reduced sulphur
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TRU

true colour unit

TRV

toxicity reference value

TSM

Towards Sustainable Mining

TSP

total suspended particulates

TSRU

tailings solvent recovery unit – A process unit designed to remove
solvent from the froth treatment plant tailings stream.

TSRUT

tailings solvent recovery unit tailings – Tailings generated by the
froth treatment process. The stream consists of fine and coarse
solids, water, rejected asphaltenes, and low levels of process
solvent.

TSS

total suspended solids – Solid particles in a water sample that do
not pass through a standard size filter. Usually measured in
milligrams per litre (mg/L).

TT

thickened tailings – Tailings produced using a thickener with the
assistance of a flocculant acting on a hydrocyclone overflow
stream in the tailing preparation process. The TT stream is
designed to contain a high concentration of fines and to form a
non-segregating deposit that releases additional water and
consolidates to form a reclaimable surface over time

TTF

thickened tailings facility

TUa

acute toxicity unit

TUc

chronic toxicity unit

turbidity

The cloudiness or haziness of a fluid caused by individual particles
(suspended solids) that are generally invisible to the naked eye;
The measurement of turbidity is a key test of water quality.

TUS

traditional use study

TV:BIP

total volume to bitumen in place – The ratio of the total volume
3
3
mined to the bitumen-in-place in the mined ore (m /m ).

TVD

total vertical depth

Twp

township

U.S. EPA

United States Environmental Protection Agency

UL

upper intake level

unconformity

A substantial break or gap in the geologic record where a rock unit
is overlain by another that is not next in stratigraphic succession,
such as an interruption in the continuity of a depositional sequence
of sedimentary rocks.
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URE

unit risk estimate

US NRC

United States National Research Council

US NSN

United States Nightjar Survey Network

USFWS

U.S. Fish and Wildlife Service

USGS

United States Geological Survey

USOSM

United States Office of Surface Mining

UTM

universal transverse mercator

V

volt

VCE

vegetation control easement

VFD

variable frequency drive – A method of controlling an electric motor
by controlling the frequency of the electric power supplied to it.

VHF

very high frequency

viewshed

A binary raster indicating the visibility of a viewpoint for or from an
area of interest. A pixel with a value of unity indicates that the
viewpoint is visible from that pixel, while a value of zero indicates
that the viewpoint is not visible from the pixel.

VOC

volatile organic compound

VP

vapour pressure

VRU

vapour recovery unit

Vug

A small cavity in rock.

W/m²

watt per square metre

W4M

West of the Fourth Meridian

water yield

Runoff contributed by the entire land area to a watercourse,
including groundwater outflow that appears in the watercourse.
Water yield is the volume of runoff from a watershed per unit area
in one year.

WBC

white blood cells

WBEA

Wood Buffalo Environmental Association

WBNP

Wood Buffalo National Park

WCSB

Western Canadian Sedimentary Basin
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WDS

Water Database System

WHEC

Wildlife Habitat Effectiveness and Connectivity

WHMIS

Workplace Hazardous Materials Information System

WHO

World Health Organization

WHRA

wildlife heath risk assessment

winterkill

When decomposition of organic material and use by fish and other
organisms depletes oxygen to a point where fish begin to die.

WMMP

wildlife mitigation and monitoring plan

WNS

white nose syndrome

WQG

Water Quality Guideline

WRF

Weather, Research and Forecasting

WRLIC

water resources licence

wt%

weight-percent

WTDA

west tailings disposal area

ww

wet weight

ZOI

zone(s) of influence
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