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EXECUTIVE SUMMARY 
Suncor Energy Operating Inc. on behalf of Fort Hills Energy Corporation, and in its capacity as Operator 
of the Fort Hills Oil Sands Project is filing this Integrated Plan Amendment Application to modify aspects 
of the existing approved mine, tailings, and closure plans, including an extension of the approved 
boundaries under the Oil Sands Conservation Act Commercial Scheme Approval No. 9241I, 
Environmental Protection and Enhancement Act (EPEA) Approval No. 151469-01 (as amended), Water 
Act Approval No. 151636-01 (as amended) and Water Act Licence No. 190012-01 (as amended). 

The proposed Integrated Plan Amendment incorporates learnings from the Fort Hills Oil Sands Project 
and other regional operations, updated geological data, conceptual water management features, and 
project boundary changes including two extensions to support sustainment of the non-mined portion of 
the McClelland Lake Wetland Complex.  

The types of impacts on environmental components associated with these changes are consistent with 
those previously identified for the Fort Hills Oil Sands Project. Fort Hills Energy Corporation is of the view 
that the changes contemplated in this Application will result in an overall benefit to the Fort Hills Oil 
Sands Project.  

An Environmental Assessment was completed in support of this Application and focused on the 
identification and evaluation of changes from the environmental conditions or residual environmental 
effects as approved for the Fort Hills Oil Sands Project. Generally, the Environmental Assessment found 
that the Integrated Plan Amendment resulted in no change to small changes in previously assessed 
effects on environmental components. Potential changes to the No Net Loss Lake at closure were 
identified in the Environmental Assessment and will be discussed with Fisheries and Oceans Canada to 
support development and assessment of potential mitigation measures, as required. 

This application is made in accordance with section 13 of the Oil Sands Conservation Act and the content 
of the Integrated Plan Amendment follows the relevant sections of the Environmental Protection and 
Enhancement Act Guide to Content for Energy Project Applications (AER 2014), and Draft Directive 023: 
Oil Sands Project Applications (ERCB 2013).  

No changes are proposed to the approved Fluid Tailings profile and associated triggers and limits as per 
Oil Sands Conservation Act Commercial Scheme Approval 9241I. 
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1. INTRODUCTION 
Suncor Energy Operating Inc. (SEOI), on behalf of Fort Hills Energy Corporation (FHEC), and in its capacity 
as operator of the Fort Hills Oil Sands Project (FHOSP) is applying to the Alberta Energy Regulator (AER) 
pursuant to section 13 of the Oil Sands Conservation Act to modify the approved mine, tailings, and 
closure plans for FHOSP including extension of the approved boundaries. This Integrated Plan 
Amendment (IPA) Application describes an updated integrated plan that leverages site-specific learnings 
as well as those from Suncor Energy Inc.’s (Suncor) Base Plant, and other regional operations. 

The FHOSP is within the Athabasca region of Alberta, 90 kilometres (km) north of Fort McMurray and 
17 km north of the community of Fort McKay. The FHOSP is on the east side of the Athabasca River and 
comprises Oil Sands Leases 7404080933, 7400120008 and 7404080932, all of which are held in the 
name of FHEC. The location of the FHOSP in the region is shown in Figure 1-1.  

The FHOSP is a 190,000 barrel per calendar day open pit oil sands mine and bitumen extraction facility 
that started bitumen production in 2017. The remaining mine life is expected to be approximately 42 
years at the currently planned production rate. 

1.1. Proponent Overview 
The FHOSP is a limited partnership between Suncor, TotalEnergies EP Canada Ltd. (Total), and Teck 
Resources Limited (Teck). SEOI, a wholly owned subsidiary of Suncor, is the contract operator for the 
FHOSP. For the purposes of this IPA, all references to SEOI are to be interpreted as SEOI acting as the 
agent of FHEC, as general partner for Fort Hills Energy L.P. (FHELP), unless otherwise noted.  

1.2. Applicant Information 
The general application requirements prescribed by Draft Directive 023, including applicant eligibility are 
outlined in Table 1-1 and elsewhere in this Introduction section. 

Table 1-1: General Applicant Information 
Name of Applicant & Operator Applicant: Fort Hills Energy Corporation 

Operator: Suncor Energy Operating Inc. 
Project Legal Description Township 96 to 98, Range 9 to 11, West of 4th 

Meridian (W4M): Regional Municipality of Wood 
Buffalo 

Mailing Address of FHEC P.O. Box 2844, 150 – 6 Avenue S.W. 
Calgary, Alberta, Canada T2P 3E3 

Partners 50.8% Suncor Energy Inc. 
29.2% TotalEnergies EP Canada Ltd.  
20% Teck Resources Limited 

Business Activity Code 0XP9 
Project Name Fort Hills Oil Sands Project (FHOSP) 
Application Name Fort Hills Oil Sands Project Integrated Plan 

Amendment (IPA) 
Contact for Application Michael Robinson, Manager Fort Hills Approvals and 

Projects 
Phone 403-296-6120 
Email mrobinson@suncor.com 
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Fort Hills Oil Sands Project has following sub-surface dispositions registered in the name of Fort Hills 
Energy Corporation (100% interest):  

1. Crown Oil Sands Lease (OSL) 7400120008 

2. OSL 7406020437 

3. OSL 7406020438 

4. OSL 7405090634 

5. OSL 7404080933 

6. OSL 7404080932 

7. OSL 7406070434 

8. OSL 7406070429 

9. OSL 7406070428 

1.3. Project Schedule 
Key schedule milestones associated with the integrated plan as described in the IPA as well as 
interdependent regulatory submissions are shown in Table 1-2. The detailed schedule of mine and 
tailings structures is provided in Table 2-1. 

Table 1-2:  Key Project Schedule Milestones 

Project  Construction /Operational 
Milestone 

IPA Application submission February 2022 
OPTA and OPTA East Stage 1 Currently operating 
South External Dump (Moose Dump) Current placement 
Submission of detailed geotechnical design for In-Situ Pillar June 2022 
Centre Pit Mining  2023 
North Pit Mining 2025 
Start of South Dedicated Disposal Area operations Q1 2023 
North External Dump 2025 
South Pit Tailings Area   2026 
Centre Pit Tailings Area 1 2030 
Centre DDA 2037 
Centre Pit Tailings Area 2 2036 
North Pit Tailings Area 1 2043 
North Pit Tailings Area 2 2054 

Interdependent Regulatory submission milestone 
Submission of detailed geotechnical design for South Pit Cross-dyke December 2021 
McClelland Lake Wetland Complex Operational Plan December 2021 

Notes: 
MSL = mineral surface lease.  
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1.4. Regulatory History 
The FHOSP received initial regulatory approval in 2002 following submission by TrueNorth Energy L.P. 
(TrueNorth) of an Environmental Impact Assessment (EIA) and a subsequent public hearing. In 2005, 
Petro-Canada purchased a majority interest in FHELP and FHEC, holder of the FHOSP Oil Sands Leases 
and regulatory approvals, and established Petro Canada Oil Sands Inc. (PCOSI) as contract operator of 
FHOSP.  

In August 2007, PCOSI submitted a Mine Amendment Environmental Assessment to amend the mine 
plan and consolidate the planned tailings facility for the FHOSP into a single larger Out-of-Pit Tailings 
Area (OPTA). This application to amend the mine plan maximized resource recovery and increased the 
recovered bitumen from 2.8 to 4.0 billion barrels (Bbbls) and extended the mine life to 2084. In 2008, 
the Energy Resources Conservation Board (ERCB) approved the amended mine plan with the exception 
of the increase in recovered bitumen.  

In August 2009, Petro-Canada merged its assets and operations with Suncor. In 2010, a project update 
was submitted by FHEC to provide further information in support of PCOSI’s 2007 request to increase 
resource recovery. The 2010 project update also included technical information to meet the new 
requirements set out by the Energy Resources Conservation Board (ERCB) in Directive 074 (since 
replaced by the Lower Athabasca Region Tailings Management Framework for the Minable Athabasca 
Oil Sands (Government of Alberta 2015a) to establish Dedicated Disposal Areas (DDAs). The ERCB issued 
an amended commercial scheme approval for FHOSP in January 2013. 

In February 2017, FHEC submitted the Fort Hills Mine Amendment (FHMA) Application (FHEC 2017a) and 
Tailings Directive Application (FHEC 2017b). In these applications, FHEC proposed to use in-line 
flocculation and coagulation through the Permanent Aquatic Storage Structure (PASS) process for 
treatment of Fluid Tailings (FT) and deposition of treated tailings in a single DDA in South Pit (South DDA 
[SDDA]). The SDDA was proposed to target an aquatic closure outcome of an End Pit Lake with PASS 
treated tailings.  

In February 2019, the AER approved the FHMA and conditionally approved the Tailings Management 
Plan. The AER issued amendments to Oil Sands Conservation Act (OSCA) Approval 9241, Environmental 
Protection and Enhancement Act (EPEA) Approval 151469-01, Water Act Approval 151636, and Water 
Act Diversion Licence 190012-00-00, as amended.  

Since 2019, FHEC has submitted several applications for EPEA amendments related to management of 
surface water as well as saline groundwater. Those applications have resulted in several amendments to 
EPEA Approval No. 151469-01. 

In February 2021, FHEC submitted an integrated amendment application for the OPTA East Toe Berm 
(ETB). In August 2021, the AER approved the OPTA ETB and issued amended approvals under EPEA, 
OSCA, and the Water Act. 

1.4.1. Authorizations under the Fisheries Act 
The FHOSP received a Fisheries Act Authorization (No. ED-06-1896) in 2008 for the Harmful Alteration, 
Disruption or Destruction (HADD) of fish habitat in the Athabasca River associated with the river water 
intake construction and operation. The Authorization specified that compensation for the HADD was to 
be provided by implementation of the 2006 No Net Loss Lake (NNLL) Development Plan (Golder 2006) 
and associated 15 ha NNLL. 
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The FHOSP obtained an amended Authorization (No. AB00-517-2013) in 2013 for HADD of fish habitat 
pursuant to Paragraph 35(2)(b) and destruction of fish pursuant to Paragraph 32(2)(c) of the Fisheries 
Act. The Authorization was again for loss of fish habitats in Fort Creek due to mine development and for 
habitat losses in parts of Creeks A, B, and C due to construction of the NNLL. The 2013 Authorization 
sanctioned the implementation of the 2006 NNLL Development Plan (Golder 2006) and provided for the 
construction of a fish barrier in lower Fort Creek to prevent movement of fish upstream in Fort Creek in 
association with fish rescue operations for the portion of the creek upstream of the barrier.  

Construction was completed on the 15.34 ha NNLL in October 2013 within the lower portion of the 
Creek A watershed. The NNLL was filled with water by February 2014, and connectivity with the 
Athabasca River via the outlet channel was established during the 2014 spring freshet. These activities 
were in compliance with Condition 3.2 of the Fisheries Act Authorization, which specified that the 
compensation lake was to be constructed and connected to the Athabasca River before the end of 2018. 

The FHOSP formally submitted a Fisheries Act Authorization Application in 2019 for the destruction of 
Susan Lake and Susan Lake outlet channel to from Susan Lake to the Athabasca River. The compensation 
for these areas was accepted as included in the NNLL. Fisheries Act Authorization 19-HCAA-00708 was 
received in October 2019. 

1.5. Current Regulatory Approvals 
Key current regulatory approvals for the FHOSP are: 

● EPEA Approval No. 00151469-01-00, as amended (currently, designated as Approval No. 
151469-01-09, dated August 19, 2021) issued under Environmental Protection and 
Enhancement Act 

● Commercial Scheme Approval 9241I, as amended on August 11, 2021 issued under Oil Sands 
Conservation Act 

● Water Act Approval No. 00151636-01-00 as amended (currently, designated as Amendment No. 
00151636-01-02, dated August 10, 2021) issued under Water Act 

● Water Act Licence No. 00190012-01-00, as amended (currently, designated as Amendment No. 
00190012-01-02, dated August 10, 2021) issued under Water Act 

● Authorization No. ED-06-1896 issued under Fisheries Act 

● Authorization No. AB00-517-2013 issued under Fisheries Act 

● Authorization No. 19-HCAA-00708 issued under Fisheries Act 

● Mineral Surface Lease (MSL 062822) issued under Public Lands Act 

● Surface Material Lease (SML 080020) issued under Public Lands Act 

● Licence of Occupation (LOC 072121) issued under Public Lands Act 

1.6. Stakeholder and Indigenous Consultation 
Early engagement in advance of the IPA filing was completed including sharing updates and information 
on the forthcoming application at regularly scheduled meetings with First Nations communities, Métis 
communities, and the Regional Municipality of Wood Buffalo. Going forward, these regularly scheduled 
meetings will provide opportunities to update stakeholders and Indigenous communities on the IPA and 
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associated regulatory process. To date, no issues or concerns specific to the IPA have been raised by any 
stakeholders or Indigenous communities that have been engaged.  

A pre-consultation assessment was requested from the Alberta Aboriginal Consultation Office (ACO) on 
the IPA in November 2021 (FNC202107427). ACO has reviewed the request and guided Suncor to 
formally consult (Level 3: Extensive Consultation) with Fort McKay Métis Nation, Fort McKay First 
Nation, Fort McMurray First Nation, Mikisew Cree First Nation and Athabasca Chipewyan First Nation. 
Each of these communities has been advised of the planned IPA through early engagement activities 
and guided by the ACO requirements (and its own consultation plan), Suncor will continue to share 
information about the IPA and respond to questions or concerns that might be raised by these 
communities, prior to application for Consultation Adequacy with the ACO. 

Further information about the stakeholder and Indigenous consultation approach taken relative to the 
IPA is detailed in Section 6 of this Application. 

1.7. Risk Management 
The FHOSP relies on a Suncor Risk Management Standard that provides a consistent approach to risk 
management and the tools to implement the standard. The risk management approach is an iterative 
process that is consistent with ISO 31000 Standards (ISO 2018). The risk management program is 
intended to ensure that the FHOSP:  

● operates in a safe, reliable, and compliant manner 

● drives efficient, orderly, and environmentally responsible development of the oil sands resource 

Operational risk management is driven through an Operational Excellence Management System (OEMS), 
which provides a management system framework based on a series of elements that include consistent 
standards, processes, and procedures. The OEMS structure uses a continual improvement cycle (plan-
do-check-act) approach through a number of systems elements, including risk management, legal 
requirements and commitments, asset development and project execution, maintenance and 
operations processes, information management, emergency management, communications and 
stakeholder relations, incident management, and corrective actions, among others.  

OEMS enables FHOSP to consistently and effectively: 

● manage risk 

● operate safely and reliably 

● mitigate environmental effects 

● develop and share best practices 

● support continuous improvement 

Further discussion on risk management associated with the updated IPA Tailings Management Plan 
(TMP) is included in Section 3.5 for FT generation, treatment, reclamation, and closure.  
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1.8. McClelland Lake Wetland Complex Operational Plan 
The McClelland Lake Wetland Complex (MLWC), located in the northeast portion of FHOSP, includes 
McClelland Lake, a fen – a specific type of peat-accumulating wetland – and upland that drains into the 
lake. The MLWC supports many kinds of plants and animals and is also used by local Indigenous 
communities and recreational users. Water Act Approval No. 151636-01 (as amended) includes 
conditions requiring the development of an Operational Plan (OP) to maintain ecosystem diversity and 
function of the non-mined portion of the MLWC before mining activities commence in the McClelland 
Lake watershed.  

Mine pit preparations in the MLWC watershed are expected to commence in 2025. To support the 
ongoing development of the OP, functional understanding of the MLWC has been advanced through 
ongoing hydrological, hydrogeological, and biological studies. A Sustainability Committee, composed of 
representatives from Suncor, Indigenous communities, and regulators, continues to support 
development of the OP including incorporation of Indigenous Knowledge.  

The integrated plan basis for the IPA and the MLWC OP are consistent with the Life of Mine Closure Plan 
(LMCP) and the conceptual water management plan jointly developed for the FHOSP. Working alongside 
the MLWC Sustainability Committee, FHEC submitted the Operational Plan to the AER in December 
2021; approximately four years before mine pit preparations in the MLWC watershed. 

1.9. Application Overview 
An updated integrated mine, tailings, and closure plan has been developed for FHOSP that leverages 
site-specific learnings as well as those from the Suncor Base Plant, and other regional operations. The 
IPA incorporates feedback from Indigenous communities, AER, and other stakeholders on previous 
plans. The IPA describes the following changes: 

● Two extensions to the approved boundaries to accommodate infrastructure in support of mine 
development in the MLWC watershed. 

● Adjustments of mine pit limits to incorporate new geological drilling information. 

● Optimization of the location and sequence of tailings areas for sand placement including 
removal of the OPTA East Stage 2 following constructability assessment. 

● Addition of a second DDA to increase overall containment and plan flexibility. 

● Updated Ready to Reclaim (RTR) Criteria for the two DDAs. 

● Addition of conceptual water management features including those for maintaining the 
sustainability of the non-mined portion of the MLWC. 

● Updated closure drainage including two outlets to the Athabasca River. 
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1.9.1. Guiding Principles 
The IPA has been developed in accordance with the following guiding principles: 

1. To incorporate changes to consider the feedback of Indigenous communities, the AER, and 
stakeholders on previous plans. 

2. To establish a stable closure landscape integrated into the regional ecosystem. 

3. To facilitate progressive reclamation by integrating mine, tailings, reclamation, and closure 
planning to make sure land is reclaimed permanently as early as practicable. 

4. To manage life-cycle costs and net environmental effects. 

5. To recognize the importance of flexibility and choices to incorporate innovations throughout the 
mine life. 

1.9.2. Organization 
The IPA is organized as a single integrated application document that is intended to provide sufficient 
information for amendment requests to existing approvals under OSCA, EPEA and the Water Act.  

The IPA document is organized into two volumes.  

Volume 1 contains seven sections as follows: 

● Section 1 (Introduction) provides a general introduction and overview to the amendment 
application and introduces the main components of the submission.  

● Section 2 (Mine Design and Planning) provides mine plan and status map information. 

● Section 3 (Tailings Management) provides a detailed overview of the TMP. 

● Section 4 (Water Management) outlines the approach for water management and includes 
water management status maps and an updated water balance. 

● Section 5 (Life of Mine Closure Summary) provides an overview of the LMCP that was completed 
for the IPA (Appendix A). 

● Section 6 (Consultation) presents an outline of the ongoing approach to general consultation 
and engagement activity specific to the IPA. 

● Section 7 (Environmental Assessment Summary) provides a summary of the assessments of Air 
Quality (Section 7.2), Noise (Section 7.3), aquatic environmental components including 
Hydrogeology (Section 7.4.1), Hydrology (Section 7.4.2), Water Quality and Aquatic Health 
(Section 7.4.3), Fish and Fish Habitat (Section 7.4.4), terrestrial resources components including 
Terrain and Soil (Section 7.5.1), Vegetation and Wetlands (Section 7.5.2), Wildlife (Section 7.5.3), 
Biodiversity (Section 7.5.4), Historic Resources (Section 7.5.5) and Traditional Land Use 
(Section 7.5.6), and Human Health (Section 7.6). 

Volume 2 contains the Environmental Assessment (EA). 

The IPA does not result in any changes or incremental impacts to socioeconomic effects; therefore, an 
assessment of such effects has not been included in this application. 
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1.9.3. Project Extension Footprint 
Within the IPA, the term Approved Project Area is used to refer to the project boundary that is included 
within OSCA Approval 9241I. The current Approved Project Area covers a total area of 18,236 hectares 
(ha). The Approved Project Area will need to be increased to accommodate the two extension areas 
associated with the IPA, totalling an additional area of 4,015 ha as compared to the Approved Project 
Area. Throughout the IPA, this additional area is referred to as comprising the North Extension Area and 
the East Extension Area (or collectively, the Extension Areas). The total modified footprint is referred to 
as the Amended Project Area, which covers 22,251 ha, and includes both the Approved Project Area and 
proposed Extension Areas (Figure 1-2). 

Formalized approval boundaries for FHOSP are currently defined by Appendix A to OSCA Approval No. 
9241I (Approved Project Area) and the Water Act Approval No. 151636-01 (as amended; Fenceline). The 
OSCA Approved Project Area and the Water Act Fenceline will need to be amended to accommodate the 
proposed changes outlined in the IPA. 

FHEC will also be requesting a disposition under the Public Lands Act for the Extension Areas in a 
separate application. 
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1.9.4. Section Summaries 
Summaries of the key application sections are provided in the following sub-sections. Specific items 
requested for approval in the IPA are outlined in Section 1.11 (Requested Amendments).  

1.9.4.1. Mine Design and Planning 

As described in Section 2 of this Application, the updated Mine Plan supports a production rate of 
190,000 barrels of bitumen per calendar day using proven truck and shovel method consistent with 
previously approved plans. The sequence of mining is consistent with the FHMA (FHMA 2017a). The pit 
limits have been updated based on new drilling and geological information acquired since 2017 as 
shown in Figure 1-3. The stripping ratio varies from 12:1 total volume/bitumen in place (TV/BIP) to 16:1 
TV/BIP. The Mine Plan supports the tailings management and closure plans. 

FHEC is proposing two extensions to the approved boundary as part of the IPA, primarily related to 
development in the MLWC watershed. The North Extension Area is required for overburden storage, 
through relocation of the North External Dump (NED). The NED is being relocated outside of the MLWC 
surface watershed on the recommendation of MLWC Sustainability Committee, to support the 
sustainability of the non-mined portion of the MLWC. The East Extension Area is needed to support 
infrastructure corridor required for the MLWC Operational Plan design features, as well as a reclamation 
material storage (RMS) area. Oil sands mining is not currently proposed in the North or East Extension 
Areas as part of the IPA. 
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1.9.4.2. Tailings Management 

The FHOSP TMP has been updated in alignment with the TMF and Directive 085 objectives and 
outcomes, and guiding principles developed for the IPA. The updated TMP, as described in Section 3 of 
this Application, considers site-specific conditions, and four years of operational experience and 
knowledge gained on tailings treatment through operation of PASS process at Suncor Base Plant.   

This plan continues to manage FT from the start of production with thickeners as a part of the extraction 
process, providing the benefit of reduced energy requirements. All FT generated from tailings 
operations will be stored in the OPTA. Upon completion of mining in the southern portion of South Pit 
and construction of the South Pit Cross Dyke to segregate mining and tailings activities, an in-pit DDA 
will be established. The FT stored in the OPTA will be treated with the PASS FT treatment process before 
being placed within the South DDA (SDDA). This FT treatment process is based on commercially proven 
methods and rates. In addition to dewatering, this treatment is also being designed to produce a stable 
deposit that limits the mobility of materials such as bitumen and fines. The FT will be deposited in the 
SDDA until it reaches the designed capacity (until 2038). Subsequently, the treated FT will be deposited 
in a second DDA called Centre DDA (CDDA) until the end of mine life (EOML). Both DDAs will contain all 
treated FT for the life of the FHOSP.  

The location of sand placement will change over the mine life as mine progression occurs. Sand 
placement is currently above-grade in OPTA and OPTA East Stage 1. Once mining is complete in the 
northern portion of South Pit, sand deposition will commence in South Pit Tailings Area (SPTA) to the 
North of the South Pit Cross Dyke. This approach decouples mining and tailings activities. OPTA East 
Stage 2 has been removed from the TMP because of its configuration, which was determined to be not 
optimal since the time of approval and timely availability of SPTA. Later in the mine life, sand placement 
will occur in Centre and North Pit Tailings Areas. 

Key components of this plan are: 

● Collection of FT in the OPTA, which serves as the long-term storage and dewatering area for FT 
that is the PASS process feedstock. 

● Commencement of PASS treatment of FT from the OPTA for deposit in the SDDA starting in 
2023. 

● Placing sand in the OPTA, OPTA East Stage 1 and SPTA, preserving the OPTA fluid storage 
capacity and in-pit space for treated FT. 

● Operation of the Centre Pit Tailings Areas and DDA (CPTA Phase 1 and 2, and CDDA) when 
mining in Centre Pit is complete. 

● Operation of the North Pit Tailings Area (NPTA Phase 1 and 2) when the CPTA sand storage 
space is depleted in 2043. 

The updated TMP changes are compared to the Tailings Directive Application (FHEC 2017b) in a high-
level schematic, shown in Figure 1-4. 
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1.9.4.3. Water Management 

As described in Section 4 of this Application, water management includes management of surface water, 
and non-saline and saline groundwater. Water is a shared and precious resource that must be managed 
wisely using a holistic approach including sound river water withdrawal practices, reuse of water already 
in a closed-circuit system, and safe return of water from the site to the receiving environment during 
operations, reclamation and closure periods.  

A conceptual surface water management plan for the remaining life of mine has been developed for 
FHOSP, consistent with the approved Surface Water Management Plan as per EPEA Approval 
No. 151469-01-00 as amended. The surface water management plan involves segregation of industrial 
runoff water for return to the environment from industrial wastewater (IWW) to manage site water 
inventory and reduce environmental effects. The plan assumes release of industrial runoff to the 
environment from progressively reclaimed tailings areas; however, FHEC is not requesting an approval 
for this release at this time. FHEC will submit a separate application for approval when regulatory policy 
for such releases is available. 

Surface water quantity and quality monitoring has been and will continue to be conducted as required 
by the EPEA Approval and Fisheries Act authorizations for FHOSP. The monitoring involves collection of 
surface water quantity and quality data to support the implementation of an environmental 
management program and to meet regulatory monitoring requirements, throughout the construction, 
operation, reclamation, and closure periods. 

To support safe mining and to help monitor for environmental effects from mining, groundwater is 
mainly managed in three ways: the first is to make sure mining can be completed safely through 
dewatering and depressurization of aquifers near or in the active mine footprint; the second strategy 
includes monitoring for and handling of saline groundwater from Devonian inflow events; and the final 
strategy is management through a Groundwater Monitoring Plan that make sures operations are in 
compliance with groundwater regulatory requirements.  

The Quaternary (shallow) aquifers at South Pit and the upcoming Centre Pit are/will be dewatered 
ahead of mining using vertical pumping wells screened in the sand units. The deeper Basal McMurray 
aquifer, which underlies the ore body, is depressurized in a similar manner, using in-pit and out-of-pit 
vertical pumping wells to reduce the risk of underlying water pressure buckling the pit floor and/or Basal 
sour groundwater inflow. In the future North Pit, the use of horizontal pumping wells is being evaluated 
for Basal depressurization, as the continuous and laterally extensive aquifer in the area is better suited 
for this style of pumping well than the aquifer geometries observed in Centre and South Pits.  

Groundwater produced from Quaternary dewatering and Basal depressurization is transferred using 
drainage lines from well-head to a network of sumps and ponds, ultimately discharging to the industrial 
wastewater system via OPTA. Natural Quaternary water is transferred from collection wells to 
sedimentation ponds for return to the environment in South Pit, and in future Centre and North Pits. 

The ongoing management of Devonian groundwater and saline Basal depressurization water in the 
industrial wastewater system will continue to be monitored to maintain compliance with regulatory and 
operational requirements.  
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1.9.4.4. Reclamation and Closure  

An updated LMCP has been developed as part of the IPA in accordance with EPEA Approval 
No. 151469-01-00, as amended, Section 7.2. (Reclamation and Life of Mine Closure Planning) and the 
AER Specified Enactment Direction (SED) 003 (AER 2018b). The LMCP integrates the AER approved 3-
year (2020 to 2022) Fort Hills Mine Reclamation Plan (MRP; FHEC 2020) and presents no change to the 
current outstanding reclamation deposit (ORD), as represented in the authorized MRP. As per 
Section 7.2.7 of the FHOSP EPEA Approval, the first LMCP was due before December 31, 2018 and was 
submitted in February 2017 (FHEC 2017a). As per SED 003 Section 2.2, the LMCP is to be updated and 
submitted to the AER every 10 years or with an amendment, unless otherwise authorized. The 
submission of this LMCP is intended to satisfy the SED003 LMCP requirements. 

The updated LMCP (Volume 1, Appendix A) reflects the changes to tailings management and site-specific 
conditions with overall timelines for final closure of the site generally consistent with those presented in 
the FHMA. The majority of the site is expected to be reclaimed by 10 years after the end of mine life 
(EOML). The IPA is proposing two in-pit DDAs, SDDA and CDDA, with an aquatic closure outcome. This 
differs from the FHMA, which proposed one DDA within South Pit. The addition of a second DDA 
reduces the size of the South Pit Lake (SPL) in the closure landscape. The updated LMCP represents 
minimal incremental change to the final closure outcome from previous plans including the amount of 
terrestrial, wetland, and aquatic ecosites. There is a change to the number of outlets in the closure 
drainage system, with two outlets now planned to the Athabasca River to return surface drainage flows 
to the river. 

1.10. Environmental Assessment 
FHEC received confirmation from the AER on March 9, 2021 that an Environmental Impact Assessment 
was not required for the IPA (AER 2021a). FHEC completed an EA in support of the IPA. This section 
briefly summarizes the results of the EA that is provided in Volume 2 of this IPA. A more detailed 
overview of the assessment methodology and results is provided in Volume 1, Section 7. 

The process for assessment of environmental changes associated with the IPA focused on identification 
and evaluation of changes from the environmental conditions or residual environmental effects as 
approved for FHOSP.  

Further detailed information is provided in Volume 2 of the IPA: Air Quality (Section 2.0), Noise 
(Section 3.0), Aquatic Resources (Section 4.0), Terrestrial Resources (Section 5.0) and human health 
(Section 6.0). Environmental outcomes associated with the IPA are summarized as follows:  

Air Quality 

The air quality assessment for the IPA considered potential changes to nitrogen dioxide (NO2), sulphur 
dioxide (SO2), fine particulate matter with an aerodynamic diameter of 2.5 microns or smaller (PM2.5), 
and total suspended particulate matter (TSP). The assessments considered that the maximum IPA 
annual emissions were expected to occur in either 2025 or 2036; therefore, two Applications cases were 
modelled.  

The Application Cases enable the realistic evaluation of impacts to locations important to key Indigenous 
communities and stakeholders (i.e., Fort McKay and the MLWC). For Nitrogen dioxide (NO2), the 
predictions show that the IPA will result in a positive change (i.e., a decrease) to the maximum NO2 
concentrations locally at the Amended Project Area Boundary and a negligible change on a regional 
level. For sulphur dioxide (SO2), the IPA does not have any meaningful effect on either the local or 
regional SO2 predictions. For fine particulate matter with a mean aerodynamic diameter of 2.5 microns 
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or smaller (PM2.5), the IPA will result in a positive change (i.e., a decrease) in the PM2.5 concentrations 
locally at the Amended Project Area Boundary and negligible change on a regional level. For total 
Suspended Particulate matter (TSP), the IPA will have a positive change (i.e., a decrease) to the 
maximum TSP concentrations at the Amended Project Area Boundary and regionally. 

Noise 

The IPA will not result in a material change to previously predicted noise effects, and compliance with 
AER Directive 038 will be maintained.  

Aquatic Resources 

The effect of the integrated mine and tailings management plan for the IPA is estimated to result in 
smaller rates of potential IWW-influenced groundwater seepage from the reclaimed FHOSP to the 
Athabasca River, relative to the rates that were simulated for the FHMA assessment (FHEC 2017a). In 
the far future, most of the OPTA and OPTA East Stage 1 seepage will be collected by the closure 
drainage ditches at FHOSP and will be routed to the Aurora North closure drainage system. Therefore, a 
negligible amount of IWW-influenced groundwater seepage water is expected to be discharged to the 
downstream receiving watercourses (i.e., Stanley Creek and Muskeg River). During operations and active 
closure, no IWW-influenced groundwater seepage to receptors is expected, consistent with the FHMA 
assessment (FHEC 2017a). 

The environmental relevance of the predicted potential IWW-influenced groundwater seepage rates is 
assessed with respect to the hydrologic viability of the North Pit Lake, South Pit Lake, and Centre Pit 
Lake, and with respect to water quality and aquatic health in the receiving environment. 

The IPA results in only small changes to the previously approved effects on surface water, except for 
predicted reduction of flows in Stanley Creek and Creek A, and reduction of flows to the NNLL under 
Closure conditions. Predicted changes to surface waters are of a similar nature to those previously 
predicted for the FHOSP. The closed-circuit area reduces the Creek A flows with mean annual flows at 
the mouth of Creek A predicted to be 66% less than the pre-development flow; however, this reduction 
will be mitigated during operations. Further discussion with DFO will be required to support 
development and assessment of potential mitigation measures for the NNLL on closure. FHEC will 
continue to evaluate and optimize the mine and closure plan to mitigate the effects on NNLL associated 
with closure of FHOSP.  

Predicted changes to surface water quality in association with the IPA are of a similar nature to those 
previously predicted for the FHOSP. Based on projected concentrations in closure pit lakes, eight 
parameters – aluminum, boron, chromium, cobalt, mercury, molybdenum, and polycyclic aromatic 
hydrocarbon Groups 2 and 9 – were evaluated by aquatic health.  

The aquatic health assessment indicated risk levels ranging from negligible to low for the evaluated 
constituents, including both individual substances and constituent groups. Although some constituents 
exceeded the initial screening benchmarks based on conservative no-effect thresholds (i.e., with level of 
ecological protection consistent with modern water quality guideline derivations), no constituents 
exceeded low-effect benchmarks. This finding, in combination with the overall conservatism of the 
modelling (i.e., range of climate scenarios and cases evaluated) and other assumptions (e.g., metals 
assumed to be present in most toxic form) indicates acceptable conditions of aquatic health for all three 
pit lakes.  

The fish and fish habitat assessment for the Integrated Plan Amendment identified and assessed the 
potential valid linkages associated with the proposed changes to the approved FHOSP in terms of 
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changes to fish and fish habitat within or adjacent to the Extension Areas in the Amended Project Area, 
as well as in the revised closure landscape. The assessment identified some minor incremental changes 
to the fish and fish habitat conclusions relative to the approved FHOSP. However, a review of those 
potential changes, with consideration of fisheries habitat already developed as part of the FHOSP, 
indicates that, pending discussions with Fisheries and Oceans Canada (DFO), the constructed and 
currently functioning compensation habitats in the No Net Loss Lake should be sufficient to offset losses 
in productive fish habitats from development of the Integrated Plan Amendment. Further discussion 
with DFO will be required to support development and assessment of potential mitigation measures for 
the NNLL at closure.  

Terrestrial Resources 

The expansion of the development footprint will result in additional disturbances to terrestrial 
resources. However, with application of currently approved mitigation and monitoring, the prediction of 
incremental and cumulative effects on Terrestrial Resources in association with the FHOSP remains valid 
for the IPA. 

Historic Resources and Traditional Land Use 

A historical resources impact assessment will be completed in footprint Extension Areas before 
implementation of the IPA. No residual effects on historic resources are anticipated provided all 
Historical Resources Act requirements are addressed before IPA implementation.  

The IPA will not change the effects on traditional land use that have been identified in past FHOSP 
assessments, with effects to occur on new footprint areas expected to be consistent with the nature and 
scope of previously assessed effects. With no predicted changes to noise and TSP deposition in 
association with the IPA, as described in the noise and air sections, no changes are expected to their 
associated effects on traditional land use. 

Human Health 

The environmental assessment also considered potential effects of the IPA to human health. Overall, the 
major findings of the assessment found that the contribution of the chemical emissions from the IPA to 
the cumulative short-term and long-term exposures (acute and chronic) was typically negligible. In most 
instances, the potential health risks remained unchanged between the assessment cases signifying that 
the IPA will have little, if any, effect on the Application Case health risks. 

With very few exceptions, the predicted ground-level air concentrations of the compounds of interest 
(except PM2.5) were below their corresponding regulatory guideline in the community of Fort McKay, 
indicating a low health risk. For PM2.5, predicted ground-level air concentrations in the community of 
Fort McKay are consistent between the Baseline Case and Application Case 1, and decrease slightly 
under Application Case 2 because of lower mine fleet exhaust and road dust emissions that are spread 
out over a larger area. The predicted annual PM2.5 concentrations in populated areas are below the 
range at which adverse population-level effects would be expected.  

All chemicals, except for manganese, were below their health-based drinking water quality guidelines. 
Because the manganese guideline is based on an improbable exposure scenario, the health risks 
associated with the predicted water concentrations for the initial and far future timeframes are 
predicted to be low.  

1.11. Summary of Requested Amendments 
A summary of the requested amendments is outlined in Table 1-3. 
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Table 1-3: Summary of Requested Amended Conditions 
Condition/ 

Section Description Request and Supporting Rationale 

OSCA Commercial Scheme Approval 9241I 

14 to 19 

The Operator shall conduct a demonstration 
(a) to test the performance of phase 1 of the Passive Aquatic 
Storage System (PASS) technology in a deep, in-pit deposit; and 
(b) to identify any constraints or limitations to establishing a self-
sustaining locally common terrestrial boreal forest ecosystem 

Removal of all conditions relating to 
demonstration of PASS for terrestrial 
closure outcome. FHEC requests 
authorization of commercial use of 
PASS FT treatment process with an 
aquatic closure outcome as proposed 
in the updated TMP. 

20 

The Operator shall provide by September 30, 2023, or such other 
date as the AER may stipulate in writing, a plan for the feasible 
alternative technologies to PASS technology including an 
implementation plan, that addresses the application 
requirements specified in Directive 085: Fluid Tailings 
Management for Oil Sands Mining Projects, as amended or 
replaced (hereinafter called Directive 085). 

Removal of the condition. The feasible 
alternate technology and 
implementation plan is provided within 
the updated TMP in Section 3. 

36 to 38 

(a) Subject to clause (b), the Operator shall provide by September 
30, 2026 or within 24 months of commencement of the pilot, 
whichever date occurs first, an application for an updated tailings 
management plan.  
(b) Notwithstanding the submission dates referred to in clause (a), 
the AER may stipulate the date on which the Operator must 
provide the plan referred to in clause (a). 

Removal of all related conditions. The 
required updated TMP is provided in 
Section 3 herein and meets all of the 
criteria outlined in Condition 37. 

40 

With the exception of the demonstration referred to in clause 14, 
the Operator shall not conduct phase 1 activities as identified in 
Application No. 1881219 unless an approval amendment is 
granted by the AER. 

Removal of the condition. FHEC 
requests approval of commercial use of 
PASS process to treat the FT. The 
updated TMP is provided in Section 3. 

41 
The Operator shall not conduct phase 2, 3, or 4 activities in DDA 
as identified in Application No. 1881219 unless an approval 
amendment is granted by the AER. 

Removal of the condition. FHEC 
requests approval of commercial use of 
PASS process to treat the FT provide in 
Section 3 

EPEA Approval No. 151469-01-00 (As amended) 

1.1.2 (eee.2) “OPTA East Stage 2” means Out-of-Pit Tailings Area as described 
in the application 010-151469 

Removal of the subsection. OPTA East 
Stage 2 has been removed from the 
TMP. Details provided in Section 1 

3.7.2 
The approval holder shall construct the OPTA East Stage 1 and 
Stage 2 as described in the application no. 010-151469, unless 
otherwise authorized in writing by the Director 

Remove reference to OPTA East 
Stage 2 as this tailings area is no longer 
part of the TMP. Details provided in 
Sections 1 and 2. 

3.7.3 to 
3.7.15 

The approval holder shall conduct a demonstration 
(a) to test the performance of phase 1 of the Passive Aquatic 
Storage System (PASS) technology in a deep, in-pit deposit; and  
(b) to identify any constraints or limitations to establishing a self-
sustaining locally common terrestrial boreal forest ecosystem 

Remove all conditions regarding 
demonstration of PASS for terrestrial 
closure outcome and submissions of 
plans including terrestrial capping. 
FHEC requests approval of commercial 
use of PASS for aquatic closure 
outcome. Details provided in Section 3. 
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Table 1-3: Summary of Requested Amended Conditions 
Condition/ 

Section Description Request and Supporting Rationale 

4.1.39 

In the event that the combined emission rate of oxides of 
nitrogen from all sources (including stationary sources and mine 
mobile equipment) at the plant is higher than an average of 20.5 
tonnes per day for any calendar year, the approval holder shall 
submit a report which shall include 

Increase the oxides of nitrogen (NOX) 
emission rate in Condition 4.1.39, 
Condition 4.1.39 (b) and (d) from an 
annual average of 20.5 tonnes per day 
to an annual average of 28.7 tonnes 
per day. Details provided in volume 2 
Section 2. 

New 
condition 
under 
Section 4.1 
Air 

Site-wide sulphur dioxide (SO2) emission limit 

Add a new clause under Condition 4.1 
setting a site-wide sulphur dioxide 
(SO2) emission limit of 2.0 tonnes per 
day on an annual average. Details 
provided in Volume 2 Section 2. 

4.2.3 The approval holder shall manage the industrial wastewater and 
industrial runoff in the following manners 

As described in Section 4, add new 
outfall locations as per conceptual 
surface water management plan.  

4.7.9 

"The approval holder shall only use the following chemicals for 
treatment of any fluid tailings or in fluid or treated tailings 
deposits in this approval: 
(a) the flocculants identified in application 010-151469; and 
(b) the coagulant identified in application 010-151469; 
unless written authorization or approval amendment is obtained 
from the Director" 

Align the references with those 
included in the IPA.  
Chemical names are listed in Volume 1, 
Tailings Management Section 3.3.8.2. 

7.3.9 

The approval holder shall place a minimum average depth of 0.5 
m (50 cm) of cover soil and subsoil combined on all areas 
reclaimed to upland ecosystems, unless otherwise authorized in 
writing by the Director 

Revise Condition 7.3.9 - minimum 
average depth of cover soil and subsoil 
combined from 0.5 m to 0.2 m. Details 
provided in Appendix A 

Water Act Approval 151636-01 (as amended) 

1.1 (c) 

“Fenceline” means the area described as the Proposed Water Act 
Fenceline identified on Plan No. 00151636-P006, with the 
exception of the ‘No Surface Access Zone’ of the MLWC as 
delineated in Appendix 5 of the IRP; and also includes the area 
described as the Revised Portion of Fenceline identified on Plan 
No. 00151636-P007, as amended; 

Incorporate extension areas into the 
Water Act Fenceline as per the 
Amended Project Area shown in  
Figure 1-1. 

3.0 

This Approval is appurtenant to the lands set out in the plans 
noted in condition 3.1 as No. 00151636-P006 and No. 00151636-
P007; hereafter called the “Fenceline” plan, subject to obtaining 
the appropriate right of entry. 

Incorporate extension areas into the 
Water Act Fenceline as per the 
Amended Project Area shown in  
Figure 1-1.  

Water Act Licence 190012-01 (as amended) 

1.1 (d) 

“Fenceline” means the area described as the Proposed Water Act 
Fenceline identified on Plan No. 00151636-P006, with the 
exception of the ‘No Surface Access Zone’ of the McClelland Lake 
Wetland Complex as delineated in Appendix 5 of the Fort 
McMurray – Athabasca Oil Sands Subregional Integrated 
Resources Plan, as amended; and also includes the area described 
as the Revised Portion of Fenceline identified on Plan No. 
00151636-P007, as amended; 

Incorporate extension areas into the 
Water Act Fenceline as per the 
Amended Project Area shown in  
Figure 1-1. 
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Table 1-3: Summary of Requested Amended Conditions 
Condition/ 

Section Description Request and Supporting Rationale 

3.0 

This licence is appurtenant to the lands set out in the plans noted 
in condition 3.1 as No. 00151636-P006 and No. 00151636-P007; 
hereafter called the “Fenceline” plan, subject to obtaining the 
appropriate right of entry. 

Incorporation of extension areas into 
the Water Act Fenceline as per the 
Amended Project Area shown in  
Figure 1-1.  

Notes: 
cm = centimetres; m = metres; m3 = cubic metres; AER = Alberta Energy Regulator; DDA = dedicated disposal areas;  
EPEA = Environmental Protection and Enhancement Act; FHEC = Fort Hills Energy Corporation; FHOSP = Fort Hills Oil Sands 
Project; FT = Fluid Tailings; IPA = Fort Hills Operations Integrated Plan Amendment; MLWC OP = McClelland Lake Wetland 
Complex Operational Plan; NOX = oxides of nitrogen; OPTA = Out-of-Pit Tailings Area; OSCA = Oil Sands Conservation Act; SO2 = 
sulphur dioxide; TMP = tailings management plan. 

1.12. Submission Requirements and Concordance  
The IPA is made in accordance with section 13 of the Oil Sands Conservation Act and the content follows 
the relevant sections of the Environmental Protection and Enhancement Act Guide to Content for Energy 
Project Applications (AER 2014), and Draft Directive 023: Oil Sands Project Applications (ERCB 2013). The 
IPA tailings management plan follows the requirements of Directive 085: Fluid Tailings Management for 
Oil Sands Mining Projects (AER 2017), and the updated Life of Mine Closure Plan complies with the 
requirements of the Specified Enactive Direction 003: Direction for Conservation and Reclamation 
Submissions under an Environmental Protection and Enhancement Approval for Mineable Oil Sands 
Sites (AER 2018).  

To facilitate the review of this application and EA, concordance tables have been prepared (Appendix B) 
to provide concordance between the IPA, the AER Guide to Content for Energy Project Applications, 
Draft Directive 023, Directive 085, and the SED003. 
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2. MINE PLANNING AND DESIGN 

2.1. Introduction  
Fort Hills Energy Corporation (FHEC) is proposing to amend the Fort Hills Oil Sands Project (FHOSP) mine 
plan to address key changes to the mine limits, external dump location, tailings management, and 
closure planning. The mine life is projected to be approximately 42 years, with planned end-of-mine-life 
(EOML) in 2063. Pre-stripping or reclamation materials, mining of overburden, construction of Out-of-Pit 
Tailings Area (OPTA) and OPTA East Stage 1, and bitumen production are ongoing. Bitumen production 
commenced in the 4th Quarter of 2017. The FHOSP will continue to use proven truck and shovel mining 
methods to excavate and transport overburden, interburden, and ore. The South Pit was the first pit 
commissioned, with start-up in 2017, providing ore to the process plant through 2024. Development of 
the Centre Pit will commence with overburden and ore mining in 2022. The planned production rate, 
plant site, production method, and mining fleet remain unchanged. 

The plan supports a production rate of 190,000 barrels of bitumen per calendar day (bbl/cd). The mine 
plan presented below is consistent with the tailings plan (Section 3), the water management plan 
(Section 4), and the Life of Mine Closure Plan (LMCP; Appendix A).  

In February 2017, FHOSP submitted the 2017 Fort Hills Mine Amendment Application (FHMA; FHEC 
2017a), which was subsequently reviewed by the Alberta Energy Regulator (AER) and resulted in an 
amended Oil Sands Conservation Act (OSCA) Scheme Approval for FHOSP (OSCA Scheme Approval 
No. 9241I) that authorized the mine plan as presented in 2017 (hereafter referred to as the Approved 
Mine Plan) and shown in Figure 2-1. The Approved Mine Plan included pit design modifications, an 
updated mining sequence, project footprint modification, a Directive 085 (AER 2017) compliant tailings 
scheme, Devonian inflow mitigation strategy, and an overall recoverable resource of approximately 
3.1 billion barrels (Bbbls) of bitumen. 

The integrated mine, tailings, reclamation, and closure plan presented in this Application is referred to 
as the Integrated Plan Amendment (IPA) and includes changes to the mining areas to reduce the risks 
associated with tailings management and external waste placement, and to improve closure outcomes.  

Changes from the Approved Mine Plan within the IPA include: 

● Replacement of the previous Mine Dump North with the North External Dump (NED). The NED 
has been placed outside of the existing OSCA and Water Act boundaries and outside of the 
McClelland Lake watershed, based on Indigenous community feedback, via the Sustainability 
Committee, because of concerns about the potential impact of the NED on the watershed. 

● Extending the development area east to accommodate an infrastructure corridor required to 
support the McClelland Lake Wetland Complex (MLWC) Operational Plan (OP), as well as 
placement of a reclamation material storage (RMS). 

● Elimination of OPTA East Stage 2 following constructability assessment and replacement with 
the South Pit Tailings Area (SPTA) in the north end of South Pit. Potential uses for the area to the 
south of OPTA East Stage 1 include additional buttressing for OPTA and/or OPTA East Stage 1, 
laydown or sand farming. 

● Addition of a second Dedicated Disposal Area (DDA) in Centre Pit to provide the necessary 
containment and FT treatment through the EOML. 
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The Approved Mine Plan layout (FHEC 2017a) and the IPA Mine Plan layout are illustrated in Figure 2-1 
and Figure 2-2, respectively. The major activities of the IPA mine plan to EOML are summarized in  
Table 2-1. As illustrated, mining and tailings activities are staged to be decoupled and not share the 
same space at the same time, wherever possible. 

Table 2-1: Overall Integrated Mine and Tailings Activity Schedule 
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Treated FT Deposition 
Reclamation 

Notes:  
FT = Fluid tailings; OPTA = Out-of-Pit Tailings Area; TSRU = Tailings Solvent Recovery Unit. 
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2.1.1. Application of Guiding Principles 
The features of the mine plan as they relate to the guiding principles for the IPA are summarized as 
follows: 

● Establish outcomes that consider the feedback of Indigenous communities and stakeholders on 
previous plans:  

- Mine the portion of the MLWC that is within the pit limits far enough into the mine life to 
allow the development of a robust MLWC management strategy, but early enough so that 
MLWC reclamation and closure progress can be monitored and addressed as might be 
needed before the EOML. 

● Establish a stable closure landscape integrated into the regional ecosystem: 

- Sequence mining and backfilling strategically to make sure in-pit landforms created by 
mining and tailings comply with the reclamation and drainage strategy for closure.  

- In-pit storage for the treated tailings deposits. 

- Reduce the environmental impact on disturbed areas by managing the footprint of the 
external waste dumps. 

● Facilitate progressive reclamation by integrating mine, tailings, and reclamation planning to 
make sure land is reclaimed permanently as early as practicable: 

- Manage life-cycle costs and net environmental impacts. 

- Establish a safe and cost effective mine plan and schedule that supports bitumen 
production of 190 thousand bbl/cd. 

- Sequence mining and backfilling strategically to reduce the risk of Devonian water inflows. 

- Design and sequence the mine to reduce the ingress of saline basal water and its 
associated risks. 

- Sequence mining and backfilling strategically so that there is enough in-pit space for 
tailings containment. Decoupling of mining and tailings activity and integration of the pit 
design with the fluid tailings storage requirements (SDDA and CDDA) removes competition 
for containment capacity and facilitates future flexibility. 

2.2. Geology 
FHEC has conducted exploration and production drilling across the FHOSP footprint since 2015 to 
support operational mine planning and further understanding of resource characteristics and extents. 
The interpretation of the regional geology in this IPA remains consistent with what was reported in prior 
applications even with consideration of the information collected during the additional drilling 
operations. 

2.2.1. Drilling Status  
The existing core hole distribution for FHOSP is shown in Figure 2-3.  

FHEC will continue with winter coring programs on a yearly basis so that there is adequate information 
to support mine planning and to meet the requirements of AER Directive 082 (AER 2016a).  
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Oil sand delineation coring is performed annually for several reasons including: 

● Increasing the drill density to production spacing within the 4-year operating window. 

● Legacy well replacement for more complete analytical and geophysical data. 

● Exploration to confirm pit boundaries and condemnation areas. 

● Increasing the drill density to improve reserve certainty. 

Future drilling programs at FHOSP will focus primarily on increasing drill density to achieve production 
spacing within Centre and North Pit. Further exploration drilling in North Pit will focus on achieving  
350 m spacing to improve reserve certainty, further definition of ore quality characteristics, and refine 
pit limits, where applicable. 

As per the conditions of the Water Act Approval No. 151636-01-00 for the FHOSP, FHEC is required to 
maintain ecosystem diversity and function of the non-mined portion of the McClelland Lake fen during 
operation and reclamation of the FHOSP. Two years before mine pit preparations in the watershed, 
FHEC is required to have an Operational Plan in place to demonstrate how the non-mined portion of the 
fen will be maintained during the operation and reclamation of the FHOSP. To support the development 
of the OP, additional drilling of the McClelland Lake watershed is planned to improve interpretation of 
the geology and hydrogeology of the area and refine geotechnical and hydrological design criteria for 
water management design features. 

All future drilling at FHOSP will have a complete suite of wireline logs (gamma ray, resistivity, porosity, 
sonic, density, diameter) in concert with a full suite of core analysis (dean stark, particle size distribution 
[PSD], methylene blue indicator [MBI], soluble ions [SI]). Further details regarding upcoming drilling 
plans will be communicated annually to AER through Oil Sands Conservation Rules (OSCR) Section 30 
Annual Mine Plan Submissions. Wells drilled at the FHOSP will be licenced, if required, in accordance 
with Section 4 of the OSCR, which provides an exhaustive list of licensing requirements that oil sands 
operators must comply with at an approved oil sands mine, notwithstanding any potential discrepancies 
with AER Directive 56. 

2.2.2. Modelling 
The existing geological interpretation and modelling methodology has not materially changed from prior 
applications. The detailed geological block model is updated yearly to incorporate geological 
information and analytical data collected from drilling programs. Ore/Waste discrimination is run on the 
model to classify blocks as either “ore” or “waste”. Criteria for determining ore and waste is based on 
AER Directive 082, where columns of blocks must be a minimum of 3 metres (m) thick and have a 
minimum bitumen grade of 7 weight percent (wt%) to be considered “ore”. The distribution of core 
holes included in the 2020 geological model is shown in Figure 2-3. The geological model is then 
converted to a mining model which becomes the basis for pit design and mine planning.   

Increase in average fines (2017 geologic model vs. 2020 geological model) from 19.2% to 22.5% requires 
a fines management initiative that combines a specific North Pit mining sequence with fines avoidance 
by selective mining in Centre Pit. An 8% bitumen cutoff is applied to the Centre Pit footprint. North Pit 
and South Pit maintain a 7% bitumen cutoff. The Centre Pit constraint removes 20 Million barrels (Mbbl) 
by converting 50 million tonnes (Mt) of ore with 7.2% bitumen and 37.7% fines to waste in the 16 to 1 
pit shell. The pit with the removed resource exceeds the barrel quantity in the 12 to 1 Total Volume 
Removed/Bitumen in Place (TV/BIP) cutoff required by Directive 082 (AER 2016). 
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2.3. Mine Overview 

2.3.1. Pit Design and Progression 
The FHOSP deposit is separated into three mine pits: South Pit, Centre Pit and North Pit, as shown in 
Figure 2-4. The TV/BIP map for the Amended Project Area is shown in Figure 2-5. The outlines provided 
in this section reflect mining of the in-situ pillar between the Centre Pit and North Pit that was excluded 
from mining in the FHMA (FHEC 2017a). The pillar exceeds the 12:1 TV/BIP mineable resource criteria 
and would have created an in-situ dam that would cause resource sterilization and require buttress 
construction that would consume tailings space. Naming conventions are consistent with the Approved 
Mine Plan to maintain consistency for development projects.  South Pit has a variable 12:1 to 16:1 
TV/BIP. The Centre and North Pits reflect larger pit shells relative to the Approved Mine Plan due to 
application of a 16:1 TV/BIP cutoff. 

 

  



OPTA

Moose Dump

Plant

North
External

Dump

A
T

H
A

B
A

S
C

A

R

I

V

E

R

460000 465000 470000 475000

63
55

00
0

63
60

00
0

63
65

00
0

63
70

00
0

63
75

00
0

R9R10R11

T9
6

T9
7

T9
8

³

LEGEND
1 0 1 2 3 4

Kilometers

Pa
th
: \
\fi
le
08

4\
co

rp
\g
is
\P

ro
je
ct
s\
G
IS

07
00

s\
G
IS

07
84

_F
H
_I
nt
eg

ra
te
d_

Pl
an

_A
m
en

dm
en

t\F
ig
2_

4_
IP

A_
M
in
e_

Pi
ts
_O

ve
rv
ie
w.

m
xd

DESIGN

GIS

REVIEW

APPD

EC

JA

  

  

21-JUN-2021

21-JUN-2021

21-JUN-2021

21-JUN-2021

Figure 2-4

NAD83 UTM Z12N

REV:     0

TITLE:

PROJECT:

EC

SCALE:

DC

1:72,000

DATUM / PRJ:

MINE PITS OVERVIEW

FORT HILLS INTEGRATED PLAN AMENDMENT

Centre
Pit

South
Pit

North
Pit

Contour Elevation Interval (5m)
Pit Toe
Pit Crest
Fen Boundary
Watershed Boundary
Amended Project 

OPTA
OPP

OPTA East Stage 1
OPP

OPTA East Stage 1

Area
Stockpiles
External Dumps
Non-Mined Portion of MLWC
Approved Project Area 
Out of Pit Tailings Area
Ore Preparation Plant



No Net LossLake (NNLL)

Demo
Pit

OPTA

River
WaterIntake

Moose Dump

Plant
Site

North
External

Dump

A
T

H
A

B
A

S
C

A

R

I

V

E

R

460000 465000 470000 475000

63
55

00
0

63
60

00
0

63
65

00
0

63
70

00
0

63
75

00
0

R9R10R11

T9
6

T9
7

T9
8

³

LEGEND
1 0 1 2 3 4

Kilometers

Pa
th
: \
\fi
le
08

4\
co

rp
\g
is
\P

ro
je
ct
s\
G
IS

07
00

s\
G
IS

07
84

_F
H
_I
nt
eg

ra
te
d_

Pl
an

_A
m
en

dm
en

t\F
ig
2_

5_
TV

Bi
P.
m
xd

DESIGN

GIS

REVIEW

APPD

EC

JA

  

  

21-JUN-2021

21-JUN-2021

21-JUN-2021

21-JUN-2021

Figure 2-5

NAD83 UTM Z12N

REV:     0

TITLE:

PROJECT:

EC

SCALE:

DC

1:72,000

DATUM / PRJ:

<2 2-4 4-6 6-8 8-1
0

10
-12

12
-14

14
-16

16
-18

18
-2

TV:BIP FORT HILLS INTEGRATED PLAN AMENDMENT
Approved Project Area

   TV:BIP CONTOURS 
FOR  THE FORT HILLS  
     PROJECT AREA

OPTA  Out of Pit Tailings Area
OPP    Ore Preparation Plant

OPTA East Stage 1
OPP

OPTA East Stage 1

Contour Elevation Interval (5m)
Pit Toe
Pit Crest
Amended Project Area
Non-Mined Portion of MLWC



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

32 | Page 

2.3.1.1. South Pit 

The South Pit boundaries (Figure 2-6) are set by: 

● The OPTA design and a nominal 12:1 TV/BIP on its east side. The OPTA toe alignment and 
sterilization of two small pockets of 12:1 TV:BIP resource were approved by the Energy and 
Resource Conservation Board (ERCB; now AER) as part of the OSCA Scheme Approval No. 9241E. 

● The lease boundary and in-situ pillar between FHOSP South Pit and the Syncrude Canada Ltd. 
(Syncrude) Aurora North Centre Pit on its south.  

● 12:1 TV/BIP and ore processing facilities to its north. 

The west toe (and associated highwall) is set at 100 m east of the saline basal aquifer zero edge. The 
South Pit was the first developed pit for commissioning and start-up in 2017 and will continue to provide 
ore through 2024. The mine advances towards the south establishing final highwalls on both the east 
and west sides of the pit by 2022. Mining then proceeds to the northwest until the pit is complete in 
2024. Transition of overburden mining activity to the Centre Pit begins in 2022. 

Primary haul roads and ramps are incorporated within the east and west highwall designs. Ore haulage 
is primarily up the west highwall going north toward the Ore Preparation Plant (OPP) and waste haulage 
to OPTA occurs up the east highwall to reduce interaction and congestion. The South Pit development 
plan was premised on release of quality construction materials for pre-production OPTA, start-up ore 
quality for production, construction haul distances and strip ratio for the initial years of operation. SDDA 
will receive the first in-pit treated tailings deposition using the Permanent Aquatic Storage Structure 
(PASS) technology. South Pit will also contain the South Pit Tailings Area (SPTA), which will be an in-pit 
sand dump with tailings deposition. 

Key considerations while mining the South Pit include: 

● Saline basal water management – The South Pit mine advance is constructed in accordance with 
the saline basal water management strategy (as described in Volume 1, Section 2 in FHEC 
2017a).  

● Devonian inflow mining and backfill strategy –The Devonian inflow mitigation strategy is fully 
integrated into the South Pit development and backfill plan (as described in Volume 1, 
Section 3.5 in FHEC 2017a). 

● In-situ pillar development – The south in-situ pillar with Syncrude’s Aurora North Mine pit will 
separate Syncrude’s tailings deposit from the SDDA in South Pit. 

● OPTA construction – The OPTA construction plan and geotechnical design is aligned with the 
South Pit development plan and material balance.  

The South Pit development sequence is included in Appendix D. 
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2.3.1.2. Centre Pit 

The Centre Pit boundaries (Figure 2-7) are set by: 

● TV:BIP ratio of 16:1  

● Currently approved pit limits by 2017 FHMA and associated OSCA Scheme Approval 9241G 
authorization.  

Centre Pit as shown Figure 2-7 will provide approximately 223 Mbbls with an average diluted bitumen 
grade of 10.8% and diluted fines of 21.5%. Development activities will continue in preparation for 
commencement of overburden mining in Centre Pit starting in 2022. Ore is mined from the pit from 
2022 through 2026.  

Initially, waste hauls from Centre Pit include hauling to the Moose Dump, Fort Hills Aurora Pillar and 
South Pit in-pit placement. An overpass system will be commissioned to facilitate mine haulage from the 
Centre and North Pits across the main access and utility corridor to the extraction facility. The OPP 
access road starts as a road and jump ramp down into the advancing mine and then transitions to an 
east highwall ramp and a west highwall ramp. A primary waste haul road will be established in 2025 to 
take waste to the NED. An ore haulage road network will be established to the OPP access at the south 
Centre Pit highwall.  

The primary mine consideration while mining the Centre Pit is: 

● Ore Quality – Pit wall design changes are influenced by thicker Quaternary sands overburden 
bands. High strip ratio on the east side of Centre Pit and thin, high fines content ore bands may 
require additional mining efforts towards ore-waste discrimination and sterilization of marginal 
quality ore. 

The Centre Pit development sequence is included in Appendix D. 
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2.3.1.3. North Pit 

The North Pit boundaries (Figure 2-7) are set by: 

● The plan selectively mines high TV/BIP areas (>12:1). Expanded drilling in the North Pit area 
from 2017 to 2020 resulted in an adjustment to the pit limit and replacement of the previous 
Mine Dump North (FHEC 2017a) with a larger NED in the North Extension Area. There are 14 
core holes in proximity to the North Extension Area, as shown in Figure 2-3, in what was 
previously the dump area in the 2017 FHMA.  

● Power lines, plant site and haul roads on the south side. 

● Offset from the non-mined portion of the MLWC watershed on the east side.  

North Pit will produce approximately 2.5 Bbbls with an average diluted bitumen grade of 11.6% and 
17.5% diluted fines. The North Pit has pit development activities starting in 2023 with tree clearing, 
ditching, and reclamation material stripping in 2024 and overburden mining starting at the end of 2025. 
Ore is mined from the pit from 2026 through 2063. Ore haulage for the first 20 years from the North Pit 
is comprised of a series of primary feeder roads that ramp up the two in-situ pillars in the North Pit to a 
main truck road along the south highwall running toward the OPP. After 2055, as the mine reaches its 
northern extent, the main ore haul route will come up the west pit highwall adjacent to the Athabasca 
River, south toward the OPP. Waste haulage to the NED commences in 2025, with tree clearing 
beginning in 2022, initially outside of the North Extension Area. 

The primary mine considerations while mining the North Pit include: 

● McClelland Lake watershed – The mine plan strategy for development inside this watershed 
provides sufficient time for development and implementation of the required OP approvals. 
Mining activity advances out of the McClelland Lake area sufficiently early enough in the 
operational period to validate mitigation plans for long-term waste in-pit dump settlement and 
surface water flow patterns associated with closure in this part of the mine before the EOML. 

● NED location and associated long waste hauls. 

The North Pit development sequence is included Appendix D. 
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2.3.1.4. Mine Planning Parameters 

Material and design parameters used in mine planning are summarized in Table 2-2. 

Table 2-2: Mine Planning Material and Design Parameters 

Material Properties 

Ore SG Variable – based on bitumen, mineral and water content, approximately 
average 2.1 t/m3 

Bitumen SG 1.0 t/m3 

Waste (dump) 
SG 2.1 t/m3 

Swell 15% 

Waste (structural) 
SG 2.1 t/m3 

Swell 0% for compacted material 

Reclamation Material 
SG 1.0 to 1.8 t/m3 

Swell 30% 

Mining 

Bench Height (ore and 
waste) 3 to 18 m 

Working Face Width 100 m minimum, 200 m preferred 

Max Road on Bench 
Gradient 5% 

Roads 

Running Width 40 m 

Safety Berms Height 3 m 

Max Ramp Gradient 5% 

Notes:  
m = metres; t/m3= tonnes per cubic metres; SG = specific gravity; % = percent. 

2.3.2. Recoverable Resource Summary 
The IPA mine plan recovers 2.9 Bbbl of paraffinic bitumen through the mine life, a significant increase 
from the initial 12:1 TV/BIP FHOSP approval, as shown in Table 2-3. 

Table 2-3: Overall Recoverable Resource Summary 

Plan Pit Design Basis Recoverable Bitumen 

2002 Application 12:1 TV/BIP 2.2 Bbbl 

2010 Mine Amendment 12:1 to 16:1 TV/BIP variable 3.4 Bbbl 

2017 FHMA (Approved Mine 
Plan) 

South Pit to Isolate Basal, North/Centre Pits 12:1 to 16:1 
TV/BIP variable 3.1 Bbbl 

IPA  South Pit Variable TV/BIP, Centre and North Pit >12:1 
TV/BIP (2021-2063) 2.9 Bbbl 

Notes:  
FHMA = Fort Hills Mine Amendment; IPA = Integrated Plan Amendment; TV/BIP = total volume removed to bitumen in place.   
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2.4. Production Plan and Material Balances 
The IPA mine plan and Approved mine plan (2017 FHMA) have similar pit limits with the exception of a 
few areas that show up in the values in the production profile. The South Pit is variable TV/BIP with the 
changes in the northwest, the Centre and North Pit follow 16:1 TV/BIP. The mining through a pillar 
between Centre and North pit present higher Fines content 2023-2025 relatives to the Approved mine 
plan. This results in higher Life of Mine fines content and a slight reduction in the bitumen content. The 
mining cut-off modification as well as mining between Centre Pit and North Pit, and three additional 
mine areas on the north side of North Pit result in an increase in waste tonnes in the IPA mine plan 
compared to the Approved mine plan, taking into consideration actuals mined from 2017 to 2021. Ore 
tonnage and annual production rates are similar between the IPA plan and the Approved mine plan. The 
overall FHOSP production plan is included in Table 2-4. 

Table 2-4: Life of Mine Production Profile 

Period 
Ore Tonnage Waste Tonnage Total Tonnage Bitumen Content Fines Content Annual 

Production 

(MT) (MT) (MT) (wt%) (%) (Mbbl) 

2021 112 152 264 11.4 15.9 69 

2022 115 152 267 11.1 19.6 69 

2023 119 163 282 10.6 22.4 69 

2024 117 206 323 10.9 20.2 68 

2025 117 240 357 10.9 21.8 69 

2026 116 241 358 10.9 20.9 69 

2027 116 237 353 11.0 19.6 69 

2028 115 234 349 10.9 20.9 69 

2029 119 229 348 10.7 23.0 69 

2030 115 219 334 11.0 21.8 69 

2031-35 551 982 1,533 11.5 19.0 347 

2036-40 539 1,050 1,589 11.7 16.7 347 

2041-45 540 1,065 1,605 11.7 15.5 347 

2046-50 524 949 1,473 12.0 15.0 347 

2051-55 557 945 1,502 11.5 18.7 347 

2056-60 549 965 1,514 11.6 17.4 347 

2061-63 220 576 796 11.9 16.5 130 

Total 4,641 8,607 13,247 11.5 17.9 2,902 

Notes:  
Mbbl = million barrels; MT = million tonnes; wt% = percent weight. 

Extraction recovery averages approximately 87% over the life of FHOSP. 

The IPA structures and their construction timing are provided in Table 2-5. As noted in Section 3, OPTA 
East Stage 1 consists of only one stage versus the two stages from the FHMA (FHEC 2017a). The area to 
the south of OPTA East Stage 1 potential uses include buttress for OPTA and OPTA East Stage 1, laydown 
area or sand farming area.  
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Table 2-5: Construction Dates for Overburden Structures  

Structure Name Construction Start Construction End 

OPTA Started 2026 

OPTA East Stage 1 Started 2026 

South External Dump (Moose Dump) Started 2024 

South In-Pit Dump  Started 2027 

Centre/North In-Pit Dump  2023 2063 

NED 2025 2045 

Notes:  
NED = North External Dump; OPTA = Out-of-Pit Tailings Area. 

The noticeable difference between the IPA mine plan and the Approved mine plan for waste placement 
are in the external facilities. The capacity of North External dump has increased 200 MT and the South 
External Dump (Moose Dump), located west of South Pit, is an addition to the plan. Both plans present 
similar requirements for OPTA and OPTA East Stage 1, but OPTA East Stage 2 is removed from the plan 
as reflected in the quantities shown in the table. The IPA mine plan shows a longer timeframe of 
construction for the OPTA facilities compared to the Approved mine plan. Other notable differences, the 
IPA mine plan has more spec material placed in pit in Centre and North pits, and three times larger 
requirement for roads and buttresses. The overall FHOSP waste material balance is included in  
Table 2-6. 
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Table 2-6: Mine Waste Material Balance 

Period Days in 
Period 

Waste 
Tonnage 

OPTA/OPTA 
East Stage 1 

Spec 

OPTA/OPTA 
East Stage 1 

Waste 

South 
Pit 

Spec 

South 
Pit 

Waste 

Centre/ 
North Pit  

Spec 

Centre/ 
North Pit 

Waste 

North 
External  

Dump 

Moose 
Dump Roads, Buttress 

(MT) (MT) (MT) (MT) (MT) (MT) (MT) (MT) (MT) (MT) 
2021 365 152 13 22 15 46 0 0 0 31 26 

2022 365 152 10 17 19 65 0 0 0 24 17 

2023 365 163 7 26 19 29 2 0 0 70 10 

2024 366 206 6 25 11 71 23 13 0 42 17 

2025 365 240 4 18 1 68 31 41 47 0 30 

2026 365 241 2 0 2 2 39 69 115 0 12 

2027 365 237 0 0 2 1 42 66 114 0 12 

2028 366 234 0 0 0 0 87 70 65 0 12 

2029 365 229 0 0 0 0 47 63 107 0 12 

2030 365 219 0 0 0 0 57 93 56 0 13 

2031-35 1,826 982 0 0 0 0 255 347 232 0 148 

2036-40 1,827 1,050 0 0 0 0 151 295 504 0 100 

2041-45 1,826 1,065 0 0 0 0 149 814 36 0 66 

2046-50 1,826 949 0 0 0 0 108 781 0 0 60 

2051-55 1,826 945 0 0 0 0 108 777 0 0 60 

2056-60 1,827 965 0 0 0 0 119 803 0 0 44 

2061-65 789 576 0 0 0 0 71 478 0 0 26 

Total 15,399 8,607 42 107 68 282 1,290 4,711 1,275 167 665 

Notes:  
1. Includes 2.5% plant rejects. 2. “Spec” material refers to material used for geotechnical structure construction. 3. Table values represent mined materials and do not include tailings sand 

construction. 
OPTA = Out-of-Pit Tailings Area; MT = million tonnes. 
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Status maps representing the mine and tailings advance through the life of the FHOSP are included in 
Appendix D. 

2.5. Devonian Inflow Mitigation Strategy  
The Devonian inflow mitigation strategy describes how mining will be managed in areas where there is a 
risk of Devonian Inflow. The strategy includes monitoring to assess the level of risk based on pressures 
and pit depth. 

Mining strategies for FHOSP have been developed both to reduce Devonian water seepage into the pit 
and for long-term management of Devonian water volumes. To achieve this objective, the following 
elements have been developed:   

● standards and procedures that outline monitoring and mining techniques as the mine deepens  

● a monitoring network of wells that are screened or perforated across the Prairie Evaporite 
Formation and/or parts of the Keg River Formation that provide near real time pressure 
observations to FHOSP  

● no active depressurization of the Prairie Evaporite Formation or Keg River Formation because of 
access handling volumes and risk of further dissolution of halites and anhydrites present  

● trained staff that complete regular geohazard inspections and assessments of pits  

● defined backfill procedures to re-establish seal  

● protocols and procedures that trigger and define responses to events that are outside of normal 
operating conditions   

The Devonian Water Management Plan was approved by the AER in August 2021 (EPEA Approval No. 
151469-09). The plan outlines the management of Devonian seeps into the mine. Most seeps are 
managed by capping and backfilling 

2.5.1. Inflow Potential Specific to Fort Hills   
The Keg River formation head level at FHOSP ranges from 248 to 256 metres above sea level (masl) and 
the South, Centre, and North pit floors range from 165 to 255 masl. Most features identified through 
geophysical investigations and drilling will not be conduits for fluid flow from the aquifer to the pit floor. 
Thus, FHOSP uses a more holistic approach when assessing risk and assumes fracture frequency in 
steeply-dipping Devonian surfaces will be higher and in turn will have a higher likelihood of having an 
open hydraulic conduit between the aquifer and pit floor. A Devonian inflow risk map has been created 
and uses a combination of degree of Devonian surface slope, salinity and thickness of the overlying 
watersands, faults identified from geophysical surveys and elevation of mining surface. This information 
is incorporated into the pit design.  
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2.5.1.1. Hydrogeological Monitoring 

A hydrogeological monitoring network has been established through installation of wells in the 
Devonian bedrock. The Devonian Monitoring system is able to detect changes in the aquifer pressure 
and provide early indication/confirmation of Devonian inflow enabling prompt response. The response 
procedure includes: 

● Monitor for inflows when pit advance is below the Monitoring and Strategic Mining (MSM) 
Surface. 

● Ensure training of staff so they may approach seeps safely when identifying the location of the 
inflow. 

● Contact on-shift geohazard specialist to observe inflow and test water quality. A communication 
flow chart has been developed for this purpose including key contacts in the FHEC Water 
Resources team. 

● Take appropriate steps depending on water quality and Devonian pressure. This includes a list of 
contacts to notify based on a green/yellow/red criteria assigned to the event by FHEC’s Water 
Resources team: 

- The green/yellow/red assignment criteria depend on salinity and pressure change. These 
criteria indicate the level of response required from Operations and cover r 

2.5.1.2. Strategic Mining and Backfilling Plan  

Mining below certain elevations in the South, Centre, and North pits (defined by the Keg River Aquifer 
head) increases the risk of mining because of potential inflow. Where the weight of unmined oil sand 
equals the upward force of the head in the aquifer, a MSM surface was defined, as shown in Figure 2-9, 
and a strategic mining plan was submitted in the FHMA (FHEC 2017a). The MSM plan approved under 
OSCA 9241H Condition 12, is being followed for the South Pit and will continue through Centre and 
North Pits as required.  
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Figure 2-9: South Pit Section – Monitoring and Strategic Mining Surface Definition 

Notes: Resource A is defined as the resource above the MSM surface, and Resource B is defined as the resource below the MSM surface 

2.6. Geotechnical Structure Design 
The key mine structures are: 

● OPTA and OPTA East Stage 1 

● Southern Lease Pit Wall 

● SDDA 

● South Pit Cross Dyke 

● SPTA 

● CDDA 

● North Pit Tailings Area (NPTA) Phase 1 and 2 

● Centre Pit Tailings Area (CPTA) Phase 1 and 2 

● In-pit structures; mine dumps 

● Reclamation soil stockpile areas 

There are no changes to the strategy or design basis for overburden constructed structures previously 
presented in the FHMA (FHEC 2017a). Detailed designs for structures will be prepared and submitted to 
the AER as required before construction. The conditions before initial material placement around the 
structure footprint will be considered at the time of detailed design to make sure location-specific 
conditions are understood and will be supplied to the AER, along with detailed designs. FHOSP’s 
standard practice continues to require necessary foundation preparation to be specified in the 
geotechnical engineering design and included with detailed designs.  
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The IPA does not propose changes to the methods and laboratory tests that are used to collect 
information where structures are planned. 

The mine highwall design will be submitted as required under Condition 13 of OSCA Approval 9241I in 
accordance with Section 8.1.1 of Draft Directive 023 (ERCB 2013a).  

The conceptual level highwall design was developed for all pits with consideration of overburden 
structural dipping planes, the presence of Clearwater formation clays and dominating dip directions for 
McMurray formation slopes. Overburden slopes in the conceptual design are 3H:1V where there are 
favourable structure dips or 4H:1V where dipping beds are less favourable. Where Clearwater formation 
clays are present, a lean oil sands (LOS) buttress is constructed on the McMurray formation contact to 
support the overburden slope above. The overall highwall angle below the McMurray contact is either 
1H:1V where dip-meter data shows dipping planes into the wall, or 2H:1V where dipping planes are 
found sloping towards the pit. 

2.6.1. Out-of-Pit Tailings Area 
The FHOSP OPTA is a hybrid tailings sand and mine waste constructed facility in operations that provides 
water and fluid tailings containment capacity for most of the life of the mine. The OPTA design has been 
described in detail and authorized under Water Act Approval 151636-01-00 (as amended). 

2.6.2. Out-of-Pit Tailings Area East Stage 1 
OPTA East Stage 1 is an upstream tailings sand constructed tailings pond which is currently receiving 
IWW that is planned to contain mostly tailings sand, with a small fluid pond designed to remove Thin 
Fine Tailings (TFT) and water, which will be pumped to OPTA, as well as some Thickened Tailings (TT). 
OPTA East Stage 1 is not designed as a containment structure for Mature Fine Tailings (MFT).  

OPTA East Stage 1 is designed with a compound slope of 4.5H:1V below elevation 380 masl and 9H:1V to 
11.5H:1V above elevation 380 masl. The initial geotechnical design for OPTA East Stage 1 was submitted 
for authorization and approved under Water Act Approval No. 151636-01-00 in Q3 2017. A geotechnical 
design update for OPTA East Stage 1 was submitted on October 15, 2018 and approved under Water Act 
File No. 40-4020-00151636-04. Early development activities in the OPTA East Stage 1 footprint area 
included soil windrowing and reclamation material salvaging in 2017. Initial base grading and 
overburden starter dyke construction commenced in 2018 and were completed in 2019.   

2.6.3.  Southern Lease Pit Wall and In-Situ Boundary Pillar 
The Southern Lease Pit Wall is an in-situ boundary pillar between the FHOSP South Pit and Syncrude’s 
Aurora North Mine. It will act as the southern containment structure for the SDDA. Submission of a 
geotechnical design for the in-situ boundary pillar is required by June 30, 2022 as per OSCA 9241I, 
Condition 10. 

2.6.4. South Dedicated Disposal Area 
The SDDA will be contained in-pit in the South Pit, bounded by the Southern Lease Pit Wall to the south, 
the South Pit Cross Dyke to the north and the pit walls for the remainder of the area. The facility is 
planned to be used for the placement of PASS treated FT in 2023. 
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2.6.5. South Pit Cross Dyke  
The purpose of the South Pit Cross Dyke will be to separate the SDDA and the South Pit Tailings Area to 
the north. A geotechnical design for the structure was presented in a separate submission in December 
2021.  

2.6.6. South Pit Tailings Area  
The South Pit Tailings Area is designed for the placement of tailings sand and process affected water and 
is contained in-pit by the South Pit Cross Dyke to the south and the pit walls for the remainder of the 
area. 

2.6.7.  Centre Dedicated Disposal Area 
The Centre DDA (CDDA) will be a treated fine tailings storage facility contained in-pit by dykes and the 
DDA Pit Wall Buttress.  

2.6.8. North Pit Tailings Area Phase 1 and 2 
The NPTA 1 and 2 will be contained by in-pit dykes and the pit walls or pit wall buttress.  

2.6.9. Centre Pit Tailings Area Phase 1 and 2 
The CPTA 1 and 2 will be contained by in-pit dykes and the pit walls or pit wall buttress.  

2.6.10. External Mine Dumps 
External mine dumps are built subject to AER approval before construction as per OSCR (Alberta 
Regulation 76/1988). Where there is no Clearwater formation present, external dumps are constructed 
with preliminary side slopes of 5H:1V pending final geotechnical design. Where there is Clearwater 
formation present in the foundation, external mine dumps are designed with a minimum of 9H:1V 
pending final geotechnical design.  

In August 2020, the Moose Dump was approved to a height of maximum 20 m with slope configurations 
ranging from 12H:1V to 28H:1V. 

2.6.11. Reclamation Material Stockpiles 
Reclamation material stockpiles are subject to AER approval before construction as per OSCR (Alberta 
Regulation 76/1988). Reclamation material stockpiles are designed with preliminary side slopes of 4H:1V 
pending final geotechnical design.  

Reclamation material stockpile placement and development is reflected in the status maps for mine and 
tailings advance through the life of the FHOSP (Appendix D). Shorter term development of and 
placement within RMS is provided in the annual Fort Hills Annual Mine Plan submissions, as per 
Section 30 of the OSCR (Alberta Regulation 76/1988).  
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3. TAILINGS MANAGEMENT PLAN 

3.1. Introduction  
Fort Hills Energy Corporation (FHEC) submitted the Fort Hills Mine Amendment (FHMA) Application and 
Tailings Directive Application (TD Application) on February 24, 2017 (FHEC 2017a,b, respectively). In 
these applications, FHEC proposed use of the Permanent Aquatic Storage Structure (PASS) Fluid Tailings 
(FT) treatment process with deposition in a Dedicated Disposal Area (DDA) in the South Pit. The DDA 
was proposed to target an aquatic closure outcome with an alternative option for a terrestrial outcome. 
On February 25, 2019, FHEC received an Alberta Energy Regulator (AER) decision on the FHMA and TD 
Applications. Oil Sands Conservation Act (OSCA) Approval No. 9241I and Environmental Protection and 
Enhancement Act (EPEA) Approval 151649-01-01 required a demonstration of PASS technology in the 
South Pit with the following outcomes: 

(a) to test the performance of phase 1 of the PASS technology in a deep, in-pit deposit; and 

(b) to identify any constraints or limitations to establishing a self-sustaining locally common 
terrestrial boreal forest ecosystem. 

Since the 2019 decision, FHEC has updated its Tailings Management Plan (TMP) to address feedback 
received from the AER, particularly related to PASS as a commercially proven technology and terrestrial 
closure outcomes. This TMP is submitted as part of the Integrated Plan Amendment (IPA) and 
continues to leverage the PASS FT treatment process, but targeting only an aquatic closure outcome, 
with thin lift drying proposed as an alternative treatment technology. The section provides the details 
for the updated TMP. 

The updated TMP considers experience and knowledge gained on tailings treatment through operation 
of the PASS FT treatment process at the Suncor Base Plant in both DDA3 and Lake Miwasin as well as 
pilot tests runs to validate the changes made to the commercial facilities to address the site-specific 
conditions for FHOSP FT.  

3.1.1. Plan Objective 
This TMP is submitted pursuant to Section 13 of OSCA and satisfies the requirements set out in the 
Directive 085 and the Tailings Management Framework (TMF) (Government of Alberta 2015a) to 
present changes to the currently approved plan. As required by TMF, the TMP FT volume profile remains 
within the approved FT profile under OSCA Approval 9241I. The updated TMP has been developed to 
satisfy the TMF objective and outcomes and requirements under Directive 085, balancing 
environmental, social, and economic considerations. Progressive reclamation of tailings areas has been 
incorporated in the plan. 

3.1.2. Mining and Processing Overview  
Mining activities at FHOSP are truck-shovel based. Ore is delivered to the Ore Preparation Plant (OPP). 
Mine waste is used for construction of tailings structures and placed in mine dumps and mined-out pit 
areas. 

Ore is crushed in double rolls crushers and conveyed to a rotary breaker. The rotary breaker sizes the 
ore and adds hot industrial wastewater (IWW) to generate a slurry for hydrotransport to the Extraction 
plant. Material that does not pass through the rotary breaker is discharged from the unit and is termed 
oversize rejects. The rejects material is either recycled to the crusher for additional processing or 
directed and placed in mine waste facilities. 



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

48 | Page 

The Extraction process separates the slurry into a bitumen froth with resultant tailings streams. The 
tailings are processed in a series of hydrocyclones that result in a sand dominated stream associated 
with the cyclone underflow and a fines enhanced stream with the overflow. The cyclone underflow 
tailings are referred to as coarse sand tailings (CST) and are used in dyke construction. The overflow 
stream is processed for additional bitumen recovery and treatment in a thickener. Warm water is 
recovered from thickener and used in the process and the associated tailings are termed thickened 
tailings (TT). 

The froth is sent to froth treatment where a light hydrocarbon solvent is used to decarbonize the 
bitumen into a marketable product. The remaining water, mineral, and residual hydrocarbon are 
processed in a solvent recovery unit, where light hydrocarbon is recovered and recycled for reuse in the 
process, before being directed to the tailings areas for disposal. The tailings from this unit are known as 
the Tailings Solvent Recovery Unit (TSRU) tailings. The TSRU tailings, TT, and CST are deposited in Out-of-
Pit Tailings Area (OPTA). The TT and CST will be deposited in future Tailings Areas (TAs) where the 
materials segregate to form beach and FT. Water and Thin Fine Tails (TFT) from TAs will be transferred 
to OPTA, which acts as the primary FT settlement basin and source of recycle water for the extraction 
facility. FT will be harvested from OPTA for treatment and placed in the DDAs. 

A process flow diagram indicating typical calendar-day volume transfers between the FT treatment 
process, TAs and treated tailings deposits (i.e., DDAs) is shown is Figure 3-1. 
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3.1.3. Planning Basis  
Since start of operations in 2017, FHEC has been on a journey t o  improve its tailings management 
through incorporation of recent learnings from Suncor Energy Inc. (Suncor) and the oil sands industry.  

This TMP builds on learnings from implementation of the PASS FT treatment process in Lake Miwasin at 
Suncor Base Plant, three years of commercial operation of the PASS FT treatment process at Suncor 
Base Plant in DDA3, and three years of tailings operations at FHOSP as well as other site-specific pilot 
test runs.  

The TMP is focussed on the placement of treated tailings within mine pit for a favourable closure 
outcome due to geotechnical stability of the deposit in the long term as compared to a plan requiring 
larger FT treatment areas and the placement of material above grade. The TMP basis includes: 

● Use of the commercially available tailings treatment technology and results from PASS, 
implemented at Suncor Base Plant. 

● OPTA and OPTA East Stage 1 operational and design changes. 

● The DDA arrangement has been modified to balance out tailings storage requirements. 

● Treatment of FT as soon as the DDA is available in 2023 to reduce FT inventory buildup. 

● Increase certainty in closure outcomes by reclaiming DDA’s containing treated FT of low 
geotechnical strength aquatically and other tailings structures as terrestrial landscape. 

The TMP has been developed with the consideration of the long-term closure and reclamation outcome 
of returning lands disturbed by oil sands mining to self-sustaining, biodiverse boreal forest ecosystems 
with a combination of terrestrial, wetland, and aquatic landforms including pit lakes, and the return of 
water to the Athabasca River watershed.  

3.1.3.1. Plan Assumptions 

The TMP is part of the IPA for the FHOSP.  

The following information from the mine and closure plans are critical inputs into the TMP: 

● closure topography required to support a successful end state of mine operations 

● production profile consisting of mine waste construction material and ore processing volumes 
with their associated ore quality 

● mine production schedule that provides the rate at which the footprint of the mining area is 
released and available for construction of tailings structures 

3.1.3.2. Tailings Plan Assumptions 

The mine production profile is translated to four primary components that are highlighted in Table 3-1. 
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Table 3-1:  Properties of Tailings Materials 

Source Material Specific Gravity 
(t/m3) Notes 

Sand 2.6 Particles larger than 44 micron 
Fines 2.62 Particle smaller than 44 micron 
Water 1 - 
Bitumen 1.008 - 

Notes: 
t/m3 = tonnes per cubic metre. 

These components are used in combination with tailings type specific assumptions that form the basis of 
the tailings volumetric forecast by deposit type. In general, these deposits are referenced as beach and 
FT. The assumptions used are summarized in Table 3-2. 

Table 3-2:  Tailings Composition 

Tailings type Sand Content 
(wt%) 

Fines Content 
(wt%) 

Water 
Content 
(wt%) 

Bitumen 
Content  
(wt%) 

Dry Density 
(t/m3) 

Tailings Beach 69 to 75 4 to 10 21 Not Modelled 1.54 
TSRU Beach 27 50 23 Not Modelled 0.95 
FT 0 34 66 Not Modelled 0.43 

Notes:  
FT = fluid tailings; TSRU = tailings solvent recovery unit; t/m3 = tonnes per cubic metre; wt% = weight percent. 

FT are generated from the fines and water that are not captured in beach deposits. The fines and water 
flow into a tailings basin and densify over time. The criteria used to forecast the formation of FT and 
PASS treated FT treatment are shown in Table 3-3. Note that the tailings model does not account for 
ongoing densification of FT and treated FT.  

Table 3-3:  Fluid Tailings Planning Criteria 

Tailings type 
Mineral 
Content 
(wt%) 

Water Content 
(wt%) 

Bitumen Content  
(wt%) 

Dry Density 
(t/m3) 

FT* 34 66 Not Modelled 0.43 
PASS Treated FT* 50 50 Not Modelled 0.72 

Notes:  
*For FT volumetric forecasting purposes, it is acknowledged that the FT and PASS treated tailings have a variable composition. 
FT = fluid tailings; PASS = Permanent Aquatic Storage Structure; t/m3 = tonnes per cubic metre; wt% = weight percent. 

Average annual precipitation and runoff release to the environment from reclaimed tailings areas were 
assumed as the planning basis for closed-circuit water management.  

3.1.3.3. Tailings Facilities 

Tailings are currently managed within the following operational tailings facilities: 

● OPTA 

● OPTA East Stage 1 
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Planned future tailings management facilities include: 

● SDDA 

● CDDA 

● South Pit Tailings Area (SPTA) 

● Centre Pit Tailings Area 1 and 2 (CPTA1 and CPTA2) 

● North Pit Tailings Areas 1 and 2 (NPTA1 and NPTA2) 

While the TMP resolves certain of the AER’s previous concerns and makes certain key changes (set out 
below), in many respects, the TMP is consistent with the previous TD Application (FHEC 2017b) in terms of 
the closure strategy for tailings management, specifically: 

● Placement of CST and TT in TAs to be terrestrially reclaimed. 

● Treatment of FT through PASS with the treated FT deposited in the in-pit DDAs targeting an 
aquatic closure outcome.  

3.1.3.4. Key Changes from Approved Plan 

Since the conditional approval of the TD Application (FHEC 2017b), changes have occurred to the plan 
inputs related to additional fines in ore body definition due to additional drilling, constructability review of 
planned structures, and evolving geotechnical designs for tailings facilities.  

Specific TMP changes are attributable to the following plan input changes: 

● Greater FT generation as compared to previous plans because of increased reserve base with 
increased fines content. 

● Removal of OPTA East Stage 2 from the TMP based on constructability assessment results. 

● OPTA sand and fluid containment reduction because of shallowing of beach slopes and stability 
improvements. 

The resulting TMP reflects these new inputs and builds on operational performance to date. the primary 
changes from the FHMA and TD Applications are:  

● OPTA East Stage 2 tailings area is replaced by an additional in-pit tailings area (SPTA). 

● An additional in-pit DDA (CDDA) has been included. 

● PASS FT treatment is planned to start operations one year earlier (SDDA starts in 2023) and at 
higher rates as compared to TD Application (FHEC 2017b) for aquatic closure outcome only. 

● Thin lift drying is proposed for FT as an alternate terrestrial closure option. 

● Tailings Areas in Centre Pit and North Pit have been adjusted. 

● Ready to Reclaim (RTR) Criteria for the DDAs are proposed. 

3.1.3.5. Legacy Fluid Tailings 

Directive 085 defines legacy FT as Fluid tailings in storage before January 1, 2015 (AER 2017). Bitumen 
production at FHOSP started in Q4, 2017; therefore, FHOSP does not have a legacy FT inventory.  
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3.1.3.6. Approved Fluid Tailings Profile 

FHEC is not proposing any changes to the approved FT profile (OSCA Approval 9241I as shown in 
Figure 3-2 and Table 3-4A) in this updated TMP.  

The approved FT profile compared to the actual measured 2020 FT profile is shown in Figure 3-2. This 
information was provided to the AER in the 2020 Tailings Management Report (FHEC 2021a), which was 
submitted on April 30, 2021. 

FHEC acknowledges that due to one year earlier start of PASS treatment and relatively higher treatment 
rates as compared to 2017 TD application (FHEC 2017b), the current application presents changes that 
could alter the FT inventory as shown in Table 3-7. However, FHOSP is still in its early stages of operation 
and project development. FHEC is continuously learning and improving the FHOSP; including the 
optimization of FHEC’s FT generation model, which is affected by factors including the ore quality and 
beach capture.  

In addition, implementation of the PASS at FHOSP has not started at this time. FHEC will leverage 
learnings from Lake Miwasin and DDA3 at Suncor’s Base Plant. However, it is possible there will be 
different challenges and opportunities that arise at FHOSP with respect to FT inventory.  

FHEC is committed to achieving the current approved FT profile through the IPA while the FHOSP 
continues to mature, and PASS is implemented. While FHOSP is still in its early stages of operation and 
project development, FHEC is continuously learning and improving the tailings operations; for example, 
optimization of FHEC’s FT generation model (which is affected by factors including the ore quality and 
beach capture), and the PASS implementation work. This approach is aligned with Directive 085 and the 
TMF policy, which states “The framework recognizes that scientific understanding, technology and 
performance measures will change over time, and that flexibility and adaptability is needed to make 
sure that the desired social, economic, and environmental outcomes continue to be achieved” 
(Government of Alberta 2015a).  

The FT profile for FHOSP was developed using a conservative approach and reflects current and 
currently planned FHOSP operations. Should such plans change, FHEC will apply to amend and update 
the profile.  
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Figure 3-2: Approved Fluid Tailings Profile with Actual inventory 

 
Note: Mm3 = Million cubic metres. 
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Table 3-4A: Approved Fluid Tailings Profile 

Year Approved Profile New FT inventory 
(million cubic meters) Period Approved Profile New FT inventory 

(million cubic meters) 
2017 0 2046 80 
2018 15 2047 77 
2019 29 2048 74 
2020 43 2049 71 
2021 56 2050 68 
2022 68 2051 67 
2023 87 2052 66 
2024 94 2053 65 
2025 100 2054 64 
2026 107 2055 62 
2027 111 2056 63 
2028 114 2057 64 
2029 117 2058 65 
2030 120 2059 66 
2031 121 2060 67 
2032 122 2061 63 
2033 123 2062 59 
2034 124 2063 54 
2035 125 2064 49 
2036 121 2065 43 
2037 117 2066 38 
2038 113 2067 32 
2039 109 2068 26 
2040 104 2069 22 
2041 100 2070 18 
2042 96 2071 13 
2043 92 2072 9 
2044 88 2073 0 
2045 83 

  

 

The following thresholds, triggers and limits were approved in OSCA Approval 9241I for ongoing 
tailings management at FHOSP, as shown in Table 3-4.  

Table 3-4:  Approved Thresholds, Triggers, and Limits 

Threshold Approved 

Profile Deviation Trigger Is 20% based upon a 5-year rolling average percent difference 
between actual and measured FT Inventory. 

New Profile Total Volume Trigger 125 Mm3 
New Profile Total Volume Limit 175 Mm3 

Notes:  
FT = Fluid Tailings; Mm3 = million cubic metres; % = percent. 
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3.1.3.7. Functions of Tailings Facilities in the Plan 

The function of the tailings facilities at FHOSP and the key activities associated with their management 
are described in Table 3-5. The location of the tailings facilities in the TMP are shown in Figure 3-3. 

Table 3-5: Tailings Facilities in the Tailings Management Plan 

Tailings 
Facility Primary Functions Tailings Deposition and Fluids 

Forecasted 
Remnant FT 

(Mm3) 

Closure 
Outcome 

OPTA 

• Tailings storage 
• Reclaim water 

storage and 
supply 

• FT storage and 
supply 

• CST until 2026 and between 2060 
to 2063 

• TT until 2026 
• TSRU Tailings until 2063 
• FT from deposition and transferred 

from other tailings facilities until 
2068 

• Water from deposition and other 
Tailings Facilities until 2063 

5.0 Terrestrial 

OPTA 
East 

Stage 1 

• Tailings storage 
• Reclaim water 

storage 
• FT storage 

• CST between 2021 to 2033 
• TT between 2026 to 2032 
• FT from active deposition 

transferred into OPTA between 
2021 and 2033 

• Water from active deposition 
transferred to OPTA between 2021 
and 2033 

2.3 Terrestrial 

SPTA 

• Tailings storage 
• Reclaim water 

storage 
• FT storage 

• CST between 2026 and 2035 
• FT from active deposition 

transferred into OPTA between 
2029 and 2035 

• Water from active deposition 
transferred to OPTA between 2026 
and 2035 

4.5 Terrestrial 

CPTA1 

• Tailings storage 
• Reclaim water 

storage 
• FT storage 

• CST between 2030 to 2038 
• TT between 2032 to 2036 
• FT from active deposition 

transferred into OPTA between 
2032 and 2038 

• Water from active deposition 
transferred to OPTA between 2030 
and 2038 

1.5 Terrestrial 

CPTA2 

• Tailings storage 
• Reclaim water 

storage 
• FT storage 

• CST between 2036 to 2043 
• TT between 2037 to 2043 
• FT from active deposition 

transferred into OPTA between 
2037 and 2043 

• Water from active deposition 
transferred to OPTA between 2036 
and 2043 

6.0 Terrestrial 
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Table 3-5: Tailings Facilities in the Tailings Management Plan 

Tailings 
Facility Primary Functions Tailings Deposition and Fluids 

Forecasted 
Remnant FT 

(Mm3) 

Closure 
Outcome 

NPTA1 

• Tailings storage 
• Reclaim water 

storage 
• FT storage 

• CST between 2043 to 2054 
• TT between 2044 to 2054 
• FT from active deposition 

transferred into OPTA between 
2044 and 2054 

• Water from active deposition 
transferred to OPTA between 2043 
and 2054 

5.0 Terrestrial 

NPTA2 

• Tailings storage 
• Reclaim water 

storage 
• FT storage 

• CST between 2054 to 2063 
• TT between 2055 to 2063 
• FT from active deposition 

transferred into OPTA between 
2055 and 2068 

• Water from active deposition 
transferred to OPTA between 2054 
and 2068 

5.0 Terrestrial 

SDDA 

• Treated tailings 
storage 

• Expressed 
water storage 
and supply for 
process 

• Treated FT between 2023 and 2038 n/a Aquatic 

CDDA 

• Treated tailings 
storage 

• Expressed 
water storage 
and supply for 
process 

• Treated FT between 2038 and 2068 n/a Aquatic 

Notes:  
CST = Coarse Sand Tailings; DDA = Dedicated Disposal Area; CPTA1 = Centre Pit Tailings Area 1; CPTA2 = Centre Pit Tailings Area 
2; FT = fluid tailings; Mm3 = million cubic metres; n/a = not applicable; NPTA1 = North Pit Tailings Area 1; NPTA2 = North Pit 
Tailings Area 2; OPTA = Out-of-Pit Tailings Area; SPTA = South Pit Tailings Area; TSRU = tailings solvent recovery unit;  
TT = thickened tailings.  
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3.1.3.8. End of Mine Life 

The EOML is determined by ore processing capacity and mine production schedule. The EOML in this 
plan is 2063, which is consistent with the TD Application (FHEC 2017b). 

3.2. Fluid Tailings and Water Management 

3.2.1. Fluid Tailings Generation 
Throughout the life of mine, CST will be deposited in tailings areas where tailings will separate into two 
components: 

● CST Beach 

● a Thin Fine Tailings (TFT) Pond 

Coarse Sand Tailings Beach is planned to be deposited in TAs while TFT will be transferred from the TFT 
Pond to OPTA for further densification. Approximately 732 of FT is expected to be generated between 
2021 and EOML. New FT are expected to be generated at a rate shown in Figure 3-4. Additional 
information on bitumen, tailings, and fines forecasts is provided in Table 3-6. 

Figure 3-4:  New Fluid Tailings Generation Forecast 

 

Note: FT = Fluid tailings; Mm3 = Million cubic metres; Mt = Million tonnes. 
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Table 3-6:  Bitumen Production and Resultant Fluid Tailings Generation 

Period 
End 

Diluted Oil 
Sands Feed 

Diluted 
Bitumen 

Diluted Connate 
Water 

Diluted Fines 
Recovered 

Bitumen 
Resultant FT 
Generation 

Mt wt% wt% wt% Mbbl Mm3 

2021 112 11.4 5.1 15.9 69 14.6 
2022 115 11.1 5.7 19.6 69 17.5 
2023 119 10.6 6.0 22.4 68 22.0 
2024 117 10.9 5.6 20.2 69 22.6 
2025 117 10.9 5.8 21.8 69 22.1 
2026 116 10.9 6.4 20.9 69 22.3 
2027 116 11.0 5.5 19.6 69 20.9 
2028 115 10.9 6.0 20.9 69 20.8 
2029 119 10.7 5.7 23.0 69 23.2 
2030 115 11.0 5.6 21.8 69 23.8 
2035 551 11.5 5.3 19.0 347 103.3 
2040 539 11.7 5.4 16.7 347 76.7 
2045 540 11.7 5.6 15.5 347 69.9 
2050 524 12.0 5.6 15.0 347 64.7 
2055 557 11.5 5.5 18.7 347 90.8 
2060 549 11.6 5.1 17.4 347 82.5 
2063 220 11.9 5.1 16.5 130 34.4 

Notes: 
FT = fluid tailings; Mbbl = million barrels; Mm3 = million cubic metres; Mt = million tonnes; wt% = weight percent. 2021 to 2030 
FT projections are based on mid-year to align with D085 reporting period. 

3.2.2. Fluid Tailings and Water Containment 
The SDDA is expected to become available in 2023 for treated FT containment while OPTA is expected to 
approach fluid containment capacity. From 2023 onwards, treated FT will be deposited in the SDDA until 
2038 when it is expected to be full. Expressed water from SDDA during operations will be transferred to 
OPTA to be reused as part of the site wide water management plan. In 2038, the CDDA becomes 
available for treated FT deposition and will be used to hold treated FT and expressed water in the same 
fashion as the SDDA. The details of FT, treated FT and water volumes contained in each facility 
throughout their operational life is provided in Table 3-7. FT generated in this plan is shown in Table 3-6 
and FT treatment by PASS Process is shown in Table 3-10. 

There is sufficient capacity in the planned tailings facilities to store water and FT for the life of mine in 
the planned tailings facilities. The total containment required and availability for FT and water 
throughout the mine life is shown in Figure 3-5. 
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Figure 3-5: Fluid Containment Requirement vs. Containment Available 

  

Note: Mm3 = Million cubic metres. 
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Table 3-7: Fluid Tailings and Water Inventory by Pond and Deposit 

Period 
End 

OPTA OPTA East Stage 1 SPTA CPTA1 CPTA2 NPTA1 NPTA2 SDDA CDDA NPL Site Totals 

FT Water FT Water FT Water FT Water FT Water FT Water FT Water Treated 
FT/ RTR  Water Treated 

FT/ RTR  Water Water Water FT 

Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 Mm3 

2021 44 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 45 

2022 61 11 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 62 

2023 75 9 3 1 0 0 0 0 0 0 0 0 0 0 11 3 0 0 0 13 78 

2024 77 7 3 1 0 0 0 0 0 0 0 0 0 0 23 13 0 0 0 21 80 

2025 83 11 3 1 0 0 0 0 0 0 0 0 0 0 35 16 0 0 0 28 86 

2026 84 12 4 1 0 0 0 0 0 0 0 0 0 0 47 10 0 0 0 24 88 

2027 81 12 4 1 3 1 0 0 0 0 0 0 0 0 60 10 0 0 0 25 88 

2028 76 11 5 1 6 2 0 0 0 0 0 0 0 0 74 13 0 0 0 27 87 

2029 73 11 5 1 9 2 0 0 0 0 0 0 0 0 89 16 0 0 0 30 86 

2030 72 11 2 1 10 2 0 2 0 0 0 0 0 0 104 22 0 0 0 38 85 

2035 59 13 2 0 5 0 7 1 0 0 0 0 0 0 163 27 0 0 0 41 73 

2040 48 14 1 0 2 0 1 0 16 3 0 0 0 0 183 17 26 18 0 52 68 

2045 36 13 0 0 0 0 0 0 5 0 14 3 0 0 183 17 72 22 0 55 56 

2050 25 14 0 0 0 0 0 0 2 0 8 2 0 0 183 17 121 27 0 59 35 

2055 17 9 0 0 0 0 0 0 0 0 5 0 13 3 183 21 174 19 0 52 34 

2060 5 10 0 0 0 0 0 0 0 0 2 0 35 5 183 22 217 18 0 55 42 

2063 10 4 0 0 0 0 0 0 0 0 1 0 19 3 183 22 244 27 13 68 30 

2068 5 3 0 0 0 0 0 0 0 0 0 0 5 0 183 22 255 30 43 98 10 

2073 0 0 0 0 0 0 0 0 0 0 0 0 0 0 183 22 255 30 45 98 0 

Notes:  
CDDA = Centre Dedicated Disposal Area; CPTA1 = Centre Pit Tailings Area 1; CPTA2 = Centre Pit Tailings Area 2; FT = fluid tailings; Mm3 = million cubic metres; NPL = North Pit Lake; NPTA1 = North Pit Tailings Area 1; NPTA2 = North Pit Tailings Area 2; OPTA = Out-of-Pit Tailings Area;  
SDDA = South Dedicated Disposal Area; SPTA = South Pit Tailings Area. 2021 to 2030 FT projections are based on mid-year to mid-year to align with D085 reporting periods and rest of projections are on the year end basis;Site FT volume does not include treated FT/RTR volume 
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The forecast composition of FT in each tailings facility at the EOML in 2063 is provided in Table 3-8. 
However, the TMP does not model dewatering of the FT through long term consolidation or bitumen 
content. For simplicity, the bitumen content value provided was assumed and that quantity was 
removed from the assumed water composition. 

Table 3-8:  Forecast End of Mine Life Fluid Tailings Composition by Tailings Area and Deposit 

Location 
Composition 

Average wt% mineral Average wt% water Average wt% bitumen 

OPTA 34.0 64.4 1.6 
NPTA 34.0 64.4 1.6 

Notes:  
OPTA = Out-of-Pit Tailings Area; NPTA = North Pit Tailings Area; wt% = weight percent. 

3.2.3. Fluid Tailings Measurement System Plan 
FHEC submitted a FT Measurement System Plan to the AER on August 30th, 2019 (FHEC 2019). FHEC will 
submit an updated Measurement System Plan within six months of approval of the FHOSP IPA and the 
associated TMP, including RTR Criteria for the DDAs. 

3.3. Fluid Tailings Treatment 
The FT from OPTA will be treated with the PASS FT treatment process and deposited in the DDAs to 
support long-term reclamation and closure objectives.  

The key objectives of the treatment are: 

● Reduction of FT volume by expressing water from FT to meet the containment requirements in 
the plan. 

● That physical strength of treated FT supports an aquatic closure outcome. 

● That water quality of expressed water supports an aquatic closure outcome. 

The treated FT deposit must meet the treatment objectives and physical properties of the deposit and 
chemical properties of the expressed water must meet or exceed the RTR/Ready for Reclamation (RFR) 
criteria proposed in this plan. 

The expressed water from treated tailings will be transferred to OPTA for reuse in the extraction 
facilities. All FT is managed within the final closure landscape ten years after the EOML (circa 2073) in 
full compliance with TMF and Directive 085 requirements. Through treatment with the PASS FT 
treatment process, the final volume of treated FT is expected to be 439 Mm3 contained within SDDA and 
CDDA as shown in Table 3-19. Remnant FT is planned to be treated “in-place” as a part of closure 
activities by 10 years after completion of tailings deposition activities in each coarse sand tailings facility. 
Further details about remnant FT are described in Section 3.3.5.  

3.3.1. Fluid Tailings Treatment Alternatives Considered 
The following FT treatment alternatives were considered in development of the updated TMP: 

● Consolidated Tailings (CT) and Non-Segregating Tailings (NST) 

● FT thin lift cyclic drying 
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● Solids-liquid separators (e.g., centrifuges) 

● PASS 

FHEC believes that the FT treatment technology put forward in the IPA (i.e., PASS) is effective and 
appropriate, however, FHEC continues to pursue advancement of other tailings treatment technologies. 
The following assessment is based on current knowledge of commercially ready technologies and their 
potential use for the site-specific context of FHOSP. 

3.3.1.1. Consolidated Tailings and Non-Segregating Tailings 

CT and NST consist of mixing FT with the cyclone underflow of extraction tailings to produce a mixture 
that dewaters over time and yields a sand-dominated deposit. Considerable effort over the past two and 
a half decades have resulted in the successful deployment of this technology by industry, including 
extensive experience at Suncor Base Plant operations. While logistical challenges exist in directly 
coupling a FT management process to bitumen production, the primary constraint to this approach for 
FHOSP is material availability for dyke construction. The FHOSP does not have sufficient volumes of 
construction quality mine waste to build the required containment dykes to incorporate the CT/NST 
process, resulting in a large proportion of the Extraction Tailings being required for dyke construction. 
On this basis, FHEC does not currently consider CT and NST to be an appropriate tailings treatment 
technology for FHOSP. 

3.3.1.2. Fluid Tailings Thin Lift Cycle Drying 

Thin lift cyclic drying, utilizing an in-line polymer treatment to accelerate dewatering, has been 
demonstrated at Suncor Base Plant operations, and is often referenced as Tailings Reduction Operations 
(TROTM). The intent of the strategy is to dewater and place FT in thin lifts where evaporation removes a 
sufficient volume of water from the FT to create a trafficable deposit. The challenges associated with 
this strategy originate from the placement of consistent thin lifts over large surface areas, which have 
historically restricted the capacity of this technology. At this time, the current FHOSP mine footprint 
does not have sufficient surface area to advance the thin lift drying strategy as a primary method to 
manage FT. Some of these constraints might be better managed towards the EOML, and in a post mine 
operation setting, which are further described in Section 3.3.9. 

3.3.1.3. Solids-Liquid Separators  

Solids-liquid separators (e.g., centrifuges or thickeners) are mechanical methods to remove water from 
FT within a processing facility. The treatment processes often include the use of treatment additives to 
improve rapid gravity separation of water from FT within hours rather than years. Assessment of these 
strategies has resulted in an observation that the dewatering of FT is similar in nature to in-line chemical 
addition, and results in deposits that require long-term management of settlement. Given the 
substantial costs associated with these strategies and the assessment that suggests the resultant 
deposits generate a product similar in nature to the PASS FT treatment process (although in a faster 
timeframe), these strategies have not been included as the basis for the updated TMP. 

3.3.1.4. Permanent Aquatic Storage Structure  

The PASS FT treatment process uses an inorganic coagulant and polymeric flocculant to accelerate FT 
dewatering, improve the expressed water quality sufficiently for re-use in bitumen extraction and 
compatible with aquatic closure timelines. The process was commercialized at Suncor’s Base Plant 
operations in 2018 and builds off historical knowledge and commercial experience derived from TROTM 
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and CT operations, as well as technology investigations into solid-liquid separators. The process is 
designed to manage long-term settlement of deep cohesive treated FT deposits in-pit to strategically 
manage geotechnical closure risk. Utilization of this approach results in a tailings management plan with 
reduced containment requirements and enables most of the lease development (except for DDAs 
containing PASS treated FT) to be reclaimed terrestrially with minimal effect to the closure topography 
associated with long-term deposit settlements. These are the primary drivers for the inclusion of the 
PASS FT treatment process within the FHOSP integrated mine, tailings, and closure plan.  

As per Directive 085 requirement 11, alternatives are provided in Section 3.3.9.  

More detailed technology development work has been progressing in the past few years to address 
opportunities unique to FHOSP. Details on PASS development for the FHOSP site-specific conditions are 
provided in Section 3.3.8  

3.3.2. Dedicated Disposal Area Location Alternatives 
The PASS FT treatment process is a sedimentation and dewatering approach to FT management with a 
focus on water quality to accelerate a successful transition to closure. Given the geotechnical properties 
and associated consolidation timelines of the PASS material, the most appropriate location for a DDA is 
in-pit where the long-term closure topography for the material is best managed. The DDAs are located 
in-pit and aligned with the mine plan footprint availability and volumetric containment requirements. 
The factors considered when selecting the SDDA and CDDA were: 

● footprint availability 

● FT plan requirements 

● sufficient watershed to sustain an aquatic closure outcome 

● ability to integrate the closure drainage outlet to the Athabasca River  

These considerations result in the first DDA in the South Pit where FT treatment is forecast to 
commence in 2023. The SDDA will be the only FT treatment and deposition area until 2038, at which 
time the CDDA, constructed north of the bitumen production facilities, becomes available for 
deposition. The CDDA will receive PASS treated tailings until all FT is treated within 10 years after the 
EOML.  

3.3.3. Selected Fluid Tailings Treatment Option Summary 
Suncor’s substantial experience in operating DDAs employing in-line treatment, the challenges with 
implementation of the alternatives, and the recent commercial implementation successes of the PASS 
FT treatment process at Suncor Base Plant DDA3 operations, has resulted in continued selection of the 
PASS FT treatment process as the primary FT treatment technology for FHOSP. Suncor remains an active 
participant in Canada’s Oil Sands Innovation Alliance (COSIA) and continues to monitor and evaluate 
tailings treatment technologies to assess how these may affect and improve the integrated mine, 
tailings, and closure plans. 

The following options were selected for treated tailings management in this TMP: 

● Treatment Option: PASS 

● Deposition Option: In-Pit DDAs 

● Reclamation and Closure Option: Aquatic 
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Through in-line FT treatment, the final volume of treated FT is expected to be 439 Mm3 contained within 
the two DDA’s. Remnant FT is planned to be treated “in-place” over the 10 years after completion of 
tailings deposition activities in each tailings area. 

3.3.3.1. Uncertainties with Selected Technology 

The PASS FT treatment process has been in commercial use at Suncor Base Plant operations since 2018, 
which greatly reduces uncertainty around performance and forecasts. However the treatment of FT that 
have been in contact with the light hydrocarbon solvent associated with the paraffinic froth treatment 
operation at FHOSP has not yet been demonstrated commercially. To address this uncertainty the 
primary mitigation relies on laboratory and off-line pilot testing of material sourced from FHOSP OPTA. 
Details on these programs are provided in Section 3.3.8. The programs address long-term water quality 
to support successful, and timely, transition to closure. In addition to the research and demonstration 
activities, the plan also leverages the ability to monitor the progress of the SDDA to a successful lake 
system approximately 25 years before EOML. Given the programs that address gaps and provide process 
refinement before startup and commercial application at Suncor Base Plant, FHEC does not consider 
there to be any material uncertainty in application of the PASS FT treatment process at FHOSP.  

3.3.4. Treated Tailings Deposit Summary 
The updated TMP provides the treatment capacity necessary to manage FT throughout the life of mine 
in accordance with containment and Directive 085 requirements. The function of the treated tailings 
deposit and the key activities associated with its management are described in Table 3-9. 

Table 3-9: Treated Tailings Deposits Summary 

Deposit Description 
DDA 

Capacity(a) 
(Mm3) 

FT 
Source 

Treated Tailings 
Final Location 

Primary Closure 
Outcome 

Planned 
FT Deposition 

Schedule 

SDDA 

Represents a future in-pit asset, 
employing PASS FT treatment with 
deposition in-pit, in the South Pit. The 
availability of the DDA is dependent on 
the completion of mining in the South 
Pit. 

206 OPTA DDA Aquatic 2023 to 2038 

CDDA 

Represents a future in-pit asset, 
employing PASS FT treatment with 
deposition in-pit, in the Centre Pit Area. 
The availability of the DDA is 
dependent on the completion of 
mining in the Centre Pit and 
construction of Dyke structure. 

298 OPTA DDA Aquatic 2038 to 2073 

Notes:  
(a) DDA Capacity excludes freeboard. 
DDA = Dedicated Disposal Area; FT = fluid tailings; Mm3= million cubic metres; OPTA = Out-of-Pit Tailings Area; PASS = 
Permanent Aquatic Storage Structure. 
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A summary of treated FT volumes using PASS FT treatment process is provided in Table 3-10.  

Table 3-10: Total Fluid Tailings Treated by Period by Permanent Aquatic Storage Structure Treatment 
Process 

Notes:  
FT = fluid tailings; Mm3 = million cubic metres. 

A process flow diagram for the treated tailings deposits and modelled IWW chemistry is provided in 
Figure 3-6. 

Period End 
FT Volume Treated 

Mm3 

2017 0 
2018 0 
2019 0 
2020 0 
2021 0 
2022 0 
2023 15 
2024 20 
2025 20 
2026 20 
2027 23 
2028 23 
2029 25 
2030 25 
2035 100 
2040 77 
2045 78 
2050 82 
2055 89 
2060 73 
2063 45 

2063 to 2073 19 
Total 733 
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Figure 3-6: Process Flow Diagram - Treated Tailings Deposit 

  

Note: DDA = Dedicated Disposal Area; FT = Fluid Tailings; Mm3 = Million cubic metres per year; mg/L = milligrams per litre; % = percent; OPTA = 
Out-of-Pit Tailings Area; WT = weight; St. Dev. = standard deviation.  

3.3.5. Remnant Fluid Tailings 
Tailings areas are expected to have a small remnant volume of FT left behind because of the nature of 
removal of this material. This remnant volume of FT will be managed through reclamation and closure 
activities on a case-by-case basis. The forecasted remnant volumes and timing of treatment through 
reclamation and closure activities are provided in Table 3-11. 
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Table 3-11: Remnant Fluid Tailings Treated in Place 

Period End 
Remnant 

Mm3 

2017 to 2030 0 
2035 7 
2040 2 
2045 6 
2050 0 
2055 5 
2060 0 
2063 0 

2063 to 2073 10 
Total 29 

Notes:  
Mm3 = million cubic metres. 

3.3.6. Management of Off-specification Material  
Reclamation and closure for a DDA that contains PASS treated FT can be accomplished over a wide 
range of material properties that provide an inherent mitigation to the management of off-specification 
(off-spec) material. The treatment additives are intended to accelerate the transition to closure, 
dewater the FT and reduce fluid containment requirements. potentially some treated FT near discharge 
may not meet the RTR criteria at the time of deposition (any volume not meeting RTR criteria will be 
included in FT profile), but it is expected that such material will consolidate over time. A limited amount 
of off-spec material is expected in the DDA after three years of final deposition. However, any material 
within the DDAs that does not meet RTR criteria will be evaluated against the potential effect to a 
successful transition to an aquatic closure outcome and requirements for any remediation will be 
determined at that time. Any remediation if required, will be completed within 10 years of end of mine 
life. 

3.3.7.  End of Mine Life Fluid Tailings Management 
Approximately 20 Mm3 of FT are expected to require in-line treatment and storage in the CDDA 
between 2064 and 2068. An additional approximate 10 Mm3 of remnant FT is to be treated in-
place between 2069 and 2073.  

A forecast of approximate volumes and locations of remnant FT requiring treatment at EOML is provided 
in Table 3-12. 

Table 3-12: Forecast Fluid Tailings Volumes In 2069 

Location 
Forecasted Volume 

Rationale 
Mm3 

OPTA 5 Remnant volume to be managed through reclamation activities. 

NPTA2 5 Remnant volume to be managed through reclamation activities. 

Total 10  

Notes:  
Mm3 = million cubic metres; NPTA2 = North Pit Tailings Area 2; OPTA = Out-of-Pit Tailings Area.  
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3.3.8. Technology Development 

3.3.8.1. Fort Hills Operations Permanent Aquatic Storage Structure Fluid Tailings 
Treatment Process Updates  

The implementation of PASS FT treatment process at FHOSP includes treatment of FT within OPTA and 
deposition in the DDAs, as shown in Figure 3-6. The treatment is designed to accelerate FT settlement in 
the DDA to reduce the FT inventory during the mine life and accelerate reclamation timelines to a pit 
lake incorporated into the surrounding boreal forest ecosystem. A general illustration of PASS 
technology is shown in Figure 3-7. 

Figure 3-7: Process Flow Diagram for Permanent Aquatic Storage Structure Technology 

 
Note:  
CoPC = Constituents of Potential Concern; FT = Fluid Tailings; OPTA = Out-of-Pit Tailings Area; RW = Recycle water; SDDA = 
South Dedicated Disposal Area; TSRU = Tailings Solvent Recovery Unit; TT = Thickened Tailings; TFT = Thin Fine Tailings; TSS = 
Total Suspended Solids. 

In a typical operation, FT is dredged from OPTA and treated inline while travelling in a pipeline to the 
SDDA. A coagulant is added via a static injector. The primary role of the coagulant is to enable 
geochemical stability within the treated FT deposit. Typically, this involves precipitation or 
chemisorption of dissolved species such as naphthenic acids and trace metals, and coagulation of 
ultrafine particles that would otherwise report to the water cap as suspended solids. The coagulant also 
modifies the bitumen surface potential to promote bitumen-mineral attachment and sequestration. 
Additionally, the coagulant suppresses biogas exsolution from the deposit as microbial activity consumes 
residual light hydrocarbon in the FT. This reduces the risk of bubbles transporting Constituents of 
Potential Concern (COPCs) into the water cap from the sediment as the residual solvent degrades over 
time. The coagulated FT is transported over sufficient distance to make sure that the targeted reactions 
are complete before flocculant addition. 

Downstream of the coagulant injector, a flocculant is added via a static injector to aggregate the 
coagulated particles into sufficiently large flocs that enable rapid settlement and expression of water 
from the deposit. The coagulated and flocculated FT is conveyed by pipeline to the deposition area. 

3.3.8.2. Permanent Aquatic Storage Structure Deployment 

The commercial implementation of PASS was approved by the AER for DDA3 at Suncor Base Plant. 
FHOSP is leveraging over three years of commercial operational experience at Suncor Base Plant to 
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optimize the process configuration, and performance of the treated FT following deposition in SDDA. For 
example, the pipeline layout and static polymer injection design were optimized to make sure a more 
consistent operation and quicker initial dewatering after deposition. Ferric sulphate (Fe2(SO4)3), rather 
than alum (Al2(SO4)3.14.3H2O), is also the preferred coagulant in FHOSP. Ferric sulphate retains all the 
geochemical benefits of alum and offer incremental settlement performance of the FT deposit via two 
mechanisms. First, ferric sulphate does not increase the FT yield stress as much as alum for high density 
FT allowing for more efficient flocculation via a static polymer injector used in the inline process. In 
addition, with residual pentane in the FT stream, ferric sulphate provides incremental attenuation for 
biogas formation with Fe(III) acting as electron acceptor for iron reducing bacteria. This reduces biogas 
holdup and unsaturation in the deposit enabling faster FT settlement. The flocculant selected for FHOSP 
is SNF NRG1000, an anionic high molecular weight polyacrylamide previously approved for use in TRO. 

3.3.8.3. Performance Objectives 

The PASS deposit performance goals are to: 

● Enable rapid dewatering of the treated FT to reduce containment requirements.  

● Improve the expressed water quality sufficiently to be compatible with an aquatic closure 
outcome (pit lake). 

3.3.8.4. Technology Development 

Similar to PASS deployment at Suncor Base Plant in 2018, technology development activities were 
conducted for FHOSP to validate the changes made to the commercial facilities. The PASS pilot is a 
scaled down 5 centimetres (2 inches) continuous treatment rig for FT transport, static coagulant 
injection, pipe flow, and static flocculant injection. After flocculation, the treated FT is transferred into a 
16 litre (L) couette or a 300 L shear tank to simulate the shear experienced in the deposition ramp. The 
sheared treated FT is subsequently transferred into geocolumns (up to 5 m) where the deposit 
settlement and biogeochemical behaviour are monitored over an initial 5-year period. Data from these 
geocolumns and Suncor DDA3 are planned to be used to validate the design changes made to the FHOSP 
PASS configuration. 

3.3.8.5. Process Scaleup (Expressed Water Quality) 

Ferric sulphate is added at a dosage that sufficiently inverts the surface potential of bitumen in the FT to 
promote bitumen-mineral attachment over bitumen coalescence. The dosage is often adequate to 
promote clarification of the expressed water, and precipitation or chemisorption of key organic and 
metal COPCs. The TSS in the expressed water are a consistent parameter to describe the geochemical 
trajectory of the deposit. 

3.3.8.5.1. Total Suspended Solids 

The expressed water TSS in the 5-m geocolumns comprising treated Fort Hills OPTA FT and Suncor Base 
Plant South Tailings Pond (STP) FT, as well as the expressed water TSS in Suncor Base Plant DDA3, as 
shown in Figure 3-8. In all cases, the FT was treated at an equivalent coagulant dosage (Al3+ for Suncor 
Base Plant DDA3 and STP, and Fe3+ for Fort Hills OPTA), with trends for TSS shown in Figure 3-8. Within a 
few days to a few months, the TSS concentration in the expressed water drops below 50 parts per 
million (ppm) in the commercial Suncor Base Plant DDA3 deposit and the 5-m geocolumns.  
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Figure 3-8: Trends of Suspended Solids in the Expressed Water of Fluid Tailings Treated 

Note:  
DDA = Dedicated Disposal Area; m = metre; OPTA = Out-of-Pit Tailings Area; ppm = parts per million; STP = South Tailings Pond 
(Base Plant). 

Biogas Generation Control 

The primary pathway for residual pentane (a paraffin) transport from the future pit lake sediment to the 
water cap is through stripping by gas bubbles, and through microbial degradation of the residual 
pentane in the FT. The method adapted for PASS for attenuating biogas exsolution in the DDA is to limit 
biogas production to highly soluble carbon dioxide (CO2) and hydrogen sulfide (H2S). This is achieved by 
using ferric sulphate as electron acceptors for microbial respiration. 

Typically, microbes resident in tailings consume light hydrocarbons (naphtha or paraffin) to produce 
biogas depending on the types of electron acceptors present in the tailings.  

To determine the kinetics of biogas generation from the 5-m columns, the headspace of the 5-m column 
is purged with nitrogen and sealed immediately after deposition (maintained at 1 atmosphere). The 
headspace is connected to a micro gas chromatograph (GC) to continuously monitor the gas 
composition in the headspace. Preliminary gas composition of the 5-m geocolumn headspace (after 120 
days) is provided in Figure 3-9 for two columns with different ferric sulphate dosages. Column A was 
treated with the design ferric sulphate dosage and Column B was treated with 2x the ferric sulphate 
dosage. Thus far, only CO2 and H2S (Col A) have been observed in the headspace and no biogas bubbles 
have been observed. Methane remained below the detection limit in both treatments so FHEC expects 
that the use of ferric sulphate in the PASS process as the primary coagulant will achieve reduced biogas 
production and holdup in the deposit.  
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Figure 3-9: Headspace Gas Composition of the 5-metre Geocolumns With Fluid Tailings Treated at the 
Design Equivalent Coagulant Dosage and Two Times the Coagulant Dosages 

Note:  
CO2 = carbon dioxide; H2S = hydrogen sulphide; ppm = parts per million; Vol% = volume percent. 

3.3.8.6. Process Scaleup (Deposit Settlement) 

The settlement behaviour of a PASS deposit is often dependent on the feed FT density and clay content, 
coagulant and flocculant dosages, the flocculation efficiency, and the energy dissipation rate during 
pipeline transport to the deposition area. In addition to these process variables, the deposit fill rate and 
the DDA geometry affect the settlement and consolidation trajectory given the seasonality of the 
deposition. To reduce variability in the deposit, flocculant dosage for a given FT feed is often used as the 
primary control variable. These process variables are appropriately scaled from pilot to the commercial 
asset. 

Because of the variability in the FT feed properties in a commercial treatment asset, it is often difficult 
to replicate the settlement behaviour in a geocolumn. Nevertheless, at the bench and pilot scales, three 
methods are used to monitor the settlement behaviour of treated FT in a deposit, and extract 
consolidation parameters for estimating the long-term settlement of the deposit. A 5-m tall geocolumn 
was chosen for the pilot to closely mimic the seasonal average lift height in the DDA after the first three 
seasons, when the pit floor has been filled. The 5-m geocolumn is monitored until all the excess pore 
pressure has been dissipated to extract partial consolidation parameters. A geotechnical centrifuge 
capable of simulating up to a 35 m deposit is also used to monitor the short- and long-term settlement 
behaviour and extract consolidation parameters that allow modelling consolidation in the DDA over 
time. The advantage of the geotechnical centrifuge lies in its ability to rapidly screen process parameters 
and extract consolidation parameters in a fraction of the time and cost of a geocolumn or large strain 
consolidation measurement. In addition to the 5-m geocolumn and geotechnical centrifuge, the 
standard large strain consolidation test (LSC) is also used to characterize the deposit. 
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In FT, it is often preferable to use the deposit clay-to-water (CWR) ratio to monitor the settlement 
trajectory given that the clay content in the FT controls the settlement and consolidation behavior of the 
deposit.  

The one and three-month CWR profile of two 5-m geocolumns is shown in Figure 3-10. Both have similar 
feed FT density and clay content, as well as similar anionic polyacrylamide flocculant dosages and 
treatment asset configuration. One geocolumn deposit contains alum-treated FT (open symbols) and the 
other contains ferric-treated FT. Ferric-FT densifies faster than alum-FT, as shown in Figure 3-10.  

Figure 3-10:  Clay-to-Water Profiles (One and 3-Months) of Treated Fluid Tailings  

 
Note:  
cm = centimetre; CWR = Clay-to-Water Ratio; FT = Fluid Tailings. 

The increase in the initial settlement rate in the FHOSP configuration is also reflected in the higher 
hydraulic conductivity measured in a large strain consolidometer, as shown in Figure 3-11, even though 
the compressibility of the deposit in both configurations are similar, as shown in Figure 3-12. 
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Figure 3-11:  Hydraulic Conductivity Measured with Large Strain Consolidation Test of Treated Fluid 
Tailings 

Note:  
FT = Fluid Tailings; m/s = metres per second. 

Figure 3-12:  Compressibility Measured with Large Strain Consolidation Test of Treated Fluid Tailings 

Note:  
FT = Fluid Tailings; kPa = kilopascals. 
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3.3.9. Alternative Treatment Option 
The plan basis for the treatment and management of FT accumulation is the PASS FT treatment process 
utilizing water-capping for an aquatic closure outcome. FHEC is now proposing to use a water cap as a 
technology to treat FT  to achieve RTR status. Treatment of FT is separated in time from the proposed 
aquatic closure of the two DDAs.  To address the feedback received by the AER on the previous FHOSP 
TMP (FHEC 2017b) with respect to the need for a feasible treatment alternative, FHEC has provided  an 
alternative treatment technology to treat equivalent volumes of FT contained in the DDAs by ten years 
after the end of mine life (2073).  

FHEC proposes the application of thin lift drying as an alternate treatment technology to the PASS FT 
treatment process. The strategy builds from Section 3.3.1 where the primary constraint of thin lift 
drying, availability of surface area, can be mitigated as mine and tailings operations expose potential 
surface areas for drying. The key attributes associated with this strategy are that FT would be recycled 
from the DDAs and/or FT areas and placed in thin lifts. In the thin lift drying areas the FT will evaporate, 
reduce volumetric water content, and gain geotechnical strength. The material will no longer be 
considered FT upon completion of the cyclic drying process. 

As shown in Table 3-10, 733 Mm3 of FT will be treated through PASS process. This treatment process will 
reduce the volume of FT by dewatering and densification to 439 Mm3 (as shown in Table 3-19) and 
stored in the DDAs. The alternate treatment technology will be applied to the volume contained in the 
DDAs as shown in Table 3-14. 

Assessment of the FHOSP lease results in an execution strategy requiring the tailings areas to be re-
purposed for thin lift drying post coarse tailings placement. The potential areas for thin lift drying are 
shown in Figure 3-13. These activities will hinder progressive reclamation of the mine site, as the major 
coarse tailings areas will be required to expedite the treatment schedule. An assessment of available 
surface areas has been estimated in Table 3-13, with an associated volumetric treatment forecast 
provided in Table 3-14. As shown in the forecast, the FT management plan would transition to thin lift 
drying in 2038, with drying operations commencing on OPTA East Stage 1.  

FHEC proposes that should implementation of the alternative FT treatment strategy be required, the 
operational details of this approach would be submitted to AER in Q3 2035.  

The risks flagged with this approach focus on the ability to efficiently rehandle the treated materials 
from the DDAs and sufficiently use the drying areas while managing the placement of thin lifts. These 
risks would impede process efficiency and the resultant treatment forecast, currently estimated at 
0.8 m3 of tailings/m2 of surface area. 
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Table 3-13: Surface Area Available for Thin Lift Drying 
Facility Available in Year Gross Area (ha) Effective Area (ha) Cumulative Effective Area (ha) 

OPTA East Stage 1 2038 404 303 303 
SPTA 2040 326 244 547 
CPTA1 2042 167 125 672 
CPTA2 2048 322 241 913 
NP Inpit (S) 2058 683 512 1,426 
NPTA1 2058 466 350 1,775 
NP Inpit (C) 2061 298 223 1,999 
NED 2063 391 294 2,292 
NP Inpit (N) 2064 163 122 2,415 
NPTA2 2068 720 540 2,955 

Notes:  
C = Centre; CPTA1 = Centre Pit Tailings Area 1; CPTA2 = Centre Pit Tailings Area 2; ha = hectare; N= North; NED = North External 
Dump; NP = North Pit; NPTA1 = North Pit Tailings Area 1; NPTA2 = North Pit Tailings Area 2; OPTA = Out-of-Pit Tailings Area; S = 
South. 
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Table 3-14: Volume of Fluid Tailings Dried under Alternative Treatment Option 

Year FT Dried Mm3 Cumulative FT Dried Mm3 

2038 to 2042 19 19 

2043 to 2047 27 46 

2048 to 2052 37 82 

2053 to 2057 38 120 

2058 to 2062 77 197 

2063 to 2067 100 297 

2068 to 2072 118 415 

2073 24 439 

Notes: 
FT = Fluid Tailings; Mm3 = Million Cubic Metres. 

3.4. Reclamation and Closure Planning for Tailings  

3.4.1. Introduction 
To ensure a balanced approach to development, FHEC has established guiding principles for mine, 
tailings, reclamation, and closure planning aligned with the TMF objective and outcomes. Details on 
how this balanced approach was applied to the evaluation of tailings and closure alternatives can be 
found in Section 3.3. The closure plan represented in this section is summarized in Section 5 and 
detailed in Appendix A. 

The FHOSP Life of Mine Closure Plan (LMCP) has been updated for the IPA to incorporate mine and 
tailings plan changes. FHEC is proposing to cap the SDDA and CDDA with water after operations 
supporting future formation of South Pit Lake (SPL) and Centre Pit Lake (CPL). Results from water quality 
and quantity modelling, used to guide the updated LMCP, have indicated the pit lakes are expected to 
have acceptable water quality and that the pit lakes can become a self-sustaining surface water feature 
integrated within the surrounding boreal forest ecosystem.  

Compared to the 2017 reclamation and closure plan, the major changes to drainage as part of the LMCP 
include:  

● reduction in the size of the SPL.  

● relocation of SPL drainage to the south and an increase of SPL water catchment area. 

● modification of the OPTA East Stage 1 closure landscape discharge to Centre Pit closure 
watershed. 

● splitting the NPTA between two facilities with discharges to CPL. 

● extension of Approved Project Area to the North and East to accommodate McClelland Lake 
Wetland Complex (MLWC) water management design feature infrastructure and re-location of 
the NED.  

● Removal of MLWC Pit Lake and introduction of a wetland that better incorporates into the non-
mined portion of the MLWC.  

A comparison of the 2017 and updated closure drainage plans is provided in Figure 3-14.  
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The addition of the CDDA has resulted in an increase in the proposed site wide wetland area from 
348 ha in the FHMA Reclamation and Closure Plan (FHEC 2017a) to 562 ha in the updated LMCP. The 
reduction in size of the SPL allows for an increase in wetland surface runoff catchment area. As 
displayed in Figure 3-14, the updated planned closure landscape is still predominately terrestrial with 
modifications to the wetland features feeding the pit lakes (less drainage channels, larger wetland area).  

Timelines to final closure of the site are consistent with the FHMA Reclamation and Closure Plan 
(FHEC 2017a). Most of the site will be permanently reclaimed within 10 years after the EOML and most 
of the closure landscape (about 94% of the disturbed area) does not involve the reclamation of treated 
FT. Full completion of permanent reclamation is targeted for the year 2105. The detailed LMCP is 
provided in Appendix A. 

Closure plans are intended to be conceptual as discussed in Specified Enactment Direction 003 
(SED003), Direction for Conservation and Reclamation Submissions Under an Environmental Protection 
and Enhancement Act Approval for Mineable Oil Sands Sites (AER 2018) which provides the content 
requirements for a LMCP. Future updates to the LMCP will be provided as required per EPEA Approval 
151469-01-00 as amended and SED003. As operations progress, adaptive management will be used to 
incorporate updated knowledge to improve the LMCP. 

Risks associated with reclamation and closure of the treated tailings deposit are further described in 
Section 3.5.  

The following sections describe the specific criteria related to the treatment and reclamation of FT that 
FHEC proposes to monitor in adherence to the outcomes described above. 

3.4.2. Ready to Reclaim Criteria 

3.4.2.1. Ready to Reclaim Criteria Introduction  

Oil sands mine tailings volumes are assessed annually as specified by Directive 085. Most of the 
tailings material produced will not be FT; these materials will continue to be monitored through other 
regulatory mechanisms including EPEA and OSCA approvals. As per Directive 085, RTR is defined as a 
"state achieved when fluid tailings have been processed through an accepted technology, have been 
placed in their final landscape position, and have achieved necessary performance criteria." The 
performance criteria indicates whether the FT has been effectively treated. RTR is used to track the 
performance of an active, operational deposit. “Ready for Reclamation” (RFR) is used to identify the 
project areas (inclusive of tailings deposit area) that are no longer operational and are available for 
reclamation, but where reclamation activities have not yet begun.  

RFR is monitored through regulatory mechanisms outside of the Directive 085 (i.e., EPEA and OSCA 
approvals). Figure 3-15 outlines how the terminology described above is used by FHOSP to describe the 
management of FT under Directive 085.  

  



Measure
Tailings

Fluid
Tailings

RTR
Volume

RFR
Area

Reclamation
and Closure

Activities

Not
Fluid

Tailings

Assess
RTR Criteria

Assess
RFR Criteria

Treatment Trajectory

Annual Assessment of FT Volumes

Directive 085 Scope

0
25

 m
m

20138990
CONTROL
2500-OP-0001

FIGURE

3-150

2021-12-02

RFM

JRG

JP

ZG

FORT HILLS INTEGRATED PLAN AMENDMENT
 
 

GENERIC READY TO RECLAIM/READY FOR RECLAMATION
BLOCK FLOW DIAGRAM

TITLE

PROJECT NO. REV.

PROJECT

CLIENT

PREPARED

DESIGNED

REVIEWED

APPROVED

YYYY-MM-DD

Last Edited By: bmcdonald  Date:  2021-11-29  Time:2:02:56 PM  |  Printed By: bmcdonald   Date: 2021-12-02  Time:3:05:29 PM
Path: \\golder.gds\gal\calgary\CALIM\CAD\SUNCOR\FortHills\99_PROJECTS\20138990\02_PRODUCTION\2500\DWG\  |  File Name: 20138990-2500-OP-0001.dwg

IF
 T

H
IS

 M
EA

SU
R

EM
EN

T 
D

O
ES

 N
O

T 
M

AT
C

H
 W

H
AT

 IS
 S

H
O

W
N

, T
H

E 
SH

EE
T 

SI
ZE

 H
AS

 B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 A

CLIENT

SCHEMATIC ONLY NOT TO SCALE

FORT HILLS ENERGY CORPORATION
 
 

FT = Fluid Tailings
RFR = Ready for Reclamation
RTR = Ready to Reclaim

NOTE(S)



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

83 | Page 

For the SDDA and CDDA, FHEC has developed: 

● Deposit Description and Closure Concept 

● Operational Phase Diagrams 

● RTR/RFR Logic Flow Diagram 

● RTR Criteria 

Targeted final landforms and ecosites for the IPA are described in Section 3.4.2.6. The information for 
each deposit through operation to closure, as presented in Section 3.4.3, demonstrate how selected 
criteria support development of the planned closure outcomes. 

3.4.2.2. Clay-to-Water Ratio and Total Suspended Solids 

The use of CWR as a measure of tailings behaviour dates back to the 1970s when the different clay 
minerals in oil sands tailings were quantified and used to explain the settling behaviour of oil sands FT 
(Yong and Sethi 1978). The use continued through the commercial deployment of CT where the CWR 
was used to define the segregation boundary of a CT mixture (Fine Tailings Fundamentals Consortium 
1995). Today, CWR continues to be used in FT treatment because of the influence of clay minerals on 
rheological properties and dewatering efficiency. 

Measurement of water quality has a long development history/knowledge base because of its direct 
relationship to human and environmental health. Hundreds of water quality parameters can be used to 
demonstrate performance of treatment processes; however, because water quality parameters are 
highly correlated, select parameters can be used as key performance indicators. Parameters such as 
TSS, total dissolved solids (TDS), dissolved organic carbon (DOC), and oil and grease are examples of 
potential key performance indicators that have strong correlations to a broad range of other water 
quality parameters. Depending on the operational phase for a FT deposit, an appropriate key 
performance indicator can be chosen. 

The TSS measurement is a standard method for water quality when evaluating treatment process 
effectiveness for the separation of solids from water and makes it an ideal performance metric for the 
PASS treatment process that will be used for both SDDA and CDDA. The TSS indicator will inform 
operations on the performance of the DDA during treated tailings placement and in addition directly 
relates to the quality of the DDA recycle water that will be used again in extraction. 

3.4.2.3. Relationship between Clay-to-Water Ratio and Wind Driven Wave Action 

The relationship between wind driven wave action and CWR was first investigated in 1991 at Syncrude 
Canada Limited’s (Syncrude’s) Mildred Lake Settling Basin (MLSB) where it was determined that the 
oscillating bottom currents beneath surface wind waves were the most likely cause of erosion of mature 
fine tailings (MFT; Lawrence et al. 1991). They calculated the wind speed needed to generate waves 
strong enough to cause erosion of 35% solids by weight MFT was 0.04 metres per second (m/s), 
corresponding to greater than 80 kilometres per hour (km/h) surface wind speeds. Recent studies by 
Lawrence et al. (2016) identified no fewer than 20 transport mechanisms for solids/chemicals at 
Syncrude’s Base Mine Lake (BML) of which the most important is mudline destabilization by the action 
of wind-driven free surface waves. 

Lab experiments in 2016 tested three types of Suncor produced FT with a range of CWR’s (0.24, 0.50 and 
0.68). The results indicated no systematic change of TSS concentrations in the water cap after laboratory 
induced wave actions (various speeds) were terminated for each of the MFT types (Flynn 2016). 
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A summary of the performance for the last three years of Suncor Base Plant DDA3 operations, based on 
information provided in the annual Base Plant Fluid Tailings Management Report (Suncor 2019, 2020, 
2021), is provided in Table 3-15. The measured data, as per Base Plant Operations Directive 085 
Measurement System Plan (MSP; Suncor 2018) shows increasing dewatering in the DDA3 deposit. The 
distribution and increasing average CWR for the deposit, as shown in Table 3-15, demonstrates that the 
deposit is dewatering as previously placed material continues to settle and as new treated FT is placed in 
the deposit. Overall, the treated tailings performance supports the closure outcome of a healthy aquatic 
ecosystem. 

Table 3-15: Volume of Treated Tailings and Clay-to-Water Ratio Ranges 2018 to 2020 at Suncor Base 
Plant Dedicated Disposal Area 3 

CWR Range 
2018 Volume (a) 

(Mm3) 
2019 Volume (b) 

(Mm3) 
2020 Volume (c) 

(Mm3) 
0 to 0.10 0 0 0.1 

0.10 to 0.20 0 0 0.3 
0.20-0.30 0 0 0.9 

0.30 to 0.40 11.7 6.4 4.9 
0.40 to 0.50 0 17.1 15.0 
0.50 to 0.60 0 7.8 16.8 
0.60 to 0.70 0 0.9 4.2 
0.70 to 0.80 0 0 0.7 
0.80 to 0.90 0 0 0.1 
0.90 to 1.0 0 0 0.1 

Total Volume  11.7 32.2 43.1 
Deposit Average CWR 0.4 0.5 0.5 

Notes:  
(a) Information from 2018 Base Plant Fluid Tailings Management Report (Suncor 2019). 
(b) Information from 2019 Base Plant Fluid Tailings Management Report (Suncor 2020). 
(c) Information from 2020 Base Plant Fluid Tailings Management Report (Suncor 2021). 
CWR = Clay-to-Water Ratio; Mm3 = million cubic metres. 

Performance of treated FT twelve months after deposition in DDA3 is shown in Table 3-16. This data 
shows that PASS is continuing to perform as expected and that the treated FT placed in DDA3 continues 
to dewater post placement.  

Table 3-16: Treated Fluid Tailings Performance in Dedicated Disposal Area 3 - Year Treated vs 12 
Months Later at Suncor Base Plant Dedicated Disposal Area 3 

Year of Treatment 2018 2019 2020 
CWR after deposition 0.4 0.4 0.4 
CWR 12 months after deposition 0.6 0.5 To Be Determined 

Notes:  
CWR = Clay-to-Water Ratio. 

The annual sampling programs conducted in 2018, 2019 and 2020 illustrate how the treated tailings in 
DDA3 are continuing to dewater over time. For example, at the 260 meters above sea level elevation 
marker, the CWR was between 0.3 and 0.4 in 2018, between 0.4 and 0.6 in 2019, and between 0.5 and 
0.7 in 2020. 
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3.4.2.4. Clay-to-Water Ratio and Total Suspended Solids Connection to Closure Outcomes 

The link between the deposit properties with CWR and TSS helps to connect to a successful closure 
outcome. As described in Section 3.3.8, the PASS FT treatment process is designed to achieve three 
targeted outcomes for a pit lake landform: 

● a stable treated tailings deposit limiting mobility of materials such as bitumen and fines in the 
deposit matrix. 

● expression of water from the treated tailings deposit at low rates into the water cap once it is 
established. 

● improved water quality. 

A stable treated tailings deposit has characteristics of low hydraulic conductivity, relatively high strength 
and released water with low concentration of materials such as fines and bitumen. The identified 
relationships between CWR to deposit properties and TSS to released water quality can be used as 
indicators to measure progress of the deposit to the targeted outcome. 

CWR can be used as a basis for setting RTR criterion that links to creating a substrate suitable for 
reclamation. CWR increases with strength and hydraulic conductivity on a trajectory from FT to treated 
tailings to no longer being FT and beyond.  

During the operational phase of the DDAs (Phase 1 as described in Section 3.4.3.2), TSS is the preferred 
water quality parameter for DDA recycle water because the water is planned to be reused in the IWW 
loop. This water, from a quality perspective, needs to be compatible for use in extraction and utilities 
where; one of the controlling factors is TSS. In Phase 2 and 3 for the DDA, TSS is also important to the 
development of the lake. Clear water permits the penetration of light that helps to establish early 
microbiological activity and algae communities that play a role in reducing residual dissolved organics in 
the water that will form the water cap. 

The information collected on the TSS of the released water from Suncor Base Plant DDA3 samples shows 
that results from 2018, 2019, and 2020 are within the annual average ≤500 parts per million (ppm) 
criterion, as illustrated in Table 3-17, indicating that treated tailings are on track to support the closure 
outcome of a healthy aquatic ecosystem. 

Table 3-17: Total Suspended Solids in Suncor Base Plant Dedicated Disposal Area 3 Expressed Water 

Sample Year Total Suspended Solids 
(mg/L) 

2018 (a) 34 
2019(b) 13 
2020(c) 20 

Notes:  
(a)  From 2018 Base Plant Fluid Tailings Management Report (Suncor 2019). 
(b)  From 2019 Base Plant Fluid Tailings Management (Suncor 2020). 
(c)  From 2020 Base Plant Fluid Tailings Management (Suncor 2021). 
mg/L = milligram per litre. 
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3.4.2.5. Ready to Reclaim Criteria 

The deposition and operational phases for the DDAs is outlined in Section 3.4.3.2. For the DDAs, there 
are two RTR criteria necessary to meet the outcomes of the TMF and Directive 085: 

● Clay-to-Water Ratio: Using the CWR as the key RTR criterion for the initial operating phase of 
the DDA make sures that FT is treated effectively to meet containment objectives and results in 
a stable deposit having sufficient geotechnical strength to support a pit lake. 

● Water Quality: Recycle water quality criterion from the DDA allows for reuse during operations 
and a trajectory towards a final closure landform of a pit lake. 

The RTR criteria based on indicators of CWR and TSS in expressed water quality have been accepted by 
AER for Suncor Base Plant DDA3.  

A thin lift drying approach is provided as an alternate treatment technology in Section 3.3.9 to treat FT in 
the unlikely event that the PASS FT treatment process does not meet the proposed RTR Criteria.  

The RTR criteria for the TMP were selected establish a trajectory to meet the planned aquatic closure 
outcome. 

CWR is the primary measurement FHEC will use to manage treatment of FT. The rationale for CWR is: 

● CWR is used as process control for treated FT, which fundamentally indicates performance with 
regards to containment and dewatering from the deposit over the long-term. 

● It allows for normalization of data to one measurement for all FT sources. 

● There is a strong relationship of CWR to strength, which is important because: 

- the deposit strength must support a pit lake 

- the ability of the deposit strength to limit TSS released into the lake water cap 

- it is important in reducing the highest risk mechanism, which is associated with wind-
driven wave action 

For the recycle water quality, multiple steps were used to understand what parameters may be of 
concern for the water returned to the watershed, which was then translated back to the phases of 
operation for the DDA and required performance of the technology. 

For determining parameters of concern for the watershed, the Regional Substance Load Allocation Tool 
(COSIA 2015) was used to look at future cumulative water releases (approximately 13 planned mine 
operations) from oil sands projects to the Athabasca River. The tool has built-in water quality criteria for 
both the Canadian Environmental Quality Guidelines: surface water quality guidelines for the protection 
of aquatic life (CCME 2021) and Environmental Quality Guidelines for Surface Waters in Use in Alberta 
(ESRD 2014). The tool provided a range of water quality effluent targets that is protective of the 
watershed for users over time. 

These watershed protective effluent targets apply to the planned operational release from the DDAs 
during Phase 3 (i.e., the safe release of water to the Athabasca River). The SPL and NPL must have water 
quality that can be safely released to the environment (low risk to aquatic health). Any water returned 
to the environment would be the subject of a future regulatory application. FHEC is also committed to 
considering and incorporating feedback from stakeholders and Indigenous communities, including 
Indigenous Knowledge, that may complement the water quality effluent targets. 
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To determine if the planned operation of the DDAs will enable suitable onsite water quality for 
Operational Phases 2 through 4 (Closure; described in detail in Section 3.4.3.2), a Water Quality 
Model (closed-circuited loop) was used to predict future FHOSP water quality. The result of this 
assessment indicated the performance of the DDAs are expected to support pit lakes becoming self-
sustaining surface water features integrated within the surrounding boreal forest ecosystem. 

The criteria targets are defined in Table 3-18. For the deposit criterion, the threshold value is set at  
>0.3 CWR measured through annual pond assessment. For water quality criterion, the value has been 
defined as TSS ≤ 500 mg/L, on an annual average basis, in the recycle water collected from the DDA for 
reuse. 

Table 3-18: Proposed Ready to Reclaim Criteria Summary 

Deposit Indicator Measurement Criteria 

DDAs RTR 
Clay to Water Ratio threshold >0.3 

Water Quality Criterion - TSS ≤500 mg/L 

Notes:  
DDA = Dedicated Disposal Area; RTR = Ready to Reclaim; TSS = Total Suspended Solids; mg/L = milligram per litre; > = greater 
than; ≤ = less than or equal to.  

The CWR target of >0.3 threshold based on deposition sampling and modelling is the appropriate 
criterion to assess performance one year post deposition. Any amount of FT not meeting the threshold 
will be included in FT profile. 

Water quality remains a key component to the success of a healthy aquatic ecosystem. The treated 
tailings deposit’s contribution to TSS in the water cap is a key consideration that requires early 
monitoring to make sure that DDAs continues along the trajectory to successfully achieve its closure 
outcome. The treated tailings deposit ability to limit contribution to TSS in the water cap should be 
driven by the highest risk mechanism for TSS increase, which has been shown to be wind-driven wave 
action. 

Through review of available information, including Syncrude Base Mine Lake, Suncor Lake Miwasin, and 
pond dynamics simulations, data and observation have indicated the strength of FT needed to mitigate 
the risk of wave-driven wind action causing resuspension is equivalent to the strength of FT successfully 
treated through the PASS process. Typical PASS treatment results in a treated tailings deposit exceeding 
0.3 CWR, in-line with laboratory testing.  

After tailings treatment and deposition, the increase in water cap depth (from aquatic cover placement 
and ongoing treated tailings settlement) further reduces the risk of TSS release by wave action, 
therefore the ability to meet the >0.3 CWR threshold during initial tailings placement is an appropriate 
threshold for the dewatering criterion, supporting the Directive 085 Subobjective 1 RTR criteria for the 
DDAs. The use of coagulant in the PASS process further reduces the risk of TSS release because of wind-
driven wave action. 

Pond dynamics simulations studies indicate that various FT/IWW combinations show great resistance to 
shear because of wind-driven free surface waves, even for near bed speeds of up to 25 millimetres per 
second (mm/s) (corresponding to a wind speed of about 70 km/h) 
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The relationship between CWR, strength, and hydraulic conductivity has been demonstrated. Using the 
CWR as a key RTR criterion for the initial operating phases of the DDA supports that treated tailings 
dewatering projections are attained. The rate of treated tailings dewatering, and composition is 
important to future pit lake viability and containment. The CWR RTR criterion establishes that the 
treatment of FT places it on a trajectory to achieve this outcome by ensuring that at the time of water 
cap placement, projected dewatering rates will be as planned and decreasing in relation to the surface 
water volume and natural inflow/outflow rates. Following the period of controlled water return 
(Phase 3) with enhanced inflow/outflow, the pit lakes are expected to have acceptable water quality to 
support reclamation and closure activities. 

The RTR criterion of TSS indicates the performance of the treatment process on water quality. FHOSP 
selected TSS by using a process to identify water quality parameters of potential concern for establishing 
a pit lake and leveraging the fact that water quality parameters are correlated with each other. TSS was 
selected as the primary measure of successful treatment. During the operational Phase 1, FHOSP will 
monitor routine water quality of the DDA recycle water, as appropriate; to confirm broader water 
quality outcomes for both operations and the future pit lakes are not compromised. 

During Phase 1, TSS is the preferred indicator for the DDA recycle water quality as the water is planned 
to be reused in the IWW control system. This water needs to be compatible for reuse in extraction 
and one of the controlling factors is suspended solids. In Phases 2 and 3 for the DDA, TSS is also 
important to the development of the pit lake. Clear water permits the penetration of light that helps to 
establish early microbiological activity and algae communities that play a role in reducing residual 
dissolved organics in the water that will form the aquatic cover. 

For the performance of the DDA to support permanent reclamation with the establishment of the pit 
lake, the water quality during Phases 2 and 3 of operation should establish a trajectory to supporting 
aquatic life. The modelled water quality projections for the pit lakes showed that concentrations of 
COPCs will result in low to negligible risks to aquatic life (Volume 2, Section 4.4).  

A scientific basis for criteria development has been used to allow for the safe release of water to the 
environment and establishment of an aquatic ecosystem. Suncor on behalf of FHOSP has engaged with 
Indigenous communities regarding this approach and will continue to pursue opportunities to 
incorporate Indigenous Knowledge. 

FHEC has linked RTR criteria to successful tailings treatment and water quality objectives at closure. 
Achieving acceptable water quality to support aquatic life will enable the connection to the 
development of a lake ecosystem that can integrate into the closure landscape. Water quality and a 
deposit that limits the mobility of materials such as bitumen and fines are key foundational components 
to creating a viable lake. Tailings treatment in the DDAs is focused on achieving both Directive 085 RTR 
subobjectives and links to the targeted closure outcomes. 

A summary of the RTR criteria for the treated tailings deposit is provided in Table 3-18. 
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A summary of the cumulative annual volumes that meet RTR status for the treated tailings deposit 
(i.e., DDAs) is provided in Table 3-19. 

Table 3-19: Cumulative Ready to Reclaim Volumes by Period 

Period End DDA Reclaimed In Place 
 Σ Mm3 Σ Mm3 

2018 0 0 
2019 0 0 
2020 0 0 
2021 0 0 
2022 0 0 
2023 11 0 
2024 23 0 
2025 35 0 
2026 47 0 
2027 60 0 
2028 74 0 
2029 89 0 
2030 104 0 
2035 163 1 
2040 209 4 
2045 255 9 
2050 304 13 
2055 357 15 
2060 400 17 
2063 427 19 
2068 439 19 
2073 439 29 

Notes:  
DDA = Dedicated Disposal Area; Mm3 = million cubic metres; Σ = running sum. 

3.4.2.6. Targeted Final Landforms and Ecosites 

Targeted final landforms and range of ecosites for the proposed treated tailings deposit and the rest of 
the mine site are provided in Figure 3-16 and Figure 3-17. A schedule of milestones by deposit with 
respect to RTR criteria status and start of reclamation activities is provided in Table 3-20. The locations 
and size of the tailings deposits are provided on the tailings status maps in Appendix D. 
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Table 3-20: Schedule of Milestones by Deposit with Respect to Ready to Reclaim Criteria Status and Start of Reclamation Activities 

Deposit  
Reclamation Milestones  

RTR  RFR  Permanent Reclamation(a) 
Activities Start  

>1 m Suitable Overburden 
Cap Placed  

Permanent Reclamation(a) 
Complete  

OPTA n/a  n/a 2027 some dyke slopes 
2070 remaining areas 

2027 to 2035 some dyke slopes 
2070 to 2075 remaining areas 2075 

OPTA East Stage 
1 n/a n/a 2033 2033 to 2035 2035 

SPTA n/a n/a 2035 2035 to 2040 2040 

CPTA 1 and 2 n/a n/a 2040 2040 to 2045 2045 

NPTA 1 and 2 n/a n/a 2053 2053 to 2065 2065 

SDDA 2023 to 2038  2085  2076 n/a 2085 

CDDA 2038 to 2073  2085 2076 n/a 2085 

Notes: 
(a) Permanent Reclamation (Terrestrial; Wetlands and Aquatics) – Land is considered permanently reclaimed when landform construction and contouring, clean material 

placement (as required), reclamation material placement and revegetation has taken place. Land cannot be listed under permanent reclamation until revegetation has 
occurred which is reflective of the approved Reclamation and Revegetation Plans. 

CDDA = Centre Dedicated Disposal Area; CPTA = Centre Pit Tailings Area; m = metre; n/a = not applicable; NPTA = North Pit Tailings Area; OPTA = Out-of-Pit Tailings Area;  
RFR =- Ready for Reclamation; RTR = Ready to Reclaim; SDDA =South Dedicated Disposal Area; SPTA = South Pit Tailings Area; > = greater than.  
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3.4.3. Deposit Description – Closure Concept 
The PASS treated tailings will be deposited in the in pit DDA. This technology enables rapid dewatering in 
the DDA. The SDDA is planned to contain approximately 183 Mm3 of treated tailings and the CDDA is 
planned to contain 255 Mm3 of treated tailings when complete. The targeted pit lake landform for the 
DDAs is designed to achieve three targeted outcomes: 

● A stable treated tailings deposit limiting mobility of materials such as bitumen and fines in the 
deposit matrix, with enough geotechnical strength to resist treated tailings remixing into water 
column during wind driven wave action. 

● Water is expressed from the treated tailings at higher rate at initial deposition but over the long-
term at low rates into the water cap once it is established. 

● Pit Lake closure water quality meeting surface water quality guidelines before discharge to the 
receiving environment. 

In the closure concept, the SPL discharges to the Athabasca River and the CPL outflows to the NPL, 
which discharges to the Athabasca River. Further details are provided in the LMCP (Volume 1, 
Appendix A).  

The RTR criteria and RFR outcomes for the DDAs are shown in Table 3-21 through Table 3-25. 

Table 3-21: Deposit Specific Details for the Dedicated Disposal Areas 
Name of Deposit SDDA and CDDA Treated Tailings Description Treated Tailings (dewatered) 
Location Fort Hills Operations Deposit Reclamation Phase None to date 
Approximate Size (ha) 612 and 698 Deposit Status Mining 
Final Landscape Position In Pit DDAs Targeted Landform Aquatic 

Description of 
Deposit/Area 

DDAs are in the mined out South Pit and Centre Pit. Treated tailings will be deposited in the DDAs 
and dewatered, the water will be recycled in the close circuit water system. SDDA and CDDA 
contain approximately 183 Mm3 and 255 Mm3 of treated tailings, respectively. The approximate 
depths of the deposits are 70 m and 77 m in SDDA and CDDA, respectively. 

Future Performance Treated tailings are planned to be water capped to form the SPL and CPL. 
Notes:  
ha = hectares; SDDA = South Dedicated Disposal Area; CDDA = Centre Dedicated Disposal Area; CPL = Centre Pit Lake; SPL = 
South Pit Lake; DDA = Dedicated Disposal Area; m = metre; Mm3 = Million cubic metres.  
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Table 3-22: Subobjective 1 Ready to Reclaim Criteria for the Dedicated Disposal Areas 
Deposit SDDA and CDDA 

Subobjective The deposit’s physical properties are on a trajectory to support future phases 
of activity 

Measurement CWR 

Relevance to Meeting 
Subobjective 

CWR is directly related to strength and hydraulic conductivity of the deposit and is recognized as 
a measure of treated tailings quality. CWR is used as a process control for dewatering FT. By 
using CWR, data which relates to strength and hydraulic conductivity can be normalized. 
Meeting the CWR criteria make sures that the FT have been properly treated, and the placed 
treated tailings are not susceptible to wave generated re-suspension of solids into the overlying 
water cap. 

Method of Measurement MBI and Dean Stark 

Uncertainty in 
Measurement Method 

Analysis of lab procedures has demonstrated a relatively high certainty in 
calculating CWR of a material. The relative error using MBI testing for clay 
measurement is +/-10%. 

Criteria CWR > 0.3 threshold measured by annual pond surveys. 
Notes:  
+/- = plus or minus; % = percent; SDDA = South Dedicated Disposal Area; CDDA = Centre Dedicated Disposal Area; CWR = Clay to 
Water Ratio; FT = Fluid Tailings; MBI = Methylene Blue Index.  

Table 3-23: Subobjective 2 Ready to Reclaim Criteria for the Dedicated Disposal Areas 
Deposit SDDA and CDDA 

Subobjective 
To minimize the effect the deposit has on the surrounding environment and 
ensure that it will not compromise the ability to reclaim to a locally 
common, diverse, and self-sustaining ecosystem. 

Measurement TSS 

Relevance to Meeting Subobjective Recycle water quality target will be established to meet the treatment objective 
for the desired closure outcome for the deposit. 

Method of Measurement A water sample from recycle water from the DDA will be collected  
and submitted for sample analysis as required. 

Uncertainty in Measurement Method 
TSS is a standard method with reported variation of 1 to 30% depending 
on the amount of TSS in the sample. Low TSS samples exhibit higher coefficients 
of variation versus high TSS samples. 

Criteria TSS ≤ 500 ppm annual average 
Notes:  
CDDA = Centre Dedicated Disposal Area; DDA = Dedicated Disposal Area; SDDA = South Dedicated Disposal Area; TSS = Total 
Suspended Solids; ppm = parts per million; ≤ = Less than or equal to; % = percent. 
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Table 3-24: Subobjective 2 Ready to Reclaim Criteria for the Dedicated Disposal Areas 

Deposit SDDA and CDDA 

Subobjective 
To minimize the effect the deposit has on the surrounding environment and ensure that it will 
not compromise the ability to reclaim to a locally 
common, diverse, and self-sustaining ecosystem. 

 

Uncertainties associated 
with deposit 
performance 

In-Pit placement of treated tailings reduces the risk profile associated with treated 
tailings deposition by confining this material in-pit instead of stacking it above grade, where 
strength is not required because it is not important to achieve geotechnical stability for an 
aquatic closure of the DDA.  
Please refer to Section 3.4.4.1 for a more detailed discussion on risks associated with aquatic 
closure of the DDAs. 

Groundwater 

Assessment of Risks 

The groundwater assessment (Volume 2, Section 4.2) assessed changes to IWW seepage to 
the Athabasca River, Muskeg River, and Stanley Creek and the results showed no significant 
increase relative to the previous assessment (FHEC 2017a). Therefore, the water quality 
impact to these receptors as a result of the changes to the mine and closure plans is 
expected to be negligible. The groundwater assessment also included predictions for IWW 
seepage to pit lakes in the closure landscape; these results were integrated into the water 
quality assessment (Volume 2, Section 4.4). The water quality pit lake modeling results 
showed that these aquatic landforms would be sustainable and support aquatic life.  
Groundwater is monitored as required under EPEA Approval No. 151469-01-00, as amended. 

Mitigating Design 
 

No mitigating features were required to be incorporated into the design. 
Measurement No measurements are made because there are no mitigating design features. 
Criteria No criteria area measured because there are no mitigating design features. 
Surface Waterbodies 

Assessment of Risks 

The surface waterbodies that are in the proximity of the SDDA are the SPL (closure landform 
established on top of the deposit), the wetlands to the west, east and south of the SPL 
(closure landforms) and the Athabasca River. The surface waterbodies in proximity of the 
CDDA are the CPL (closure landform established on top of the deposit), the wetlands to the 
west, east and south of the CPL and the NPL to the north (closure landform). The scenario 
modelled is conservative and does not identify any further effect on nearby receptors (i.e., 
Athabasca River) that is greater than what was identified for the associated project approvals 
(e.g., EPEA Approval No. 151469-01-00, as amended). 
 
Water quality in waters that will discharge from the SPL to the Athabasca River and from the 
CPL to the NPL and into the Athabasca River will meet the post-operation water quality 
requirements. Please refer to Section 3.3 (main document) for a more detailed discussion on 
risks associated with aquatic closure. 

Mitigating Design 
Features 

During operations, drainage associated with the DDAs will direct IWW into the IWW closed-
circuit water management system. 
The conceptual design of the closure drainage system directs water to the pit lakes for 
treatment after collection in the surrounding reclaimed mineral wetlands. For the SDDA, 
water will be directed from mineral wetlands in the former OPTA, SPTA, Moose Dump areas 
to the SPL with discharge through a channel to the Athabasca River. For the CDDA, runoff 
collected from mineral wetlands in the former OPTA East Stage 1, CPTA Phase 1 and 2 and 
NPTA Phase 1 and 2 will drain to the CPL, then to the NPL with discharge to the Athabasca 
River.  
Post operation discharge and lake water quality requirements are in development. 

Measurement No measurement criteria proposed outside of the EPEA Approval Conditions 
Criteria No criteria proposed. 
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Table 3-24: Subobjective 2 Ready to Reclaim Criteria for the Dedicated Disposal Areas 

Deposit SDDA and CDDA 
Seepage 

Assessment of Risks 

Permeability of treated tailings is expected to be extremely low resulting in very low rates of 
dewatering. Potential effects on aquatic health in the receiving environment are expected to 
be negligible based on a weight-of-evidence approach that considered the results of test 
studies, comparisons to toxicological benchmarks and the degree of change predicted to 
occur. Monitoring results from Lake Miwasin suggest that treated FT is performing as an 
effective aquitard limiting downward groundwater seepage from the lake bottom into the 
receiving environment. The most recent sampling results in October 2020 confirmed the low 
permeability of the treated FT (with a hydraulic conductivity of ~ 2 x 10-9 m/s close to the pit 
bottom, as compared to 1 x 10-7 m/s for the initial treated tailings, which was deposited in 
October 2017).  

Mitigating Design 
Features 

The treated FT is contained within SDDA and CDDA surrounded by pit walls, dykes, and the 
buttresses constructed from the McMurray, which will reduce permeability of overburden 
materials exposed in the pit wall. 
 
Seepage water monitoring is as required under EPEA Approval No. 151469-01-00, as 
amended. 

Measurement TBD 
Criteria TBD 
Stability 

Assessment of Risks A geotechnical assessment of the containment facilities that supports the DDAs are in the 
process of being developed and will be submitted to the AER as required. 

             
Mitigating Design 
Features 

Pit wall buttresses will stabilize the pit wall and reduce the permeability of overburden 
materials exposed in the pit wall. In addition, overburden material required to be placed in the 
bottom of the pit for Devonian inflow mitigation will further stabilize pit walls.  

Measurement TBD 
Criteria TBD 
Erosion 

Assessment of Risks 

During high intensity rainstorm events, some erosion of slopes is to be expected as is the case 
for natural structures in the area. During operations, erosion that compromises the ability to 
reclaim the structure will be repaired to a condition that allows for reclamation and 
continuing safe operations. 

Mitigating Design 
Features 

No mitigating features were required to be incorporated into the closure design to prevent 
erosion of the deposit; however, it is anticipated that the wetland surrounding the SPL and the 
NPL will attenuate storm events and will act as a trap for sediment that may be suspended 
during high flow events. The NPL will further improve water quality reporting to the Athabasca 
River. 

Measurement No measurements are made because there are no mitigating design features. 
Criteria No criteria are measured because there are no mitigating design features. 

Notes:  
≤ = Less than or equal to; m/s = metres per second; AER = Alberta Energy Regulator; CPL = Centre Pit Lake; EPEA= Environment 
Protection and Enhancement Act; SDDA = South Dedicated Disposal Area; CDDA = Centre Dedicated Disposal Area; DDA = 
Dedicated Disposal Area; FT = Fluid Tailings; NPL = North Pit Lake; TSS = Total Suspended Solids; TBD=To be Determined; ppm = 
parts per million; OPTA = Out-of-Pit Tailings Area ; SPTA =South Pit Tailings Area ; SPL = South Pit Lake. 
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Table 3-25: Ready for Reclamation Outcomes for the Dedicated Disposal Areas 
Deposit SDDA and CDDA 
Indicator Water Quality 

Relevance to Meeting Outcomes 

The water quality in the SPL, CPL, and NPL  
must meet regulatory water quality discharge criteria. The 
water quality can be directly related to the long-term 
viability and sustainability of an aquatic ecosystem in the 
boreal forest. 

Method of Measurement 

FHOSP will monitor water quality performance as it 
progresses towards the approved discharge criteria. There 
are multiple water quality parameters that will be measured 
that cover large groups of constituents including: organic, 
inorganic, aggregate and toxicological parameters. 

Uncertainty in Measurement Method TBD when specific parameters to be monitored are 
identified. 

Criteria TBD when specific parameters to be monitored are 
identified. 

Notes: 
SDDA = South Dedicated Disposal Area; CDDA = Centre Dedicated Disposal Area; SPL = South Pit Lake; CPL = Centre Pit Lake; 
NPL = North Pit Lake; TBD = to be determined. 
 

3.4.3.1. Data Management 

As described in Section 1.2, the FHOSP relies on a Risk Management Standard that provides a consistent 
approach to risk management. The ISO31000 compliant system includes systems and business processes 
for ensuring the collection and storage of compliance related information and related data. 

3.4.3.2. South Dedicated Disposal Area and Centre Dedicated Disposal Area Operational 
Phases  

The SDDA is scheduled to start operation in 2023 using the PASS FT treatment process. Ongoing aquatic 
closure development activities that support both FHOSP and Suncor Base Plant will be used to improve 
certainty around the aquatic closure of the DDAs with the following milestones. At the start of SDDA 
operations in 2023, the aquatic closure programs at the Suncor Base Plant and in the industry will 
have achieved the following milestones: 

● Five years of Suncor Base Plant DDA3 operation and performance 

● Six years of Suncor Base Plant Lake Miwasin (formally demonstration pit lake [DPL]) operation 
and performance 

● Industry collaborative development 

- 10 years of Syncrude BML operation and performance 

- Six years of COSIA DPL Mesocosm Projects 

Through adaptive management, key learnings from the aquatic closure program development activities 
will help to further optimize the operation of the DDAs to improve certainty in closure outcomes. 

There are four operational phases for the SDDA and CDDA that directly relate to RTR criteria. These 
phases are also shown in Figure 3-18 and Figure 3-19. 
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● Phase 1: Dewatering and Treatment of FT (SDDA RTR Milestone 2023 to 2038, CDDA RTR 
Milestone 2038 to 2073)  

Treated tailings will be produced and placed in the DDAs and begin to dewater. A water transfer system 
will collect water and recycle it back to the IWW system. During this phase, deposit characteristics will 
be monitored, and closure development programs will progress. The key deposit characteristics 
pertinent to reclamation and closure include limiting mobility of materials such as bitumen and fines, 
dewatering rate of the treated tailings, and DDA’s recycle water quality.  

● Phase 2: Recycle Water Use and Placement of a Water Cap SDDA (2039 to 2075), Placement of 
Water Cap CDDA (2069 to 2075)  

After final use of the SDDA for FT treatment in 2038, treated tailings in the SDDA will continue to 
dewater at a low rate. Water cap placement can begin and will use a combination of residual 
process/DDA released water, drainage water from the surrounding landscape and, if regulations allow, 
water from the Athabasca River. The area surrounding the SDDA will still be under mining operations 
post deposition, as such, additional water cap sources will be required aside from runoff from the 
surrounding watershed, which will not be fully reclaimed until 2075. Placement of the IWW and 
freshwater water will support water recycling, and ultimately development of the water cap before 
final reclamation activities will allow time to demonstrate the effectiveness of the SPL water cap before 
the end of deposition at the CDDA. The primary objectives during Phase 2 are to establish the water cap 
and to allow for residual organic material degradation in the water. Detailed water composition and 
water quality information is available in Section 6 of the LMCP (Volume 1, Appendix A). 

For the purposes of the integrated groundwater and water quality model inputs and the updated LMCP, 
the timeline to complete water cap placement within both DDAs is assumed to be by 2075, coinciding 
with when the surrounding reclaimed landscape becomes fully available as a watershed for the SPL. 
FHOSP will explore the potential opportunity to begin the placement of water on the SDDA within an 
earlier timeframe before reclamation activities begin within the pit lake’s watershed area. FHOSP also 
recognizes the importance of demonstrating the effectiveness of the SPL to meet water quality 
guidelines during the operating timeframe of the CDDA, to apply learnings and adjust tailings treatment, 
if necessary, during the mining operational period.  

Potential water sources being considered include using the SDDA as the FHOSP operating raw water 
pond; however, this use must be balanced with risks to recycled water quality to maintain production. 
Another potential option is using non-saline basal water during North Pit aquifer depressurization.  

FHEC will work through the potential options with mining operations, geotechnical, and closure teams 
and conduct the appropriate water quality modelling to guide the decision. The modelling results and 
potential water source options will be presented within the next major regulatory application, likely the 
FHOSP EPEA renewal due in 2023. 

● Phase 3: Controlled Water Flow-Through (SDDA RFR Milestone 2076 to 2085, CDDA 2076 to 2085)  

In Phase 3, a combination of Athabasca River water (within the existing approved water license and 
limited during low flow periods) and surface runoff will be used to establish a controlled rate of 
water flow from the SPL to the Athabasca River for the SDDA. For the CDDA, controlled water from the 
CPL to the NPL followed by return to the Athabasca River. The objective of this phase is to control the 
release of dissolved ions from the water cap as it flows to the Athabasca River. Water quality in the 
water cap will rapidly improve, creating appropriate conditions for establishment of lake biology 
because of the low dewatering rate of the deposit in relation to the flow from the closure drainage 
system and the addition of Athabasca River water. At the end of Phase 3, water quality of the water cap 
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will meet required regulatory water quality guidelines. . The water quality modelling assessment 
results show that Phase 3 may not be needed however, FHOSP assumed phase 3 as a contingency to 
address any uncertainty in modelling and management. This will be the subject of a future regulatory 
application. 

● Phase 4: Water Return Under Natural Flow – Pit Lake Development (2086+)  

Phase 4 will include the further development of the pit lake ecology over time. 

● Ready to Reclaim/Ready for Reclamation Logic Flow Diagram 

The operational phases of the SDDA and CDDA along with the Logic Flow Diagram that defines the key 
phases tied to RTR and RFR are shown in Figure 3-18 and Figure 3-19. 
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3.4.4. Reclamation and Closure of Fluid Tailings  
The closure concept for the DDAs containing treated FT is an aquatic landform. The FHOSP DDAs will be 
actively used for tailings treatment until 2073, at which point a water cap process is proposed to 
begin. This allows approximately 50 years to refine the approach to aquatic closure for the DDAs. 
Further details on the timelines are outlined in Section 3.4.3.2. 

3.4.4.1. Aquatic Closure Development  

Suncor is working to close uncertainties with pit lakes, in particular aquatic closure of treated FT. There 
are several forums that have included industry, government, Indigenous communities, and other 
participants that have been working to define and mitigate deployment uncertainties for water capped 
tailings, and Suncor, on behalf of FHEC, has been an active participant and leader. The decades of 
research on pit lakes are being built upon to identify and address deployment uncertainties. These 
uncertainties are: 

● Treatment validation: characteristics and behaviour of treated FT in a water capped 
environment including: 

- Limit mobility of materials such as bitumen from the deposit 

- Dewatering properties 

● Environmental Risks 

- Assess potential bioaccumulation effects on lake biota during early operational phases 
(Phases 2 and 3) and if required develop mitigation measures for long-term closure 
(Phase 4). 

● Closure and reclamation outcomes including safe return of water to the environment 

As a foundational basis, FHEC will leverage and participate in the Lake Miwasin DPL program, which 
started in 2017. The program is designed to validate expected results with respect to deposit 
performance and pit lake development. Milestones dates for other projects supporting the DDA plan 
are: 

● By 2023 

- Syncrude BML ten years of operational data 

- Suncor Base Plant Lake Miwasin DPL six years of operational data 

- Suncor Base Plant DDA3 five years of operational data 

● By 2039 

- Syncrude BML twenty-six years of operational data 

- Suncor Base Plant Lake Miwasin DPL twenty-two years of operational data 

- Suncor Base Plant DDA3 twenty-one years of operational data 

- FHOSP DDA fifteen years of operational data 

● By 2069 

- Suncor Base Plant DDA3 will be a functioning lake ecosite (Phase 4) 

- FHOSP DDA 45 years operational data 
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- The aquatic closure development, Lake Miwasin DPL pilot, and operational data from 
the Suncor Base Plant  

Suncor Base Plant DDA3 will help to validate the expected water quality curve during Phases 1 to 4 for 
the DDAs, as shown in Figure 3-20, with: 

● A – 2017 Aligns with the DDA Phase 1 Operation –2023 to 2073 

● B – 2018 Aligns with the DDA Phase 2 Operation – 2073 to 2083 

● C – 2021 Aligns with the DDA Phase 3 Operation – 2083 to 2093 

● D – 2023 Aligns with the DDA Phase 4 Operational – 2093+ 

Figure 3-20: Demonstration Pit Lake Program – Expected Water Quality Vs. Dedicated Disposal Area 
Operation Time 

 
Note: 
DPL = Demonstration Pit Lake; mg/L = milligrams per litre; TDS = Total Dissolved Solids.  
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● Syncrude Base Mine Lake Research and Development (COSIA 2021) 

The Syncrude BML fifth year operational report was available in 2018 and 10 years of data will be 
available by 2023. Syncrude BML is the first, and currently the only, full-scale commercial demonstration 
of the pit lake technology in the oil sands industry. An oil sands pit lake is an area where overburden and 
oil sands has been removed and is then filled with fluids before closure. A pit lake contains water (from 
the process of oil sands extraction or freshwater or both) and may or may not contain treated or 
untreated FT, or other solids (for example, coarse tailings sand, or overburden). 

Syncrude BML is situated in the former West In-Pit (WIP) of the Syncrude Mildred Lake operation. It 
consists of a mined-out oil sands pit filled with untreated fluid fine tailings (FFT). The FFT is physically 
sequestered below a combination of oil sands process water and fresh water. This pit lake configuration 
is often referred to as Water Capped Tailings Technology (WCTT). Based on previous research and 
modelling, the prediction for WCTT is that with time, pit lake water quality improves, and the FT (or 
other tailings) will remain sequestered below the water cap. 

Freshwater is pumped into BML from the Beaver Creek Reservoir (BCR), and as required, water is 
pumped out of BML to the tailings recycle water system (RCW) where it is used in the bitumen 
extraction process. This flow through process dilutes the BML water cap over time and will be in place 
until a more substantial upstream surface watershed is reclaimed and connected to BML, and outflow is 
established into the Athabasca River. As the tailings continue to dewater over time, the lake water will 
get deeper. 

A key purpose of the BML Monitoring and Research Program (MRP) is to support an adaptive 
management framework. The BML MRP is designed to assess lake performance against key performance 
indicators and evaluate the need for management interventions. The initial focus of the research 
program is to support the demonstration of water-capped tailings technology, and to provide a body of 
scientific evidence that demonstrates that BML is on a trajectory to become integrated into the 
reclaimed landscape. The outcomes from the BML MRP can be used to inform the design and 
management of future pit lakes, including those that may contain tailings materials, such as treated or 
untreated FT. At the same time, the program establishes a baseline of biophysical data to assess the 
changes in BML through time, and the state of the lake at certification, including water quality and other 
lake processes. The monitoring program is designed to track trends in the lake both seasonally and 
annually and measure these trends against some key performance metrics as outlined above.  

The specific objective of the BML MRP is to provide information to support the validation of WCTT as a 
viable tailing’s management and reclamation option. In the early stages, the BML MRP will demonstrate 
that FFT are sequestered and that the water quality in the lake is improving. The MRP is designed to do 
this by tracking the physical, chemical, and biological changes in BML. The program captures these 
changes both temporally and spatially, and eventually in the context of regional climate cycles. The 
monitoring program supports regulatory compliance, but also informs adaptive management of BML.  

The BML Research Program uses a multi-university, multi- and inter- disciplinary approach that focuses 
on the analysis and interpretation of monitoring data, hypothesis driven research activities, and 
integration and collaboration among and between research programs. Research results are integrated 
with monitoring results on an ongoing basis, with the goal of identification and quantification of the 
processes and properties in BML that are responsible for the trends observed in the Monitoring 
Program. The various components comprising the BML Monitoring, and Research Program are closely 
linked.  
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Results so far indicate that the FFT is settling as expected by model predictions, the mudline is declining 
in elevation year over year, the water cap is increasing in depth, and although the turbidity in the water 
cap fluctuates seasonally, there is generally a decrease in the suspended solids concentration over time, 
especially in the upper layers of water. 

The rate and magnitude of settlement of the FFT within BML is an important driver for the rate and 
magnitude of advective transport of pore-water constituents from the FFT into the overlying water cap. 
In turn, this flux has direct implications for the chemistry and ecological evolution of the water column. 
Hence, a forward projection of this rate and magnitude is an important component of operating and 
adaptively managing BML to make sure successful stewardship to the desired closure outcomes. 

A range of physical parameters of the FFT have been assessed in BML over time. In situ geotechnical 
testing performed in BML shows the FFT peak undrained shear strength (Su) approximately ranges from 
0.5 to 1 kPa in most testing locations within the lake. Physical sampling of the FFT indicates a distinctive 
mudline, there is a sharp contrast of the fluid samples collected above and below the mudline. A 
statistical analysis of Oil Water Solids (OWS) data demonstrated that overall, the solids contents (SC) of 
the FFT is higher in 2017 than in previous years. This pattern of Su and SC is consistent with both the 
prediction and measurement of the FFT settling with time. 

The surface of the FFT continues to settle annually, and the overall water depth in BML increases at a 
corresponding rate, considering lake surface elevation changes. Overall settlement of the FFT surface is 
continuing as expected. The magnitude of cumulative settlement in BML since 2012 has been up to 6 m. 
The volume of FFT in BML decreased from 174.86 Mm3 in October 2017 to 172.91 Mm3 in October 2018 
because of settlement. 

TSS concentrations in BML remained relatively high from 2013 through 2015, before decreasing and 
becoming more stable from 2016 through 2018. Seasonal variations in TSS concentrations were 
apparent in BML in 2018, with median concentrations measuring 1.1 mg/L in winter, 5 mg/L in spring, 
4 mg/L in summer, and 6.9 mg/L in fall. This seasonal trend was consistent with previous years, except 
for 2016 when the alum treatment caused TSS concentrations to decrease between the summer and fall 
sampling events. 

There is no evidence of an increase in TSS since commissioning, which indicates that the fines are 
physically isolated beneath the water cap. In contrast to previous years, there were no unusually high 
near-bottom TSS concentrations recorded in 2018 (an individual max of 190 mg/L TSS in 2018 vs 
5,600 mg/L TSS in 2017). The more consistent TSS measurements in recent years may be because of a 
more distinct FFT-water interface, allowing for better delineation of the water-FFT interface in advance 
of near-bottom water sampling. This aligns with the empirical evidence that the FFT is settling and 
strengthening as expected over time. Surface water quality has been improving with time in BML, as 
expected to demonstrate Water Capped Tailings Technology. The lake water is not acutely toxic. Except 
for F2 hydrocarbons (where the guideline value is interim and derived from soil guidelines) all 
parameters measured are below Alberta Surface Water Quality short-term guidelines for the Protection 
of Aquatic Life. 

Water toxicity testing assesses lethal or inhibitory effects that BML water may have on representative 
aquatic organisms. These tests are laboratory assays that use standardized methods to assess the 
relative toxicity of a water sample on cultured bacteria, algae, aquatic vascular plants 
(i.e., macrophytes), benthic invertebrates, zooplankton, and fish. Survival endpoints report the 
proportion of test organisms that survive over a fixed duration. The measurement endpoints (e.g., LC50) 
are estimates of the concentration of exposure medium (i.e., BML water) that results in a lethal or sub-
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lethal effect on test organisms, with increasing concentrations representative of decreasing effects on 
test organisms. (detailed results are presented in COSIA 2021). 

● Canada’s Oil Sands Innovation Alliance Demonstration Pit Lake Mesocosm Research Facility at 
InnoTech Alberta Vegreville (COSIA 2021) 

In the spring of 2017, a study was undertaken to investigate the chemical, biological and physical effects 
of IWW and densified fluid fine tailings (dFFT) on aquatic ecosystems to support the development of pit 
lake technology. This research was the first of a series of mesocosm-based studies investigating the 
design and performance of pit lake scenarios. Mesocosms are simplified aquatic ecosystems and as 
research tools, they afford more realism than bench-scale experimentation, while providing more 
control and replication than large field pilots. This series of studies is an important progression between 
laboratory testing and full-scale implementation to de-risk factors unforeseeable at the laboratory scale. 
Thirty 15,000 L mesocosms, simplified and replicated aquatic ecosystems, were used in the study, which 
had been designed and constructed by InnoTech Alberta in 2016. 

The purpose of the study was to examine the effects of the materials on the simplified ecosystems 
through time, with no additions after the initial material installation. A broad range of chemical, physical 
and ecological parameters were measured. Hypothesis for the study were:  

● Dilution of IWW is not required to decrease the toxicity of IWW to less than chronic levels 
through natural processes.  

● The concentration of dissolved organics, the main toxic constituents of IWW, will decrease over 
time through natural processes.  

● The dFTT substrate would not impede the establishment of biota.  

The results from the 2017/18 Aquatic Mesocosm Study demonstrated beyond the laboratory scale a 
posteriori that some of the ecological effects and chemical constituents associated with IWW and dFFT 
attenuate with time. Acute toxicity values of LC50 and EC20 (in Rainbow trout, Daphnia and MicroTox) 
associated with raw materials registered below detection limits over the course of the study. 
Macroinvertebrate and zooplankton ecological community indices that were adversely affected by IWW 
and dFFT presence recovered to comparable levels observed in controls within one year. Naphthenic 
acid concentrations were elevated in the presence of IWW, however, decreases of up to 50% were 
observed without any intervention. 

All materials were removed from the mesocosms in the Fall of 2018 and cleaned. A new study 
incorporating lessons of the 2017/18 study was commissioned in the spring of 2019. 

● Lake Miwasin – Demonstration Pit Lake 

Lake Miwasin is a scaled down pilot demonstration of Suncor’s commercial scale pit lake at DDA3, the 
future Upper Pit Lake (UPL), which uses the PASS FT treatment process and enables: 

● more rapid reclamation of the treated FT into a freshwater lake environment 

● integration of the lake into the surrounding watershed 

● mitigation of potential adverse environmental effects 

The goal of the Lake Miwasin pilot study is to monitor and evaluate if the PASS treatment process, when 
combined with the watershed design for the pilot pit lake, will accelerate the reclamation of a DDA to a 
self-sustaining boreal lake ecosystem. Specific objectives of the Research and Monitoring Plan are to test 
assumptions in the pit lake design and address critical gaps in the pit lake design. 
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The Lake Miwasin pilot project is expected to have four operational and reclamation phases: 

● Phase 1: Dewatering and treatment of FT (Q3 2017 to Q3 2018) 

● Phase 2: Placement of the aquatic cover (Q3 2018) 

● Phase 3: Controlled water flow through and return to closed-circuit water system on site (~2019 
to ~2021) 

● Phase 4: Water release under natural flow (location and timing to be determined) 

The Lake Miwasin project completed Phases 1 and 2 operations at the end of 2018 and is currently in 
Phase 3. Research and monitoring activities are planned to take place over a 15-year period (2018 to 
2033) to meet the goal and objectives. 

The first 5-year Lake Miwasin research and monitoring program was initiated in 2019 with the field 
monitoring activities commencing in March 2019. The aerial deposition monitoring started in October 
2019 as part of the air monitoring program, which also includes air emission monitoring.  

Detailed data analyses are currently ongoing and will be available in the next progress report. 
Preliminary results of the 2019 Lake Miwasin monitoring program are presented below for each 
discipline-specific component.  

● Treated tailings deposit: The PASS treated tailings deposited at Lake Miwasin has settled ~3m 
from October 2017 to October 2019, which has resulted in a reduction of tailings volume by 
approximately 50%: 

- The average CWR of the deposit is approximately 0.5. 

● Water Budget: Precipitation is the major water balance input, while evapotranspiration (ET) is 
likely the largest water balance output. Ongoing monitoring will close the water budget for Lake 
Miwasin and provide quantitative estimates of water flows through the Lake Miwasin landscape. 

● Physical Limnology: The lake exhibited chemical and thermal stratification from the beginning of 
monitoring in May 2019 until a wind-induced mixing event in mid-August 2019, after which 
stratification partially redeveloped until the end of September 2019, when the water column 
mixed and remained mixed until freeze-up. 

● Groundwater: No groundwater seepage to the underlying Wood Channel Sand Aquifer has been 
measured. 

● Water Quality: Low TSS (<13 mg/L, with a median of 2.1 mg/L) has been observed throughout 
2019, indicating high light penetration that is fundamental to lake development: 

- The majority of water quality indicators were below environmental quality guidelines for 
the protection of aquatic life. 

- Some petroleum-associated compounds were measurable in Lake Miwasin, although most 
were below analytical detection limits. No visible oil sheen has been observed at Lake 
Miwasin. 

- Trophic status based on concentrations of major nutrients and chlorophyll indicated an 
“oligo-mesotrophic” level of aquatic productivity. 

- Dissolved oxygen remained high in the upper water column (up to 3 m deep) during the 
open water season. While the lake was stratified in spring/summer, dissolved oxygen was 
near zero in bottom waters (<0.5m above the mudline).  



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

108 | Page 

- No acute or sublethal toxicity to phytoplankton, invertebrates, or fish was identified in 
water samples collected from Lake Miwasin.  

● Biodiversity: Lake Miwasin has been colonized by a mix of phytoplankton and zooplankton 
species common to regional lakes, with the phytoplankton community including several taxa 
while the zooplankton community was dominated by cladocerans:  

- The colonization of the sediments by invertebrates is still in the early stages, with very few 
invertebrates observed in sediment samples. Sediment toxicity assays indicated sediment 
toxicity to benthic invertebrates.  

- Amphibian surveys observed wood frogs, boreal chorus frogs, and Canadian toads using 
the Lake Miwasin littoral environment during breeding season.  

● Constructed Wetland Treatment System  

The goal of the Demonstration CWTS is to confirm the potential of a CWTS commercial-scale design to 
treat IWW for safe return to the environment. Specific objectives of the program are to: 

● Determine rate and extent of COPCs removal from various IWW streams by CWTS and ability of 
CWTS to meet performance goals (i.e., numeric and narrative treatment criteria). 

● Identify the seasonal rates and operating limits of the CWTS in the Athabasca Oil Sands Region. 

● Evaluate suitability of substrates and materials available in the Athabasca Oil Sands Region for 
the construction of treatment wetlands. 

● Quantify rate and extent of COPCs bioaccumulation in plants to assess potential risk to wildlife. 

Initially, the demonstration CWTS will be operated as a closed loop system and water will be recycled 
within Suncor’s existing operations – no water will be returned to the environment. Details of the CWTS 
Research and Monitoring Plan are presented in the updated Demonstration Constructed Wetland 
Treatment System (“CWTS”) Research and Monitoring Plan (Suncor 2019b, submitted to AER May 15, 
2019) as required under the Demonstration Pit Lake Phase 2/3 Authorization, received from the AER on 
July 24, 2018, Authorization for Extension, received on January 25, 2019, and pursuant to Subsections 
4.2.2, 4.2.6 and 4.5.4 of the Environmental and Enhancement Act (EPEA) Approval 94-02-00 (as 
amended). 

3.4.4.2. Climate Change  

There is a risk that future climate conditions could be more extreme than current predictions, potentially 
effecting the reclamation and closure outcomes including the proposed aquatic closure of the DDAs. 
To mitigate this risk, projected future climate data were simulated to assess the hydrological viability 
of the proposed closure landscape under various potential climate regimes (warm-wet, warm-dry, 
cool-wet, and cool-dry, respectively). The applied climate data originated from the results of a 
recently completed COSIA study that examined the potential effect of climate change across the entire 
Athabasca River Basin (Aquanty 2020). The high-level conclusions of the Aquanty study indicate that the 
future landscape in the Athabasca River Basin will be wetter (average annual precipitation and 
evaporation rates are expected to increase in the future but precipitation will increase more than 
evaporation) and more prone to extreme events like flooding and droughts. The expected net effects of 
these changes would be shallower water tables, greater surface water depths, and a greater general 
level of exchange of water across the land surface (greater exfiltration and infiltration rates). Climate 
change modelling conducted for the IPA shows that even under these expected climate change 
conditions, the SPL and CPL will be viable. However, it remains possible that there could be even 
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more precipitation in the future than expected and/or more extreme weather events like extended 
periods of drought conditions. Should the landscape be even wetter than expected the closure of the 
DDAs can be modified to still achieve a viable lake. Landforms will need to be designed to account for 
the anticipated greater amount of water including resilient wetlands capable of holding larger volumes 
of water before draining into the pit lakes.  

The closure drainage plan achieves a 7:1 ratio of watershed to lake area and falls within the acceptable 
range for a viable pit lake. Using watershed to lake surface area ratio as a general approach for lake size 
viability is considered acceptable. However, the information was further refined through a hydrological 
model, to determine if there is sufficient watershed to support the size of the proposed lake. Further 
detail regarding the model is provided in Volume 2, Section 4. The approach of using a hydrological 
model is preferred to a generic watershed/lake ratio and provides better information to help manage 
uncertainties. 

If required, FHEC may consider several options to manage the potent ia l  effects of climate change on 
the viability of the planned pit lakes for the DDAs: 

● Adjust the Pit Lake Water Balance by: 

- Increasing or decreasing the pit lake size to increase or decrease evapotranspiration losses. 
For the SPL, FHOSP has the flexibility to increase the lake size by creating a larger littoral 
zone along the lakes eastern shore, where the water level is close to the terrain elevation. 
FHOSP has the flexibility to decrease the lake size by decreasing the volume of treated 
tailings to be placed (or which may occur by greater than predicted consolidation) in the 
lake and by replacing the volume with overburden along the shorelines. 

- Adjusting the surface grading and the associated drainage plan to re-route surface 
drainage and to increase or decrease the surface catchment reporting directly to a pit lake. 

- Adjusting the micro-topography and ditching network within the pit lake watersheds to 
either enhance runoff (more ditches, greater land slopes between ditches) or reduce 
runoff. 

● The outlet elevation of the lake can be adjusted, as required. The plan for the DDAs assumes the 
treated tailings in the DDA will settle during and beyond the operational period. This means that 
the final elevation of treated tailings in the DDA will continue to decrease. Therefore, this 
provides the flexibility to lower the outlet elevation to align with the final closure requirement. 

The final closure landscape including the amount of open water at closure for the overall site is similar 
between the terrestrial closure alternative of FT within the DDAs and the aquatic alternative. This is 
described in Section 3.3.9. Therefore, the terrestrial closure alternative will have the same potential 
climate change challenges as the aquatic option at least from the perspective of the closure of the 
whole site. The risk mitigation measures discussed for the aquatic closure option to manage climate 
change would also be applicable to the overall site and therefore the terrestrial closure of the DDAs. 

The time from now until the planned completion of the DDAs in  2073 allows additional opportunities 
for risk assessment and mitigation measures. This time will allow for additional ongoing work in tailings 
treatment technology, model improvements and climate change understanding. These potential 
mitigation measures provide the flexibility to adapt the closure plan as understanding of long-term 
hydrology is improved over the next fifty or more years. 
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3.4.4.3. Overall Site Closure 

Closure for the overall FHOSP will achieve the outcome of a locally common boreal forest and will be 
predominately terrestrial. Closure of the DDAs, which contain treated tailings, represents about 6% of 
the total disturbed area. FHOSP has assessed that closure of the treated tailings deposit poses a low risk 
to achieving the planned outcome. 

The risks from an environmental perspective of the treated tailings deposit have been assessed and 
described in detail in the LMCP (Volume 1, Appendix A). Additionally, environmental risks associated 
with the deposit as related to RTR Subobjective 2 are described in Section 3.4.3. 

After the end of operations and before closure is complete, there will be approximately 18 Mm 3  of 
water on site that will need to be managed. Most of this will be from dewatering of treated tailings in 
the DDAs (there will no longer be an ongoing extraction process to use the water). This water will be 
managed as part of the LMCP and is destined for return to the environment via SPL and NPL. FHEC will 
continue to manage water within the site and will only return water to the environment once it can be 
clearly demonstrated that it can be done safely and in compliance with regulatory discharge criteria. An 
application for water return will be made in the future. 

3.5. Risks, Opportunities and Mitigation Measures 
The risks and opportunities associated with the FHOSP TMP can be summarized into four broad 
categories: 

● Technology operationalization 

● Mine and tailings plan execution  

● Long-term water management 

● Aquatic closure DDAs 

Each of these will be discussed in greater detail in the subsequent sections.  

3.5.1. Technology operationalization 
Risks associated with the PASS FT treatment process have been discussed in Section 3.3.8 and are 
mitigated through research programs and operational knowledge from successful deployment at 
Suncor’s Base Plant operations.  

In addition to the technology risks, the inclusion of the PASS FT treatment process represents the first 
implementation of FT treatment for FHOSP. The operational knowledge of FT harvesting, chemical plant 
operation, in-line treatment, deposition, and process troubleshooting are being developed to facilitate 
successful operations. The most probable effect associated with this risk relates to a reduction of 
treatment rates and dewatering during the initial years of operation. To mitigate this potential, training, 
and transfer of learnings from Suncor Base Plant’s PASS deployment to the FHOSP team has been, and 
will continue, to be the primary action plan. Additional measures to facilitate successful operations are 
associated with a process design capable of exceeding annual treatment rates and a fluids containment 
plan that can accept unplanned downtime through an associated small volumetric contingency. 
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3.5.2. Mine and Tailings Plan Execution 
The execution of the mine and tailings plan outlined in this IPA Application takes more than 40 years to 
complete. Over this period, several mine waste and tailings placement areas will be developed that 
require integration into the reclamation and closure landscape. To reduce the uncertainty in modelling 
and execution, the forecast has been developed using known and/or operationally demonstrated 
performance from the oil sands industry and a strategy to decouple FT treatment from bitumen 
production operations. Both aid in reducing the uncertainty in execution over the life of mine. An 
assessment of the plan flags these uncertainties: 

● Ore quality: As mining advances into Centre Pit and North Pit, additional drilling will be 
completed to improve the definition of ore quality. To create a balance between resource base 
and tailings containment, the mining strategy will be adjusted to avoid high fines ore by 
selective mining or through feed fine avoidance. 

● Execution Risks: An execution risk in the construction of the SPTA and SDDA, both of which will 
be in the current active mine area. To execute this strategy requires construction of a starter 
dyke to separate the future SDDA from the active mine area and future home of the SPTA, a 
lease boundary pillar between the FHOSP and Syncrude Aurora operations, PASS and SPTA 
project execution, and associated regulatory approvals with geotechnical designs within a 
compressed timeline. Construction related risks are managed through dedicated teams and rely 
on established project management processes. Additional mitigation measures may leverage 
interim regulatory approvals for construction where required; however, are not an identified 
requirement at this stage.  

3.5.3. Long-Term Water Management 
Water management will be an operational constraint at FHOSP throughout the life of mine; however, 
progressive terrestrial reclamation of tailings areas has been incorporated in the IPA. The release of 
surface runoff from reclaimed tailings areas during the operational phase has been incorporated in the 
water management plan. Release and discharge from the pit lakes will be required to transition to the 
FHOSP closure plan. As the disturbed footprint increases with mine progression, the contribution of 
IWW to the site wide water balance will increase. Targeting a closure scheme that is predominantly 
terrestrial and upland reduces the capacity to store additional volumes of water. Ultimate mitigation to 
this risk requires the establishment of a federal oil sands effluent regulation. FHEC has applied the 
following assumptions in the TMP: 

● Surface and groundwater modelling incorporated for the life of mine plan and volumetric 
forecasting 

● Operational plan relies on release of runoff from reclaimed tailings areas 

● Treatment of FT progressively through the life of mine with expressed water re-used in bitumen 
production operations 

3.5.4. Aquatic Closure  
The FT management plan relies on the PASS FT treatment process and aquatic closure to meet landform 
outcomes. Many research programs have and continue to be executed to make sure a successful 
transition to the aquatic closure end state.  
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FHEC is of view that PASS the best available technology because it results in a lease closure plan of 
approximately 8% of total reclaimed area being aquatic; however, there remain risks associated with 
this strategy.  

Pit lakes remain as a global best practice for mine closure and Suncor, and the oil sands industry has 
been actively researching and adapting the technology to oil sands for decades. The development 
program has seen laboratory, test ponds, demonstration scale, and one full scale implementation 
(i.e., Syncrude BML) demonstrating that pit lake technologies can be successfully applied (CAPP 2021; 
COSIA 2021). With the proposed change to the FHOSP mine and tailings plan, the SDDA presents an 
opportunity to progress another full-scale demonstration of aquatic closure of a treated FT deposit. 
While the supporting watershed for the SDDA will not be available until 2086, FHOSP could start to 
execute Phase 2 immediately post Phase 1 operation and establish the pit lake early by providing water 
from other sources before the supporting watershed becomes available. If executed this could provide 
valuable information pertaining to the at-scale transition to aquatic closure 25 years before end of 
FHOSP mining, and several years before completion of Suncor Base Plant’s DDA3.  FHEC is building upon 
the knowledge Suncor has developed through significant work on this approach, including the Aquatic 
Closure Development Program, which leverages both regional (e.g., COSIA, and Syncrude Base Mine 
Lake) as well as Suncor Lake Miwasin and Base Plant DDA3 research to close uncertainties and to 
validate expected results with respect to deposit performance and pit lake development.   
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4. WATER MANAGEMENT PLAN 

4.1. Water Management Overview 

4.1.1. Guiding Principles for Water Management 
Water is a shared and precious resource that must be managed wisely using a balanced, sustainable 
approach to integrated water management. This holistic approach includes sound river water 
withdrawal practices, reuse of water already in a closed-circuit system, and return of water from FHOSP 
to the receiving environment. FHEC continues to invest in research and development to increase 
information, expertise, technological innovations, and practices to sustainably manage water and 
reduce overall environmental effects. 

4.1.2. Water Management Approach 
A water management plan for the life of mine has been developed for FHOSP, consistent with the 
guiding principles presented in Section 4.1.1 and the approved Surface Water Management Plan as per 
Environmental Protection and Enhancement Act (EPEA) Approval No. 151469-01-00 (as amended). The 
water management plan involves segregation of industrial runoff water for return to the environment 
from industrial wastewater (IWW) to manage site water inventory and reduce environmental effects. 
Industrial runoff and IWW are defined as per Condition 1.1.2 of EPEA Approval No. 151469-01 (as 
amended) as: 

● Industrial runoff is defined as precipitation that falls on, or traverses, disturbed areas of the 
Plant and diverted groundwater associated with mine dewatering from aquifers above the top 
of the bituminous (sand) deposits (McMurray Formation). For the industrial runoff handling 
systems: 

- Industrial runoff may be returned to the environment when the water quality satisfies the 
limits defined in the EPEA Approval. 

- Before releasing to environment, runoff shall be collected in sedimentation ponds to 
provide adequate retention time to remove 15 micron and greater sized particles for all 
precipitation events up to and including a 1:10 year, 24-hour precipitation event. 

- Discharge of industrial runoff from sedimentation ponds to the environment shall only 
occur at approved outfall locations in accordance with EPEA Approval No. 151469-01 (as 
amended). 

● IWW is defined as the composite of liquid wastes and water carried wastes, any portion of 
which results from any industrial process; and diverted groundwater associated with mine 
dewatering below the top of the bituminous (sand) deposits. For the IWW handling systems: 

- IWW shall be contained in a closed-circuit system and contents shall be recycled where 
possible for the extractions and tailings process. 

- IWW shall not be conveyed to industrial runoff sedimentation ponds. 

- Plant Developed Area drainage systems shall be designed to convey and/or contain a 
1:100 year, 24-hour precipitation event. 

Examples of areas with the above water quality classifications are provided in Table 4-1.  



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

114 | Page 

Table 4-1: Water Quality Classification 

Water 
Quality 

Classification 
EPEA Definition Source Areas 

Industrial 
Runoff 

Precipitation that falls on, or traverses, disturbed 
areas of the Plant and diverted groundwater 
associated with mine dewatering from aquifers 
above the top of the bituminous (sand) deposits 
(McMurray Formation) 

Cleared areas and construction areas. 

Camp areas, raw water pond area, southwest 
utilities area, river water intake area, main 
substation area, emergency medical services 
building area, and infrastructure area, general 
infrastructure area, and clean snow dumps. 

Muskeg drainage, overburden dewatering (collected 
in ditches or wells), reclamation material stockpile 
areas, and active mine pit areas when mining 
overburden (above the McMurray Formation). 

Active Out-of-Pit mine waste storage areas (i.e., 
mine dumps). 

IWW 

The composite of liquid wastes and water carried 
wastes, any portion of which results from any 
industrial process; and diverted groundwater 
associated with mine dewatering below the top of 
the bituminous (sand) deposits. 

Out-of-Pit Tailings Area, including water cap, tailings 
pore water, and tailings seepage. 

In-pit tailings areas including associated seepage 
and surface runoff. 

Active mine pit areas affected by bituminous sands, 
including surface runoff and groundwater seepage. 

Mine haul roads. 

Primary and secondary extraction areas, Ore 
Preparation Plant area (including the hydro-
transport area), area under flares (i.e., flare stack 
pads and associated corridor, flare knock out drum 
and flare area pond) and waste transfer area. 

Dirty snow dump(s) (i.e., snow from haul road and 
process affected areas). 

Any other water in contact with oil sands. 

Notes:  
EPEA = Environmental Protection and Enhancement Act; IWW = Industrial Wastewater. 

4.1.3. Water Management Systems 
The existing and planned water management systems for the FHOSP are for: 

● Facilitating efficient mine and plant construction, operation, and closure by reducing on-site 
water handling requirements, draining muskeg, and dewatering overburden in advance of 
mining and other construction activities, depressurizing the Basal McMurray water sand (Basal 
aquifer) to facilitate safety and trafficability on the pit floor, in-pit stability, and providing a 
secure supply of river makeup water to meet water requirements for bitumen production. 

● Reducing effects on downstream receiving waterbodies by diverting undisturbed natural flows 
around the development area, managing IWW within a closed-circuit system, and managing 
industrial runoff to meet the regulatory requirements for the water releases. 
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These water management objectives are achieved through the design, construction, and operation of 
industrial runoff, IWW, and water supply systems for FHOSP, including the following water management 
facilities and monitoring stations:  

● Drainage ditches, sumps, pumps, and sedimentation ponds for managing industrial runoff water 
(i.e., the water from muskeg drainage, overburden dewatering, out-of-pit waste dump drainage, 
and interception of natural runoff and Quaternary groundwater seepage) so that the water is of 
acceptable quality before release to the receiving environment. 

● Water caps in the various tailings areas, including Out-of-Pit Tailings Area (OPTA), OPTA East 
Stage 1, Dedicated Disposal Areas (DDAs), in-pit sand dumps or tailings areas (i.e., South Pit 
Tailings Area [SPTA], Centre Pit Tailings Area [CPTA], and North Pit Tailings Area [NPTA]). 

● Drainage ditches, sumps, pumps, and pipelines for managing the IWW collected within the 
closed-circuit areas, including the groundwater seepage management system (SMS) at OPTA 
and OPTA East Stage 1.  

● Wells, sumps, pumps, and pipelines for managing the Basal depressurization water. 

● Pumps and pipelines from the Raw Water Pond with water withdrawn from the Athabasca River 
for supplying raw water for processing use and for managing OPTA water cap as well as makeup 
water for resupply to the non-mined portion of the McClelland Lake Wetland Complex (MLWC), 
during the active closure period. 

● Surface water and groundwater monitoring stations for collecting water quantity and quality 
data for regulatory compliance monitoring. 

4.1.4. McClelland Lake Watershed 
FHEC is required to maintain ecosystem diversity and function of the non-mined portion of the 
McClelland Lake Wetland Complex (MLWC) during operation and reclamation of FHOSP. Two years 
before mine pit preparations in the watershed, FHEC is required to implement an authorized 
Operational Plan to maintain the sustainability of the non-mined portion of the MLWC during the 
operation and reclamation of the FHOSP. As described further in Section 2 (Mine Planning and Design), 
mine pit preparations in the McClelland Lake watershed are expected to commence in 2025. To support 
the ongoing development of the Operational Plan, FHOSP has continued to advance functional 
understanding of the MLWC, which includes the fen, through ongoing hydrological, hydrogeological, and 
biological studies.  

A Sustainability Committee, composed of representatives from Suncor on behalf of FHEC, Indigenous 
communities, and regulators, continues to progress on development of the Operational Plan including 
incorporation of Traditional Knowledge 

The LMCP, the Surface Water Management Plan, and the Groundwater Monitoring Programs are jointly 
developed for both the IPA and the OP submissions. Fort Hills submitted the Operational Plan to AER in 
December 2021; approximately four years before mine pit preparations in the McClelland Lake 
watershed.  
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4.1.5. Regional Integration Opportunities 
Consistent with the guiding principles discussion in Section 4.1.1, FHOSP continues to evaluate 
opportunities for integration of water management with other regional operations to optimize river 
water withdrawal practices, reuse closed-circuit IWW and return water to the receiving environment in 
a timely and effective manner. Water management for the East Toe Berm (ETB) Project Area is currently 
being designed to integrate with Syncrude Canada Limited’s (Syncrude’s) Aurora North. 

4.2. Surface Water Management  

4.2.1. Surface Water Management System Layout Plans  
The surface water management systems planned for the remaining life of mine of the FHOSP are 
illustrated by the conceptual system layout plans in Figure 4-1 through Figure 4-9. These figures show 
conceptual locations and alignments of the various industrial runoff management facilities and IWW 
management facilities, with changes throughout the remaining mine life to facilitate expanding mining 
operation and progressive reclamation. The industrial runoff ponds with approved and planned outfalls 
are labelled in these figures, but the IWW ponds are not labelled to simplify the presentation.  
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The main surface water management activities depicted in the conceptual system layout plans are 
described as: 

● 2021 (Figure 4-1): Muskeg drainage and overburden dewatering activities will occur in the north 
portion of the South Pit area, and the Centre Pit development area within the Fort Creek and 
Susan Lake watersheds, as well as the area east and south of OPTA East Stage 1 located mostly 
in the Stanley Creek watershed. The other industrial runoff management activities will involve 
runoff collection from various Reclamation Material Stockpile (RMS) areas in the Fort Creek, 
Susan Lake, Stanley Creek, and McClelland Lake watersheds. The industrial runoff water will be 
routed to the various sedimentation ponds before release to the receiving environment. The 
existing closed-circuit IWW management in the OPTA, OPTA East Stage 1 and South Pit areas will 
continue. 

● 2022 (Figure 4-2): The industrial runoff and IWW management activities in 2022 will be similar 
to those in 2021, except for the muskeg drainage and overburden dewatering activities in the 
Centre Pit area that will move eastward, the closed-circuit drainage in the South Pit area that 
will expand westward, and the Centre Pit development area that will be included in the closed-
circuit operation.   

● 2023 (Figure 4-3): In comparison to 2022, the muskeg drainage and overburden dewatering 
activities in the Centre Pit area will move eastward, the closed-circuit areas in the Centre Pit and 
South Pit areas will continue to expand, and the South Dedicated Disposal Area (SDDA) will be in 
operation with its water recycled back to OPTA. In addition, muskeg drainage at North External 
Dump (NED) and runoff collection from the RMS area west of NED will commence.  

● 2024 (Figure 4-4): The industrial runoff and IWW management activities in 2024 will be similar 
to 2023, except for the muskeg drainage and overburden dewatering in the Centre Pit area will 
expand in size, and the muskeg drainage area at NED will move north-eastward.  

● 2025 (Figure 4-5): In comparison to 2024, the muskeg drainage and overburden dewatering 
activities in the Centre Pit area will continue to move eastward and northward, and the muskeg 
drainage at NED will continue to move northward. A large portion of the Moose Dump will be 
reclaimed in 2025 and runoff will be redirected into the industrial runoff management system to 
be routed through sedimentation ponds before release to the receiving environment. This will 
be the first year when the early MLWC water management design features commence 
operation. The fen water resupply operation will involve pumping some of the muskeg drainage 
and overburden dewatering flows to the sedimentation ponds within the McClelland Lake 
watershed. These ponds will be used for solid settling before water release to the natural 
drainage system that flows to the fen.  

● 2030 (Figure 4-6): In comparison to 2025, the muskeg drainage and overburden dewatering 
activities will continue to move eastward to the North Pit area, and the muskeg drainage at NED 
will be at the final phase and involve the NED area to the north. In 2030, most of the Centre Pit 
area will be closed-circuited, the IWW collected in the SPTA and CPTA1 ponds will be recycled, 
about half of the NED will be used for overburden placement, and the southern and western 
slopes of OPTA will be reclaimed. In addition, more MLWC water management design features 
come into operation with some or all the muskeg drainage and overburden dewatering flow in 
the North Pit area pumped to a new sedimentation pond (i.e., Pond 20). Pond 20 will discharge 
to the natural drainage system, and the water flows west of the MLWC working platform 
construction area will be pumped over the construction area to be discharged back to the 
downstream fen east of the construction area.  
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● 2040 (Figure 4-7): In 2040, muskeg drainage and overburden dewatering activities will occur 
only in the McClelland Lake watershed area with the dewatering flow pumped to Pond 20 for 
solid settling, and then pumped from Pond 20 to the water storage pond (or Pond 20A) for 
water resupply to the non-mined portion of the MLWC. The cutoff wall, east of the North Pit 
and NED, and the overflow ditch, designed as a MLWC water resupply distribution system, will 
be in operation. The entire NED will be used for overburden placement and its runoff will be 
routed to Pond 19 for solid settling before release. The runoff from the reclaimed Moose Dump, 
SPTA, CPTA1, and OPTA East Stage 1 will be collected and routed to sedimentation ponds before 
release to the receiving environment, while the IWW collected in CPTA2 and Centre DDA (CDDA) 
will be recycled.  

● 2055 (Figure 4-8): The surface water management activities in 2055 will be similar to those in 
2040 with the following changes: muskeg drainage and overburden dewatering activities will 
occur mostly in the northern part of the North Pit; the runoff from the additional reclaimed 
areas of CPTA 2, NPTA 1, and a large area of NED will be collected and routed to sedimentation 
ponds before release to the receiving environment.  

● 2063 (Figure 4-9): The surface water management activities in 2063 will be similar to those in 
2055 with the following changes: there will be no muskeg drainage and overburden dewatering 
activity, the river water stored in the raw water pond near the plant site will be pumped to the 
MLWC water storage pond (or Pond 20A) for water resupply to non-mined portion of MLWC, 
and runoff from the reclaimed areas in North Pit will be routed to fill the North Pit Lake. The 
mining operation will terminate after 2063, but reclamation of the remaining disturbed areas 
and the associated water management activities, including water resupply to the non-mined 
portion of the MLWC, will continue until 2075 before closure.  

4.2.2. Surface Water Monitoring  
Surface water quantity and quality monitoring has been and will be conducted as required by the EPEA 
Approval and Fisheries Act authorizations for FHOSP. The monitoring involves collection of surface water 
quantity and quality data for supporting the implementation of an environmental management program 
and for meeting regulatory monitoring requirements for FHOSP. This is achieved by on-going monitoring 
at select locations throughout the construction, operation, reclamation, and closure periods.  

The EPEA Approval requires monitoring at all locations where water is discharged from the FHOSP site. 
To meet the EPEA requirements, monitoring has been and will be provided at all locations where water 
is discharged from sedimentation ponds and any diversion channel.  

The Fisheries Act authorizations for FHOSP require monitoring of specific natural waterbodies affected 
by mine activities. Monitoring activities pertain to water quality, flow, and erosion and sediment control. 
FHEC is committed to aquatic effects monitoring through active participation in multi-stakeholder 
initiatives such as the Oil Sands Monitoring Program and Canadian Oil Sands Innovation Alliance (COSIA). 

The surface water monitoring system for FHOSP consists of various station types that are described in 
Table 4-2. The existing and future locations of the surface water monitoring stations are shown in  
Figure 4-1 through Figure 4-9. 
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Table 4-2: Types of Surface Water Monitoring Stations 

Station Type Monitoring 
Parameters 

Regulatory 
Requirements 

Monitoring 
Periods Description of Monitoring Activities 

Sedimentation Pond 
Discharge WL, Q, WQ EPEA CO 

• Water level and discharge monitoring 
for all sedimentation ponds using 
water level logger (continuous) and 
established outflow rating curves. 

• WQ monitoring type is continuous, 
composite or grab in daily, weekly, 
monthly, bi-monthly, or tri-monthly 
interval. 

Diversion Channel Discharge 
(e.g., clean water ditch east 
of OPTA) 

WL, Q, WQ EPEA CO and RC 

• Water level and discharge monitoring 
from all diversion channels using 
water level logger (continuous) and 
established flow rating curves. 

• WQ monitoring type is continuous, 
composite or grab in daily, weekly, 
monthly, bi-monthly, or tri-monthly 
interval. 

Downstream Watercourse 
(e.g. McClelland Lake) 

WL, Q, WQ  EPEA CO and RC 

• Water level and discharge monitoring 
at locations upstream and 
downstream of disturbance area 
using water level logger (continuous) 
and established flow rating curves. 

• Grab sample WQ monitoring 
(quarterly). 

NNLL and Creek A WL, Q, WQ Fisheries Act CO 

• Water level monitoring is continuous 
at NNLL and Creek A, while discharge 
monitoring is continuous on Creek A. 

• Continuous in situ WQ Monitoring 
and quarterly standard WQ testing is 
conducted on NNLL and Creek A. 

Discharge to Receiving 
Environment from Pit Lakes 
and Wetlands or Ponds in 
Reclaimed Areas 

WL, Q, WQ EPEA RC 

• Water level and discharge monitoring 
for all pit lakes (once full) using water 
level logger (continuous) and 
established outflow rating curves. 

• Grab sample WQ monitoring 
(quarterly). 

Notes:  
CO = Construction and Operation; EPEA = Environmental Protection and Enhancement Act; NNLL = No Net Loss Lake; OPTA = 
Out-of-Pit Tailings Area; Q = Discharge; RC = Reclamation and Closure; WL = Water Level; WQ = Water Quality. 
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4.2.3. Planned Outfalls 
The planned new outfalls (i.e., sedimentation pond discharges to receiving environment) shown in the 
water management layout plans (Figure 4-1 to Figure 4-9) are listed below: 

● Pond 19 – discharge to Unnamed Creek A, which flows to NNLL 

● Pond 20 – discharge to a watercourse that flows to the McClelland Lake Wetland Complex 
(MLWC) and then to McClelland Lake  

● Pond 20A (MLWC Water Storage Pond) – discharge to a water resupply system to the MLWC fen 
and then to McClelland Lake 

● Pond 21 – discharge to the East Toe Berm industrial runoff management system, which 
discharges to Syncrude’s industrial runoff management system 

● Pond 22 – discharge to a tributary of Stanley Creek  

● Pond 23 – discharge to a watercourse that flows to the McClelland Lake Wetland Complex 
(MLWC) and then to McClelland Lake  

4.2.4. Surface Water Diversion Volumes 
Under the current FHOSP Water Act Licence 00190012-01-00 (as amended), FHEC is authorized to divert 
6,847,000 m3 of surface runoff annually from within the Water Act Fenceline boundary. The Water Act 
Licence expires on November 15, 2024. Before this date, FHEC will apply to extend the Licence for 10 
years and to amend the required surface water diversion volumes, if required. 

The Amended Project Area under the Integrated Plan Amendment (IPA) increases from the FHOSP 
Approved Project Area. The maximum area in which runoff will be managed within the IWW system 
until the end of 2024 is estimated to be 55.5 km2. This maximum area included 33 km2 of natural upland 
type and 22.5 km2 of natural lowland type prior to development. The increase in maximum area will 
require a modification to the existing Water Act Licence fenceline. The Water Act Licence amendment 
application is included in Appendix E. 

The 10-year wet annual natural runoff volume from this maximum area is estimated to be 9,360,000 m3, 
which is higher than the currently licensed maximum surface water diversion volume. Therefore, a new 
Water Act Licence will be required to increase the maximum surface runoff diversion annual amount to 
9,360,000 m3, which will be applied for at a later date.  

4.3. Groundwater Management  

4.3.1. Introduction  
The FHOSP groundwater system is comprised of the shallow aquifers in the Quaternary deposits, the 
Cretaceous Basal McMurray aquifer (Basal), and the Devonian saline aquifers. The McMurray formation 
oil sands and silts act as a hydraulic barrier, effectively isolating the shallowest, non-saline Quaternary 
units from the deeper Basal and Devonian aquifers, which are below the base of groundwater 
protection. 

Both the Quaternary and the Basal aquifers are and will be actively dewatered/depressurized for safe 
resource extraction using pumping wells. The produced water from the Quaternary is non-saline, 
whereas the produced water from the Basal ranges from non-saline to saline depending on the area of 
the aquifer being depressurized. The Devonian aquifers are not actively depressurized, though an 
approved Devonian Water Management Plan is in place to address Devonian seepage during mining. 
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A summary description of the Basal and Devonian groundwater management plans, which have been 
submitted previously to the Alberta Energy Regulator (AER), is provided in Sections 4.3.3 and 4.3.4. 

4.3.2. Quaternary Groundwater Management  
The Quaternary aquifers at FHOSP can be separated into two main physiographic zones: the North 
Outwash Plains (NOP) and the Fort Hills Upland Complex (FHUC). 

The NOP are fine- to coarse-grained quartz rich sand, low silt and clay content with trace reworked 
bituminous sand/silt. This unit may be found below muskeg, or occasionally unconfined directly at 
surface. The aquifer thickness ranges from approximately 1 to 45 metres (m), and the hydraulic 
conductivity ranges from 3 × 10-7 to 5 × 10-4 metres per second (m/s). This unit was likely deposited from 
reworked outwash sands from the elevated areas of the FHUC that were transported in the early 
deglacial environment onto the lower lying area currently occupied by the MLWC. 

FHUC is fine-grained silty sand with intermittent disturbed laminations, varying silt content (silty to silt 
and sand), and bituminous odour detected, but trace bitumen saturation. This unit ranges from 1 to 
60 m thick. This unit is interpreted to consist of a combination of McMurray sands transported by glacial 
tectonics causing thick repeated sections and reworked/disrupted laminations by glacial fluvial 
processes. The unit’s hydraulic conductivity ranges from 2 x 10-7 to 3 x 10-5 m/s. 

The shallow groundwater flow systems in the Quaternary deposits are strongly controlled by 
topography. Groundwater levels within the various unconsolidated Quaternary aquifers are generally 
within 5 to 6 m of ground surface, apart from the upland complexes, such as the FHUC, where 
groundwater levels can be greater than 10 m below ground surface. Groundwater residence times in 
these shallower units are relatively short and dissolved salt concentrations in these units are 
comparatively low. 

The regional hydraulic gradient is variable across FHOSP, with groundwater elevations ranging from a 
high of 330 metres above sea level (masl) in the FHUC to a low of 245 masl adjacent to Athabasca River. 
Additionally, the degree of hydraulic continuity across the Quaternary aquifers is variable. Groundwater 
flow within the Quaternary aquifer appears to be from east to west regionally, except within the FHOSP 
area. Around the FHUC, where groundwater levels are locally elevated, a radial flow pattern has 
developed.  

The Quaternary groundwater management approach is to intercept Quaternary water, via pumping 
wells and ditches, before it comes into contact with the mining process. Water is then transported to 
the industrial run-off system (i.e., sedimentation ponds) and released off site to an approved outfall. 
This reduces the site water inventory requiring storage. In some situations, Quaternary water may be 
redirected to the IWW system to help offset river water volumes. In cases where tailings facilities are 
built above Quaternary aquifers, a seepage management system (SMS) is in place to capture any 
potential IWW and return it to the closed-circuit IWW system (i.e., return to the tailings facility).  The 
OPTA SMS is illustrated in Figure 4-10.  
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4.3.3. Basal Water Management  
The Basal aquifer at FHOSP is relatively discontinuous, with a portion situated under the southern part 
of South Pit, a central relatively isolated pocket in Centre Pit, and the greatest areal extent found under 
most of the central and eastern North Pit (Figure 4-11). Basal groundwater management is divided 
between produced non-saline water (i.e., <4,000 milligrams per litre [mg/L] total dissolved solids [TDS]) 
and saline water, which has a TDS concentration of greater than 4,000 mg/L.  

Currently, only the Basal aquifer at South Pit is actively depressurized. Depressurization at Centre Pit and 
North Pit will begin ahead of mining in future years. At South Pit, Basal groundwater is pumped to the 
surface at in-pit and out-of-pit pumping wells (called “depressurization”, or “DP” wells) using electrical 
submersible pumps (ESPs).  

The produced Basal water at South Pit contains sulphides and dissolved hydrogen sulphide (H2S), which 
exsolve at surface conditions to H2S gas, posing health and safety risks to operators. To reduce H2S risks, 
the produced Basal water is treated with hydrogen peroxide (H202), an oxidant that converts H2S and 
other reduced sulphide species to sulphate. The treatment target is less than 1 mg/L dissolved sulphide. 
Both non-saline and saline Basal water at South Pit are treated with H202. 

Non-saline and saline Basal water are transferred through drainage lines and manifold skids to in-pit 
sumps, which collect a combination of produced Basal water, Quaternary groundwater, Devonian seep 
water, and surface runoff. The blended water is then transferred to OPTA.  

The Basal aquifer at Centre Pit occurs as a central “pocket” of watersands, disconnected from the Basal 
in North and South Pits. In addition, pumping tests have shown that this central Basal has little to no 
connection to the Athabasca River to the West. The Centre Pit Basal salinity is generally between 3,000 
and 6,000 mg/L TDS and previous testing has shown no detectable H2S. Basal depressurization at Centre 
Pit is planned to begin in 2022 and an update notification on the Centre Pit depressurization strategy 
was provided to the AER in July 2021, 12 months in advance of depressurization start-up as required by 
EPEA Approval No. 151469-01 (as amended), Condition 4.5.13. The preliminary Centre Pit Basal 
depressurization schedule is shown in Figure 4-12.  



!( !(!(!(
!(!(

!(

!(

!(

!(
!(

!(

!(!(

!(

#

#

#

#

# #

#
#

#
# #

#

# # #

#

###
##

#
#

#
#

#
#

#
#

#

#

#

#

#

##

#

# #

#

#
#

#

##

##

#
#

#

#

#

#

#

#

#

#

#

#

#

#

460000 465000 470000 475000

R9R10R11

LEGEND

1 0 1 2 3 4

Kilometers

DESIGN

GIS

REVIEW

APPD

JA

JA

  

  

24-FEB-2021

24-FEB-2021

24-FEB-2021

24-FEB-2021

Figure 4-11

NAD83 UTM Z12N

REV:     0

TITLE:

PROJECT:

MM

SCALE:

MM

1:80,000

DATUM / PRJ:

FORT HILLS O BASAL 
THICKNESS  AND CURRENT BASAL WELL 

NETWORK

FORT HILLS INTEGRATED PLAN AMENDMENT

!( Basal Pumping Wells

# Basal

Basal Aquifer Isopach (metres)

South
Pit

Centre
Pit

North
Pit

Approved Project Area

 Monitoring 

Wells Pit Limit

Amended Project Area

Non-Mined Portion of MLWC 



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

134 | Page 

Figure 4-12: Preliminary Basal Depressurization Schedule for Centre Pit  

 
Note: m3/d = cubic metres per day. 

In North Pit, the Basal aquifer is generally non-saline, with detectable H2S. Because of the mostly 
continuous and laterally extensive nature of the aquifer in this area, the use of horizontal pumping wells 
for Basal depressurization may be appropriate and is currently being evaluated. Basal depressurization 
at North Pit could begin as early as 2027 but is currently being investigated. 

Saline Basal Water Management  

The Basal aquifer is saline in places near fractures that have likely enabled connection to the Devonian 
(saline) aquifers. The saline Basal is primarily at the southwest corner of South Pit, with salinity up to 
approximately 30,000 mg/L TDS, and in Centre Pit, with salinity approximately 3,000 to 6,000 mg/L TDS. 
The South Pit shell was designed to reduce the volume of saline Basal DP water to be managed, by 
focusing mining east of a Devonian high, isolating the mine pit from the highly saline Basal that underlies 
the McMurray between the Devonian high and Athabasca River.  

South Pit saline Basal DP water is transferred using the existing in-pit drainage network to OPTA. FHOSP 
is currently approved to use two saline Basal wells as part of the South Pit depressurization network but 
may include additional saline Basal wells if needed. Historically, some non-saline Basal DP wells have 
experienced an increase in salinity with continued pumping and may ultimately become saline.  

If saline Basal DP water discharges to West Process Affected Water (PAW) Pond (WPP), FHOSP will 
perform a short-term monitoring program, as per the plan submitted to AER in November 2020, 
including monthly laboratory TDS sampling, to demonstrate adequate mixing has occurred in WPP 
before discharge in OPTA. Details of the WPP monitoring program are provided in Table 4-3 and  
Table 4-4, where Month 1 (April 2021) was the first month in which saline Basal DP water was 
discharged through WPP. The first Quarterly Report from this WPP Monitoring Plan was submitted to 
the AER in July 2021, for the months of April through June 2021. Following the final month of the short-
term monitoring program, FHEC will assess the scope and frequency of ongoing operational monitoring. 
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Table 4-3: Saline Basal Short-Term Monitoring Program Schedule 

Saline Basal WPP Pond 
Short-Term Monitoring 
Program Schedule M

on
th

 1
 

M
on

th
 2

 

M
on

th
 3

 

M
on

th
 4

 

M
on

th
 5

 

M
on

th
 6

 

M
on

th
 7

 

M
on

th
 8

 

M
on

th
 9

 

M
on

th
 1

0 

M
on

th
 1

1 

M
on

th
 1

2 

Shallow Salinity(a) D D D D D D D D D D D D 

Deep Salinity(b) D D D D D D D D D D D D 

Salinity Profile X X X X X X - - X - - X 

Field Parameters X X X X X X X X X X X X 

Conventional Parameters X X X X X X X X X X X X 

Major Ions X X X X X X X X X X X X 

Dissolved Metals X X X X X X X X X X X X 
Notes: 
(a) “Shallow” refers to relative depths within the WPP. 
(b) “Deep” refers to relative depths within the WPP. 
D = measured/sampled at regular intervals throughout the day; X = required once per month; - denotes not applicable to that 
month. 
 

Table 4-4: Saline Basal Short-Term Monitoring Program Component Details 

Field Parameters 
Chloride, pH, ORP, Specific Conductance, Electrical Conductivity, 
Water Temperature, Turbidity, Total Dissolved Solids, 
Sulphide(a) 

Conventional Parameters Specific Conductivity, Hardness, Alkalinity, CaCO3, pH, TDS 
(Calculated) 

Major Ions 
Bicarbonate, Calcium, Carbonate, Chloride, Hydroxide, 
Magnesium, Potassium, Sodium, Sulphate, Sulphide, Hydrogen 
Sulphide, Fluoride, Anion Sum, Cation Sum, Ion Balance 

Dissolved Metals Al, Sb, As, Ba, Be, B, Br, Cd, Cr, Co, Cu, Fe, Pb, Li, Mn, Hg, Mo, Ni, 
Se, Si, Ag, Sr, S, Th, Sn, Ti, V, Zn 

Notes:  
(a) Measured via a HACH Kit. 
ORP = oxidation reduction potential; TDS = total dissolved solids. 

If the average monthly TDS in OPTA increases greater than 2,200 mg/L, FHEC is required to notify the 
AER as per Condition 4.2.27(a) of EPEA Approval No. 151469-01-02. FHEC notified the AER of a monthly 
TDS in OPTA greater than 2,200 mg/L in August 2021. As per Condition 4.2.27(b) of EPEA Approval No. 
151469-01-02, if the average monthly TDS in OPTA increases greater than 2,700 mg/L, FHEC will notify 
the AER and inform the AER of the selected saline water management and/or disposal strategy, which 
could include the use of Saline Water Pond A (Approval 151469-01-02, Condition 4.2.3(I)). Further 
alternative saline water management strategies continue to be assessed by FHEC and updated plans will 
be filed with AER as required.  
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4.3.4. Devonian Groundwater Management  
The mineable Athabasca Oil Sands operations are underlain by a Devonian groundwater system within 
the Prairie Evaporite Formation and Keg River Formation that include karst features from the dissolution 
of evaporites in the Prairie Evaporite Formation over geologic timescales.   

The characterization and conceptualization of the Devonian groundwater system at FHOSP includes 
understanding of the regional geologic and structural setting, airborne and surface geophysical 
investigations, ground truthing with coring and geophysical borehole logging; as well as hydraulic 
testing, water quality sampling, and monitoring to evaluate hydraulic connectivity within the mining 
operation.  

In regional Devonian context, the Prairie Evaporite Formation has been divided into domains based on 
the degree of evaporite dissolution (Schneider and Grobe 2017). FHOSP is near the boundary between 
two regionally mapped domains: 1) to the west, partial halite dissolution and anhydrite domain, and 2) 
to the east, anhydrite only domain. For reference, FHOSP is also located down-dip (in terms of Devonian 
structure and the degree of dissolution) of the Devonian inflow event that occurred at the Muskeg River 
Mine (MRM) in 2010. MRM is within the interior of the anhydrite only mapped domain; within this 
domain, a regional (i.e., underlies multiple oil sands operations) and high transmissivity aquifer (> 10-3 
metres squared per second [m2/s]) within the Prairie Intact Laminites (PIL) is present that was created 
through a diagenetic alteration process referred to dedolomitization (Stoakes et al. 2014).  

Dedolomitization occurs from dissolution of anhydrite that results in calcium saturated water flowing 
though the adjacent laminites, converting the dolomite to a limestone. The accompanying loss in mass 
from the dedolomitization process results in vuggy porosity to a completely collapsed breccia creating 
high permeability; this alteration process is well documented globally in oil and gas reservoirs wherein 
anhydrite and dolomite are in close spatial proximity (e.g., Raines et al. 1997). Because of the diagenetic 
origin of the aquifer, the hydraulic connectivity pattern is considered more anastomosing, versus sheet-
like characteristic of many karst systems, because the dedolomitization likely developed along planes of 
weaknesses in the rock mass.  As such, good connectivity may be observed over 10s of kilometres where 
the aquifer is present but there is strong well-scale heterogeneity such as two wells drilled in relative 
proximity may show conflicting results for the presence of the aquifer.  

Similar to well-scale heterogeneity within the aquifer itself, there is substantial heterogeneity within the 
fractures and joints that provide potential pathways for water within the aquifer to reach the pit floor of 
the mine.  Most features identified through geophysical investigations and drilling will not be conduits 
for fluid flow from the aquifer to the pit floor. Thus, FHOSP uses a more holistic approach when 
assessing risk and assumes fracture frequency in steeply-dipping Devonian surfaces will be higher and in 
turn will have a higher likelihood of having an open hydraulic conduit between the aquifer and pit floor. 
The interpreted Devonian surface that underlies FHOSP and illustrates where the steeply dipping 
Devonian surfaces exist is presented in Figure 4-13. 
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Regionally, a gradual freshening of deeper Devonian groundwater (i.e., within the PIL aquifer) is 
observed towards the northeast; however, the uniformity of this trend is likely accentuated by the 
limited number of sampling locations. At FHOSP, sampling locations are consistent with the freshening 
trend, with mineralization decreasing from approximately 280,000 mg/L TDS to 25,000 mg/L TDS in an 
eastward direction across the FHOSP site. Regionally, Ca-HCO3 water types are associated with lower 
groundwater mineralization, while Na-Cl water types are associated with higher groundwater 
mineralization in the west. Local groundwater samples reflect Na-Cl water types at FHOSP. 

The mineralization of the shallow Devonian (i.e., Waterways Formation) is relatively consistent 
regionally, with mineralization typically 30,000 mg/L TDS or less. Within the vicinity of FHOSP, elevated 
mineralization approximately 165,000 mg/L TDS is observed based on information from the Canadian 
Natural Horizon Mine and is expected to be associated with upwelling Middle Devonian brines. While 
water quality information is not available for the Waterways Formation beneath the IPA, it is expected 
that elevated mineralization also occurs in the Waterways in the Down-Drop Block area, based on the 
elevated mineralization observed in the overlying Basal Aquifer. North and east of the Down-Drop Block 
Area, given the freshening of the overlying Basal Aquifer, mineralization of the Waterways Formation 
within the IPA is also expected to be less saline; however, no site information is available to confirm. 

Mining strategies for FHOSP have been developed to reduce both Devonian water seepage into the pit 
and long-term management of Devonian water volumes. To achieve this objective, the following 
elements have been developed:  

● standards and procedures that outline monitoring and mining techniques as the mine deepens 

● a monitoring network of wells that are screened or perforated across the Prairie Evaporite 
Formation and/or parts of the Keg River Formation that provide near real time pressure 
observations to FHOSP 

● no active depressurization of the Prairie Evaporite Formation or Keg River Formation because of 
access handling volumes and risk of further dissolution of halites and anhydrites present 

● trained staff that complete regular geohazard inspections and assessments of pits 

● defined backfill procedures to re-establish seal 

● protocols and procedures that trigger and define responses to events that are outside of normal 
operating conditions  

Even though no active depressurization occurs in the Prairie Evaporite Formation or the Keg River 
Formation, saline water does reach the pit floor via natural conduits in the Devonian (i.e., fractures and 
sinkholes) as ore and waste is removed. Between May 2019 and October 2021, FHOSP experienced 42 
seepage events, of which three seepages produced peak inflows of greater than 5,000 cubic metres per 
day (m3/d). The largest of the seepage events accounted for approximately 50,000 cubic metres (m3) of 
Devonian water entering the pit. The Devonian Water Management Plan was approved by the AER in 
August 2021 (EPEA Approval No. 151469-09). The plan outlines the management of Devonian seeps into 
the mine. Most seeps are managed by capping and backfilling. Additional accumulated water will be 
collected in temporary sumps in the pit and directed into the IWW system and pumped directly to OPTA 
or into WPP and then onto OPTA. The destination and routes where saline Devonian water is to be 
managed are shown in Figure 4-14. 
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4.3.5. Groundwater Monitoring 
A Groundwater Monitoring Plan (GMP) was submitted to AER as per the requirements of EPEA Approval 
No. 151469-01-00 (as amended). The GMP was first authorized by AER in November 2016. Compliance 
monitoring wells are included in the GMP along the periphery of the site, in each of the four major 
water-bearing units: Unconfined Quaternary Sand Aquifer, Confined Quaternary Sand Aquifer, the Basal 
Aquifer, and the Upper Devonian Limestone. The locations of GMP monitoring wells, as of February 
2021, are provided in Figure 4-15. 
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4.3.6. Out-of-Pit Tailings Area and Out-of-Pit Tailings Area East Seepage 
Management System 

The SMS associated with OPTA and OPTA East Stage 1 includes a series of pumping and monitoring wells 
intended to detect, contain, and prevent off-site migration of groundwater influenced by IWW. The 
network, as of February 2020, consists of 38 pumping wells, with screens often set across the whole 
permeable interval(s) of the Quaternary sequence, and 104 monitoring wells with screens set within 
permeable intervals of the Quaternary sequence. The locations of SMS pumping wells are provided in 
Figure 4-16, and the location of SMS monitoring wells is provided in Figure 4-17. 

A groundwater model for the SMS system was finalized in 2020 using particle tracking to estimate IWW 
arrival times at various locations around the perimeters of OPTA and OPTA East Stage 1. These 
modelling results for OPTA and OPTA East Stage 1 are shown in Figure 4-18 and Figure 4-19, 
respectively. A comparison of  
Figure 4-17 with Figure 4-18 and Figure 4-19 shows that while some of the SMS wells have already been 
installed around OPTA and OPTA East Stage 1, more SMS wells are scheduled to be installed according to 
the modelled timeframe.  
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4.3.7. Groundwater Diversion Licence 
Under the current FHOSP Water Act Licence 00190012-01-00 (as amended), FHEC is authorized to divert 
6,665,000 m3 of non-saline groundwater annually. The Water Act License expires on November 15, 
2024. Before this date, FHEC will apply to extend the License for 10 years and to amend the required 
groundwater diversion volumes, if required. Importantly, saline water is exempt from diversion license 
requirements and is therefore not reported against the groundwater allocation under FHOSP Water Act 
License 00190012-01-00 (as amended).  

4.4 Site Wide Water Balance 

4.4.1 Introduction 
Site wide water balance modelling was conducted for quantification of the water supply and storage 
requirements of FHOSP, as well as for assessing recycle water quality at OPTA and water management 
risks within the closed-circuit system during the remaining operational period. The specific objectives of 
the water balance modelling were to: 

● quantify the use of water from the various sources 

● provide a technical basis for confirming the appropriateness of the existing diversion licence for 
water withdrawal from the Athabasca River 

● provide a technical basis for determining how to manage river water withdrawal to comply with 
the Surface Water Quantity Management Framework (SWQMF) by the Government of Alberta 
(2015), and for managing the IWW inventory within the closed-circuit areas 

The site wide water balance model addresses the water sources within the raw water supply and IWW 
systems that will be used mainly for processing. The water sources within the industrial runoff system 
are not included in the model, because the water from industrial runoff sources will not be used by 
FHOSP and will be released to the receiving environment as per EPEA Approval condition requirements.  

In addition, the Athabasca River water is planned to be used as a source of water for resupply to the fen 
during the period from approximately 2060 to 2075, to be further described in the MLWC Operational 
Plan being prepared by FHEC. The results of the site wide water balance model provide a basis for 
confirming that the existing river water licence will be sufficient to support both processing use and fen 
water resupply for the period approximately 2060 to 2075 (Section 4.4.5). 
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4.4.2 Description of the Water Balance Model 
The site wide water balance model for FHOSP was developed using GoldSim, which is a dynamic Monte 
Carlo simulation software. The water balance model for FHOSP accounts for the various inflow, outflow, 
storage, and internal flow components of the raw water supply and IWW systems, summarized as: 

● Inflows  

- water withdrawn from the Athabasca River  

- precipitation runoff collected in the IWW system including net evaporation (i.e., 
evaporation minus precipitation) from pond and sump water surfaces 

- non-saline Basal depressurization groundwater 

- saline Basal depressurization groundwater and saline Devonian groundwater 

- groundwater seepage collected in the IWW system 

- connate water from processed ore 

● Outflows  

- water to Diluted Bitumen (Dilbit) 

- tailings slurry evaporation  

- water loss to fill pore space of Quaternary sands beneath OPTA 

● Storage  

- regular tailings porewater 

- densified tailings porewater 

- thickened tailings porewater 

- Tailings Secondary Recovery Units (TSRU) tailings porewater 

- mature fine tailings porewater 

- site water inventory  

● Main Internal Flow 

- water recycled from the OPTA to the recycle water pond for use by the primary and 
secondary extraction plants 

The main components of the water balance model and their linkages are schematically illustrated in 
Figure 4-20. 
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4.4.3 Accounting for Variability and Uncertainty 
The water balance model accounts for various sources of variability and uncertainty mainly associated 
with climate and hydrology. The model inputs or parameters that are treated as variable or uncertain in 
the GoldSim model include: 

● Athabasca River Flow: The river flow regime and variability are represented by a time series of 
variable weekly river flows for a period of 3,000 years to capture potential extreme low flow 
conditions. This synthetic flow series of 3,000 years maintains all statistical trends of the 
available historical record of river flows at Fort McMurray for the period 1958 to 2017 on a 
weekly, seasonal, annual, and multi-year basis. The weekly flow series is used to determine the 
amount of river water available for withdrawal by the oil sands mining industry including FHOSP 
on a weekly basis as regulated under the SWQMF. 

● Pond Net Evaporation (Evaporation - Precipitation): The variability of net evaporation from the 
various pond surfaces is represented by a time series of monthly net evaporation for a long 
enough period of 3,000 years to capture potential extreme dry and wet conditions on site. This 
synthetic time series of 3,000 years maintains all statistical trends of the recorded precipitation 
and calculated evaporation data for the period 1954 to 2017 on a monthly, seasonal, annual, 
and multi-year basis. The long-term precipitation data used was recorded at Fort McMurray. The 
monthly evaporation data were calculated using Morton’s model based on the air temperature, 
dew point temperature, and sunshine hour data recorded at the Fort McMurray airport station 
as well as the solar radiation data recorded at the Stoney Plain and Aurora climate stations, 
which was acquired from Environment and Climate Change Canada (ECCC) as well as Alberta 
Agriculture and Forestry. 

● Precipitation Runoff from the Closed-Circuit Areas: The variability of runoff from the various 
types of closed-circuited areas is represented by time series of monthly runoff from these areas 
for a long enough period of 3,000 years to capture potential extreme dry and wet conditions on 
site. For each land type, the Hydrologic Simulation Program – Fortran (HSPF) model was used to 
simulate the daily runoff based on the historical climate data recorded at the Fort McMurray 
climate station and solar radiation data recorded at the Stoney Plain and Aurora climate 
stations, for the period 1954 to 2017, that was acquired from ECCC as well as Alberta Agriculture 
and Forestry. The simulated daily runoff for each land type was used to generate the synthetic 
runoff time series of 3,000 years for each land type by maintaining all statistical trends of the 
simulated runoff on a monthly, seasonal, annual, and multi-year basis. The closed-circuit areas 
of various land types were delineated based on the mine and water management plans for 
FHOSP. 

The GoldSim model was run in both deterministic and probabilistic modes. For probabilistic simulation, 
the model was run to simulate the mine-site water balance for 3,000 combinations of variable model 
inputs and parameter values generated stochastically. For each combination, the starting years for the 
river flow time series and the runoff/net evaporation time series were randomly and independently 
selected. This is to account for a weak correlation between the hydrologic events for the large 
Athabasca River watershed and the hydrologic events for the small closed-circuit catchment areas at 
FHOSP.  
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Tailings porewater volume is one of the main factors influencing the river makeup water requirement by 
FHOSP. In addition to using a set of best estimates of tailings porewater volumes, a relatively 
conservative set of tailings porewater volume estimates (7% higher than planning basis) were used as a 
water supply design basis to account for the uncertainty in the tailings porewater volume estimates and 
its influence on the river water requirement simulation.  

4.4.4 River Water Available for Withdrawal 
Regulatory Framework 

Water withdrawal from the Athabasca River by the oil sands mining industry (the industry) is currently 
regulated under the SWQMF. The SWQMF has weekly management triggers, cumulative water 
withdrawal limits, and a threshold crossing rule. These triggers, limits, and rule reflect and relate to 
seasonable variability in the Athabasca River flows and become more restrictive as flows decrease. The 
weekly flows measured at Fort McMurray are compared to the management triggers to determine the 
applicable limits on how much water is available for cumulative water withdrawal by the industry for 
each week of the year.  

The maximum weekly Athabasca River flows available for withdrawal by the industry as regulated under 
the SWQMF, were analyzed based on a long period of 3,000 years of synthetic weekly river flow series 
to capture the potential extreme low flow conditions. The analysis involved comparison of the weekly 
river flows with the weekly flow triggers, and determination of the weekly industry water use limits in 
accordance with the SWQMF. 

Industry Agreement  

The SWQMF requires that the industry submit a water sharing agreement to the regulators by 
November 1st of every year. This agreement will describe how the industry will share the cumulative 
withdrawal amount among the operators. The existing oil sands mine operators meet annually to 
discuss and reach an agreement regarding the river water withdrawal limits for individual mines.  

The industry river water management agreement was projected to be in effect when FHOSP will require 
river water withdrawal for the remaining operational period from 2021 to 2063. The estimated future 
industry agreement includes the following allocations during river water withdrawal restriction: 

● Suncor Base Plant and Syncrude will withdraw the river water to meet their water demands at 
their average annual licence rates, and Canadian Natural at its licenced minimum rates. 

● The remaining river water withdrawal amount permitted under the SWQMF will be evenly 
distributed among the remaining operators. 

● If the average weekly river flow is below 87 cubic metres per second (m3/s), the allowable river 
water withdrawal amount will be allocated as follows: 

- a maximum of 2 m3/s to each of Suncor and Syncrude 

- a maximum of 0.2 m3/s to each of Canadian Natural Muskeg River and Horizon mines for 
freeze protection of existing infrastructure 

- a combined maximum of 4.4 m3/s for Suncor, Syncrude, Canadian Natural Muskeg River 
Mine and Horizon Mine 

- zero to all other oil sands mine water licence holders. 
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Estimate of River Water Demand by Other Oil Sands Mines 

The latest oil sands mine bitumen production forecast data published by the Canadian Association of 
Petroleum Producers (CAPP 2019) was used to estimate the peak production rate of 1.54 million barrels 
per day by the other operating and approved oil sands mines for 2035 and beyond. Their total river 
water demand was estimated to be 5.67 m3/s for the period 2021 through 2063, based on the average 
water use intensity of two bbl/bbl water/bitumen and bitumen production rate of 1.54 million barrels 
per day. This water demand estimate is considered reasonable because the uncertainty associated with 
the bitumen production forecast is compensated by the relatively conservative estimate of the water 
use intensity.  

River Water Available to Fort Hills Operations 

The following formulas were used to estimate maximum rate of Athabasca River water withdrawal 
available to FHOSP based on the SWQMF rules, forecasted total river water demand by the other 
operators, and the maximum licensed limit for river water withdrawal by FHOSP: 

(1) QFH = (Q – 4.4)/3             if 4.4  ≤ Q < 5  
(2) QFH = (Q – 4)/5             if 5 ≤ Q < 6.0875 
(3) QFH = Minimum (3.1, Q – 5.67)   if 6.0875 ≤ Q ≤ 29 

Where: 

QFH (m³/s) - maximum river water withdrawal rate available for Fort Hills 
Q (m³/s) - maximum river water withdrawal rate permitted under the SWQMF (i.e., 4.4 ≤ Q ≤ 29)  

The maximum weekly Athabasca River flows available for withdrawal by FHOSP were estimated based 
on the 3,000 years of synthetic weekly river flow limits to the industry and the above water allocation 
rules, and then used as input to the water balance model. 

4.4.5 Mine Site Water Balance Model Results and Management Approach 
Mine Site Water Balance Tables 

The mine site water balance results for the average operating conditions (i.e., based on the best estimates 
of tailings porewater volumes and average hydrologic inputs) and for river water supply design (i.e., 
conservative estimates of tailings porewater volumes and 0.1% likelihood of exceedance of the river water 
requirement for FHOSP) are presented in Table 4-5 and Table 4-6, respectively. These tables show the 
annual volumes of the various inflow, outflow, storage change, and recycle water components for the 
remaining operational period from 2021 through 2063 for the two scenarios.  
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Table 4-5: Annual Water Balance Results - Average Operating Conditions 

Year 

 Inflow (Mm³) Outflow (Mm³) Change in Water Storage on Site (Mm³) Recycle Water (Mm3) 
Makeup Water Sources 
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2021 27.37 6.59 2.4 0.00 36.86 0.50 5.45 42.32 0.11 3.65 2.11 5.87 4.37 15.70 1.85 0.67 12.71 1.15 36.45 68.47 68.47 
2022 31.62 6.79 0.9 0.00 39.91 0.60 6.27 46.18 0.11 3.72 1.17 5.00 4.36 15.06 2.49 0.67 16.62 1.99 41.18 57.59 57.59 
2023 30.63 6.83 1.90 0.05 39.41 0.00 6.85 46.26 0.11 3.86 0.49 4.46 4.45 14.87 3.07 0.66 15.86 2.88 41.80 62.24 62.24 
2024 31.62 7.21 1.80 0.05 40.68 0.00 6.28 46.96 0.11 3.81 0.19 4.11 4.45 15.25 2.65 0.67 10.27 9.56 42.85 59.87 59.87 
2025 23.09 7.62 1.59 0.30 32.60 0.00 6.51 39.12 0.11 3.80 0.08 3.99 4.39 14.79 2.91 0.67 11.11 1.25 35.12 68.40 68.40 
2026 17.33 9.38 0.70 0.54 27.95 0.00 7.18 35.12 0.11 3.75 0.02 3.88 4.36 14.85 2.72 0.67 9.96 -1.32 31.24 72.06 72.06 
2027 16.65 8.48 1.00 0.64 26.77 0.00 6.12 32.89 0.11 3.78 0.01 3.90 4.43 15.31 2.53 0.67 7.81 -1.75 28.99 74.18 74.18 
2028 22.82 9.33 1.00 0.80 33.95 0.00 6.61 40.57 0.11 3.72 0.00 3.83 4.32 14.70 2.70 0.66 8.79 5.57 36.74 66.18 66.18 
2029 24.56 10.15 1.00 1.34 37.04 0.00 6.49 43.54 0.11 3.87 0.00 3.98 4.44 14.74 3.18 0.67 10.71 5.81 39.55 69.09 69.09 
2030 21.81 12.72 1.00 1.51 37.05 0.00 6.17 43.22 0.11 3.74 0.00 3.85 4.33 14.57 2.87 0.67 8.78 8.17 39.37 68.55 68.55 
2031 12.31 12.35 2.20 1.57 28.43 0.00 5.40 33.84 0.11 3.61 0.00 3.72 4.24 14.68 2.38 0.66 7.83 0.33 30.11 74.97 74.97 
2032 10.34 12.39 2.20 1.70 26.63 0.00 5.83 32.46 0.11 3.66 0.00 3.77 4.27 14.60 2.59 0.67 9.11 -2.54 28.69 78.06 78.06 
2033 11.87 12.42 2.20 1.88 28.38 0.00 5.62 34.00 0.11 3.52 0.00 3.63 4.14 14.44 2.22 0.66 4.79 4.13 30.37 72.65 72.65 
2034 8.81 12.46 2.20 1.98 25.45 0.00 5.41 30.86 0.11 3.45 0.00 3.56 4.07 14.31 2.08 0.66 5.96 0.21 27.30 74.12 74.12 
2035 9.38 12.50 2.20 2.29 26.37 0.00 5.66 32.03 0.11 3.63 0.00 3.74 4.29 15.09 2.16 0.67 8.56 -2.47 28.30 77.62 77.62 
2036 7.23 13.12 2.80 2.36 25.51 0.00 5.57 31.08 0.11 3.48 0.00 3.59 4.15 14.80 1.88 0.66 7.14 -1.14 27.49 75.92 75.92 
2037 10.50 13.74 2.80 2.49 29.54 0.00 5.57 35.10 0.11 3.48 0.00 3.59 4.15 14.80 1.88 0.66 7.22 2.81 31.51 72.64 72.64 
2038 7.23 14.36 2.80 2.69 27.09 0.00 5.57 32.66 0.11 3.48 0.00 3.59 4.15 14.80 1.88 0.66 5.15 2.43 29.07 75.91 75.91 
2039 10.50 14.99 2.80 2.69 30.98 0.00 5.57 36.55 0.11 3.48 0.00 3.59 4.15 14.80 1.88 0.66 7.82 3.65 32.96 72.64 72.64 
2040 5.70 15.60 2.80 2.76 26.86 0.00 5.57 32.42 0.11 3.48 0.00 3.59 4.15 14.80 1.87 0.66 5.39 1.95 28.83 77.45 77.45 
2041 7.15 11.83 2.80 2.84 24.62 0.00 5.79 30.41 0.11 3.48 0.00 3.59 4.17 15.07 1.69 0.66 3.87 1.36 26.82 75.36 75.36 
2042 6.71 11.35 2.80 2.87 23.73 0.00 5.79 29.52 0.11 3.48 0.00 3.59 4.17 15.07 1.69 0.66 3.87 0.47 25.93 75.81 75.81 
2043 8.17 11.48 2.80 2.88 25.34 0.00 5.79 31.13 0.11 3.48 0.00 3.59 4.17 15.07 1.69 0.66 3.47 2.48 27.54 74.34 74.34 
2044 12.21 11.21 2.80 2.95 29.17 0.00 5.79 34.96 0.11 3.48 0.00 3.59 4.17 15.07 1.69 0.66 8.72 1.05 31.37 70.30 70.30 
2045 7.56 10.93 2.80 2.96 24.26 0.00 5.79 30.04 0.11 3.48 0.00 3.59 4.17 15.07 1.69 0.66 7.10 -2.24 26.46 74.94 74.94 
2046 7.38 11.10 2.70 3.03 24.20 0.00 5.62 29.83 0.11 3.36 0.00 3.47 4.05 14.70 1.56 0.66 4.62 0.77 26.36 72.39 72.39 
2047 7.38 11.27 2.70 3.03 24.37 0.00 5.62 30.00 0.11 3.36 0.00 3.47 4.05 14.70 1.56 0.66 4.62 0.94 26.52 72.39 72.39 
2048 6.53 11.43 2.70 3.06 23.72 0.00 5.62 29.34 0.11 3.36 0.00 3.47 4.05 14.70 1.56 0.66 4.62 0.29 25.87 73.24 73.24 
2049 5.69 11.60 2.70 3.05 23.04 0.00 5.62 28.66 0.11 3.36 0.00 3.47 4.05 14.70 1.56 0.66 3.41 0.82 25.19 74.07 74.07 
2050 5.70 11.76 2.70 3.14 23.30 0.00 5.62 28.93 0.11 3.36 0.00 3.47 4.05 14.70 1.56 0.66 3.42 1.07 25.45 74.08 74.08 
2051 5.70 10.82 2.20 3.14 21.87 0.00 5.86 27.73 0.11 3.60 0.00 3.71 4.24 14.81 2.26 0.67 6.14 -4.10 24.02 80.67 80.67 
2052 9.92 10.96 2.20 3.15 26.22 0.00 5.86 32.09 0.11 3.60 0.00 3.71 4.24 14.81 2.26 0.67 7.51 -1.11 28.38 76.45 76.45 
2053 9.45 11.10 2.20 3.16 25.90 0.00 5.86 31.77 0.11 3.60 0.00 3.71 4.24 14.81 2.26 0.67 6.55 -0.47 28.06 76.92 76.92 
2054 11.13 11.85 2.20 3.16 28.34 0.00 5.86 34.20 0.11 3.60 0.00 3.71 4.24 14.81 2.26 0.67 9.25 -0.74 30.49 75.24 75.24 
2055 11.69 12.06 2.20 3.16 29.11 0.00 5.86 34.97 0.11 3.60 0.00 3.71 4.24 14.81 2.26 0.67 10.45 -1.17 31.26 74.68 74.68 
2056 9.66 12.36 2.90 3.17 28.09 0.00 5.34 33.43 0.11 3.56 0.00 3.67 4.23 14.97 2.03 0.67 7.59 0.27 29.76 75.93 75.93 
2057 9.60 12.66 2.90 3.20 28.36 0.00 5.34 33.70 0.11 3.56 0.00 3.67 4.23 14.97 2.03 0.67 7.58 0.55 30.03 75.98 75.98 
2058 8.52 12.97 2.90 3.20 27.59 0.00 5.34 32.93 0.11 3.56 0.00 3.67 4.23 14.97 2.03 0.67 6.78 0.58 29.25 77.06 77.06 
2059 11.44 13.27 2.90 3.20 30.81 0.00 5.34 36.15 0.11 3.56 0.00 3.67 4.23 14.97 2.03 0.67 7.31 3.27 32.48 74.14 74.14 
2060 9.41 13.57 2.90 3.20 29.07 0.00 5.34 34.41 0.11 3.56 0.00 3.67 4.22 14.96 2.03 0.67 6.49 2.37 30.74 76.12 76.12 
2061 4.13 13.88 1.90 3.20 23.11 0.00 3.98 27.09 0.08 2.65 0.00 2.73 3.16 11.29 1.40 0.51 1.89 6.11 24.36 59.34 59.34 
2062 4.05 14.18 1.90 3.20 23.33 0.00 3.98 27.31 0.08 2.65 0.00 2.73 3.16 11.29 1.40 0.51 2.29 5.93 24.58 59.34 59.34 
2063 3.17 14.44 1.89 3.19 22.70 0.00 3.97 26.67 0.08 2.64 0.00 2.72 3.15 11.26 1.40 0.51 2.25 5.38 23.95 60.13 60.13 

Notes: 
Mm3 = Million cubic metres; OPTA = Out-of-Pit Tailings Area; RT = Regular Tailings; DT = Densified Tailings; TT = Thickened Tailings; TSRU = Tailings of Secondary Recovery Units; FT = Fluid Tailings; RCWP = Recycle Water Pond.
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Table 4-6: Annual Water Balance Results - River Water Supply Design Basis 

Year 

 Inflow (Mm³) Outflow (Mm³) Change in Water Storage on Site (Mm³) Recycle Water (Mm3) 

Makeup Water Sources 
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2021 33.86 2.57 2.40 0.00 39.33 0.50 5.45 44.79 0.11 3.65 2.11 5.87 4.67 16.80 1.98 0.72 13.60 1.15 38.92 61.98 61.98 
2022 38.48 2.64 0.90 0.00 42.62 0.60 6.27 48.89 0.11 3.72 1.17 5.00 4.66 16.11 2.66 0.72 17.78 1.96 43.89 50.70 50.70 
2023 38.19 1.99 1.90 0.05 42.13 0.00 6.85 48.98 0.11 3.86 0.49 4.46 4.76 15.91 3.29 0.71 16.97 2.88 44.52 54.67 54.67 
2024 39.21 1.95 1.80 0.05 43.01 0.00 6.28 49.28 0.11 3.81 0.19 4.11 4.76 16.32 2.84 0.72 10.99 9.56 45.18 52.28 52.28 
2025 28.72 2.45 1.59 0.30 33.07 0.00 6.52 39.58 0.11 3.80 0.08 3.99 4.70 15.83 3.12 0.72 11.89 -0.66 35.59 62.77 62.77 
2026 27.66 2.14 0.70 0.54 31.04 0.00 7.18 38.21 0.11 3.75 0.02 3.88 4.67 15.89 2.92 0.71 10.66 -0.51 34.33 61.72 61.72 
2027 25.66 2.13 1.00 0.64 29.43 0.00 6.12 35.55 0.11 3.78 0.01 3.90 4.74 16.38 2.71 0.72 8.36 -1.25 31.65 65.18 65.18 
2028 31.54 2.11 1.00 0.80 35.45 0.00 6.61 42.06 0.11 3.72 0.00 3.83 4.62 15.73 2.89 0.70 9.40 4.89 38.24 57.45 57.45 
2029 34.38 3.07 1.00 1.34 39.79 0.00 6.49 46.28 0.11 3.87 0.00 3.98 4.76 15.77 3.41 0.71 11.45 6.20 42.29 59.25 59.25 
2030 30.54 4.31 1.00 1.51 37.36 0.00 6.18 43.54 0.11 3.74 0.00 3.85 4.63 15.59 3.07 0.71 9.40 6.29 39.69 59.83 59.83 
2031 23.77 2.82 2.20 1.57 30.36 0.00 5.40 35.76 0.11 3.61 0.00 3.72 4.53 15.71 2.55 0.71 8.38 0.16 32.04 63.52 63.52 
2032 22.07 3.35 2.20 1.70 29.33 0.00 5.83 35.16 0.11 3.66 0.00 3.77 4.57 15.62 2.77 0.72 9.74 -2.03 31.38 66.33 66.33 
2033 23.04 2.84 2.20 1.88 29.96 0.00 5.62 35.58 0.11 3.52 0.00 3.63 4.43 15.45 2.37 0.71 5.12 3.87 31.95 61.49 61.49 
2034 20.25 2.59 2.20 1.98 27.03 0.00 5.41 32.44 0.11 3.45 0.00 3.56 4.36 15.32 2.23 0.71 6.38 -0.11 28.88 62.68 62.68 
2035 22.21 3.15 2.20 2.29 29.84 0.00 5.66 35.50 0.11 3.63 0.00 3.74 4.59 16.14 2.32 0.72 9.16 -1.15 31.77 64.79 64.79 
2036 20.09 2.45 2.80 2.36 27.71 0.00 5.57 33.27 0.11 3.48 0.00 3.59 4.44 15.84 2.01 0.71 7.64 -0.95 29.68 63.06 63.06 
2037 24.48 3.19 2.80 2.49 32.96 0.00 5.57 38.53 0.11 3.48 0.00 3.59 4.44 15.84 2.01 0.71 7.72 4.22 34.94 58.67 58.67 
2038 20.23 3.24 2.80 2.69 28.96 0.00 5.57 34.53 0.11 3.48 0.00 3.59 4.44 15.84 2.01 0.71 5.51 2.43 30.94 62.92 62.92 
2039 24.29 3.26 2.80 2.69 33.04 0.00 5.57 38.61 0.11 3.48 0.00 3.59 4.44 15.84 2.01 0.71 8.37 3.65 35.02 58.86 58.86 
2040 19.55 3.64 2.80 2.76 28.74 0.00 5.57 34.31 0.11 3.48 0.00 3.59 4.44 15.84 2.01 0.71 5.78 1.95 30.72 63.60 63.60 
2041 18.41 2.34 2.80 2.84 26.40 0.00 5.79 32.19 0.11 3.48 0.00 3.59 4.46 16.12 1.81 0.71 4.13 1.36 28.60 64.09 64.09 
2042 18.60 1.94 2.80 2.87 26.20 0.00 5.79 31.99 0.11 3.48 0.00 3.59 4.46 16.12 1.81 0.71 4.13 1.17 28.40 64.60 64.60 
2043 20.71 0.70 2.80 2.88 27.09 0.00 5.79 32.88 0.11 3.48 0.00 3.59 4.46 16.12 1.81 0.71 3.71 2.48 29.29 61.79 61.79 
2044 24.06 1.48 2.80 2.95 31.28 0.00 5.79 37.07 0.11 3.48 0.00 3.59 4.46 16.12 1.81 0.71 9.33 1.05 33.49 58.44 58.44 
2045 19.50 1.00 2.80 2.96 26.26 0.00 5.79 32.05 0.11 3.48 0.00 3.58 4.46 16.12 1.81 0.71 7.60 -2.24 28.46 63.00 63.00 
2046 19.00 1.27 2.70 3.03 26.00 0.00 5.62 31.62 0.11 3.36 0.00 3.47 4.33 15.72 1.67 0.71 4.95 0.77 28.15 60.77 60.77 
2047 19.12 1.32 2.70 3.03 26.17 0.00 5.62 31.79 0.11 3.36 0.00 3.47 4.33 15.72 1.67 0.71 4.95 0.94 28.32 60.66 60.66 
2048 18.37 1.37 2.70 3.06 25.50 0.00 5.62 31.13 0.11 3.36 0.00 3.47 4.33 15.72 1.67 0.71 4.95 0.28 27.65 61.39 61.39 
2049 17.63 1.36 2.70 3.05 24.75 0.00 5.62 30.37 0.11 3.36 0.00 3.47 4.33 15.72 1.67 0.71 3.65 0.82 26.90 62.14 62.14 
2050 17.77 1.40 2.70 3.14 25.01 0.00 5.62 30.64 0.11 3.37 0.00 3.47 4.33 15.72 1.67 0.71 3.66 1.08 27.16 62.01 62.01 
2051 17.25 1.24 2.20 3.14 23.83 0.00 5.86 29.70 0.11 3.60 0.00 3.71 4.54 15.84 2.41 0.72 6.57 -4.10 25.98 69.12 69.12 
2052 21.56 1.39 2.20 3.15 28.30 0.00 5.86 34.17 0.11 3.60 0.00 3.71 4.54 15.84 2.41 0.72 8.04 -1.10 30.45 64.81 64.81 
2053 22.49 0.06 2.20 3.16 27.91 0.00 5.86 33.77 0.11 3.60 0.00 3.71 4.54 15.84 2.41 0.72 7.01 -0.46 30.06 63.88 63.88 
2054 23.60 1.57 2.20 3.16 30.53 0.00 5.86 36.39 0.11 3.60 0.00 3.71 4.54 15.84 2.41 0.72 9.90 -0.73 32.68 62.78 62.78 
2055 24.91 1.10 2.20 3.16 31.37 0.00 5.86 37.23 0.11 3.60 0.00 3.71 4.54 15.84 2.41 0.72 11.18 -1.17 33.52 61.45 61.45 
2056 22.95 1.13 2.90 3.17 30.15 0.00 5.34 35.49 0.11 3.56 0.00 3.67 4.52 16.02 2.17 0.72 8.12 0.27 31.82 62.63 62.63 
2057 23.18 1.15 2.90 3.20 30.43 0.00 5.34 35.77 0.11 3.56 0.00 3.67 4.52 16.02 2.17 0.72 8.12 0.55 32.10 62.40 62.40 
2058 22.16 1.34 2.90 3.20 29.60 0.00 5.34 34.94 0.11 3.56 0.00 3.67 4.52 16.02 2.17 0.72 7.25 0.58 31.26 63.44 63.44 
2059 25.06 1.69 2.90 3.20 32.85 0.00 5.34 38.19 0.11 3.56 0.00 3.67 4.52 16.02 2.17 0.72 7.82 3.27 34.52 60.52 60.52 
2060 23.70 1.24 2.90 3.20 31.04 0.00 5.34 36.38 0.11 3.56 0.00 3.67 4.52 16.01 2.17 0.72 6.95 2.35 32.71 61.83 61.83 
2061 17.50 1.77 1.90 3.20 24.37 0.00 3.98 28.35 0.08 2.65 0.00 2.73 3.38 12.08 1.50 0.55 2.02 6.09 25.62 45.98 45.98 
2062 17.45 2.17 1.90 3.20 24.72 0.00 3.98 28.70 0.08 2.65 0.00 2.73 3.38 12.08 1.50 0.55 2.46 6.01 25.97 46.03 46.03 
2063 17.54 -0.16 1.90 3.19 22.47 0.00 3.97 26.45 0.08 2.64 0.00 2.72 3.37 12.05 1.50 0.55 2.41 3.85 23.72 45.76 45.76 

Notes: 
Mm3 = Million cubic metres; OPTA = Out-of-Pit Tailings Area; RT = Regular Tailings; DT = Densified Tailings; TT = Thickened Tailings; TSRU = Tailings of Secondary Recovery Units; FT = Fluid Tailings; RCWP = Recycle Water Pond.
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Athabasca River Water Withdrawal  

The simulated annual volumes of required water withdrawal from the Athabasca River by FHOSP are 
shown in Figure 4-21 for the average operating conditions and river water supply design basis, with the 
following highlights: 

● The peak FHOSP demand for makeup water withdrawal from the Athabasca River will occur in 
2024. The peak annual withdrawal volume of 39.21 million m3 (Mm3) is associated with the river 
water supply design scenario and comparable to the current maximum licence limit of 
39.27 Mm3 for FHOSP. This analysis shows that the existing river water licence limit is 
appropriate for FHOSP and should be maintained, although the amended mine and water 
management plans will result in increases in the total closed-circuit area and associated runoff 
collection on site. 

● FHOSP demand for makeup water from the river will reduce to a peak annual withdrawal 
volume of 25 Mm3 or less for the period from 2032 to 2063. This analysis shows that the current 
river water withdrawal licence limit will enable FHOSP to have secure river water supply for both 
processing use and water resupply to the fen in the non-mined portion of the MLWC for the 
period from 2060 to 2063 during which peak demand was estimated to be less than 12 Mm3 per 
year. Detail on water resupply to the fen will be described in the MLWC Operational Plan being 
prepared by FHEC. 
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Compliance with the Regulatory Framework 

Potential river water supply deficits for FHOSP, because of implementation of the SWQMF, were 
simulated using the water balance model and based on the current mine site water storage plan for 
FHOSP. The results are presented in Figure 4-22, with the following highlights: 

● The likelihood of FHOSP to experience any river water supply deficit during the remaining 
operating life is very small (i.e., < 1.4%). 

● The likelihood of the annual river water supply deficit exceeding 1 Mm3 is 0.1% or less. 

● The maximum potential annual river water supply deficit is less than 4.5 Mm3. 

Although the residual risk of potential river water supply shortage for FHOSP is relatively small, FHEC 
plans to further evaluate the following risk mitigation options and to implement an appropriate 
mitigation solution if deemed necessary: 

● Increase storage capacity of the existing raw water pond. 

● Develop additional raw water storage pond(s). 

● Reduce freshwater requirement by use of treated or untreated IWW, treated or untreated Basal 
water, and/or muskeg drainage and overburden dewatering water in sedimentation ponds, as 
well as tailings/extraction technology improvements. 

Mine Site Water Inventory Management 

The mine site IWW inventory volume will increase over the remaining life of mine because of expanding 
mining operation, as well as increased closed-circuit drainage area, Basal depressurization water 
volume, and tailings volumes. The simulated mine site water inventory volume is illustrated in  
Figure 4-23. 

The IPA has been developed to contain the mine site IWW inventory associated with the average 
operating conditions (i.e., the 50-percentile curve shown in Figure 4-23). FHEC plans to manage the risk 
of excess IWW inventory on site by further evaluation and consideration of the following mitigation 
options and opportunities: 

● Treating (if required) and releasing excess closed-circuit IWW to the Athabasca River while in 
compliance with applicable regulatory requirements. 

● Adaptively increasing total onsite water storage capacity by raising containment dyke(s) as 
needed.  
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5. LIFE OF MINE CLOSURE PLAN SUMMARY 
Fort Hills Energy Corporation (FHEC) uses an Integrated Mine-Tailings-Closure planning process as the 
basis for the development of the IPA which includes updated the conceptual closure landscape and 
drainage plan for the Fort Hills Oil Sands Project. The Life of Mine Closure Plan (LMCP) was updated 
based on applicable regulations, agreements, closure goals, corporate objectives, as well as design basis, 
criteria, and considerations. The updated FHOSP LMCP has been designed with consideration of regional 
integration with the adjacent Syncrude Canada Ltd. (Syncrude) Aurora North Project located south of 
FHOSP. 

The specific goals and objectives are to design and develop the FHOSP closure landscape to support: a) 
progressive reclamation; b) multiple end land uses (traditional, recreational, and commercial forestry, 
wildlife habitat) similar to pre-development uses; c) development of self-sustaining, locally common 
boreal forest ecosystem, compatible with pre-development, including forested areas, wetlands, and 
streams; and d) integration with the adjacent natural landscape and closure landscape of adjacent oil 
sands mines. 

FHEC is continuing and will continue to engage with Indigenous communities on reclamation and closure 
throughout planning, operations, and reclamation and closure. FHEC’s goal is to increase the use of 
Indigenous Knowledge in the reclamation and closure of the site, to the extent practicable. FHEC is 
actively pursuing and participating in opportunities to incorporate feedback from local Indigenous 
communities to develop a reclaimed landscape that can, over the long-term, provide opportunities for 
sustainable traditional use (e.g., the Lake Miwasin Indigenous Engagement Committee, reclamation 
projects and committees with Indigenous communities, and the McClelland Lake Wetland Complex 
Sustainability Committee).  

The use of an IMTCP process promotes timely and progressive reclamation over the life of the asset. All 
operational landforms (e.g., overburden dumps and sand dumps) are designed to reduce material 
rehandling to create the ready-to-reclaim surfaces and to facilitate efficient development of the closure 
drainage systems. Reclamation and closure activities will be undertaken when the risk of re-disturbance 
because of various operational activities has been reduced.  

End land use objectives, and access to the reclaimed landscape, may be adapted over time as interests 
evolve; however, once a landform is constructed, the end land uses are limited to the conditions and 
ecological trajectories associated with the ecosystem that has been established. 

Within the first 10-year period following reclamation, most reclaimed areas will have an expected end 
land use target of commercial forestry, with an overlapping capability to provide wildlife habitat and 
traditional use opportunities. At this time, no alternative land uses (e.g., industrial, intensive recreation) 
are being presented. None of the end land uses are mutually exclusive and each targeted land use can 
allow for multiple uses (e.g., land targeted for commercial forestry can provide for wildlife habitat and 
traditional use until the point at which the reclaimed forest is harvested).  

FHEC’s operational practice for reclamation material handling aligns with many of the best management 
practices outlined in the Best Management Practices for Conservation and Reclamation Materials in the 
Mineable Oil Sands Region of Alberta (AENV 2012). All upland surface soil, upland subsoil, transitional 
soil and required peat-mineral mix will be salvaged when safe and practicable, to meet the reclamation 
material balance requirements for the FHOSP. The mine progression and landform completion schedule 
require that reclamation material be placed into stockpiles for use in the future. 
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The practices followed for reclamation material placement are designed to advance reclamation 
outcomes that support locally common, self-sustaining boreal forest ecosystems, including providing a 
range of soil diversity, supplying the requisite moisture and nutrient regimes for targeted site types. 
FHEC places coversoil using a practice known as rough placement. Rough placement creates small 
depressions and mounds varying in size and complexity. These micro-topographical features retain the 
surface runoff water, which helps to reduce soil erosion and creates microsites favourable for plant 
growth. This technique also helps to decrease soil compaction and increase the biodiversity at multiple 
scales. FHEC plans to place a minimum depth of 20 centimetres (cm) of coversoil over reclaimed 
landforms at the FHOSP.  

The revegetation practices FHEC follows include consideration of several regional guidance documents. 
The specific objectives of the comprehensive upland and wetland revegetation plan include: a) establish 
functional and ecologically resilient boreal forest ecosystems including wetlands; b) establish reclaimed 
plant communities that are characteristic of native plant communities that support wildlife and 
biodiversity; c) establish native vegetation species as soon as areas become ready for reclamation, 
where operationally feasible, to reduce the likelihood of erosion and the establishment of noxious weed 
species; and d) consider the current and projected vegetation conditions of immediately adjacent land 
areas and develop planting prescriptions to allow for a more natural blend of vegetation. 

Wildlife habitat development is strongly dependent on the establishment of vegetation and plant 
community succession. The planting prescriptions for the revegetation of target ecosite phases on the 
reclaimed landscape are designed to maximize the potential of each area to reach desired end land uses 
of wildlife habitat, recreation, traditional hunting and trapping, and commercial forestry (AENV 2010).  

Specifically, revegetation and planting prescriptions target early structural stages of ecosites and the 
associated wildlife assemblages. The logic of this approach is that early seral communities 
(e.g., pole/sapling or young forests) can be more productive and attractive to wildlife with more 
generalized habitat preferences, such as moose or bear, than later structural stages (e.g., species that 
prefer mature or old growth forest habitat, such as marten, fisher, or lynx). It is assumed that natural 
succession will eventually result in late structural vegetation stages and associated wildlife assemblages.  

Wildlife habitat value will be optimized by considering design, techniques and procedures that provide 
connectivity between suitable habitat patches (e.g., movement corridors, distance to neighbouring 
wetlands), enhance vegetation regeneration (e.g., direct soil placement, seeding), and increase habitat 
diversity (e.g., contouring, coarse woody material, rock piles, snags, undulating shorelines) in 
reclamation areas.  

The design of drainage patterns, watercourses, and waterbodies within the updated FHOSP closure 
landscape has incorporated an appropriate combination of productive biological zones including: 

● The drainage channels have been designed to have variable channel cross-sections and aquatic 
habitat types similar to comparable natural alluvial channels (e.g., variable channel shapes, 
thalweg locations, banks, pools, riffles and runs), including those in the McClelland Lake, Fort 
Creek and Susan Lake outlet creek watersheds as well as in the larger Athabasca Oil Sands 
Region. 

● The drainage channels were designed to be situated in floodplains and valleys with additional 
flood flow conveyance and riparian vegetation, similar to natural alluvial channels. 

● The mineral wetlands were designed to have a combination of a shallow zone (with water depth 
less than 1 metre [m]) and additional littoral areas (with water depths between 1 and 2 m) to 
support and promote aquatic vegetation growth.  
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● The pit lakes were designed to have large open-water areas and water depths in the ranges of 
15 to 30 m at closure and 18 to 30 m in the far future, as well as littoral zones (with water 
depths of 0 to 3 m) to support and promote growth of aquatic vegetation.  

All waterbodies in the updated FHOSP closure landscape were designed to have sustainable water 
balances post-closure, including adequate inflow to compensate for evaporation losses from the water 
surfaces and to maintain the normal water levels and ranges of water level variabilities similar to 
comparably sized waterbodies in the Athabasca Oil Sands Region. 

Water retention times in the waterbodies were also optimized to achieve a sustainable balance between 
reducing salinization and promoting the degradation of organic compounds. The pit lakes are predicted 
to develop into sustainable ecosystems with acceptable water quality before discharge to the receiving 
environment.  

The updated FHOSP closure landscape will include three pit lakes, two of which (i.e., Centre and South 
Pit Lakes) will contain PASS treated FT, with the remaining pit lake (i.e., North Pit Lake) not containing 
any tailings. FHEC has selected the approach to aquatically close the two Dedicated Disposal Areas 
(DDAs) to create the Centre and South Pit Lakes for closure. The placement of water over treated FT will 
begin during the operational mine life and involve ongoing management until closure when the pit lake 
water will discharge to the receiving environment. 

Suncor Energy Inc. (Suncor) has completed a variety of tailings environmental and reclamation research 
in association with its Base Plant operations, including research programs on terrestrial ecosystems, 
wetland ecosystems, pit lakes, wetland and shallow lake viability, Demonstration Pit Lake Pilot Test, 
DDA3 terrestrial research and implementation, and DDA3 aquatic research and implementation. The 
results from these efforts will provide information that FHEC will use in implementation of the planned 
aquatic closure of the FHOSP DDAs for creation of the Centre and South Pit Lakes. 

The updated FHOSP closure landforms and drainage systems are planned and designed to be stable and 
self-sustaining over the long-term, and to require no or minimal maintenance post-closure. FHEC 
estimates that a pre-certification management period of approximately 20-years would be required 
post-mining.  

Reclamation monitoring will be conducted and reported as per EPEA conditions and guidelines to 
achieve reclamation certification requirements. The closure monitoring program for the updated FHOSP 
will be integrated, where applicable, with regional monitoring programs.  
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6. CONSULTATION 

6.1. Stakeholder & Indigenous Involvement 
Indigenous communities and stakeholders have an important say in how we do business. Trust and 
support from both are foundational to successful energy development. Suncor Energy Inc. (Suncor) 
continues to build and maintain meaningful relationships with local communities and stakeholders on 
behalf of the Fort Hills Oil Sands Project (FHOSP). Suncor considers the issues and concerns raised by 
these local communities and stakeholders regarding potential effects of proposed development and 
operations on the land, resources, social, and economic conditions, while striving to provide 
opportunities for local communities to benefit from development. 

Suncor seeks to maintain mutually beneficial relationships with Indigenous Peoples that are authentic 
and meaningful. Beyond commitments outlined in our policies, we also have long-term and equity 
agreements with ten Indigenous communities near our operations in the Regional Municipality of Wood 
Buffalo (RMWB). These agreements reflect how we work together on a range of matters from project 
consultation to realizing the benefits of commercial and business opportunities, as well as supporting 
investments in skills, employment, and training programs. 

6.1.1. Approach to Indigenous & Community Relations 
Suncor has a comprehensive Indigenous and Community Relations management framework that guides 
a consistent engagement approach with communities. It outlines the responsibilities and commitments 
of Suncor and is intended to guide business decisions daily. 

Suncor has an Indigenous and Community Relations team dedicated to the Wood Buffalo region and 
supports FHOSP. The focus of the team is to actively listen and engage with stakeholders and Indigenous 
communities to better understand their interests. Suncor has developed long-term relationships with a 
stakeholder-centred approach, rather than on a project-by-project basis. This approach provides a 
holistic perspective across multiple areas of engagement for community development, ongoing 
relationship-building, and regulatory consultation. 

For FHOSP, we engage on an ongoing basis with several local Indigenous communities including: 

● Fort McKay First Nation 

● Mikisew Cree First Nation 

● Athabasca Chipewyan First Nation 

● Fort McMurray No. 468 First Nation 

● McMurray Métis Local #1935 

● Fort McKay Métis Nation 

● Fort Chipewyan Métis Local #125 
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6.1.2. Stakeholder & Indigenous Consultation  
Suncor regularly engages with stakeholders and Indigenous communities about mine and tailings 
operations at FHOSP. Through ongoing dialogue, Suncor, stakeholders, and Indigenous communities 
discuss issues related to, for example: 

● Water management 

● Tailings management 

● Stewarding environmental commitments 

● Wildlife monitoring  

● Reclamation and closure practices and plans 

While FHOSP considers that its existing plans are robust and provide adequate impact mitigation, it 
notes the concerns raised by certain Indigenous communities and stakeholders. Some of the concerns 
heard to date, and how Suncor plans to address them through the FHOSP Integrated Plan Amendment 
(IPA), are described in Table 6-1. 

Table 6-1: Stakeholder Concerns and Mitigations 
Areas of Concern Integrated Plan Amendment (IPA) Features 

Integrity of tailings dykes • Treated fluid tailings are placed within two in-pit Dedicated Disposal Areas (DDAs). 
Treated tailings deposits are water capped at closure.  

Potential Impacts to surface 
water, groundwater and 
surrounding waterbodies 

• Water released from tailings treatment is collected and recycled in FHOSP. 
• North External Dump (NED) has been relocated outside the surface watershed of 

the McClelland Lake Wetlands Complex (MLWC). 
• The closure landscape is designed to ensure the safe return of water to the 

environment. 
• No tailings placement in closure surface watershed of MLWC.  

Potential Impacts to air quality 

• An air quality assessment was conducted to quantify the potential air quality 
changes due to the IPA. No significant adverse impacts on air quality are anticipated 
due to IPA. The change assessment is discussed in the air quality section (Volume 
2, Section 2.4).  

Potential Impact to land 
disturbance and wildlife 

• Fluid tailings treatment accelerated by one year as compared to 2017 Fort Hills 
Mine Amendment (FHMA) Application.  

• No mining or placement of tailings within extension areas. 
• Additional land disturbance for NED, reclamation material stockpiles and 

infrastructure corridor. 
• Closure outcomes are consistent with previous closure plan.  Primarily terrestrial 

(88% of the footprint) with some wetland (3% of the footprint) and aquatic features 
(9% of the footprint). 

Reclamation timelines and 
land access 

• Aquatic closure of treated tailings is intended to accelerate reclamation and closure 
timelines as compared to other options. 

• Maintains option to incorporate alternatives for fluid tailings treatment and 
progressive reclamation, during operational mine life and closure. 

Notes: 
IPA = Fort Hills Operations Integrated Plan Amendment; MLWC = McClelland Lake Wetland Complex; DDAs = Dedicated 
Disposal Areas; NED = North External Dump; FHMA = Fort Hills Mine Amendment. 
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Suncor conducted early engagement in advance of the IPA filing, including sharing updates and 
information on the forthcoming application at regularly scheduled meetings with First Nations, Métis 
communities and the RMWB. Going forward, these regularly scheduled meetings will provide 
opportunities to update stakeholders and Indigenous communities on the IPA. At this time, issues and 
concerns specific to the IPA have not been raised. 

A pre-consultation assessment was requested from the Alberta Aboriginal Consultation Office (ACO) on 
the IPA in November 2021 (FNC202107427). ACO has reviewed the request and guided Suncor to 
formally consult (Level 3: Extensive Consultation) with Fort McKay Métis Nation, Fort McKay First 
Nation, Fort McMurray First Nation, Mikisew Cree First Nation and Athabasca Chipewyan First Nation. 
Guided by the ACO requirements, Suncor will share information about the IPA and respond to questions 
or concerns received from the Indigenous communities, prior to application for Consultation Adequacy 
with the ACO. 

6.1.3. Early Engagement 
As part of ongoing engagement activities, the following First Nation and Métis communities were 
notified about the FHOSP IPA intent and timelines: 

● Fort McKay First Nation 

● Mikisew Cree First Nation 

● Athabasca Chipewyan First Nation 

● Fort McMurray No. 468 First Nation 

● McMurray Métis (Local #1935) 

● Fort McKay Métis Nation  

● Fort Chipewyan Métis (Local #125) 

Notification of the IPA has also been provided to the RMWB Industry Relations Department.  

The discussions on this application were included within the regulatory updates regularly held with 
these stakeholders and Indigenous communities.  

Since 2018, annual tailings sharing sessions were also held with interested Indigenous communities. The 
purpose of these sessions was to share information on tailings management, tailings results and plans, 
and respond to community feedback from previous sessions. These sessions provide an opportunity for 
Suncor staff to gather feedback and input directly from communities. 

6.1.4. Consultation Plan 
Regular updates will be provided to stakeholders and Indigenous communities about progress on the 
IPA as it is reviewed by the Alberta Energy Regulator (AER). 

Engagement has followed and will continue to follow the Government of Alberta’s Guidelines on 
Consultation with First Nations on Land and Natural Resource Management (Government of Alberta 
2014) as it applies to the IPA. Engagement has followed and will also continue to follow the Stakeholder 
Involvement guidelines outlined in the AER draft Directive 023 (AER 2013a).  

Suncor will work with interested stakeholders and Indigenous communities on reviews of the IPA. 
Additional consultation techniques, such as technical review workshops, site tours, open houses, and 
community meetings, may also be considered as part of the consultation plan. 
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Other interested stakeholders that might be identified before or during the AER Public Notice and 
Statement of Concern process (AER 2013a) will also be responded to. This will involve working with 
interested parties to identify issues and concerns and identify potential mitigations, wherever possible.  

Consultation on the IPA will continue throughout the application review and approval process and 
thereafter as a part of ongoing engagement activities. 

6.1.5. Ongoing Traditional Land Use / Indigenous Knowledge Data Gathering 
Various Traditional Land Use (TLU) information and Indigenous Knowledge (IK) has been collected on 
behalf of FHEC and its predecessor over the course of FHOSP planning and development. The original 
proponent of FHOSP, TrueNorth Energy L.P., sponsored the collection of TLU and IK data from Fort 
McKay First Nation and Fort McKay Métis Nation community members and this information (TrueNorth 
2001) continues to be referenced by FHEC today.  

Suncor continues to sponsor the collection of TLU information and IK for the FHOSP area. As part of the 
recent work in the McClelland Lake Wetland Complex (MLWC) Sustainability Committee, additional TLU 
/ IK information has been collected in the FHOSP area. Fort McKay Métis Nation, Fort McKay First 
Nation, and Mikisew Cree First Nation have completed studies of TLU information in the McClelland 
Lake area. Athabasca Chipewyan First Nation and Fort Chipewyan Métis Local # 125 are undertaking IK 
gathering studies and are nearing completion.  

Additionally, Suncor sponsored a Fort McKay First Nation Traditional Plants Workshop, and a photobook 
was published in 2019 (IEG 2019), based on the information collected in part from this workshop. This 
information can be referenced for closure and reclamation planning for FHOSP. 

6.1.5.1. Culturally Significant Wetland Plant Study 

A wetland plant study that works collaboratively with Elders from the five First Nations and one Métis 
Nation in RMWB to develop a list of ten culturally significant wetland plants to be used in reclamation 
planning activities has been initiated.  

The culturally significant wetland plant study, at its core, is the delivery on our commitment to listen to 
Indigenous communities and incorporate their feedback into reclamation. This approach ultimately 
enabled Suncor to successfully engage and unite the Indigenous communities in the RMWB in a first-of-
its-kind initiative to build a list of wetland plants that reflects and respects their IK, increases 
biodiversity, and advances the sustainability of our closure landscape. The valuable information 
gathered from the culturally significant wetland plant study (Wild Rose 2019) can be referenced for 
closure and reclamation planning for FHOSP. 
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6.1.5.2. McClelland Lake Wetland Complex Sustainability Committee 

FHEC is required to maintain the functionality and sustainability of the non-mined portion of the MLWC 
during operation and reclamation of FHOSP. An Operational Plan for the MLWC has been developed as 
per Water Act Approval No. 00151636-01-00 (as amended) and was submitted in December 2021. As 
per the Water Act Approval, Suncor is participating as part of the MLWC Sustainability Committee. This 
multi-stakeholder committee, directed by third-party co-chairs, includes participation from some local 
Indigenous communities and provides input and guidance with respect to the development of the 
Operational Plan and monitoring activities for the MLWC. 

At the recommendation of the Sustainability Committee, this IPA includes the relocation of the North 
External Dump (NED) away from the non-mined portion of the MLWC and outside of the MLWC surface 
watershed. 
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7. ENVIRONMENTAL ASSESSMENT SUMMARY 

7.1. Introduction 
Suncor Energy Operating Inc. received confirmation from the Alberta Energy Regulator (AER) on 
March 9, 2021 that an Environmental Impact Assessment was not required for the Integrated Plan 
Amendment (AER 2021a). Fort Hills Energy Corporation (FHEC) completed an Environmental Assessment 
(EA) in support of the IPA Application. This section summarizes the results of the EA that is provided in 
Volume 2 of the Application. 

The EA identifies potential changes to the predictions from environmental assessments completed in 
support of the approved Fort Hills Oil Sands Project (FHOSP) with consideration of with the changes to 
the Approved Project Area and to the integrated mine and tailings plans (Sections 2 and 3), water 
management plan (Section 4), and the updated Life of Mine Closure Plan (LMCP: Section 5 and 
Appendix A) associated with the IPA. 

The EA considered air emissions and air quality, noise, aquatic resources (including hydrogeology, 
surface water hydrology, water quality and aquatic health, and fish and fish habitat), terrestrial 
resources (including terrain and soils, vegetation and wetlands, wildlife, and biodiversity), traditional 
land use and Indigenous knowledge, historic resources, and human health, provided in Volume 2. 

This EA included a review of existing EA information from previous regulatory applications for FHOSP 
including:  

● TrueNorth Energy - Application for Approval of the Fort Hills Oil Sands Project (FHOSP; 
TrueNorth 2001)  

● Fort Hills Energy Corporation (FHEC) Fort Hills Oil Sands Project Amendment Application (FHEC 
2007) 

● Fort Hills Oil Sands Project Environmental Assessment Update (FHEC 2010)  

● FHOSP Application for Renewal of Environmental Protection and Enhancement Act (EPEA) 
Approval No. 151469-00-01 and 216594-00-00 (FHEC 2012)  

● Fort Hills Mine Amendment Application Approval No. 151469-01-00 and 216594-00-00 (FHEC 
2017a)  

● Out-of-Pit Tailings Area – East Toe Berm Project Application (FHEC 2021b) 

Additional information on the Extension Areas is considered in the EA, including new environmental 
field data for soils, water quality, vegetation and wetlands, and fish and fish habitat that were collected 
in 2020 within the Extension Areas. The EA also considered updated information on daily and monthly 
air temperature statistics, and wind and precipitation data that were considered in modelling completed 
for the hydrogeology and hydrology components.  

The EA focuses on key changes during early mine life, including:  redesigned South Pit, update to the 
tailings management plan and alignment with Directive 085 (Alberta Energy Regulator [AER] 2017) 
requirements, amendment of the FHOSP project area, as per current approvals (Oil Sands Conservation 
Act (OSCA) Scheme Approval and Water Act Fenceline), addition of the North External Dump (NED) in 
the North Extension Area, addition of a reclamation material stockpile (RMS) and infrastructure corridor 
in the East Extension Area, and update to the LMCP. 
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The Approved Project Area will be changed through the addition of the North Extension Area (2,960 ha) 
and East Extension Area (1,055 ha), for a total addition of 4,015 ha to accommodate the expansion of 
NED and to support McClelland Lake Wetland Complex (MLWC) infrastructure, as discussed in Volume 1, 
Sections 1 and 3 (Introduction and Tailings Management). The modified footprint, which is referred to as 
the Amended Project Area, covers 22,251 ha and includes both the Approved Project Area 
and proposed Extension Areas. 

The current Approved Project Area covers approximately 18,236 ha. The Amended Project Area includes 
the Approved Project Area and Extension Areas and represents an increase of 4,015 ha (22%) compared 
to the Approved Project Area for a total of 22,251 ha. The total new disturbance footprint is 2,357.0 ha 
and is mostly in the Extension Areas; however, 108.7 ha occurs within the previously Approved Project 
Area and is therefore not considered in the change assessment. A total of 2,248.2 ha will be developed 
as the disturbance footprint within the Terrestrial Assessment Boundary (3,156.6 ha) and represents an 
increase of 12% from the current Approved Project Area.  

The process for assessment of environmental changes associated with the IPA focused on identification 
and evaluation of changes from the environmental conditions or residual environmental effects as 
approved for the FHOSP. Environmental components were reviewed relative to implementation of the 
integrated mine and tailings plan, and updated LMCP using previously submitted documentation and 
existing approvals. There is also updated information on daily and monthly air temperature statistics, 
and wind and precipitation data that were considered in modelling completed for the hydrogeology and 
hydrology components.  

The proposed Extension Areas and the implementation of the LMCP will not fundamentally change the 
originally predicted impacts associated with development, operation, reclamation, and closure of 
FHOSP. However, the plan may affect the residual environmental effects in that final outcomes on 
closure may be different than those previously assessed and approved. Therefore, each of the 
environmental components was considered with respect to the following key question: “How do the IPA 
changes affect the predicted residual environmental effects identified through previous assessments for 
FHOSP, or result in the need to amend regulatory approvals issued for FHOSP?”  The change analysis 
was completed for each environmental component through evaluation of predicted residual effects 
within the local and regional setting, as appropriate. 

Where a direct change attributed to the IPA was identified, an analysis was conducted to assess that 
change, as described under that relevant environmental component. The analysis completed depended 
on the environmental component and the types of changes. Revised modelling was completed for a 
number of components including air (Volume 2, Section 2) noise (Volume 2, Section 3), hydrogeology 
(Volume 2, Section 4.2), surface water hydrology (Volume 2, Section 4.3) and surface water quality and 
aquatic health (Volume 2, Section 4.4), with supporting information provided in appendices as 
appropriate. For environmental components where no direct change was anticipated, a review was 
completed to evaluate potential changes to predicted residual effects relative to the LMCP.  

A two-step process was used for each environmental component to answer the key question: 

1. Linkage Analysis: The first step was to complete a linkage analysis to determine if the changes 
had the potential to change results from previous environmental assessments. The purpose of 
the linkage analysis was to: identify FHOSP activities that may impact the existing environmental 
component information; identify the areas in which these impacts may occur; and evaluate the 
validity of the changes, relative to activities and planned mitigation measures included in the 
IPA. The linkage analysis considers both direct and indirect changes to a component in 
association with the changes planned as part of the IPA. Each component considers three key 
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areas: 1) Amended Project Area; 2) Implementation of the integrated mine and tailings 
management plan; and 3) the updated LMCP.  

2. Detailed Change Analysis: For environmental components where a direct change is anticipated, 
a detailed change analysis was then completed as the second step in evaluating the key 
question. For environmental components where no direct valid linkages were identified, a 
review was completed to evaluate potential changes to predicted residual effects relative to the 
updated LMCP. Where no linkages are identified with the changes planned as part of the IPA, no 
further analysis is provided.  

A summary of the change and linkage analyses for the IPA is provided in Volume 2, Section 1.2,  
Table 1-1.  

Mitigation and management plans for FHOSP, with consideration of the changes described in the IPA, 
remain consistent with those defined in the in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 
2017a). Monitoring programs for the FHOSP will also remain consistent with those detailed in EPEA 
Approval 151469-01-00 (as amended), and existing mitigation and monitoring programs as described in 
previous applications.  

The following sections provide summaries of the results of the EA. Details of the assessment are 
provided in the relevant sections of Volume 2. 

7.2. Air Quality 
An air quality assessment was conducted to quantify the potential air quality changes due to the IPA. 
The IPA will require a larger mine fleet to accommodate the longer haul distances for the waste material 
(e.g., overburden/interburden) between the mine pits and the NED; therefore, the emission sources at 
FHOSP affected by the IPA include mine fleet exhaust and road dust.  

The maximum IPA annual emissions are expected to occur in either 2025 or 2036 for the four 
compounds assessed (nitrogen dioxide [NO2], sulphur dioxide [SO2], fine particulate matter with a mean 
aerodynamic diameter of 2.5 microns (μm) or smaller [PM2.5], and total suspended particulates matter 
[TSP]). Two application cases were modelled to capture the maximum emissions of each compound: 
Application Case 1 for 2025 and Application Case 2 for 2036 (collectively, the Application Cases). The 
Application Cases enable the realistic evaluation of impacts to locations important to key stakeholders 
(i.e., Fort McKay and the MLWC).  

The FHOSP emissions are estimated to increase in Application Case 1. Application Case 2 will also have 
higher TSP emissions due to the longer haul distance; however, Application Case 2 will have lower NOX 
and PM2.5 emissions as a result of lower mine fleet exhaust emissions. Lower NOX and PM2.5 emissions 
are projected because of the replacement of Tier 2 haul trucks in the existing FHOSP mine fleet with Tier 
4 haul trucks starting in 2026 through 2031.  

The IPA mine fleet exhaust and road emissions will be spread over a larger area compared to the 
Baseline Case, when most of the mining activities will be taking place closer to the Amended Project 
Area boundary where compliance with air quality objectives is assessed, the mine fleet exhaust and road 
dust emissions for the Application Cases will be spread over a larger area. 

The assessment uses the CALPUFF dispersion model with a five-year (2002 to 2006) meteorological data 
set to predict the maximum ground-level NO2, SO2, PM2.5, and TSP concentrations. The predictions for 
both Application Cases were compared with the Baseline Case predictions based on the approved 
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FHOSP emissions as well as to the applicable Alberta Ambient Air Quality Objectives and Guidelines. A 
summary of the predicted changes to the maximum concentrations is: 

● NO2: The predictions show that the IPA will result in a positive change (i.e., a decrease) to the 
maximum NO2 concentrations locally at the Amended Project Area Boundary and a negligible 
change on a regional level 

● SO2: The IPA does not have any meaningful effect on either the local or regional SO2 predictions. 

● PM2.5: The IPA will result in a positive change (i.e., a decrease) in the PM2.5 concentrations locally 
at the Amended Project Area Boundary and no material change on a regional level. 

● TSP: The IPA will have a positive change (i.e., a decrease) to the maximum TSP concentrations at 
the Amended Project Area Boundary and regionally. 

7.3. Noise 
A Noise Impact Assessment (NIA) was prepared for the IPA in accordance with Directive 038: Noise 
Control (EUB 2007). The NIA was focused on six receptor locations, identified as RA through RF. It is 
likely that most of the six locations do not meet the definition of "seasonally occupied dwelling" from 
Directive 038 (i.e., a fixed residence that is occupied on a regular basis, which implies use of six weeks 
per year or more). Moreover, one of these six receptors is a historical cabin site within the FHOSP 
footprint that is no longer used as a dwelling but preserved for cultural importance.  

The NIA predicted cumulative noise levels at all six receptors. In accordance with Directive 038, the 
cumulative noise level predictions included the noise contributions from natural and non-industrial 
sources, the FHOSP itself, and nearby third-party industrial facilities. The NIA predicted cumulative noise 
levels for the Baseline Case (i.e., noise levels as they would exist without the IPA) and the Application 
Case s (i.e., noise levels as they would exist with the IPA).  

The overall conclusion of the NIA is that the IPA will not result in any material change to previously 
predicted effects assessed and approved as part of past regulatory applications (FHEC 2017a), and that 
compliance with Directive 038 will be maintained. 

7.4. Aquatic Resources 

7.4.1. Hydrogeology 
No IWW-influenced groundwater seepage to receptors is expected to reach a receiving environment 
during operations and active closure. This is consistent with the FHMA assessment (FHEC 2017a), which 
also estimated no IWW-influenced groundwater seepage during these time periods. 

The effect of the integrated mine and tailings management plan for the IPA is estimated to result in 
smaller rates of potential IWW-influenced seepage from the reclaimed FHOSP to the Athabasca River, 
relative to the rates that were simulated for the FHMA assessment (FHEC 2017a). In the far future, most 
of the OPTA and OPTA East Stage 1 seepage will be collected by the closure drainage ditches at FHOSP 
and will be routed to the Aurora North closure drainage system. Therefore, a negligible amount of IWW-
influenced groundwater seepage water is expected to be discharged to the downstream receiving 
watercourses (i.e., Stanley Creek and Muskeg River). 

The environmental relevance of the predicted potential IWW-influenced groundwater seepage rates is 
discussed in the Volume 2, Section 4.3, with respect to the hydrologic viability of the North, South, and 
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Centre Pit Lakes, and in Volume 2, Section 4.4, with respect to water quality and aquatic health in the 
receiving environment. 

7.4.2. Surface Water Hydrology 
The IPA results in only small changes to the currently approved effects FHMA on surface water, except 
for predicted reduction of flows in Stanley Creek and Creek A, and reduction of flows to the NNLL. The 
predicted changes are of a similar nature to those previously predicted for FHOSP. 

The IPA would result in the removal of approximately 28% (approximately 18.1 square kilometres [km2]) 
of the pre-development Stanley Creek watershed through the East Extension Area (i.e., an increase of 
7.3 km2, or 11.3% from what is currently approved) at closure. At closure it was predicted that mean 
annual flow of Stanley Creek at the confluence with the Muskeg River would decrease from 0.17 cubic 
metres per second (m3/s) (pre-development) to 0.09 m3/s (FHOSP and Aurora North [Syncrude 2016]). 
The IPA will introduce additional change to the Stanley Creek flow from the approved FHOSP (FHEC 
2017a), and the cumulative effects will be a decrease in mean annual flow to 0.06 m3/s. 

There is no disturbance at the head of the Creek A watershed under existing and approved conditions. 
Under the IPA, the NED will occupy most of the head watershed of Creek A. The mine development 
activities in this watershed will not require muskeg drainage and overburden dewatering. As the 
development of mine progresses, the closed-circuit area will largely reduce the Creek A flows. However, 
runoff from NED and the reclamation stockpile within the Creek A watershed will be directed to a 
sedimentation pond and discharged to Creek A to mitigate the effect of reduced groundwater runoff 
contribution to Creek A and the NNLL because of mine pit development. Hence, the effect of the IPA is 
negligible during the operational period. The effect of the IPA on Creek A during the closure and far 
future snapshot is predicted to result in a reduction of the lake inflow catchment area. The mean annual 
flow at the mouth of Creek A at closure is predicted to be 66% less than the pre-development flow. 

The NNLL will be fed mainly with Creek A flows. At closure, the NNLL will receive flows from the 
undisturbed drainage area of Creek A, the reclaimed surface of part of the NED and groundwater 
recharge to Creek A. However, these flows would not be sufficient to maintain the current water level 
and water balance of the NNLL. The effect of the IPA on the NNLL is negligible during the operational 
period. For the far future scenario, although the results of this assessment indicate an effect on the 
NNLL, FHEC will continue to evaluate and optimize the mine and closure plan to mitigate the effects to 
NNLL associated with closure of FHOSP. 

The closed-circuit area largely reduces the Creek A flows with mean annual flows at the mouth of Creek 
A predicted to be 66% less than the pre-development flow; however, this reduction will be mitigated 
during operations. Further discussion with Fisheries and Oceans Canada (DFO) will be required to 
support development and assessment of potential mitigation measures for the NNLL on closure. FHEC 
will continue to evaluate and optimize the mine and closure plan to mitigate the effects on NNLL 
associated with closure of FHOSP.  

7.4.3. Water Quality and Aquatic Health 
The predicted water quality concentrations in all pit lakes are largely affected by the amount of process 
water, as well as evapoconcentration that occurs in the lakes over their residence times. Projected 
concentrations are generally higher in CPL, because of the longer residence times and larger surface 
area, which results in evapoconcentration of conservative parameters. However, CPL does not discharge 
directly to the Athabasca River but is directed to NPL before discharge. NPL predictions are generally the 
lowest of the three pit lakes, likely due to the relatively larger natural watershed that drains to NPL. 
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Climate change scenarios have only a minor influence on projected parameter concentrations at initial 
discharge, and more of an influence in the Far Future when climate is anticipated to diverge more 
substantially from the historical climate. Based on projected concentrations, eight parameters – 
aluminum, boron, chromium, cobalt, mercury, molybdenum, and PAH Groups 2 and 9 – were evaluated 
in the Aquatic Health Assessment.  

Although some constituents exceeded the initial screening benchmarks based on conservative no-effect 
thresholds (i.e., with level of ecological protection consistent with modern water quality guideline 
derivations), no constituents exceeded low-effect benchmarks. This finding, in combination with the 
overall conservatism of the modelling (i.e., range of climate scenarios and cases evaluated) and other 
assumptions (e.g., metals assumed to be present in most toxic form) indicates acceptable conditions of 
aquatic health for all three pit lakes.  

Based on this conclusion, there is no substantial change to the assessment results from the approved 
FHOSP. Where uncertainties remain, such as tissue mercury biomagnification, or development of future 
guidelines for NAs by ECCC, these can be dealt with through monitoring and mitigation before release to 
the Athabasca River. The pit lakes are still expected to provide viable aquatic ecosystems through the 
monitoring and mitigation period. Furthermore, the risks tend to be lowest for pit lakes that discharge 
directly to the Athabasca River (e.g., hazard quotients are lowest for SPL and NPL, and highest for CPL). 
This provides flexibility for adaptation to monitoring results in CPL before contact with the broader 
receiving environment in the Athabasca River. 

The 2017 FHMA Application (FHEC 2017a), where only refractory NAs screened through, remains 
consistent with the outcome of this aquatic risk assessment. Although a few additional substances were 
formally evaluated in this assessment, they did not yield unacceptable risks, and the level of confidence 
in several of the screening benchmarks has improved since the 2017 FHMA Application (FHEC 2017a). 
This provides additional confidence in the conclusions. The following statement from the 2017 FHMA 
Application remains valid: 

“The results of the water quality assessment indicate that the conclusions put forward in FHEC 
(2007, 2010) remain valid. The North Pit Lake is expected to be viable and no effects on aquatic 
health are expected in the Athabasca River”. 

The above conclusion can now also be extended to the South Pit Lake, and the Centre Pit Lake is also 
predicted to provide viable aquatic ecosystems over the duration of the modelled period. 

7.4.4. Fish and Fish Habitat 
The fish and fish habitat assessment for the IPA identified and assessed the potential valid linkages 
associated with the proposed changes to current approvals in terms of changes to fish and fish habitat 
within or adjacent to the extensions in the Amended Project Area, as well as in the revised closure 
landscape. The assessment identified changes to the fish and fish habitat conclusions relative to current 
approvals. To support the IPA assessment, the baseline fish and fish habitat information for FHOSP was 
updated through a desk-top study and 2020 supplemental baseline survey to describe the fish habitat 
conditions and fish populations for potentially impacted aquatic resources in the two extension areas 
that were not previously examined. 

Watercourses in the North Extension Area consist of Creek A, a former tributary to the Athabasca River 
that is now the inlet to the NNLL, and Watercourse MT1, a small tributary to McClelland Lake. Based on 
the characteristics of the watercourses, there is limited potential for productive fish habitats to be 
directly affected by the IPA. The portion of Creek A in the proposed footprint of the NED consists of a 
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section of defined watercourse that is considered non-fish-bearing and a section that has no defined 
channel and does not provide useable fish habitat. The portion of Watercourse MT1 in the North 
Extension Area will not be affected and does not provide useable fish habitats. 

Watercourses in the East Extension Area consist of several streams, most of which are tributaries to the 
MLWC and one that is a tributary to McClelland Lake. Some of the watercourses are in the footprint of 
the proposed RMS and the infrastructure corridor, or both. Baseline data shows that these watercourses 
have one or more habitat limitations, including small size, poor connectivity because of sections of 
undefined channel and poor dissolved oxygen levels. Some watercourses showed no useable fish habitat 
while others provide habitats limited in suitability for use to small-bodied forage fish species that prefer 
depositional habitats and have a tolerance for low dissolved oxygen levels. Consistent with this, the only 
fish species captured in any of the MLWC tributaries was Brook Stickleback. 

The assessment of watercourse alterations because of direct disturbance associated with the larger 
footprint for the Amended Project Area identified potential effects for some watercourses. The NED 
footprint in the North Extension Area will physically alter a portion of the Creek A drainage and the RMS 
footprint in the East Extension Area will physically alter portions of the watercourse MT3 and MT4 
drainages. It was determined that Watercourse MT4 is the only affected watercourse that contains 
productive fish habitats that support fish use and that elimination of the habitats in Watercourse MT4 
will result in an incremental increase in the amount of productive fish habitat lost because of FHOSP, 
which represents a change from the current approvals. Potential offsetting requirements associated 
with habitat loss in Watercourse MT4 will be further discussed with DFO prior to disturbing the 
watercourse. 

The infrastructure corridor footprint is within the East Extension Area and crosses several watercourses 
that are tributaries to the MLWC. To mitigate potential effects on these watercourses for any required 
crossings, the best management practices and protocols established by the relevant regulatory agencies 
will be incorporated into the watercourse crossing plans, including the DFO Measures to Protect Fish 
and Fish Habitat (DFO 2019) and the Water Act Codes of Practice (CoP) for various types of watercourse 
crossings (Government of Alberta 2013, 2019). The mitigation measures are designed to maintain the 
productive capacity of the watercourse, maintain fish passage, and avoid causing a Harmful Alteration, 
Disruption, or Destruction (HADD). The baseline data shows the watercourses have low sensitivity to 
crossing construction because of their low habitat diversity, limited potential for downstream transport 
of sediments because of poor channel definition and presence of beaver dams, substrates composed 
entirely of fine sediments, and lack of sensitive fish populations such as sport fish or suckers. Therefore, 
incorporating the mitigation measures listed by DFO and the Water Act CoPs into the crossing plans are 
considered sufficient to prevent adverse effects of the proposed watercourse crossings on fish habitats 
or fish populations. 

Potential impacts to fish and fish habitat because of indirect effects associated with changes in surface 
water quantity were also assessed. The hydrology assessment identified the following changes in flows 
or water levels with potential linkages to changes in fish and fish habitat relative to the approved 
FHOSP. 

● Creek A – notable (66%) reduction in mean annual flows at closure because of a reduction in 
watershed area. 

● NNLL – a small (0.01 to 0.06 m) reduction in average water level and a notable reduction in 
flows in the NNLL outlet channel at closure when inflows from Creek A will not be sufficient to 
maintain the current water balance of the lake. 
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● Stanley Creek – a reduction in flows downstream of FHOSP at closure because of a reduction in 
watershed area resulting from development of the OPTA/East Toe Berm. 

As Creek A is not considered fish-bearing upstream of the NNLL inlet, the effects of the flow reductions 
occur in the NNLL and its outlet channel, both of which currently provide productive compensation 
habitats for the FHOSP. The reduction in lake water level has the potential to affect the productive 
capacity of the lake and the reduction in the outlet flows would be expected to have a substantial 
adverse effect on habitat conditions and fish passage in the outlet channel. Because the predicted 
changes in the NNLL and outlet channel will not occur until closure (i.e., after 2063). FHEC will continue 
to examine the issue and use flow and water level monitoring data to understand and refine the 
predictions. The length of time before closure allows for developing a better understanding of the 
hydrology and groundwater flows in the Creek A watershed, as well as understanding the predicted 
impacts. This time also allows for continued optimization of the updated LMCP to investigate options to 
revise the plan in the future to mitigate changes in Creek A flows to acceptable levels. If changes to 
Creek A flows and the potential adverse effects on the NNLL and outlet channel cannot be sufficiently 
mitigated, consultation with DFO will be conducted to ensure FHOSP continue to counterbalance any 
predicted impacts to fish habitat productivity. 

The hydrology assessment determined that there would be a larger reduction in the Stanley Creek 
watershed area and consequent reduction in creek flows downstream of FHOSP relative to as currently 
approved. However, the majority of the lower Stanley Creek watershed will be restructured by 
Syncrude, with flows directed to the Syncrude Aurora North Project West Pit Lake and from there to the 
Athabasca River. Only the lower-most portion of the original Stanley Creek watershed will continue to 
drain to the Muskeg River. The potential for the IPA to further effect productive fish habitat in Stanley 
Creek is considered negligible because substantial downstream impact to the Stanley Creek watershed is 
expected because of planned development of the Syncrude Aurora North Project. 

Potential impacts to fish and fish habitat because of indirect effects associated with changes in surface 
water quality and aquatic health were also assessed. The analysis determined there was no substantial 
change to the assessment results from the approved FHOSP for the pit lakes or for the receiving 
environment of the Athabasca River. The results of the water quality and aquatic health assessments 
indicate that the conclusions put forward in FHEC (2007, 2010) remain valid. The three pit lakes are 
expected to provide viable aquatic ecosystems and no effects on aquatic health are expected in the 
Athabasca River. Therefore, the fish and fish habitat assessment conclusions for the approved FHOSP 
remain valid and there are no expected chronic or acute effects on aquatic organisms. 

7.5. Terrestrial Resources 

7.5.1. Terrain and Soils 
The terrain and soils change assessment for the IPA was completed to determine if predicted changes to 
terrain and soils in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 2017a) would remain valid with 
the addition of the Extension Areas. A linkage analysis was completed to identify potential valid linkages 
to terrain and soils resources associated with the proposed changes to current approvals. Valid linkages 
were assessed for both the operations and closure phase of the IPA and included terrain quantity and 
distribution, soil quantity and distribution, and soil quality. 

This assessment found that the incremental and cumulative effects predictions from 2001 for terrain 
and soils resources continue to be valid with the addition of the Extension Areas. Mitigation measures 
identified in the 2001 EIA and FHMA will continue to be implemented. No additional mitigation 
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measures were identified. The Reclamation Monitoring Program, when developed, and terrain and soils 
resources commitments tied to the LMCP are appropriate for capturing predicted effects related to 
terrain and soils resources. No additional monitoring is required. 

7.5.2. Vegetation and Wetlands 
The vegetation, wetland and forest resources change assessment for the Project was completed to 
determine if predicted changes to vegetation, wetland, and forest resources in the 2001 EIA (TrueNorth 
2001) and the FHMA (FHEC 2017a) would remain valid with the addition of the Extension Areas. A 
linkage analysis was completed to identify potential valid linkages to vegetation, wetland and forest 
resources associated with the proposed changes to the FHOSP. Valid linkages were assessed for both the 
operations and closure phase of the IPA and included riparian communities, wetlands, old growth 
forests, listed plants/ecological plant communities, listed plant potential, limited distribution land cover 
types, and traditional use plants. 

This assessment found that the incremental and cumulative effects predictions from the 2001 EIA for 
vegetation, wetland and forest resources continue to be valid with the addition of the IPA. A Wetland 
Assessment and Impact Report that meets Alberta Wetland Policy directives and guidelines 
(Government of Alberta 2015c,d, 2017) will be submitted prior to disturbance to address wetland losses 
and compensation requirements. Mitigation measures identified in the 2001 EIA and FHMA will 
continue to be implemented. No additional mitigation is identified. The Reclamation Monitoring 
Program and vegetation, wetland and forest resources commitments tied to the LMCP are appropriate 
for capturing predicted effects related to vegetation, wetland, and forest resources. No new monitoring 
is required. 

7.5.3. Wildlife 
The wildlife change assessment for the IPA was completed to determine if predicted changes to wildlife 
in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 2017a) would remain valid with the addition of 
the Extension Areas. A linkage analysis was completed to identify potential valid linkages to wildlife 
associated with the proposed changes to the approved Fort Hills mine plan. Valid linkages were assessed 
for both the operations and closure phase of IPA and included changes in habitat quality and quantity, 
changes in connectivity and changes in mortality risk. Mitigation measures identified in the 2001 EIA and 
FHMA will continue to be implemented through the existing Wildlife Mitigation and Monitoring Plan and 
Bird Protection Plan and can be applied to the Amended Project Area. No new mitigation or monitoring 
is required. Application of these plans to the Amended Project Area should consider potential changes 
to wildlife movement around the south-western edge of McClelland Lake. 

7.5.4. Biodiversity 
The biodiversity change assessment for the IPA was completed to determine if predicted changes to 
biodiversity in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 2017a) would remain valid with the 
addition of the Extension Areas. A linkage analysis was completed to identify potential valid linkages to 
biodiversity associated with the proposed changes to the Approved Project Area. The IPA includes a 
reduction in natural habitat and increased disturbance on the landscape in the North and East Extension 
Areas by 1,701 ha and 547 ha, respectively. This assessment found that the incremental effects 
predictions from the 2001 EIA and FHMA are still valid for the Extension Areas with the exception that 
additional wetland habitat will be lost and not replaced at closure. A Wetland Assessment and Impact 
Report (WAIR) that meets Alberta Wetland Policy directives and guidelines will be submitted prior to 
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disturbance to address wetland losses and compensation requirements. The mitigation measures and 
monitoring plans from the 2001 EIA and FHMA are still valid and will be applied to the Extension Areas. 

7.5.5. Historic Resources 
The Extension Areas overlap lands with high potential for historic resources that have not been subject 
to previous in-field assessment. Review by Alberta Culture, Multiculturalism, and Status of Women 
resulted in the determination that an Historical Resources Impact Assessment (HRIA) was required. The 
HRIA will be completed before development in the Extension Areas. Historical Resources Act (HRA) 
approval is required before any development activities. Provided all HRA requirements are addressed 
before construction, no residual effects on historic resources are anticipated. 

7.5.6. Traditional Land Use and Indigenous Knowledge 
The McClelland Lake and Amended Project Area have been used by regional Indigenous communities for 
traditional activities for generations, and the area still holds high cultural and historic value to many 
Indigenous community members. The TLU change assessment assessed if there were any changes to the 
predicted effects on TLU from the 2001 EIA through direct disturbance to traditional lands, changes in 
the availability of traditional resources, changes in physical access and sensory disturbances (e.g., noise, 
dust), because of the IPA.  

The results of the TLU change assessment are summarised as: 

• The 2001 EIA predictions of adverse incremental and high regional cumulative effects on 
traditional lands, traditional wildlife resources and traditional plant resources during operations 
remain applicable for the IPA. These effects are expected to remain applicable post-closure. 

• The 2001 EIA predictions of no effects on traditional fish resources during operations remain 
applicable for the IPA. Similar results are predicted post-closure.  

• The 2001 EIA predictions of no incremental effects on physical access and high regional 
cumulative effects of increased access on Indigenous land users during operations remains 
applicable for the IPA. Similar results are predicted post-closure.  

• Cumulative noise levels at TLU sites within 10 km of FHOSP will increase or decrease depending 
on proximity and intensity of mining and support activities, and noise levels at TLU sites in 
proximity to the Extension Areas will increase during some years of the IPA mine plan relative to 
Baseline Case. 

• Total suspended particulate deposition rates at TLU sites near FHOSP will increase or decrease 
depending on proximity of the TSP emission sources, and as mining activities move toward the 
northeast part of the FHOSP footprint, TSP deposition levels may increase at TLU sites to the 
north and east of the FHOSP and near the Extension Areas (i.e., along the shores of McClelland 
Lake) and decrease at TLU sites to the south and west of FHOSP relative to the Baseline Case.  

• Existing monitoring programs for traditional resources (e.g., wildlife, vegetation, and wetlands, 
and fish) that Indigenous communities depend on are applicable to the IPA, including the 
commitments tied to the LMCP. 

• Mitigation measures identified in the 2001 EIA will continue to be implemented and refined. 
FHEC will continue engaging with potentially affected Indigenous communities to understand 
their interests and concerns about the FHOSP and develop appropriate mitigation. 
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7.6. Human Health Assessment 
Overall, the major findings of the human health assessment are: 

● The contribution of the chemical emissions from the IPA to the cumulative short-term and long-
term exposures (acute and chronic) was typically negligible. In most instances, the potential 
health risks remained unchanged between the assessment cases (i.e., Baseline Case, Application 
Case 1, and Application Case 2), signifying that the IPA will have little, if any, effect on the 
Application Case health risks.  

● With very few exceptions, the predicted ground-level air concentrations of the compounds of 
interest (except PM2.5) were below their corresponding regulatory guideline in the community of 
Fort McKay, indicating a low health risk. For PM2.5, predicted ground-level air concentrations in 
the community of Fort McKay are consistent between the Baseline Case and Application Case 1, 
and decrease slightly under Application Case 2 because of lower mine fleet exhaust and road 
dust emissions that are spread out over a larger area. The predicted annual PM2.5 concentrations 
in populated areas are below the range at which adverse population-level effects would be 
expected. 

● All chemicals except for manganese were below their health-based drinking water quality 
guidelines. Because the manganese guideline is based on an improbable exposure scenario, the 
health risks associated with the predicted water concentrations for the initial and far future 
timeframes are predicted to be low. 
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1. INTRODUCTION 
The Fort Hills Energy Corporation (FHEC), the general partner of Fort Hills L.P., is the holder of the oil 
sands leases and existing regulatory approvals for the Fort Hills Oil Sands Project (FHOSP). Suncor Energy 
Operating Inc. (SEOI) was contracted to operate FHOSP, including direction and management of 
construction and operation of the mining and bitumen production facilities. The updated FHOSP Life of 
Mine Closure Plan (LMCP) integrates the Alberta Energy Regulator (AER) approved 3-year (2020 to 
2023) FHOSP Mine Reclamation Plan (MRP; FHEC 2020). This LMCP is written and submitted in support 
of the FHOSP Integrated Plan Amendment (IPA) Application, which includes Tailings Management Plan 
prepared in accordance with Directive 085 (AER 2017), and in accordance with Environmental Protection 
and Enhancement Act (EPEA) Approval No. 151469-01-00, as amended, Section 7.2, and the AER 
Specified Enactment Directive (SED) 003 (AER 2018).  

As per Section 7.2.7 of the FHOSP EPEA Approval, the first LMCP was due before December 31, 2018 and 
was submitted in February 2017 (FHEC 2017a). As per SED 003 Section 2.2, the LMCP is to be updated 
and submitted to the AER every 10 years or with an amendment, submission of this FHOSP update to 
the LMCP is intended to satisfy the SED003 requirements. The IPA was initiated because of a proposed 
change to the mine and tailings plan, including addition of a second dedicated disposal area (DDA). This 
LMCP is intended to support and guide the IPA regulatory submission. As well, as per SED 003 Section 9, 
a change to the soil cover prescriptions has also been proposed. Where the 2017 plan prescribed 0.5 m 
of soil cover, this LMCP is proposing to change to 0.2 m of cover. 
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2. REGULATORY FRAMEWORK 
This LMCP considers a number of documents previously submitted under requirements of the FHOSP 
EPEA and the Oil Sands Conservation Act (OSCA) approvals where the principles and expectations remain 
relevant and have not been amended through recent applications or authorized plans. The submissions 
considered include: 

● 2021 Annual Mine Plan (submitted to AER September 2020) 

● 2019 Mine Reclamation Plan (submitted to AER February 2020) 

● 2012 EPEA Approval Renewal Application (submitted to ESRD January 2013) 

● 2017 Reclamation and Closure Plan (submitted to AER in February 2017)  

● 2020 Directive 85 Annual Report (submitted to AER April 2021) 

2.1. Changes Since Previous Reclamation and Closure Plan 
The 2017 Reclamation and Closure Plan followed guidance set out in the FHOSP EPEA approval and 
Section 8 of the guide to content (AER 2014). The SED003 guidance outlines new requirements and 
submission timelines for the LMCP, which must be submitted every 10 years or accompanying an 
amendment. SED003 was released in December 2018 and the updated LMCP follows that guidance. 

Timelines to final closure of the site are consistent with the previous 2017 Reclamation and Closure Plan 
showing most of the site being reclaimed by 10 years after the end of mine life (EOML). The approved 
FHOSP Reclamation and Closure Plan involved the terrestrial closure of above grade tailings areas. The 
IPA is proposing two below grade DDAs, south DDA (SDDA) and centre DDA (CDDA), both of which 
would be capped with water for closure, compared to the FHMA that proposed one DDA within south 
pit. The addition of a second DDA reduces the size of the South Pit Lake (SPL) in the closure landscape. It 
will also allow time to demonstrate the effectiveness of the water cap in reducing constituents of 
potential concern (COPC) concentrations from treated tailings release water before the end of tailings 
deposition at the CDDA and Centre Pit Lake (CPL). The major benefit to aquatic closure of DDAs is 
treated tailings material with low shear strength prone to settlement are now being placed below grade 
and water capped for closure (further details on tailings management and alternatives considered can 
be found in Volume 1, Section 3. Other major proposed changes include: 

● relocation of the Mine Dump North, now referred to as the North External Dump (NED) outside 
of the MLWC surface watershed to address stakeholder concerns regarding placing a dump in 
the MLWC watershed 

● extension of operating area to the east to allow for infrastructure to support the Operational 
Plan (OP) for the MLWC 

● elimination of Out-of-Pit Tailings Area (OPTA) East Phase 2 due to constructability concerns and 
replacement with the South Pit Tailings Area (SPTA) 

A concordance of the requirements outlined in SED003 and where the responses are found in this 
document is provided in Table 2-1.  
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Table 2-1:  Concordance Table of SED003 Requirements and Relevant Life of Mine Closure Plan 
Sections  

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.   Life of Mine Reclamation Plan 

2.1 9 

The LMCP must address the full life of the project and align both with the 
conditions of approvals and with application commitments and plans. 
When the LMCP is updated, the results from performance measurements 
and research must be incorporated into the planning.  

Section 2 

2.2 10 

Following the initial submission of the LMCP, the LMCP must be updated 
and submitted every ten years or with an amendment, unless otherwise 
authorized by the AER in accordance with the AER EPEA application 
procedure.  

Section 1 

2.3 Table 1 
Several maps are required to support the LMCP. Table 1 is a summary of 
all of the maps identified for the LMCP. The details of what should be in 
each map are outlined in relevant sections.  

Figure 3-1; Figure 3-7;  
Figure 5-1 to Figure 5-12; 
Figure 6-1; Figure 9-1 

2.4.1 

11 

Identify changes to the regulatory framework (e.g., policy, legislation, 
approvals, commitments, and guidance documents) since the last LMCP 
that have influenced the current plan and the impact on reclamation and 
closure planning, if applicable. 

Section 2.1 

12 

Identify all government-approved regional initiatives or plans that relate 
to the LMCP and describe how the LMCP is consistent with the 
requirements of regional plans; e.g., Fort McMurray-Athabasca Oil Sands 
Subregional Integrated Resource Plan (Alberta Sustainable Resource 
Development, 2002), Lower Athabasca Regional Plan (Government of 
Alberta, 2012). 

Section 2.2 

2.4.2 

13 

Provide a map of the current land uses in and around the project area that 
includes the following information: 
- Project components approved under the EPEA approval (e.g., plant site, 
mine pits, tailings storage, treated tailings deposits, coke storage, etc.) 
- Current approved disturbance areas related to existing approvals 
- Any applied-for or future expansion of the project 

Section 3.1  
Figure 3-1  

14 Identify and describe the end land use objectives for the mine. Section 3.2 

15 Identify any assumptions fundamental to achievement of the end land use 
objectives. Section 3.2 

16 
Using the predisturbance landscape as a reference, assess and discuss the 
return of the locally common boreal forest ecosystem integrated into the 
surrounding area on the postdisturbance landscape. 

Section 3.2 

17 

Demonstrate alignment with the tailings management plan for tailings 
deposits milestones and reclamation outcomes. Where alignment does 
not occur, identify the inconsistencies and describe how alignment will be 
achieved. 

Section 3.4 
Figure 3-2 

18 

Provide the rationale for the location, spatial extent, and type of wetlands 
targeted on tailings deposits. Explain why these wetlands are equivalent 
to locally common boreal forest wetlands, based on the Alberta Wetland 
Classification System. Explain how the targeted wetlands support a range 
of land uses, including commercial forest, biodiversity, wildlife habitat, 
and traditional use. 

Section 3.5 
Table 3-1 
Section 10.1 
Table 10-2 
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Table 2-1:  Concordance Table of SED003 Requirements and Relevant Life of Mine Closure Plan 
Sections  

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.2 

19 
Use table 2 to compare predisturbance ecosites, wetland classes, or 
aquatic features with targeted closure ecosites, wetland classes, or 
aquatic features. 

Table 3-1  

19a 

Provide one or more maps that show the intended final reclaimed 
landscape and that illustrate the following: 

• Hydrological features, such as watercourses, end pit lakes, 
wetlands, and waterbodies 

• Targeted ecosites, wetland classes, and aquatic features 
• Topographic contours 
• Locations where end land use restrictions may be considered 

(and provide an explanation) 
• Integration with adjacent development and the surrounding 

undisturbed landscape 
• Closure polygons 

Section 3.5  
Figure 3-3 to Figure 3-7  
Figure 6-2 

20 

Use table 3 to identify the necessary requirements for achieving targeted 
ecosites, wetland classes, and aquatic features for the project. Sub-
closure polygons may be used to describe and define the reclamation 
outcomes further within the closure polygons. 

Section 3.5  
Attachment A 

2.4.3 

21 Describe how the reclamation outcomes identified in the LMCP address 
traditional end land use Section 4.1 

22 
Describe how stakeholder feedback and traditional land use information 
shared by indigenous communities or people have been integrated into 
reclamation outcomes for the mine. 

Section 4.1 

2.4.4 23 

Provide a summary in table 4 of the commitments that were made to 
stakeholders, including indigenous communities and people, related to 
conservation, reclamation, and closure, and of how the commitments are 
integrated into the LMCP. 

Table 4-1  

2.4.5 
24 

Provide a completed table 5 detailing the conceptual life-of-mine 
progressive reclamation timeline for the mine from the current state to 
reclamation certification. Provide the information in 5-year increments 
for the first 10 years, then in 10-year increments to closure. 

Table 5-1 

25 Provide reclamation progression maps of the mine to support table 5. Figure 5-1 to Figure 5-12  

2.4.6 26 
Provide an approximate timeline for infrastructure or structures that will 
be progressively decommissioned or removed to enable progressive 
reclamation over the life of the mine. 

Section 5.1 
Table 5-1  

2.4.7.1 

27 Outline how the proposed closure landscape and LMCP addresses each of 
the design actions in the landscape design checklist in appendix 4. 

Section 6.1 
 
Table 6-1 to Table 6-5 
Figure 6-1 to Figure 6-7 

28 

Describe how the proposed closure topography will achieve equivalent 
land capability and meet the end land use objectives. Discuss the 
proposed final closure landforms with respect to the predisturbance 
landforms and how the closure landforms will achieve equivalent 
capability. 

Section 6.2 
Table 6-7 
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Table 2-1:  Concordance Table of SED003 Requirements and Relevant Life of Mine Closure Plan 
Sections  

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.7.1 29 

Identify areas of the reclaimed landscape that are expected to experience 
settlement (see settlement definition in the glossary of terms). For these 
areas, do the following: 

• Identify the types of substrates and discuss the characteristics 
that contribute to settlement. 

• Discuss the settlement model forecast (rate and amount) for 
these areas. Include a discussion on validating the models with 
settlement data collected from constructed landforms, 
research, and completed consolidation models or engineering 
analysis. 

• Identify the nature and degree of uncertainties in current 
settlement predictions. 

• Discuss how settlement is incorporated into the reclamation 
planning to reduce the risk to reclamation outcomes and 
milestones. 

• Describe how the uncertainty associated with settlement will 
be reduced, managed, and resolved. 

• Outline how post-reclamation settlement mitigation will be 
determined and implemented 

Section 6.3 
Table 6-8  

2.4.7.2 

30 

Provide a map of the closure surface drainage that shows all hydrologic 
features (i.e., lakes, streams, compensation lakes, wetlands) in the closure 
landscape and connectivity with surrounding operations and the natural 
environment. Include watershed boundaries, contours, and direction of 
flow for each feature. 

Figure 3-3 
Figure 6-1 

31 

Describe how the proposed closure surface drainage will achieve 
equivalent land capability and meet the end land use objectives. Include 
a comparison of the proposed final closure surface drainage systems with 
the predisturbance drainage systems to support an equivalency 
determination and to determine whether the closure surface drainage 
system will be relatively natural in appearance and will tie into adjacent 
undisturbed surface drainage systems. 

Section 6.1 
Figure 6-1 and Figure 6-2 
Section 6.1.1.19 
Section 6.1.1.21 
Figure 6-3 to Figure 6-7 

32 
Provide a water budget that aligns with sustainability of the closure 
drainage design after surface water and groundwater systems are re-
established. 

Section 6.2.3 
Table 6-10 and  
Table 6-11 

33 
Provide conceptual representative cross-sections of major drainage 
features in the closure landscape that show connectivity between 
groundwater and surface water. 

Figure 6-4 and Figure 6-6 

2.4.7.2 
34 

Discuss the assumptions that are made and results that indicate that the 
proposed hydrogeology will be functional and sustainable after closure. 
Include a discussion of validation of models with hydrologic data collected 
from constructed landforms. 

Sections 6.2.1, 6.2.2, 
6.2.3, and 6.2.4 

35 Identify any potential hydrogeological gaps in the conceptual plan and 
describe how adaptive management will mitigate the impacts. Section 6.2.5 
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Table 2-1:  Concordance Table of SED003 Requirements and Relevant Life of Mine Closure Plan 
Sections  

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.7.2 

36 

Discuss the hydrologic modelling used for the closure drainage system 
design. Modelling needs to include a range of regional late-21st-century 
climate-change scenarios (e.g., 2070 to 2099) using the current 
Intergovernmental Panel on Climate Change scenarios available at the 
time of the modelling. Run the models (the same models that were run 
under historical climate conditions) under a range of future climate 
conditions (typically five: median, warm-dry, warm-wet, cool-dry, and 
cool-wet). If hydrologic modelling of climate change scenarios for water 
capped fluid tailings and for the model’s contributing watershed area has 
been accepted by the AER for evaluation in another submission or 
application, discuss updated modelling results and their implications on 
hydrological sustainability, water quality outcomes, and the closure 
drainage system design. 

Section 6.2 

37 

Provide a summary of the modelling results to demonstrate the 
sustainability of the closure drainage design for all planned ecosystems 
(e.g., pit lakes, wetlands, watercourses, riparian areas and non-pit lakes, 
etc.) and to demonstrate alignment with proposed reclamation outcomes 
and end land-use objectives. 

Section 6.2 

38 

Describe how the results of the climate change modelling were 
considered when finalizing the proposed closure drainage design. Include 
a discussion of potential future mitigation action or risk management 
plans to reduce the risk to the reclamation outcomes. 

Section 6.2.3 

2.4.7.3 

39 

Identify major aquatic ecotypes on which closure water quality conditions 
are being modelled. For each major ecotype, summarize predisturbance 
and/or locally relevant reference water quality conditions. Compare 
predisturbance/reference aquatic ecotype water quality conditions to 
relevant guidelines, targets, triggers, and limits. 

Section 6.3.2 

40 

Provide a plan for managing water quality at closure. Include: 
• the duration of surface water and groundwater control-

measure operations 
• the duration, quantity, and quality of water released from 

tailings areas 
• duration, quantity, and quality of water released into receiving 

water bodies (e.g., treatment wetlands, active water 
treatment, end pit lakes, streams, and rivers) 

Section 6.3.1 

2.4.7.3 

41 

Provide updated water-quality model predictions for closure landscape 
aquatic features. Provide an overview of changes (new or updated models 
used, model assumptions, dataset used, changes in closure landscape, 
and other) from previous submissions. Compare current model 
predictions with predisturbance and locally relevant reference conditions, 
relevant guidelines, targets, triggers, and limits. Confirm how model 
results will be verified, and include potential timelines for verification of 
results. For parameters not meeting relevant guidelines, targets, triggers, 
or limits, discuss reasons why, and discuss any planned monitoring, 
management, or mitigation measures. 

Sections 6.3.2 and 6.3.3  

42 
Describe how climate change is accounted for in modelled results, and 
describe any implications of achieving planned water quality outcomes in 
the aquatic features. 

Section 6.3.3 
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Table 2-1:  Concordance Table of SED003 Requirements and Relevant Life of Mine Closure Plan 
Sections  

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.8.1 

43 
Provide a list of the planned reclamation and capping material types. 
Include a definition of each type and a description of the criteria and 
methodology used for identification and delineation. 

Table 7-1 

44 

Discuss the rationale for defining land-capping requirements for tailings 
deposits (based on research), including capping material type, capping 
objectives (e.g., landform development and stability, settlement 
management, the expression of tailings pore water and controlling the 
expression of tailings pore water, water-table control, landform 
contouring to facilitate the flushing of salts from the capping material, 
etc.), and implications to the development of self-sustaining boreal forest 
terrestrial or wetland ecosystems. 

Section 7.1 

45 

Where tailings are used for capping material, do the following: 
• Provide the properties, volume, and duration used for capping 

for each type of tailings. 
• Identify inconsistencies in tailings material balance between 

LMCP and the tailings plan, if any. Describe how the 
inconsistencies will be resolved. 

Section 7.1 - Tailings not 
used as capping material; 
see Table 7-3 

46 
Using Tables 6 and 7, provide a project-material balance for both 
reclamation and capping materials, by type, for the life of mine. Explain 
how volumes were calculated. 

Table 7-2 and Table 7-3 

47 Identify any shortages of reclamation material or capping material. 
Describe the plan for mitigation. 

Section 7.1 - No 
predicted shortage of 
reclamation materials 

2.4.8.2 48 
Provide a map of reclamation material stockpile locations. Illustrate 
planning to minimize double handling of salvaged materials due to future 
disturbance and mine operations. 

Figure 7-1  

2.4.8.3 49 
Provide a table (Table 8) defining the cover designs that will be used. 
Identify the target ecosite or wetland class, soil moisture, and nutrient 
regime associated with each cover design. 

Table 7-4  

2.4.9 50 
Discuss how the approval holder plans to fulfill vegetation conservation 
commitments identified in Section 2.4.4, Table 4, during salvage 
operations. 

Section 8 

2.4.10 51 Provide a map that shows where merchantable timber exists and identify 
the applicable forest tenure holders with the authority to salvage timber. 

Section 9 
Figure 9-1 

2.4.11 

52 
Provide a planting prescription that links target ecosites or wetland 
classes, tree species, shrub species, and herbaceous species to 
reclamation material, capping material, and other landscape features. 

Section 10 
Table 10-1, Table 10-2, 
Table 10-3  

53 
Indicate how the targets specified in the ecosite phase growth and yield 
Table 4 will be met, and identify how commercial forestry targets are 
measured and when (growth and yield plan). 

Section 10.2 

54 

Describe how revegetation plans for each targeted ecosite or wetland 
class align with landform construction (topographical connectivity) and 
are supported by their substrate and reclamation material profiles to 
achieve the planned end land use. 

Section 10 

55 Identify limiting factors, where they exist, for each vegetation community. 
Explain how limiting factors will be addressed. 

Section 8 
Table 8-1  
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Table 2-1:  Concordance Table of SED003 Requirements and Relevant Life of Mine Closure Plan 
Sections  

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.12 

56 
Define biodiversity elements that will be targeted (e.g., ecosystems, 
species), and end land uses (traditional use, recreation, hunting and 
fishing, forestry), and how the LMCP addresses each. 

Section 11.1 

57 Describe how reclamation and closure activities address biodiversity for 
focus species. Section 11.2 

58 
Using Table 9, provide reclamation diversity targets to show links between 
target ecosites, wetland type, or aquatic feature, and target wildlife or 
aquatic species. 

Table 11-1  

59 

Identify overarching plans for creating and connecting wildlife habitat in 
and across the reclaimed landscape and adjacent lease holders. Include 
any unique requirements for species of management concern 
(e.g., species at risk) or for species that are currently significant to 
indigenous communities (e.g., moose, caribou, bison, etc.). Incorporate 
target wildlife species into reclamation diversity targets (see Table 9). 

Section 11.4 

60 

Identify overarching plans for creating fish habitat in the reclaimed 
landscape. Include species targeted for recolonization of the closure 
landscape and show the reconnection of reclaimed watersheds and 
aquatic features (e.g., end pit lakes, wetlands, watercourses) to 
downstream aquatic habitats and how reclamation will establish self-
sustaining populations. 

Section 11.5 

2.5.1 61 
The reclamation monitoring program must ensure that data is available to 
confirm that reclaimed areas are diverse, self-sustaining boreal forest 
ecosystems that are integrated into the surrounding landscape. 

Section 12 

2.5.2 

62 

Provide a summary of reclamation performance evaluation completed. 
Discuss how reclamation performance evaluations are demonstrating 
that the reclaimed areas are progressing in the appropriate trajectories to 
achieve the targeted reclamation outcomes and end land use objectives. 

Section 12.1 

63 

Identify new practices or approaches that are being applied in the current 
plan and that result from analysis of monitoring results. Descriptions must 
be discipline-specific and must align with the summary of reclamation 
performance evaluation. 

Section 12 

Notes: 
AER = Alberta Energy Regulator; EPEA = Environmental Protection and Enhancement Act; LMCP = Life of Mine Closure Plan 
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2.2. Regional Initiatives and Operational Plans 
FHOSP has established guiding principles for mine, tailings, reclamation, and closure planning that are 
aligned with Suncor’s Purpose and Values (www.suncor.com), as well as the objectives and outcomes of 
the Lower Athabasca Region Tailings Management Framework for the Mineable Athabasca Oil 
Sands (Government of Alberta 2015), as part of the Lower Athabasca Regional Plan (LARP; Government 
of Alberta 2012a). The guiding principles balance environmental, social, and economic considerations, 
and are as follows:  

● To establish outcomes that consider and incorporate the interests of Indigenous communities 
and other stakeholders. 

● To establish a sustainable closure landscape integrated into the regional ecosystem. 

● To facilitate progressive reclamation by integrating mine, tailings, and reclamation planning to 
confirm tailings are treated and land is reclaimed permanently as early as practicable. 

● To manage fluid tailings thresholds and to confirm tailings reach the ready-to-reclaim 
(RTR) state within 10 years of mining operations.  

● To recognize the importance of adaptive management to incorporate innovations and 
technologies throughout the mine life, to guide contingency planning.  

In accordance with Water Act Approval 00151636-01, as amended, two years prior to mine pit 
preparations within the McClelland Lake Wetland Complex (MLWC), FHOSP is required to have an 
Operational Plan (OP) authorized and implemented to maintain the sustainability of the non-mined 
portion of the MLWC during operations and closure. Based on the current mine plan, the OP was 
submitted in December 2021. The surface and groundwater modelling conducted for the OP (Volume 1, 
Appendix C) has also been aligned with the updated LMCP and site-wide closure period water modelling.  
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3. RECLAMATION OUTCOMES 

3.1. Current and Surrounding Land Use 
The current land use of the FHOSP Area includes disturbed active mining operations (South Pit Mining 
area, OPTA, OPTA East Stage 1, extraction and operations area) in the southern portion; lodging area 
(McClelland Lake Lodge) and centre pit mining site preparation activities (cleared) in the central portion 
and in the northern portion; disturbed (exploration clearings); permanently reclaimed (No Net Loss Lake 
[NNLL]) and undisturbed MLWC areas. To the east of the FHOSP Area and the MLWC lies the active 
Imperial Oil Kearl Oil Sands project and undisturbed natural area land use. Adjacent FHOSP to the west 
immediately lies the Athabasca River with the active Canadian Natural Horizon Oil Sands project and 
undisturbed natural area land use beyond. The active Syncrude Canada Ltd. (Syncrude) Aurora oil sands 
mine is adjacent to FHOSP to the south followed by the active Canadian Natural Albian Oil sands mine 
and Fort McKay residential area. The area to the north is currently undisturbed natural area land use. 
The surrounding land use and the currently approved EPEA mining project components including 
approved disturbance areas and future expansion areas is provided in Figure 3-1.  

The FHOSP is bordered to the south by the existing Syncrude Aurora North Mine. FHOSP and Syncrude 
have commercial agreements in place that will see joint co-operation along the lease boundary to 
confirm reclamation material is salvaged and the land is reclaimed when mine activities are complete. 
FHOSP continues to discuss with Syncrude the opportunities to optimize drainage and reclamation 
between the two operators. In 2021 Suncor also became the operator of the Syncrude Aurora mine that 
will allow for increased cooperation between mine planning and reclamation teams.  
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3.2. End Land Use Objectives 
The goal of FHOSP is to certify reclaimed land and return it to the Crown. The general objective of the 
FHOSP reclamation program is as follows:  

● Developed lands shall be reclaimed to a self-sustaining, locally common boreal forest 
ecosystem, compatible with pre-development, including forested areas, wetlands, and streams. The 
reclaimed lands will provide a range of end land uses, including forestry, wildlife habitat, 
traditional use, and recreation. 

In accordance with the LARP, compatible end land uses for FHOSP include commercial forestry, wildlife 
habitat and traditional use which promotes a diversified economy (timber harvest), healthy ecosystems 
and recreational and cultural opportunities for local communities.  

The following assumptions are made for end land uses, access management, and final certification: 

● Target ecosystems and vegetation communities identified in the LMCP will allow multiple uses 
(e.g., areas designated for commercial forest use could also provide wildlife, recreation, and 
traditional land uses). 

● Available end land use options will be constrained by the type of landforms to be constructed 
(e.g., pit lake areas are not available for dry land uses). 

● Final end land use decisions will consider input from government, Indigenous communities, and 
local stakeholders. 

● FHOSP will seek certification based on the requirements stipulated in the EPEA approval, 
including variances authorized by AER at the time of reclamation. 

As reclamation areas mature on the landscape, discussions will be held with regulators and stakeholders 
regarding access to these areas. Access would be contingent on regulatory approval and the capability 
to allow such access without compromising safety of operational personnel and the public.  

FHOSP expects to apply for reclamation certification of landforms and to return the land to the Crown as 
soon as is practicable after active mining operations have ceased. Application for reclamation 
certification will only be undertaken after completion of reclamation activities and a period of 
monitoring to verify performance of the reclaimed landscape.  

3.3. Assumptions and Planning Considerations 
Fundamental to the development and successful implementation of this LMCP, FHOSP has developed a 
list of project-level assumptions and considerations for planning, many of which have been previously 
stated in applications and other regulatory submissions. 

Fundamental project-level assumptions include: 

● All FHOSP facilities and infrastructure will be removed in accordance with applicable regulatory 
guidelines and the site will be reclaimed at the end of operational life. 

● As mine plans and tailings management plans change to accommodate new technology, 
changing economics, regulatory directives, and other factors, reclamation and closure plans may 
also change or be updated through adaptive management processes. 
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● Learnings from research and development gained through venues such as Canada’s Oil Sands 
Innovation Alliance (COSIA) and at Suncor’s other operating facilities will be incorporated into 
reclamation and closure activities, where appropriate. 

● Adaptive management is incorporated in the update and implementation of the conservation, 
reclamation and closure models, guidelines, frameworks, practices, and protocols used by 
FHOSP. Updated models, guidelines, frameworks, practices, and protocols may be reflected 
through the implementation of annual plans before they are incorporated into MRP and LMCP 
updates, simply because of timing of the submission. 

● Human health and safety will be protected. 

● With consideration of subsection 7.2.5 in FHOSP EPEA Approval No. 151469-01-00, this plan 
represents “the return [of] an acceptable distribution of upland ecosite phases and wetland 
types on the post-disturbance landscape”. Acceptable is defined by FHOSP as operationally 
practicable at this time. 

● The reclamation standards assessed at certification are those agreed upon at the time the 
reclamation work commences. 

● Although vegetation is planted to a target ecosite and stand type or wetland type, it is not 
possible to predict ecosystem succession over time; therefore, the vegetation community 
present at mine closure and final reclamation certification may differ from that which was 
originally planned.  

● Reconstructed soil performance is expected to mimic that of natural soils over time. 

● All tailings facilities will have a small remnant volume of fluid tailings left behind because of the 
nature of removal of this material. This remnant volume of fluid tailings will be managed 
through reclamation and closure activities on a case-by-case basis. 

● All fluid tailings will be ready to reclaim within 10-years of EOML. 

● Pit Lakes will meet applicable water quality guidelines before release. 

Fundamental project-level planning considerations include: 

● The amount of surface disturbance will be reduced wherever practicable.  

● Environmental effects will be reduced wherever practicable. 

● Habitat disturbance will be avoided or mitigated during restricted activity periods. 

● A weed management program will continue to be implemented to control noxious weeds and to 
destroy prohibited noxious weeds if found. 

● Lower strength treated tailings will be deposited below grade.  

● The footprint of treated tailings in the closure landscape will be reduced. 

● Direct placement of reclamation material will be undertaken whenever practicable. 

● Industrial Wastewater (IWW) will remain within the closed-circuit water system until authorized 
for return to the environment. 

● Drainage systems will be designed to limit erosion rates and substance loadings and to 
withstand the effects of wildlife (e.g., beavers). 
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● The FHOSP integrated surface water - groundwater model will be further developed and 
updated over time and, as appropriate, the findings will be considered in the update of future 
reclamation and closure plans for the FHOSP.  

● Suitable overburden and/or tailings sand capping will be used to keep saline, sodic, or other 
unsuitable mineral materials away from the surface of reclaimed landforms. 

3.4. Alignment with Tailings Management 
The fluid tailings (FT) from OPTA will be treated with the PASS FT treatment process and deposited in 
the DDAs to support long-term reclamation and closure objectives. The thickeners reduce energy 
consumption and reduce the volume of FT generated from the start of operations by accelerating the FT 
dewatering process resulting in a decrease in FT volumes stored in tailings areas. The in-line treatment 
process is planned to begin in 2023. This process will place the treated tailings in the SDDA and CDDA 
and is being designed to achieve two targeted outcomes for a pit lake landform: 

● a stable treated tailings deposit reducing mobility of materials such as bitumen and fines in the 
deposit matrix 

● water is expressed from the treated tailings deposit so it meets RTR criteria during operations 
and such that it is of acceptable quality for release to environment at closure 

The life of mine tailings areas (i.e., OPTA, Centre Pit Tailings Area [CPTA] and North Pit Tailings Area 
[NPTA]) and the location of DDA’s (i.e., SDDA and CDDA) are shown in Figure 3-2. Of the approximately 
19,000 ha disturbed for the FHOSP, the extent of DDAs is approximately 6% of this area, while tailings 
areas are approximately 35%.  

The wetlands and pit lakes are sized to provide sufficient retention time for the degradation of organic 
compounds; over time, the water quality in this area will improve. The proposed closure drainage 
wetlands are designed in areas where the high groundwater table will provide a continuous water 
inflow. Closure channels will intercept process-affected water and convey it to the wetlands and the pit 
lakes, which will have a positive treatment effect. FHOSP plans for revegetation at the wetland class 
level. Based on the expected hydrology, topography, soil, and water depth, a reclaimed wetland is 
assigned to one of five classes according to the Alberta Wetland Inventory Classification System (marsh, 
shallow open water, bog, fen, or swamp; Halsey et al. 2003). Once assigned, several reference tools are 
used in combination for guidance in developing planting prescriptions appropriate for constructed 
wetlands, including: 

● Alberta Wetland Classification System (ESRD 2015) 

● Guidelines for Wetlands Establishment on Reclaimed Oil Sands Leases, 3rd Edition (CEMA 2014) 

● Riparian Classification and Reclamation Guide (“Riparian guide’; GDC 2009) 

● Alberta Ecological Classification System (Beckingham and Archibald 1996) 

For marsh and shallow open water wetlands, revegetation prescriptions are developed by further 
subdividing the wetland into zones (submergent, emergent and wet meadow), based on the expected 
moisture regime and water levels. In some cases, the revegetation plan for wetlands may allow for the 
natural regeneration of some of the local wetland species. 
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3.5. Targeted Closure Ecosites 
FHOSP is proposing a variety of ecosite types depending on their location within the reclaimed 
landscape, as indicated in Table 3-1. Compared to the pre-disturbance area, FHOSP has proposed a 
similar mix of commercial forestry target ecosites (“d” type) in line with the increase in total upland 
percent change compared to the pre-disturbance area. The total wetland area has; therefore, 
decreased. However, the hydrology model results indicate the reclaimed wetlands and upland ecosites 
will collect and retain enough surface water to support the pit lakes long-term sustainability. Adjacent to 
the non-mined portion of the MLWC, a fen type wetland is proposed that integrates with the 
undisturbed patterned fen. The hydrological features, targeted ecosites, topographic contours, land use 
restrictions, and closure polygon figures are included as Figure 3-3 to Figure 3-7. Integration with 
surrounding landscapes is shown in Section 6.2, Figure 6-2. 
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Table 3-1:  Comparison of Pre-Disturbance to Closure Target Ecosite/Wetland Class/Aquatic Distribution 

Ecosite Phase / 
Wetland Class / 
Aquatic Feature 

Definition Pre-Disturbance 
Area [ha] 

Pre-Disturbance 
Percent of Total 

Area [%) 

Closure 
Target [ha] 

Closure 
Percent of 
Total Area 

[%] 

Change from 
Pre-Disturbance 
to Closure [ha] 

Change from 
Pre-Disturbance 
to Closure [%] (a) 

Athabasca Plains Natural Subregion - Uplands 

b1 grass/sand heather 8 0.0 0 0.0 -8 -100 

c1 bearberry/lichen-jack pine 3,490 18.4 0 0.0 -3,490 -100 

d1 blueberry jack pine-aspen 
(balsam poplar) 950 5.0 0 0.0 -950 -100 

d2 blueberry-aspen (balsam poplar) 3 0.0 0 0.0 -3 -100 

d3 blueberry black spruce-jack pine 40 0.2 0 0.0 -40 -100 

e1 Labrador tea-mesic jack pine-
black spruce 15 0.1 0 0.0 -15 -100 

f1 buffaloberry-alder / aspen  252 1.3 0 0.0 -252 -100 

f4 buffaloberry-alder shrubland  13 0.1 0 0.0 -13 -100 

f5 buffaloberry-alder aspen-white 
spruce 2 0.0 0 0.0 -2 -100 

g1 fern/horsetail - white spruce 
(balsam fir) 7 0.0 0 0.0 -7 -100 

h1 Labrador tea-hygric black 
spruce-jack pine 326 1.7 0 0.0 -326 -100 

Meadow Meadow 1 0.0 0 0.0 -1 -100 

Cutblock Cutblock 533 2.8 0 0.0 -533 -100 

TOTAL Athabasca Plains - Upland 5,640 29.8 0 0.0 -5,640   

Central Mixedwood Natural Subregion - Uplands 

a1 lichen jack pine 1,145 6.1 2,298 12.1 1,153 101 

b1 blueberry jack pine-aspen 1,100 5.8 

4,449 23.5 2,623 144 
b2 blueberry aspen (white birch) 494 2.6 

b3 blueberry aspen-white spruce 75 0.4 

b4 blueberry white spruce-jack pine 157 0.8 

c1 Labrador tea-mesic jack pine-
black spruce 37 0.2 0 0.0 -37 -100 

d1 low-bush cranberry aspen 3,896 20.6 

6,878 36.3 2,124 45 d2 low-bush cranberry aspen-white 
spruce 623 3.3 

d3 low-bush cranberry white spruce 235 1.2 

e1/f1 dogwood/horsetail balsam 
poplar-aspen  42 0.2 

1,860 9.8 1,773 2,038 e2/f2 dogwood/horsetail balsam 
poplar-white spruce 12 0.1 

e3/f3 dogwood/horsetail white spruce 33 0.2 

g1 Labrador tea-subhygric black 
spruce-jack pine 135 0.7 1,057 5.6 922 683 

h1 Labrador tea/horsetail white 
spruce-black spruce 155 0.8 6 0.0 -149 -96 

Cutblock Cutblock 124 0.7 0 0.0 -124 -100 

Undefined Undefined 500 2.6 0 0.0 -500 -100 

TOTAL Central Mixedwood - Upland 8,763 46.3 16,548 87.4 7,785 - 

Wetlands & Aquatics 

Bog Bog 1,471 7.8 0 0.0 -1,471 -100 

Fen Fen 2,853 15.1 106 0.6 -2,747 -96 

Swamp Swamp 168 0.9 0 0.0 -168 -100 

Marsh Marsh 11 0.1 272 1.4 261 2,373 

Shallow Open Water Shallow Open Water 5 0.0 272 1.4 267 5,340 

Aquatic Aquatic 12 0.1 1,725 9.1 1,713 14,275 

TOTAL Wetlands & Aquatics 4,520 23.9 2,375 12.6 -2,145 - 

GRAND TOTAL 18,923 100.0 18,923 100.0 - - 

Notes:  
(a) As per SED003, Table 2. 
Indicate whether there is an increase (+) or decrease (-) ion the percent of each ecosite /wetland class/aquatic feature 
Standardization of this table is optional.    
▪ Upland reclamation planning uses the Central Mixedwood Natural Subregion as the basis to describe all the closure sites irrespective of the Natural Subregion within which 

reclamation will take place. 
Note: ha = hectare; % = percent; - = not applicable. 
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4. STAKEHOLDER ENGAGEMENT AND TRADITIONAL USE 
Feedback has been received from stakeholders and Indigenous communities over the years regarding 
reclamation and closure at Suncor projects through various forums, including written Statements of 
Concern (SOC) on project applications, visits to reclaimed areas, workshops regarding specific topics 
(e.g., wetland vegetation species), and through regular communication processes such as ongoing 
engagement sessions. FHEC incorporates feedback received from Indigenous communities and 
stakeholders, as appropriate, into the reclamation and closure planning process, and reclamation 
activities on an ongoing basis. FHEC continues to work with Indigenous communities and stakeholders to 
explore new and innovative ways of gathering feedback that can be incorporated into reclamation and 
closure planning and activities. For example, in 2014 Suncor initiated an ongoing study in partnership 
with Elders from five First Nation communities to identify a list of culturally significant riparian plant 
species and develop propagation and establishment methods so that they can be incorporated into the 
closure landscape. The study was initiated in 2014 and the results will be used to guide the planting 
prescriptions for reclaimed wetland areas. 

The specific Indigenous communities who have been engaged on the IPA plan to date include the Fort 
McKay First Nation (FMFN), Fort McKay Métis Nation (FMMN), Athabasca Chipewyan First Nation 
(ACFN), Mikisew Cree First Nation (MCFN), Fort Chipewyan Métis Local (ML 125), Fort McMurray Métis 
Local (FMML 1935), and Fort McMurray No. 468 First Nation. 

Concerns raised by Indigenous groups include: 

● reclamation timelines 

● water quality and health of aquatic ecosystems in pit lakes/water capped tailings (and 
surrounding ecosystem) 

● tailings placement and seepage into MLWC 

● introduction of soils and species/seeds from outside the MLWC (i.e., transfer of seeds from near 
the Athabasca River) 

● long-term stability of landforms containing tailings 

● seepage from tailings into the Athabasca River and surrounding groundwater 

● long-term efficacy of the MLWC Cutoff wall 

● seepage/leaching from North Dump towards MLWC 

● health of reclaimed site and effects on plants, animals, humans (are the plants healthy, will the 
animals who use the site be healthy, will traditional plants be suitable for use?) 

● inclusion of feedback into our plans 

FHEC will continue to engage and consult with Indigenous communities throughout the regulatory and 
planning process. Future engagement activities will vary depending on the nature and extent of effects 
on communities, and how individual communities want to be engaged. Engagement may include open 
houses, on-the-land workshops, community meetings, and technical meetings. FHEC recognizes that the 
Crown has consultation obligations with Indigenous communities that may supplement planned 
engagement practices for FHEC. 
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4.1. Identification and Stewardship Towards End Land Use Objectives 
The end land uses planned for FHOSP include wildlife habitat, traditional use, and commercial forestry. 
None of the end land uses are mutually exclusive and each targeted land use can and will allow for 
multiple uses (e.g., land targeted for commercial forestry can provide for wildlife habitat and traditional 
use until the point at which the reclaimed forest is harvested). 

Within the first 10-year period of this LMCP, there is limited opportunity for progressive reclamation 
because of project startup and early mine progression. Areas planned for reclamation within the first 10-
year timeframe are expected to provide wildlife habitat and traditional use opportunities as they are 
close to the Athabasca River valley. These end land use targets are consistent with the previous 
reclamation and closure plans. At this time, no alternative land uses (e.g., industrial, intense recreation) 
are being presented. 

FHEC is actively pursuing and participating in opportunities to incorporate feedback from local 
Indigenous communities to develop a reclaimed landscape that can, over the long-term, provide 
opportunities for sustainable traditional use. FHOSP’s reclamation plans continue to target vegetation 
species local to the surrounding boreal forest that can support traditional use and provide wildlife 
habitat for local wildlife species.  

Local Indigenous communities have identified the following common uses of natural vegetation 
communities and habitat that FHEC plans to address through the reclamation and closure planning 
process: 

● hunting moose (food) and trapping beaver (food and medicine) 

● gathering vegetation, roots, and berries (food, medicine, and spiritual purposes) 

An example of stakeholder feedback and traditional land use information being integrated into 
reclamation outcomes is the Sustainability Committee (group of subject matter experts working on 
behalf of the community guiding the MLWC Operational Plan) guiding the north external dump (NED) 
proposed location, which was originally placed within the MLWC footprint. The proposed location of 
NED was moved to accommodate concerns about NED’s influence on groundwater and surface water 
drainage within the MLWC.  

4.2. Conservation, Reclamation, and Closure Commitments 
FHOSP began production in 2018 and is currently mining South Pit. Previous commitments to have soils 
placed at the NNLL site has been met. Trees and shrubs have already been planted at NNLL, and 
permanent reclamation was completed in 2018 when the rest of the vegetation was planted. 

Various commitments for wetland construction at the remainder of the Demo Pit area are referenced in 
Table 4-1. 
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Table 4-1:  Commitment Integration Summary 

Commitment Description Status/Result of Commitment Source of Commitment 

Demo Pit 
Reclamation 

Reclaim Demo Pit to a 
Wetland 

Site Assessment/Conceptual 
Model/Design work underway 

2019 MRP, 2020 Wetland 
Research Plan, 2017 Rare Plant 
Mitigation and Monitoring Plan, 
2017 Reclamation and Closure 

Plan 

Trapper Cabin 
protection 

Fence and protect a 
trapper cabin 

Reclamation Plan will consider the 
protection and accessibility to the 

cabin 
Written agreement 

Sustain and 
maintain the non-
mined portion of 

the MLWC 

Maintain water quality 
and quantity in the 

non-mined portion of 
the MLWC 

Incorporate in Closure Plan Design 

Hearings, approval conditions 
and Fort McMurray-Athabasca 

Oil Sands Subregional Integrated 
Resource Plan (ESRD Amended 

June 2002). 

Reclaim MLWC pit 
area 

Reclaim MLWC pit 
area to include a large 
flat area that can be 
reclaim as a wetland 

Include in Closure Plans 

Sustainability Committee 
meeting; FH Operational Plan 
and Fort Hills Integrated Plan 

Amendment 
Move NED away 

from the non-
mined portion of 

MLWC 

Move NED away from 
the non-mined portion 

of MLWC and out of 
the MLWC watershed Include in Closure Plans 

Sustainability Committee 
meeting; FH Operational Plan 
and Fort Hills Integrated Plan 

Amendment 
Notes:  
As per SED003, Table 4. 
ESRD = Alberta Environment and Sustainable Resource Development; FH = Fort Hills; MLWC = McClelland Lake Wetland 
Complex; MRP = Mine Reclamation Plan; NED = North External Dump.   
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5. RECLAMATION PROGRESSION 
As indicated in Table 5-1, the majority of the mine will be cleared and disturbed by 2065, with the 
majority of soils placed by 2075, completion of permanent reclamation by 2085, and reclamation 
certified in 2115. Reclamation progression maps are also included as Figure 5-1 through Figure 5-12 
covering the years 2020 to closure. 

Table 5-1:  Projected Land Status 
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December 
31 of 
2020 

18,001 10,697 139 10,836 3,981 6,482 1.9 0.3 19 16 335 - 

2025 22,089 12,490 139 12,629 3,775 8,146 - - 354 18 335 - 

2030 22,089 14,549 139 14,687 4,134 9,205 - - 995 18 335 - 

2035 22,089 15,383 139 15,521 2,515 10,484 - - 2,158 28 335 - 

2045 22,089 17,291 139 17,430 2,460 9,155 - - 5,327 154 335 - 

2055 22,089 18,358 139 18,497 734 10,641 - - 6,594 192 335 - 

2065 22,089 18,785 139 18,923 - 6,228 - - 11,559 801 335 - 

2075 22,089 18,785 139 18,923 - 1,184 - - 16,621 1,118 - - 

2085 22,089 18,785 139 18,923 - 1,184 - - 16,621 2,302 - - 

2095 22,089 18,785 139 18,923 - - - - 16,621 2,302 - - 

2105 22,089 18,785 139 18,923 - - - - 16,621 2,302 - - 

2115 22,089 - - - - - - - - - - 18,923 

Notes: 
As per SED003, Table 5. 
- = not applicable; ha = hectare.  
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No Net Loss
Lake (NNLL)

RMS 7

RMS 5

RMS 2

West RMS

Aurora Mine Pit

Demo
Pit

Dyke ELEV. 406

Dyke ELEV. 406

Pond 17

OPP

River
Water
Intake Aurora Dump

RMS 9

MAJOR

INFRASTRUCTURE

South EPL

Lake ELEV. 288

Dyke ELEV. 304

Moose Dump

ELEV. 330

Dyke ELEV. 308

Dyke ELEV. 308

Centre EPL

Lake ELEV. 300 Dyke ELEV. 332

Dyke ELEV. 308

RMS 12

MLWC RMS

NED

ELEV. 400

RMS 10

PMM 2

NORTH PIT

PMM 4

Pond 19

Pond 20

465000 470000 475000

R9R10R11

LEGEND

1 0 1 2 3 4

Kilometers

DESIGN

GIS

REVIEW

APPD

JO

TV

  

  

07-Feb-2022

07-Feb-2022

07-Feb-2022

07-Feb-2022

Figure 5-9

NAD83 UTM Z12N

REV:     0

TITLE:

PROJECT:

JO

SCALE:

SR

1:65,000

DATUM / PRJ:

RECLAMATION PROGRESSION YEAR 2085

FORT HILLS INTEGRATED PLAN AMENDMENT

Closure Drainage

Contour Elevation Interval 5 m

Closure Waterbody
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! ! ! ! ! ! ! !

Littoral Zone

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !
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Mineral Wetland - Marsh

Mineral Wetland - Shallow Open Water

NOTES

Elevation (ELEV.) in meters above sea level

OPP          Ore Preparation Plant
OPTA        Out-of-Pit Tailings Area  
DDA          Dedicated Disposal Area
TSRU        Tailings Solvent Recovery Unit 
RMS          Reclamation Material Stockpile
PMM          Peat Mineral Mix 
RWP          Recycled Water Pond

North
Pit

Lake
ELEV. 245
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No Net Loss
Lake (NNLL)

RMS 7

RMS 5

RMS 2

West RMS

Aurora Mine Pit

Demo
Pit

Dyke ELEV. 406

Dyke ELEV. 406

Pond 17

OPP

River
Water
Intake Aurora Dump

RMS 9

MAJOR

INFRASTRUCTURE

South EPL

Lake ELEV. 288

Dyke ELEV. 304

Moose Dump

ELEV. 330

Dyke ELEV. 308

Dyke ELEV. 308

Centre EPL

Lake ELEV. 300 Dyke ELEV. 332

Dyke ELEV. 308

RMS 12

MLWC RMS

NED

ELEV. 400

RMS 10

PMM 2

NORTH PIT

PMM 4

Pond 19

Pond 20

465000 470000 475000

R9R10R11

LEGEND

1 0 1 2 3 4

Kilometers

DESIGN

GIS

REVIEW

APPD

JO

TV

  

  

07-Feb-2022

07-Feb-2022

07-Feb-2022

07-Feb-2022

Figure 5-10

NAD83 UTM Z12N

REV:     0

TITLE:

PROJECT:

JO

SCALE:

SR

1:65,000

DATUM / PRJ:

RECLAMATION PROGRESSION YEAR 2095

FORT HILLS INTEGRATED PLAN AMENDMENT

Closure Drainage

Contour Elevation Interval 5 m

Closure Waterbody
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! ! ! ! ! ! ! !

Littoral Zone

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

Mineral Wetland - Marsh

Mineral Wetland - Shallow Open Water

NOTES

Elevation (ELEV.) in meters above sea level

OPP          Ore Preparation Plant
OPTA        Out-of-Pit Tailings Area  
DDA          Dedicated Disposal Area
TSRU        Tailings Solvent Recovery Unit 
RMS          Reclamation Material Stockpile
PMM          Peat Mineral Mix 
RWP          Recycled Water Pond

North
Pit

Lake
ELEV. 245
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No Net Loss
Lake (NNLL)

RMS 7

RMS 5

RMS 2

West RMS

Aurora Mine Pit

Demo
Pit

Dyke ELEV. 406

Dyke ELEV. 406

Pond 17

OPP

River
Water
Intake Aurora Dump

RMS 9

MAJOR

INFRASTRUCTURE

South EPL

Lake ELEV. 288

Dyke ELEV. 304

Moose Dump

ELEV. 330

Dyke ELEV. 308

Dyke ELEV. 308

Centre EPL

Lake ELEV. 300 Dyke ELEV. 332

Dyke ELEV. 308

RMS 12

MLWC RMS

NED

ELEV. 400

RMS 10

PMM 2

NORTH PIT

PMM 4

Pond 19

Pond 20

465000 470000 475000

R9R10R11

LEGEND

1 0 1 2 3 4

Kilometers

DESIGN

GIS

REVIEW

APPD

JO

TV

  

  

07-Feb-2022

07-Feb-2022

07-Feb-2022

07-Feb-2022

Figure 5-11

NAD83 UTM Z12N

REV:     0

TITLE:

PROJECT:

JO

SCALE:

SR

1:65,000

DATUM / PRJ:

RECLAMATION PROGRESSION YEAR 2105

FORT HILLS INTEGRATED PLAN AMENDMENT

Closure Drainage

Contour Elevation Interval 5 m

Closure Waterbody

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

Littoral Zone

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

Mineral Wetland - Marsh

Mineral Wetland - Shallow Open Water

NOTES

Elevation (ELEV.) in meters above sea level

OPP          Ore Preparation Plant
OPTA        Out-of-Pit Tailings Area  
DDA          Dedicated Disposal Area
TSRU        Tailings Solvent Recovery Unit 
RMS          Reclamation Material Stockpile
PMM          Peat Mineral Mix 
RWP          Recycled Water Pond

North
Pit

Lake
ELEV. 245
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5.1. Schedule of Infrastructure Decommissioning 
Decommissioning activities for facilities associated with bitumen production are expected to begin after 
mining activities are completed in 2063. Progressive reclamation will be limited in the facilities area 
during life of mine activities however opportunities to reclaim progressively decommissioned facilities 
are available. The NNLL area was fully reclaimed in 2018 and the Demo Pit area will be reclaimed within 
the 10-year window of this LMCP. A tentative timeline to progressively reclaim the major deposit areas 
on the mine is shown in Table 5-2. 

Table 5-2: Reclamation Milestones by Deposit 

Deposit  

Reclamation Milestones  
Permanent 

Reclamation(a) 
>1 m Suitable 
Overburden  Permanent Reclamation(a)  

Activities Start  Cap Placed  Complete  
Infrastructure and Facilities 

Ore Preparation Plant 2064 2070 to 2075 2075 
Primary Extraction 2064 2070 to 2075 2075 

Secondary Extraction 2064 2070 to 2075 2075 
Utilities & Cogen 2064 2070 to 2075 2075 

Automation, Electrical, 
Telecommunications  2064 2070 to 2075 2075 

Other Infrastructure 2064 2070 to 2075 2075 
Pipelines 2064 2070 to 2075 2075 

Sustaining assets 2064 2070 to 2075 2075 
Offices (Main Admin) 2064 2070 to 2075 2075 

Notes: 
(a) Permanent Reclamation (Terrestrial; Wetlands and Aquatics) – Land is considered permanently reclaimed when landform 

construction and contouring, clean material placement (as required), reclamation material placement and revegetation 
has taken place. Land cannot be listed under permanent reclamation until revegetation has occurred which is reflective of 
the approved Reclamation and Revegetation Plans. 

n/a = not available; m = metre.  
 



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

40 | Page 

 

6. TOPOGRAPHY, LANDFORM DESIGN, AND WATER 

6.1. Landform and Reclamation Continuity Design 

6.1.1. Closure Landscape Design 
The conceptual closure landscape and drainage plan for FHOSP has been updated based on applicable 
regulations, agreements, closure goals, and corporate objectives, including design basis, criteria, and 
considerations. The conceptual layout plan, showing the various closure landforms and main drainage 
systems is shown in Figure 6-1. The regional integration of the IPA closure landscape and drainage plan 
with the latest closure plan for the Aurora North Mine to the south (Syncrude 2016) is shown in  
Figure 6-2. The proposed closure landscape addresses each of the design actions in the landscape design 
checklist.  

 



At
ha

ba
sc

a 
R

iv
er

Stanley Creek

M
us

ke
g 

Ri
ve

r

McClelland Lake

SOUTH PIT
LAKE

(WL 288)

WL 289

WL 295

WL 318

WL 390

WL 303

CENTRE PIT
LAKE

(WL 300)

WL 301

WL 310WL 303

NORTH
PIT LAKE
(WL 245)

WL 395

WL 286

WL 280

WL 300
CONSTRUCTED

FEN
WL 297

WL 253

WL 280

250

305
310310

290

295

290245 255 265

28
5

29
0

305
295

310
315 310

30
5

300

290 295300

300

40
0

40
0 39

0

40
0

330

330

305

305

29
0

30
5

31
0 31
0

300

300

310

31
0

250

320

31
5

32
0

30
0

300

320

330345

310
320

340
325

330

310

315

325

330

400
3903

80
370 360 350

340

350
370

380

29
0

305

310

290

300
290280

280

260270280290300

292

294

294

29
028

628
428

2

37
436

6
35

8
35

033
4

392 394
396 398

400
404

402400 398396 394392

406
405
400

40
537

035
0

35
0

36
0

35
5

350
345320

307
307

307

30
6

30
7

30
0

29
028

0

27
0

27
4

308

308

307306

307
306

28
0 29
0 30

8

30
0

30
8

30
7

306

26
0

30
4

30
3

302

302 303 304

318

308

306

304

302

302

304

306

308312

306

304

251

252

290

302

304

306

30
430

629
0280

27
0260

248

25
0

25
125

225
3

25
425
5

299
297

296
258

298

296

328

34
435

2

34
4

35
2 32
8

32
0

35
6 35

8 36
0 364

352
328

320

300

302

302

364
366

364352328320

364

320
328

358

36
0

364

25
4

255

25
625

7
27

0

29
5

29
2

29
3

29
2

29
028

5
28

2

28
5

309308

308

309

309

307

27
5

28
0

28
5

252

25
0

24
8

26
5

25
5

25
0

30
6

30
7

30
8

302

298

304

302
304

298
296

330
340

29
5

30
0

30
5

330

335
334

340

305 320

324

305

290

295

286
284

282
280

29
4

294

335 335

335

326322316314

330

30
5

310

38
0

39
0

342340

342
342

406
405

400

406400

344

33
0

33
233

5

342

28
5

296
298

303
304

240

235

230

246

302
303

35
8

37
0

38
0

39
0

298300

302

30
4

304
300294 290

292

296

340
335WL 275

302
303

24
8

25
0

NED

NPTA
PHASE 2

NORTH PIT
OVERBURDEN

BACKFILL

NORTH PIT
OVERBURDEN

BACKFILL

NORTH PIT
OVERBURDEN

BACKFILL

CPTA
PHASE 2

CPTA
PHASE 1

NPTA
PHASE 1

OPTA
EAST

STAGE 1

OPTA

SPTA

PLANT
SITE

MOOSE
DUMP

WL 255

WL 247

No Net
Loss
Lake

(NNLL)
WL

232.3

FORT HILLS INTEGRATED PLAN AMENDMENT
 
 

FORT HILLS ENERGY CORPORATION
 
 

0
25

 m
m

20138990
CONTROL
6100-CL-0001

FIGURE

6-10

2021-12-03

RFM

MG

JP

ZG

CONCEPTUAL CLOSURE LANDSCAPE AND DRAINAGE LAYOUT
PLAN 

TITLE

PROJECT NO. REV.

PROJECT

CLIENT

CLIENT

PREPARED

DESIGNED

REVIEWED

APPROVED

YYYY-MM-DD

Path: \\golder.gds\gal\calgary\CALIM\CAD\SUNCOR\forthills\99_projects\20138990\02_production\1600\DWG\  |  File Name: 20138990-1600-CL-0001.dwg  |  Last Edited By: bmcdonald  Date:  2021-12-06  Time:2:02:59 PM  |  Printed By: bmcdonald   Date: 2021-12-06  Time:2:03:19 PM

IF
 T

H
IS

 M
EA

SU
R

EM
EN

T 
D

O
ES

 N
O

T 
M

AT
C

H
 W

H
AT

 IS
 S

H
O

W
N

, T
H

E 
SH

EE
T 

SI
ZE

 H
AS

 B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 B

0

1:75,000

1,250 2,500

METRES

LEGEND

320

NATURAL WATERCOURSE
FINAL RECLAIMED SURFACE CONTOUR (masl)
- CONTOUR INTERVAL (masl) VARIES

CONSTRUCTED CLOSURE CHANNEL

WATERBODY (ELEVATION masl)

LITTORAL ZONE

REFERENCE(S)

SECONDARY OR INTERMITTENT CLOSURE CHANNEL

1. END OF MINE TOPOGRAPHY FROM CLOSURE_TOPO_14B.DXF
FEB. 2021

2. ALBERTA DIGITAL BASE DATA OBTAINED FROM ALTALIS LTD.
© GOVERNMENT OF ALBERTA 2015. ALL RIGHTS RESERVED.

3. DATUM: NAD 83 PROJECTION UTM ZONE 12

MINERAL WETLAND - SHALLOW OPEN WATER

MINERAL WETLAND - MARSH

DEFINITION(S)
masl - METRES ABOVE SEA LEVEL
OPTA = OUT-OF-PIT TAILINGS AREA
CPTA = CENTRE PIT TAILINGS AREA
NPTA = NORTH PIT TAILINGS AREA
NED = NORTH EXTERNAL DUMP
SPTA = SOUTH PIT TAILINGS AREA

WL 310

INTEGRATION WITH
AURORA NORTH MINE
CLOSURE PLAN IS
SHOWN IN FIGURE 6-2

ORIGINAL GROUND SURFACE CONTOUR
(masl) - CONTOUR INTERVAL (masl) 5 m



SOUTH PIT
LAKE

(WL 288)

WL 289

WL 295

WL 318

WL 390

WL 303

CENTRE PIT
LAKE

(WL 300)

WL 301

WL 310WL 303

NORTH
PIT LAKE
(WL 245)

WL 395

WL 286

WL 280

WL 300

WL 253

WL 280

250

305
310310

290

295

290245 255 265

28
5

29
0

305
295

310
315

310

30
5

300

290 295300

300

40
0

40
0 39

0

40
0

330

330

30
5

305

29
0

30
5

31
0 31
0

300

300

310

31
0

250

320

31
5

32
0

30
0

300

320

330
345

310
320

340
325

330

310

315

325

330

400
3903

80
370 360 350

340

350
370

380

29
0

305

310

290

300
290280

280

260270280290300

292

294

294

29
028

628
428

2

37
436

6
35

8
35

033
4

392 394
396 398

400
404

402400 398396 394392

406
405
400

40
537

035
0

35
0

36
0

35
5

350
345320

307
307

307

30
6

30
7

30
0

29
028

0

27
0

27
4

308

308

307306

307
306

28
0 29
0 30

8

30
0

30
8

30
7

306

26
0

30
4

30
3

302

302 303 304

318

308

306

304

302

302

304

306

308312

306

304

251

252

290

302

304

306

30
430

629
0280

27
0260

248

25
0

25
125

225
3

25
425
5

299
297

296
258

298

296

328

34
435

2

34
4

35
2 32
8

32
0

35
6 35

8 36
0 364

352
328

320

300

302

302

364
366

364352328320

364

320
328

358

36
0

364

25
4

255

25
625

7
27

0

29
5

29
2

29
3

29
2

29
028

5
28

2

28
5

309308

308

309

309
307

27
5

28
0

28
5

252

25
0

24
8

26
5

25
5

25
0

30
6

30
7

30
8

302

298

304

302
304

298
296

330
340

29
5

30
0

30
5

330

335
334

340

305 320

324

305
290

295

286
284

282
280

29
4

294

335 335

335

326322316314

330

30
5

310

38
0

39
0

342340

342
342

406
405

400

406400

344

33
0

33
233

5

342

28
5

296
298

303
304

240

235

230

246

302
303

35
8

37
0

38
0

39
0

298300

302

30
4

304
300294

290
292

296

340
335WL 275

302
303

24
8

25
0

At
ha

ba
sc

a 
R

iv
er

McClelland Lake

NED

NPTA
PHASE 2

NORTH PIT
OVERBURDEN

BACKFILL

NORTH PIT
OVERBURDEN

BACKFILL

NORTH PIT
OVERBURDEN

BACKFILL

CPTA
PHASE 2

CPTA
PHASE 1 NPTA

PHASE 1

OPTA
EAST

STAGE 1

OPTA

SPTA

PLANT
SITE

MOOSE
DUMP

WL 240

WL 255

WL 247

No Net Loss
Lake (NNLL)

WL 232.3

At
ha

ba
sc

a 
Ri

ve
r

CONSTRUCTED
FEN

WL 297

PATTERNED
FEN

NON-PATTERNED
FEN

NON-PATTERNED
FEN

FUTURE
APPROVED

TRUE NORTH
ROAD

AREA 2

CENTRE
PIT NORTH

CENTRE PIT SOUTH

WEST PIT NORTH

DYKE 7
DYKE 7

DYKE 6

WEST PIT WEST PIT SOUTH

D
YK

E 
4

DYKE 3

D
YK

E 
2

EAST PIT

PLANT
SITE

AURORA
SETTLING BASIN

NORTH EAST
DUMP

(FORT HILLS LEASES)

FORT HILLS DUMP

FORT HILLS INTEGRATED PLAN AMENDMENT
 
 

FORT HILLS ENERGY CORPORATION
 
 

0
25

 m
m

20138990
CONTROL
1600-CL-0021

FIGURE

6-20

2021-12-03

RFM

MG

JP

ZG

REGIONAL INTEGRATION OF CLOSURE LANDSCAPE AND
DRAINAGE LAYOUT PLANS 

TITLE

PROJECT NO. REV.

PROJECT

CLIENT

PREPARED

DESIGNED

REVIEWED

APPROVED

YYYY-MM-DD

Path: \\golder.gds\gal\calgary\CALIM\CAD\SUNCOR\forthills\99_projects\20138990\02_production\1600\DWG\  |  File Name: 20138990-1600-CL-0021.dwg  |  Last Edited By: bmcdonald  Date:  2021-12-06  Time:2:08:57 PM  |  Printed By: bmcdonald   Date: 2021-12-06  Time:2:09:12 PM

IF
 T

H
IS

 M
EA

SU
R

EM
EN

T 
D

O
ES

 N
O

T 
M

AT
C

H
 W

H
AT

 IS
 S

H
O

W
N

, T
H

E 
SH

EE
T 

SI
ZE

 H
AS

 B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 B

 
0

1:80,000

2,000 4,000

METRES

LEGEND

320

NATURAL WATERCOURSE

FINAL RECLAIMED SURFACE CONTOUR (masl)
- CONTOUR INTERVAL (masl) VARIES

CONSTRUCTED CLOSURE CHANNEL

WATERBODY (ELEVATION masl)

LITTORAL ZONE

REFERENCE(S)

SECONDARY OR INTERMITTENT CLOSURE CHANNEL

1. END OF MINE TOPOGRAPHY FROM CLOSURE_TOPO_14B.DXF
FEB. 2021

2. ALBERTA DIGITAL BASE DATA OBTAINED FROM ALTALIS LTD.
© GOVERNMENT OF ALBERTA 2015. ALL RIGHTS RESERVED.

3. DATUM: NAD 83 PROJECTION UTM ZONE 12
4. SYNCRUDE AURORA NORTH CLOSURE PLAN FROM

SYNCRUDE 2016 EPEA RENEWAL APPLICATION FIGURE 1-2.
AURORA NORTH INDEX MAP

MINERAL WETLAND - SHALLOW OPEN WATER

MINERAL WETLAND - MARSH

WL 310

ORIGINAL GROUND SURFACE CONTOUR (masl) -
CONTOUR INTERVAL (masl) 5 m

DEFINITION(S)
masl - METRES ABOVE SEA LEVEL
OPTA = OUT-OF-PIT TAILINGS AREA
CPTA = CENTRE PIT TAILINGS AREA
NPTA = NORTH PIT TAILINGS AREA
NED = NORTH EXTERNAL DUMP
SPTA = SOUTH PIT TAILINGS AREA



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

43 | Page 

 

The following sections outline how each of the landscape design checklist items (Appendix 4 in SED 003) 
have been addressed for development of the updated conceptual closure landscape and drainage plan 
and design for the IPA.  

 Regulations, Agreements, and Corporate Objectives (Design Item 1) 

The conceptual closure landscape and drainage plan and design for the FHOSP has been updated in 
accordance with the applicable regulations), agreements and corporate objectives. The specific goals 
and objectives are to design and develop the closure landscape to support the following: 

● progressive reclamation 

● multiple end land uses (traditional, recreational, and commercial forestry, wildlife habitat), 
similar to current uses 

● development of self-sustaining, locally common boreal forest ecosystem, compatible with pre-
development, including forested areas, wetlands, and streams 

● integration with the adjacent natural landscape and closure landscape of adjacent oil sands 
mine (i.e., Syncrude’s Aurora North Mine) 

 Technology Selection (Design Item 2) 

Aquatic Closure and PASS Treated Fluid Tailings in Centre and South Pit Lakes 

The closure landscape will include three pit lakes (Section 6.2.1). Two of these pit lakes (i.e., CPL and 
SPL) will contain Permanent Aquatic Storage Structure (PASS) treated FT, and the remaining pit lake 
(i.e., North Pit Lake [NPL]) will not contain any tailings.  

As discussed in (FHEC 2017b) FHEC had selected an aquatic landform closure concept for SDDA, 
including water capping of treated tailings. Within the IPA application, this approach has been applied at 
the CDDA as well, creating the CPL and SPL for closure.  

The selection of PASS FT treatment process and an aquatic closure concept has been selected as the 
best solution based on current research and data, and best considers fluid tailings treatment footprint, 
cost, closure, and flexibility. A below grade DDA: 

● Ensures land is returned to a natural state more quickly. 

● Presents a low likelihood that additional treatment capacity will result in land disturbance 
outside of the Project boundary. 

● Reduces the risk associated with storage of treated tailings above grade (e.g., dyke breaches). 

● Holds a smaller footprint of treated tailings to reclaim.  

● Ensures low strength material is gathered in two below grade areas. 

● Helps to ensure the majority of the landscape has sufficient strength to support terrestrial 
reclamation. 

● Ensures progressive reclamation can happen more easily during operations. 

● Impacts less land – need less of the total Project footprint for FT treatment.  

● Is not reliant on strength gain within the deposit. 
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The water capping process at these two DDAs will begin in Phase 2 and involve ongoing management 
until closure when the pit lake water will discharge to the receiving environment. Suncor, as the 
operator of FHOSP, will have the benefit of its experience in the closure of Suncor Base Plant DDA3, 
where water capping is planned to commence in ~2043. FHEC is building upon the knowledge Suncor 
has developed through significant work on this approach, including the Aquatic Closure Development 
Program, which leverages both regional (e.g., COSIA, and Syncrude Base Mine Lake) as well as Suncor 
Lake Miwasin and Base Plant DDA3 research to close uncertainties and to validate expected results with 
respect to deposit performance and pit lake development. Additionally, FHEC will apply knowledge 
gained through the research and demonstration programs discussed below to refine its aquatic closure 
approach for the DDAs.  

The primary risk associated with this approach is that the timeline from commencement of water 
capping to development of a sustainable lake could be extended by the prolonged release of COPCs 
from the PASS treated FT. FHEC plans to manage this risk by improving the treatment phase to decrease 
the mobility of these materials to advance the timeline to final closure. A large amount of work has been 
done to date, including literature reviews, bench-scale studies and full-scale demonstrations of water 
capped treated FT, the Lake Miwasin and Sustainability Ponds pilot projects. The results from these 
efforts continue to support the aquatic closure approach.  

In addition to the research noted above, Suncor has participated and continues to participate in a 
variety of tailings environmental and reclamation research, including research programs on terrestrial 
ecosystems, wetland ecosystems and pit lakes. The results from these efforts will provide information 
that FHEC will use in implementation of the planned aquatic closure of the DDAs for creation of the CPL 
and SPL. 

Some of the relevant studies and investigations that have been completed or are being undertaken in 
support of the aquatic closure approach are summarized below.  

● Literature Review of Global Pit Lakes: Pit Lake – Case Studies (Golder 2017)  

- A report developed for Suncor and included in the COSIA research efforts that reviewed 
the use of pit lakes in mine closure with a focus on pit lakes that are used to sequester 
tailings and mine wastes. 

● Pit Lakes: A Surface Mining Perspective (COSIA 2021a) 

- A report developed by COSIA to provide information about pit lakes as reclamation 
features in a closure landscape for oil sands mining, how they are successfully used in 
other mining industries around the world, and that tailings treatment is only one of many 
purposes that pit lakes serve. 

● Syncrude Base Mine Lake Demonstration (BML) 

- The Syncrude BML is a full-scale demonstration of water capping of FT based upon more 
than 30 years of research at smaller scales (mesocosm; test ponds; small test lakes). 

- BML represents the case of untreated FT under a water cap and the timeline to achieve a 
viable lake ecosystem. 

- The BML demonstration began in 2013 and reports are provided annually to AER and 
industry partners through COSIA.  
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- The results from the BML as well as the previous 30 years of research inform pit lake 
design and adaptive management of the water capping technology.  

- Additional information on the research is available at COSIA (2021b). 

● COSIA Demonstration Pit Lake (DPL) Project Joint Industry Project (JIP) - Mesocosm Testing 

- The DPL JIP worked with Alberta Innovates Technology Futures (AITF; now InnoTech 
Alberta) to develop a Mesocosm Test Facility in Vegreville, Alberta. 

- The mesocosms were prepared in accordance with study plan in late May 2017, followed 
by four months of data and sample collection. The mesocosms were overwintered in place 
and monitoring/sampling continued in 2018 following the 2017 program design, with 
some additional parameters (chlorophyll, phytoplankton coverage and acute Daphnia 
toxicity) and slight modifications to the sampling schedule (COSIA 2020).  

- The results from the 2017/18 Aquatic Mesocosm Study demonstrated beyond the 
laboratory scale a posteriori that some of the ecological effects and chemical constituents 
associated with IWW and densified fluid fine tailings (dFFT) attenuate with time. Acute 
toxicity values of Lethal Concentration 50 (LC50) and Effective Concentration 20 (EC20; in 
Rainbow trout, Daphnia and MicroTox) associated with raw materials registered less than 
detection limits over the course of the study. Macroinvertebrate and zooplankton 
ecological community indices that were adversely affected by IWW and dFFT presence 
recovered to comparable levels observed in controls within one year. Naphthenic acid 
concentrations were elevated in the presence of OSPW; however, decreases of up to 50% 
were observed without any intervention (COSIA 2020). 

● Suncor 15-year Pilot Demonstration Pit Lake (Lake Miwasin) 

- Suncor developed plans for a long duration (15 year) demonstration pit lake with four key 
operational and reclamation phases, including: 

▪ Phase 1 – dewatering and treatment of FT (Q3 2017 to Q3 2018) 

▪ Phase 2 – placement of the aquatic cover (Q3 2018) 

▪ Phase 3 – controlled water flow through and return (approximately 2019 to 2021) 

▪ Phase 4 – water return under natural flow (location and timing to be determined) 

- Suncor completed construction and instrumentation of Lake Miwasin in 2017, with treated 
fluid tailings (FT) deposited into the lake in October 2017. The aquatic cover was placed on 
top of the treated FT between August and October 2018. 

- Suncor began its 15-year research and monitoring activities for Lake Miwasin in 2018. 

- The Lake Miwasin Research and Monitoring (R&M) Program adopts an Effectiveness 
Monitoring (EM) design within an adaptive management framework. EM is the process of 
identifying and monitoring key indicators of ecosystem response to evaluate the success of 
a reclamation initiative or goal. The EM framework is structured on a Goal – Objective – 
Assumption – Question – Indicator hierarchy. Following the EM design, measurable and 
obtainable assumptions were selected on the basis that they are fundamental to achieving 
the Lake Miwasin Project goal. Key test questions, hypotheses, and indicators were also 
identified.  
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- The RM plan identifies three priority monitoring areas to monitor and assess the 
performance of the Lake Miwasin project:  

▪ treated tailings deposit 

▪ aquatic cover and watershed 

▪ biodiversity 

- In addition, research questions specific to the Lake Miwasin project are also being 
investigated to close knowledge gaps in the design. These research questions are grouped 
into five research priority areas: 

▪ deposit characteristics 

▪ water quality 

▪ closure modelling 

▪ landform design 

▪ performance trajectories 

- The results from the demonstration are reported annually, starting in 2018, the year 
following commissioning of the lake system. Suncor reported in 2021 (Suncor 2021a) that 
preliminary research conclusions and key lessons learned, based on the baseline testing 
and Year 1 monitoring program included the following: 

▪ Lake Miwasin performed as expected before and after the aquatic cover placement 
(completed in October 2018). 

▪ Tailings and water quality conditions generally met performance expectations. 

▪ Lake Miwasin has been colonized with native boreal aquatic organisms, including 
insects, plankton, and amphibians. 

▪ Natural processes such as primary production, nutrient and carbon cycling, and 
community succession are established in the lake, and are supporting the 
establishment of an aquatic ecosystem (COSIA 2021b). 

- Information on this research is provided in COSIA (2019, 2020, and 2021b). 
Wetlands 

The proposed wetlands in the closure landscape may receive direct precipitation, surface water runoff, 
groundwater seepage, and tailings porewater release from long-term consolidation. The relative 
proportions of input water will vary seasonally and from year to year. Wetland water quality will reflect 
the water quality and relative concentrations of input waters.  

Suncor, through COSIA, is conducting a research project to investigate the possibility of treating IWW 
using treatment wetlands. This project involves evaluation of the efficiency of wetland design for 
mitigating risks posed by IWW using a process-based design approach. Suncor will continue to support 
research initiatives and expects that, as research results are available, current reclamation practices may 
be modified to include new findings. 
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 Footprint, Boundary Integration, and Integration with Natural Drainage 
(Design Item 3) 

The updated conceptual closure landscape and drainage plan for the FHOSP integrates with those of the 
adjacent oil sands project as well as natural areas and drainage, by maintaining landform and drainage 
system continuity across lease boundaries where reasonably practicable. The main features of the 
FHOSP closure landscape and drainage integration with the adjacent project (i.e., Syncrude Aurora 
North Mine) are shown in Figure 6-2 and highlighted below: 

● The southeastern shoreline of the FHOSP SPL and its outlet channel will be separated from the 
Aurora North Mine West Pit Lake by constructed and in-situ landforms of sufficient width and 
mass. The SPL shoreline will incorporate erosion protection measures such as granular 
armouring to control shoreline erosion and to manage the long-term mass wasting process. 
These measures are intended to enable sustainable separation of the two pit lakes and their 
drainage systems, as well as de-registration of the operational dams and their closure as 
landforms.  

● The landform and drainage design at the FHOSP overburden dump south of OPTA will be 
integrated with the FHOSP Dump at Aurora North Mine with topographic continuity and channel 
connectivity.  

● The landform and drainage design at the OPTA east toe berm will be integrated with the Area 2 
Dump at Aurora North Mine with topographic continuity and channel connectivity.  

● The south perimeter drainage ditch of OPTA East Stage 1 and the east perimeter ditch of OPTA 
will route the surface water and groundwater runoff to the perimeter ditch of Area 2 of Aurora 
South Mine, which will drain and discharge to the Aurora North Mine West Pit Lake, as shown in 
the latest closure drainage plan for Aurora North Mine (Syncrude 2016).  

● The surface and groundwater runoff from the southeastern area of OPTA East Stage 1 will be 
routed to one of the natural upper tributaries of Stanley Creek. The latest closure plan for 
Aurora South Mine (Syncrude 2016) shows that the Aurora northeast dump will be constructed 
on top of this tributary and block off the natural drainage path. Although not shown in the 
closure drainage plan for Aurora North Mine, it is assumed that the flow from the remaining 
upstream reach of this Stanley Creek tributary will be routed to a perimeter ditch on the west 
side of the northeast dump, and that this perimeter ditch will route the flow to the drainage 
system at the East Pit and ultimately discharge to the West Pit Lake at Aurora North Mine.  

FHEC has been collaborating with Syncrude, and plans to continue this collaboration, in closure planning 
to refine and update the boundary integration approach and design for achieving the closure landform 
and drainage integration objectives.  

 Mass Balance (Design Item 4) 

The proposed closure surfaces were designed to maintain the FHOSP planning material volume balance, 
including the total volumes for the various types of materials (e.g., overburden, tailings, and reclamation 
materials). The adopted planning and design criterion for maintaining mass balance require that 
material volumes contained between closure and operational landform surfaces be within ±10% of the 
volumes for each landform and within ±10% of the global material volume balance. The material 
differences represent the amounts of remaining earthworks that need to be conducted post-mining to 
achieve the closure landforms. Such volumetric balance accuracy is sufficient for the conceptual plans, 
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but future planning will aim at gradual increase in the accuracy level before final design and 
construction.  

FHEC plans to use this updated conceptual closure landscape and drainage plan as well as its future 
updates, to guide and schedule progressive reclamation of various operational landforms and drainage 
systems. FHEC will maximize the opportunities to integrate design and construction of operational and 
closure landforms to reduce material re-handling for transitioning operational landforms to closure 
landforms.  

 Preservation of By-product Resources (Design Item 5) 

FHEC plans to maximize recovery of coarse aggregates and alternate construction materials to reduce 
the need for sourcing granular and coarse aggregate material from third-party vendors. FHEC will 
undertake additional field and analytical test work in the future to further delineate and evaluate the 
potential granular and coarse aggregate resources to confirm that they meet the physical and chemical 
requirements for use as construction material.  

FHEC will manage aggregate resources available on site to support active mining operations and to meet 
reclamation and closure requirements. Aggregate sources will be identified in advance of oil sands 
mining operations, and this resource will be used or stockpiled as required. Erosion protection features 
of the closure drainage systems (e.g., channels and shoreline erosion protection) requiring aggregate 
will be constructed as FHEC conducts reclamation activities.  

FHEC will submit Aggregate Management Plans to the AER as required. These plans will include any 
newly identified aggregate sources and updates on production from reserves as applicable. 

FHEC has not planned to include any coke or sulphur disposal areas at this time. 

 Design for Operations (Design Item 6) 

FHEC has chosen the reclamation and closure technologies that will support ongoing operation. For 
example, FHEC has selected the aquatic closure technology of capping PASS treated FT with water in the 
CPL and SPL. This technology will not interfere with mining operation and allow these two pit lakes to be 
developed during the operational and reclamation phases of the FHOSP.  

Geotechnical design for landform stability has been considered in planning the operational and closure 
landforms so that operational safety will not be compromised while achieving the operational and 
closure goals. Additional information on geotechnical design and slope stability is provided in 
Section 6.1.1.15.  

Reclamation and closure planning has been integrated into the mine planning process as described in 
FHEC (Volume 1, Section 2). Additionally, the reclamation and closure planning were integrated into the 
tailings management planning, as described in FHEC (Volume 1, Section 3). While the mine and tailings 
plans were designed to promote timely and progressive reclamation, these activities will be undertaken 
when the risk of re-disturbance because of various operational activities has been reduced. For example, 
the Moose Dump and South Pit Tailings Area (SPTA) will be the first overburden dump and tailings areas 
to be reclaimed soon after the overburden placement and tailings deposition are planned to be 
completed by 2040 (Table 5-2), with reclamation activities planned to occur without affecting the mining 
and waste disposal operations.  
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 Design for Closure (Design Item 7) 

All operational landforms (e.g., overburden dumps, and sand dumps) were designed to reduce material 
rehandling to create the ready-to-reclaim surfaces and to facilitate efficient development of the closure 
drainage systems. For example, the overburden heights and side slope lengths were designed to 
facilitate overland drainage to reduce the number of drainage courses (e.g., vegetated waterways) down 
the relatively steep slopes, and the top surfaces of the overburden dumps were designed and contoured 
to facilitate efficient installation of drainage ditches on relatively mild slopes. 

During the reclamation period from 2064 through 2075, the IWW inventory will be stored or transferred 
to the pit lakes. There will be approximately 66.6 Mm3 of IWW inventory on site in 2063 (end of 
mining). Additional water sources that can be used to fill the pit lakes during the reclamation 
period include 14.4 Mm3/year of runoff collected in the closed-circuit area and the Athabasca River.  

The current plan is to fill the NPL by transferring 3.3 Mm3/year of IWW and 4.6 Mm3/year of runoff from 
the closed-circuit area to the pit lake during the period from 2064 through 2075, although the lake will 
be full by the end of 2068. 

In 2069, the Centre and South Dedicated Disposal Areas (i.e., SDDA and CDAA) will be ready for 
development as pit lakes. During the period from 2069 through 2075, 3.6 Mm3/year of IWW and 
7.6 Mm3/year of runoff from the closed-circuit area will be transferred to the CPL, and 3.6 m3/year of 
IWW and 6.2 Mm3/year of runoff from the closed-circuit area to the SPL.  

All infrastructure to be developed for the FHOSP will be decommissioned and reclaimed as shown in 
Figure 6-1. The permanent True North Road will be integrated within the closure landscape including the 
drainage crossings, as shown in Figure 6-1. 

 Pre-Certification Closure Management (Design Item 8) 

The FHOSP closure landforms and drainage systems are planned and designed to be stable and self-
sustaining over the long-term, and to require no or minimum maintenance post-closure. FHEC estimates 
that pre-certification management period will start in 2085. 

Reclamation monitoring, as discussed in Section 12 of this LMCP, will be conducted and reported to 
assess various aspects of reclamation success, such as surface water and groundwater quantity and 
quality, stability of the closure landforms and drainage systems, vegetation growth, soil characteristics, 
timber productivity, re-establishment of wildlife habitat, and biodiversity in the reclaimed areas. FHEC 
will follow regulatory processes and guidelines, and work with Indigenous communities to define and 
monitor reclamation success. The closure monitoring program for the FHOSP will be integrated, where 
applicable, with regional monitoring programs, including those for the Syncrude Aurora North Mine and 
regional waterbodies. 

The main activities to occur during the pre-certification management period include the following: 

● Develop ready-to-reclaim surfaces by contouring and placing capping materials where required. 

● Develop closure drainage facilities including channels and mineral wetlands as well as flood and 
erosion protection landforms to create integrated closure drainage system.  

● Complete placement of reclamation soils and vegetation planting on ready-to-reclaim surfaces. 

● Manage and fill the pit lakes with IWW inventory, runoff from the reclaimed areas, and water 
contained within the closed-circuit drainage system at the end of mining to prepare for release 
of pit lake water to the receiving environment. 
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● Develop littoral zones in the pit lakes including installation of shoreline erosion protection. 

● Decommission and reclaim all operational water management facilities, including drainage 
channels, sedimentation ponds, and dams, in accordance with applicable regulatory 
requirements including Alberta Dam and Canal Safety Directive (Government of Alberta 2018a).  

● Monitor landform settlement and consolidation to validate landform change projection. 

● Provide minor repairs to the drainage facilities if and where necessary, and monitor and inspect 
closure drainage facilities, particularly after large flood events, to confirm facility conditions and 
validate projected long-term performance post closure. 

● Conduct closure performance monitoring for assessing various aspects of reclamation success. 

 Post-Certification (Design Item 9) 

FHEC has designed the FHOSP closure landscape to be self-sustaining post closure. FHEC envisions that 
the proposed closure landscape for the FHOSP will support sustainable closure with the intent to certify 
reclaimed land and return it to the Crown, under the EPEA (Government of Alberta 2000a) and the 
Public Lands Act (Government of Alberta 2000b). 

 End Land Use (Design Item 10) 

Consistent with regulatory obligations, determination of end land use is based on FHEC’s overarching 
reclamation objective to achieve self-sustaining, locally common boreal forest ecosystems with 
capability equivalent to pre-development conditions. End land use objectives envelop a multitude of 
values that may exist beyond ecological conditions and are driven by what regulators, FHEC, Indigenous 
groups, and local communities prefer for the landscape once the FHOSP is completed. End land use 
decisions are influenced by several factors, including the following: 

● EPEA approval conditions 

● regulatory requirements 

● landform design 

● surface and subsurface materials at closure 

● surface water condition 

● site geomorphology (i.e., slope, aspect, elevation) 

● guidance from Indigenous groups, local communities, and stakeholders 

● traditional and cultural land use. 

End land use objectives, and access to the reclaimed landscape, may be adapted over time as interests 
evolve; however, once a landform is constructed, the end land uses are limited to the conditions and 
ecological trajectories associated with the particular ecosystem that has been established. 

Within the first 10-year period following reclamation, most reclaimed areas will have an expected end 
land use target of commercial forestry, with an overlapping capability to provide wildlife habitat and 
traditional use opportunities. At this time, no alternative land uses (e.g., industrial, intensive recreation) 
are being presented. None of the end land uses are mutually exclusive and each targeted land use can 
allow for multiple uses (e.g., land targeted for commercial forestry can provide for wildlife habitat and 
traditional use until the point at which the reclaimed forest is harvested).  
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FHEC is continuing to engage with Indigenous communities on reclamation and closure throughout 
planning, operations, and reclamation and closure. FHEC’s goal is to increase the use of Indigenous 
Knowledge in the reclamation and closure of the site, to the extent practicable. FHEC is actively pursuing 
and participating in opportunities to incorporate feedback from local Indigenous groups to develop a 
reclaimed landscape that can, over the long-term, provide opportunities for sustainable traditional use. 
(e.g., the Lake Miwasin Indigenous Engagement Committee, reclamation projects and committees with 
Indigenous communities, and the MLWC Sustainability Committee). 

Details about end land use targets and approaches are provided in Section 3 of this LMCP. 

 Soils (Design Item 11) 

FHEC’s operational practice for reclamation material handling aligns with many of the best management 
practices (BMP) outlined in the Best Management Practices for Conservation and Reclamation Materials 
in the Mineable Oil Sands Region of Alberta (AENV 2012). All upland surface soil, upland subsoil, 
transitional soil and required peat-mineral mix (PMM) will be salvaged when safe and practicable, to 
meet the reclamation material balance requirements for the FHOSP. The mine progression and landform 
completion schedule require that reclamation material to be placed into stockpiles for use in the future. 

The practices followed for reclamation material placement are designed to advance reclamation 
outcomes that support locally common, self-sustaining boreal forest ecosystems, including providing a 
range of soil diversity, supplying the requisite moisture and nutrient regimes for targeted site types. 
FHEC places coversoil using a practice known as rough placement. Rough placement creates small 
depressions and mounds varying in size and complexity. These micro-topographical features retain the 
surface runoff water, which helps to reduce soil erosion and creates microsites favourable for plant 
growth. This technique also helps to decrease soil compaction and increase the biodiversity at multiple 
scales. FHEC plans to place a minimum depth of 20 cm of coversoil over reclaimed landforms at the 
FHOSP.  

More details around reclamation material handling are found in Section 7 of this LMCP.  

 Vegetation (Design Item 12) 

The revegetation practices FHEC follows include consideration of several regional guidance documents, 
including Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region, 2nd Edition 
(AENV 2010; Revegetation Manual), the Field Guide to Ecosites of Northern Alberta (Beckingham and 
Archibald 1996) and the Best Management Practices for Conservation of Reclamation Materials in the 
Mineable Oil Sands Region of Alberta (AENV 2012).  

The Land Capability Classification for Forest Ecosystems in the Oil Sands Region (AENV 2006) is a 
document that is no longer required to be used but provides some planning guidance; in addition to the 
Criteria and Indicators Framework for Oil Sands Mine Reclamation Certification (ESRD 2013b), which 
provides some preliminary direction regarding reclamation certification targets.  

For wetland reclamation and planning, FHEC uses the Guideline for Wetland Establishment on Reclaimed 
Oil Sands Leases (CEMA 2014; Wetlands Manual), Field Guide to Ecosites of Northern Alberta 
(Beckingham and Archibald 1996), Alberta Wetland Classification System (ESRD 2015), and the Riparian 
Classification and Reclamation Guide (GDC 2009). 
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The specific objectives of the comprehensive upland and wetland revegetation plan are as follows:  

● Establish functional and ecologically resilient boreal forest ecosystems including wetlands. 

● Establish reclaimed plant communities that are characteristic of native plant communities that 
support wildlife and biodiversity.  

● Establish native vegetation species as soon as areas become ready for reclamation, where 
operationally feasible, to reduce the likelihood of erosion and the establishment of noxious or 
prohibited noxious weed species.  

● Consider the current and projected vegetation conditions of immediately adjacent land areas 
and develop planting prescriptions to allow for a more natural blend of vegetation. 

More details on vegetation conservation and the revegetation plan are found in Sections 8 and 9 of this 
LMCP.  

 Wildlife (Design Item 13) 

Wildlife habitat development is strongly dependent on the establishment of vegetation and plant 
community succession. The planting prescriptions for the revegetation of target ecosite phases on the 
reclaimed landscape are designed to maximize the potential of each area to reach desired end land uses 
of wildlife habitat, recreation, traditional hunting and trapping, and commercial forestry (AENV 2010).  

Specifically, revegetation and planting prescriptions target early structural stages of ecosites and the 
associated wildlife assemblages. The logic of this approach is that early seral communities 
(e.g., pole/sapling or young forests) can be more productive and attractive to wildlife with more 
generalized habitat preferences, such as moose or bear, than later structural stages (e.g., species that 
prefer mature or old growth forest habitat, such as marten, fisher, or lynx). It is assumed that natural 
succession will eventually result in late structural vegetation stages and associated wildlife assemblages.  

Wildlife habitat value will be optimized by considering design, techniques and procedures that provide 
connectivity between suitable habitat patches (e.g., movement corridors, distance to neighbouring 
wetlands), enhance vegetation regeneration (e.g., direct soil placement, seeding), and increase habitat 
diversity (e.g., contouring, coarse woody material, rock piles, snags, undulating shorelines) in 
reclamation areas.  

The development of pit lake ecosystems, including fish habitats is determined by complex interactions 
among terrestrial and aquatic features, which together describe hydrogeomorphic controls on lake 
water chemistry, hydrology, physics and biology, at multiple spatial and temporal scales (CEMA 2012) 
Although anthropogenic effects may dominate the pit lake ecosystems in the early stage, it is 
anticipated that pit lakes will meet long-term water quality objectives and produce an aquatic 
environment suitable to serve as fish habitat. Fish colonization of lakes will be allowed only when water 
quality is determined to be suitable for discharge to the natural environment and when the lake can 
support a sustainable fish community.  

FHEC plans for a practical, holistic, wildlife community-based approach as described in in the Guidelines 
for Wetlands Establishment on Reclaimed Oil Sands Leases (CEMA 2014); a reclaimed landscape that 
includes upland landforms of various shapes and sizes, wetlands of various types and designs, and 
integrated drainage channels that provide linkages across the landscape. By taking a holistic approach, 
FHEC is reclaiming potential habitat for the wildlife focus species.  

More details around wildlife are provided in Section 11.4 of this LMCP.  
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 Aquatics (Design Item 14) 

The design of drainage patterns, watercourses, and waterbodies within the FHOSP closure landscape has 
incorporated an appropriate combination of productive biological zones as outlined below: 

● The drainage channels have been designed to have variable channel cross-sections and aquatic 
habitat types similar to comparable natural alluvial channels (e.g., variable channel shapes, 
thalweg locations, banks, pools, riffles and runs), including those in the McClelland Lake, Fort 
Creek and Susan Lake outlet creek watersheds as well as in the larger oil sands region. 

● The drainage channels were designed to be situated in floodplains and valleys with additional 
flood flow conveyance and riparian vegetation, similar to natural alluvial channels. 

● The mineral wetlands were designed to have a combination of a shallow zone (with water depth 
less than 1 m) and additional areas of emergent vegetation (with water depths between 1 and 
2 m) to support and promote aquatic vegetation growth.  

● The three pit lakes were designed to have large open-water areas and water depths in the 
ranges of 15 to 30 m at closure and 18 to 30 m in the far future, as well as littoral zones (with 
water depths of 0 to 3 m) to support and promote growth of aquatic vegetation.  

All waterbodies in the FHOSP closure landscape were designed to have sustainable water balances post-
closure, including adequate inflow to compensate for evaporation losses from the water surfaces and to 
maintain the normal water levels and ranges of water level variabilities similar to comparably sized 
waterbodies in the oil sands region. 

Water retention times in the waterbodies were also optimized to achieve a sustainable balance between 
reducing salinization and promoting the degradation of organic compounds. The pit lakes are predicted 
to develop into sustainable ecosystems with acceptable water quality before discharge to the receiving 
environment. The assessment of the pit lake water quality is provided in Section 6.3 of this LMCP.  

While the focus of the aquatic assessment was on the pit lakes and their capacity to mitigate water 
quality effects, the mineral wetlands in the closure landscape are also expected to further ameliorate 
water quality. 

 Geotechnical Slope Stability (Design Item 15) 

Stable Slopes 

The FHOSP closure landforms were designed to provide geotechnically stable slopes post closure, based 
on applicable criteria including the following: 

● Slopes with satisfactory static limit equilibrium factor of safety. 

● Acceptable displacement because of design earthquake.  

● Accounting for initial thawing of materials placed while frozen, settlement of fills, long-term 
pore-water pressure changes, changes in geotechnical properties, and plugging of internal 
drains. 

Out-of-Pit Tailings Areas 

The OPTA and OPTA East Stage 1 closure landforms will be above natural ground. Portions of the 
deposited coarse tailings in OPTA and OPTA East Stage 1 will be potentially liquefiable because of the 
contractive behaviour of loose saturated coarse tailings deposited as Beach Below Water and an 
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anticipated high groundwater table within the tailings behind the embankments. The external shell of 
OPTA and OPTA East Stage 1 will be constructed in cells, at least 200 m in width that are intrinsically 
non-liquefiable because of the achieved density during placement and dilative behaviour during shear of 
these materials.  

The closure drainage system on the top of OPTA and OPTA East Stage 1 will drain water from the 
surfaces of these landforms. The absence of ponded water on the closure surface will limit the potential 
runout. The estimated runout distance because of potential runout of the saturated tailings would be in 
the order of 20 times the height of the liquefied solids, indicates that the runout would be unlikely to 
affect any significant infrastructure or sensitive environmental habitat post closure. 

In-Pit Tailings Areas 

While most of the in-pit tailings sand areas (i.e., SPTA, CPTA, and NPTA) will be constructed below the 
natural ground surface, they will be constructed to extend above the ground surface or adjacent 
landforms/pit lakes by up to 60 m. The exterior shell of these tailings areas will be compacted or 
buttressed using overburden materials to provide increased stability of the structure. In the unlikely 
event of a dam breach resulting in a liquefaction induced outflow event, the estimated runout distances 
would be unlikely to extend beyond the FHOSP footprint, and the most likely effect would be to the 
adjacent pit lakes and their outflows, including the following: 

● shoreline erosion to be caused by large waves during the outflow event and resulting sediments 
to the pit lakes 

● displacement of PASS treated FT in the pit lakes and resuspension of the FT into the water cap 

● propagation of the water waves with elevated sediment concentration to the pit lakes, and the 
Athabasca River 

 Trafficability and Bearing Capacity (Design Item 16) 

The conceptual closure landscape planning has included design considerations of surface trafficability 
for re-sloping, regrading and reclamation material placement. The terrestrial upland areas 
(i.e., overburden dump and tailings sand surfaces with good overland slope and drainage) will have 
sufficient bearing capacity to allow trafficking by 100 Tonne trucks and D8/D10 dozers for reclamation 
material placement.  

 Natural Appearance (Design Item 17) 

The conceptual closure landscape plan for FHOSP has incorporated various elements of natural 
appearance and natural analogues into geomorphic design of various closure landforms, including 
micro, meso and macro topographic variability and diversity (e.g., irregular ridgelines, slope lines, and 
plan forms and shapes). The landform design is illustrated on the closure landform layout plan in  
Figure 6-1 and highlighted below for the major landform types.  

Overburden Dumps 

The FHOSP closure landscape will include ex-pit and in-pit overburden dumps. The drainage of these 
overburden landforms will consist of overland flows, and collection of concentrated overland flows in 
drainage channels. There will be two ex-pit overburden dumps (Moose Dump and NED) as listed in  
Table 6-1, and one in-pit overburden dump (i.e., North Pit Overburden Backfill) as listed in Table 6-2. 

 



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

55 | Page 

 

Table 6-1:  Fort Hills Ex-Pit Overburden Dumps 

Ex-pit Dump Location Approximate Area 
(km2) 

Approximate Maximum Surface Elevation 
(masl) 

Moose Dump 3.62 330 Ops 
315 Closure 

NED 11.7 400 Ops 
360 Closure 

Notes:  
masl = metres above sea level; NED = North External Dump, km2 = square kilometres. 

Table 6-2:  Fort Hills In-Pit Overburden Dump 

In-Pit Dump Location Approximate Area 
(km2) 

Approximate Maximum Surface Elevation  
(masl) 

North Pit Overburden Backfill 24.0 310 
Notes:  
masl = metres above sea level; km2 = square kilometres. 

The geomorphic design of the overburden dumps was prepared to resemble the appearance of 
comparable natural analogues. For example, there are natural landforms that are comparable to large 
overburden landforms in north-eastern Alberta, particularly in morainal landscapes in highland areas 
and on their margins. These landscapes are formed primarily by depositional processes, including local 
terminal, lateral and ground moraines, ice-thrust moraines, remnant ground moraine eroded by 
subglacial and/or pro-glacial flooding, or ice-contact glaciofluvial deposits known as kames. In each case, 
the resulting convex slope forms and mid, upper and crest slope positions are dominated by upland 
vegetation communities, and the lowlands that occur in localized depressions and on lower and toe 
slope positions are dominated by transitional wetland/peatland vegetation communities. 

Sand Dumps 

The reclaimed sand dumps in the closure landscape will include OPTA, OPTA East Stage 1, SPTA, CPTA, 
and NPTA, as summarized in Table 6-3. Variable topography with natural appearance and in the form of 
ridges and swales, was designed for the closure surfaces of these sand dumps. This design will enable 
establishment of a drainage system that will maintain positive flows from the upland ridges toward the 
lowland swales while allowing for flushing of the coarse tailings sands and lowering of the local 
groundwater table on the ridges. A typical design of the coarse tailings sand ridge and swale landform 
and drainage system is presented in Figure 6-3. 

Table 6-3:  Fort Hills Sand Dumps 

Sand Dump Location Approximate Area 
(km2) 

Approximate Maximum 
Surface Elevation (masl) 

Out-of-Pit Tailings Area (OPTA) 14.4 406 
Out-of-Pit Tailings Area (OPTA) East 7.17 406 

South Pit Tailings Area (SPTA) 4.51 304 
Centre Pit Tailings Area (CPTA) Phase 1 3.54 308 
Centre Pit Tailings Area (CPTA) Phase 2 7.33 308 
North Pit Tailings Area (NPTA) Phase 1 7.08 332 
North Pit Tailings Area (NPTA) Phase 2 10.6 306 

Notes:  
CPTA = Centre Pit Tailings Area; km2= square kilometres; masl= metres above sea level; NPTA = North Pit Tailings Area; OPTA = 
Out-of-Pit Tailings Area; SPTA = South Pit Tailings Area.   
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Comparable ridge and swale landscapes occur naturally in north-eastern Alberta, particularly in highland 
areas near drainage divides. These landscapes are formed by either depositional or erosional processes. 
In each case, the resulting ridges are dominated by upland vegetation communities, and the lowlands 
that occur in between the ridges (e.g., swales) are dominated by wetland/peatland vegetation 
communities.  

The natural ridge and swale landscapes resultant of depositional processes are usually comprised of 
coherent medium to fine-textured till. Coarse-textured materials are common in erosional processes, in 
particular incised channels on drainage divides. These features are comparable to the ridge and swale 
landscape planned for the sand dumps in configuration and relief, and they are expected to support 
upland ecosite types on the ridges and wetlands in the swales. 

 Seepage and Groundwater (Design Item 18) 

The FHOSP closure landscape and drainage plan has included design considerations to mitigate potential 
effects of tailings water through groundwater seepage, by collecting or intercepting the seepage water 
in drainage ditches, mineral wetlands, and pit lakes for mixing with surface water and bio-remediation 
before release to the receiving environment. These seepage mitigation design features will not require 
any long-term maintenance.  

Long-term seepage conditions at the various closure landforms have been considered in assessing the 
slope stability and landscape performance. Seepage and groundwater quantity and quality have been 
included in the overall assessment of reclamation and closure water balance, as described in 
Sections 6.2 and 6.3 of this LMCP.  

 Surface Water Hydrology (Design Item 19) 

The FHOSP closure landscape and drainage plan was prepared by integrating the closure landform and 
drainage systems within the FHOSP footprint and within the McClelland Lake, Fort Creek, Susan Lake 
outlet creek, and Stanley Creek watersheds.  

The fluvial geomorphic approach was used to design the closure drainage systems. This design approach 
aims to provide sustainable, dynamic systems capable of accommodating evolutionary changes without 
accelerated erosion or unacceptable environmental effects and risks. The fluvial geomorphic approach is 
based on the recognition that natural drainage systems are in regime and exhibit sediment equilibrium, 
and that natural channels change over time as a result of local and regional climatic, hydrologic and 
biologic processes and events. Anticipating such evolutionary changes enables the design of robust 
closure drainage systems with multiple lines of defence.  

Natural channels are capable of accommodating extreme flood events because flow velocities are 
reduced by the presence of wide valleys (or ‘floodplains’). Accordingly, the FHOSP conceptual closure 
drainage plan incorporates drainage features such as floodplains, mineral wetlands, and pit lakes to 
attenuate flood flows and provide the capability to accommodate and moderate the damage resulting 
from extreme hydrologic events.  

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 channel design that mimics the dynamic character of natural channels, avoids rapid 
channel degradation or aggradation, and exhibits dynamic stability, robustness, longevity, and self-
repairing mechanisms. 
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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 mineral wetlands, and pit lakes with littoral zones. 

The various closure waterbodies (e.g., channel flows, mineral wetlands, and pit lakes) were designed to 
have sustainable water balances, similar to comparable natural waterbodies, and to have suitable water 
quality for discharging to the receiving environment. Details regarding the simulated closure water 
quantity and quality conditions in the FHOSP closure landscape, are presented in Sections 6.2 and 6.3 of 
this LMCP. 

FHEC has developed the FHOSP operational water management plan to reduce the inventory of process-
affected water to be managed at closure, including the following measures: 

● Release muskeg drainage and overburden dewatering water to receiving waters after treatment 
in sedimentation ponds, as per EPEA Approval 151469-01 (as amended) approved discharge 
criteria. 

● Reduce water withdrawal from the Athabasca River by maximizing water recycle within the 
closed-circuit system. 

● Progressive reclamation and release of runoff from the reclaimed areas to the receiving 
environment as shown in the water management plan (Volume 1, Section 4). 

 Natural Hazards and Disturbing Forces (Design Item 20) 

The FHOSP closure landforms were designed to provide acceptable geotechnical stable slopes over the 
long-term and post closure (Section 6.1.1.15 of this LMCP). The FHOSP closure landscape, including the 
various landforms and drainage systems, was designed to be acceptably stable under a variety of natural 
hazards and extreme events, including those outlined below: 

● Design the closure landscape to accommodate forest fire through adjusting species composition 
and density of planting as conditions warrant during detailed revegetation planning, and its 
potential effects on water and sediment yields. 

● Consider fire as part of the natural cycle in the boreal ecosystem. The closure drainage systems 
include large waterbodies (i.e., pit lakes) with capacities to settle additional sediments that may 
be generated after a forest fire, and to enable acceptable water quality of release from the pit 
lakes. 

● Design the closure landscape with no water retaining and regulated dam that could cause rapid 
deterioration of the landscape if the dam is breached. 

● Design closure drainage systems to convey appropriate design flood events and well as to 
prevent uncontrolled overflow and erosion because of extreme flood events (i.e., providing 
floodplains to convey large flood events in addition to main channels, and providing flood and 
erosion protection landforms where necessary). 

● Design closure drainage channels to accommodate beaver dams and activities, and their effects 
on flow conveyance. 

● Design each waterbody to have sufficient drainage area to maintain adequate inflow and water 
balance for a large range of hydrologic conditions including droughts. 

● Provide adequate erosion protection against waves and currents along the shorelines and 
littoral zones at the pit lakes. 
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● Design the closure landscape to perform and meet end land use objectives for a range of 
possible climate conditions because of natural cycles and future climate change. 

● Design the landforms considering the occurrence of seismic events including the ability to 
maintain overall slope stability and the potential for liquefaction of tailings deposits 
(Section 6.1.1.15 of this LMCP). 

 Erosion, Transport, and Sedimentation (Design Item 21) 

The various closure landforms were designed to control overland and gully erosion rates by providing 
adequate drainage density, landscape stability, and sediment yield characteristics comparable natural 
systems. Natural drainage systems have been formed and are in regime under local climatic, hydrologic, 
topographic, and soil conditions. Mimicking comparable natural systems reduces unacceptable risks of 
erosion, sediment yields, and water quality conditions to occur in the closure landscape and supports 
long-term sustainability of the closure landscape.  

The specific erosion control and sediment management features that have been incorporated in the 
conceptual closure landscape design for the FHOSP are summarized below. 

Vegetated Waterways 

Vegetated waterways are typical drainage features of relatively small catchments in a natural 
environment. They provide a sustainable means of conveying intermittent flow from relatively small 
catchments without large or unacceptable erosion. Vegetated waterways can be constructed on a 
variety of landforms and land types, and over a wide range of slopes and soil conditions. 

The overland slope and overland flow path length are the main factors influencing the acceptable range 
of conditions in which vegetated waterways should be considered. The potential need to install 
vegetated waterways was evaluated for all FHOSP closure landforms, particularly on the relatively steep 
side slopes of ex-pit overburden dumps and sand dumps.  

Alluvial Channels 

Natural alluvial channels are creek/river channels in which the beds are comprised of loose sediments, 
known as alluvium, that is deposited by flowing water. Alluvial channels flow frequently or permanently, 
have bed materials ranging in size from clay, to sands, gravels, and boulders, and contain aquatic 
vegetation or no vegetation.  

The closure drainage channels for the FHOSP were designed as alluvial channels. These channels will 
have the capability to adjust and change gradually over time. Properly designed and constructed alluvial 
channels are expected to mimic the form and function of natural alluvial channels and to evolve over 
time without accelerated erosion or unacceptable environmental effects. Typical cross-section design of 
alluvial closure drainage channels is provided in Figure 6-4. The main channels were designed to 
meander and convey the bankfull discharges, and the floodplains were designed to contain the Probable 
Maximum Flood (PMF). 
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Regime relationships governing channel width, depth, sinuosity, channel slope, and meander 
wavelength were developed for the oil sands region (Golder 2008a,b). These channel parameters are 
normally expressed as a function of the bankfull discharge (i.e., 2-year peak flood discharge). The Alluvial 
Channel Design Manual (Golder 2008b) was developed based on these relationships. This manual was 
used as a primary guide in the selection of the channel design parameters, including channel and valley 
slopes and dimensions, channel meander and sinuosity, and types of bed materials. Granular materials 
will be provided along relatively steep channel reaches for erosion control.  

There are many closure drainage channels to be constructed in the reclaimed areas. The conceptual 
design of the three main drainage channels that convey outflows from the three pit lakes, including the 
layout plans, profiles, and main design parameters (e.g., drainage areas, design flows, channel slopes, 
channel dimensions), are illustrated in Figure 6-5. 
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DESIGN PARAMETERS OF MAIN CLOSURE DRAINAGE CHANNELS

Channel
Drainage Area

(km2)

Return
Period
(years)

Peak Flow
(m3/s)

Assumed Bed
Material

Valley Length
(m)

Channel Bed
Slope

Valley
Slope

Channel Side
Slope

Channel
Sinuosity

Channel Bottom
Width (m)

Channel Depth
(m)

Minimum
Floodplain
Width (m)

Channel Flow
Depth (m)

Channel Flow
Velocity (m/s)

A 38.40

2 yr 0.17
Bouldery Ground
(Rock Size up to

150 mm)
2,918 1.7% 2.0% 3 1.2 1.0 0.5 20

0.19 0.57
10 yr 0.31 0.26 0.67

100 yr 0.50 0.33 0.77
PMF 4.96 0.77 1.47

B 45.90

2 yr 1.30
Bouldery Ground
(Rock Size up to

350 mm)
3,137 1.5% 1.8% 3 1.2 2.0 0.7 30

0.43 0.91
10 yr 2.97 0.65 1.14

100 yr 6.50 0.87 1.46
PMF 65.0 1.99 2.89

C 80.20

2 yr 2.12
Bouldery Ground
(Rock Size up to

200 mm)
1,975 0.76% 0.91% 3 1.2 2.0 0.8 30

0.65 0.82
10 yr 3.49 0.83 0.94

100 yr 6.07 0.99 1.12
PMF 60.7 2.28 2.25

CHANNEL PROFILE - B
SCALE 1:20,000

10x VERTICAL EXAGGERATION

CHANNEL PROFILE - A
SCALE 1:20,000

10x VERTICAL EXAGGERATION

1:20,000

1,0000

METRES

500

VERTICAL EXAGGERATION = 10X

REFERENCE(S)
1. END OF MINE TOPOGRAPHY FROM CLOSURE_TOPO_14B.DXF FEB. 2021
2. ALBERTA DIGITAL BASE DATA OBTAINED FROM ALTALIS LTD.  © GOVERNMENT OF

ALBERTA 2015. ALL RIGHTS RESERVED.
3. DATUM: NAD 83 PROJECTION UTM ZONE 12

ORIGINAL GROUND SURFACE CONTOUR
(masl) - CONTOUR INTERVAL (masl) 5 m

DEFINITION(S)
masl - METRES ABOVE SEA LEVEL
CPTA = CENTRE PIT TAILINGS AREA
NPTA = NORTH PIT TAILINGS AREA
SPTA = SOUTH PIT TAILINGS AREA
PMF = PROBABLE MAXIMUM FLOOD



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

63 | Page 

 

Wetlands  

A large number of constructed wetlands, including mineral wetlands and a fen, will be incorporated into 
the FHOSP closure drainage system to provide hydrological and environmental benefits. The mineral 
wetlands can attenuate flood peak discharges and provide storage and residence time for sediment 
removal and bioremediation of residual IWW. The mineral wetlands have a combined surface area of 
5.59 km2, as detailed in Table 6-4. 

Table 6-4:  Fort Hills Mineral Wetlands 

Location Approximate Area (km2) Typical Water Level (masl) 
West of SPL 0.33 289 
East of SPL 0.40 318 

South pit Tailings Area (SPTA) 0.40 295 
Out-of-Pit Tailings Area (OPTA) 0.66 390 

Out-of-Pit Tailings Area (OPTA) East 0.10 395 
West of the Plant Site (three Wetlands) 0.37 286, 280, 275 
Centre Pit Tailings Area (CPTA) Phase 1 0.19 303 
Centre Pit Tailings Area (CPTA) Phase 2 0.32 303 
North Pit Tailings Area (CPTA) Phase 1 0.39 310 
North Pit Tailings Area (CPTA) Phase 2 0.69 301 

Pond 17 0.07 240 
North Pit (two Wetlands) 0.59 300, 253 

North Pit (Constructed Fen) 1.06 297 
Pond 19 0.02 280 

Notes:  
CPTA = Centre Pit Tailings Area; km2= square kilometres; masl= metres above sea level; NPTA = North Pit Tailings Area; OPTA = 
Out-of-Pit Tailings Area; SPL = South Pit Lake; SPTA = South Pit Tailings Area. 

The mineral wetlands will have aquatic vegetation. The depths of vegetated area will range from 0 to 
1.5 m and the depths of open-water area will not be >2.0 m. A typical cross-section design of mineral 
wetlands is provided in Figure 6-6.   
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The constructed fen will have a surface area of 1.06 km2 in the North Pit. It will consist of a 1.5 m thick 
layer of peat salvaged from the FHOSP footprint on top of backfilled overburden. Fen revegetation may 
be initiated through a combination of seedling planting, spreading of locally collected clippings, natural 
ingress, and seeding. It is expected that the constructed fen will perform as a graminoid fen once 
established.  

Pit Lakes 

The FHOSP closure drainage system will include three pit lakes, as detailed in Table 6-5. 

Table 6-5:  Fort Hills Pit Lakes 

Name 
Outlet Invert 

Elevation 
(masl) 

Average Water 
Depth(a) 

(m) 

Water Surface 
Area(b) 
(km2) 

Littoral Zone Area 
(km2) and Percentage of Total 

Area (%) 

SPL 288 Table 6-6 6.39 0.96 (15%) 
CPL 300 Table 6-6 7.29 0.88 (12%) 
NPL 245 11.2 3.56 0.91 (26%) 

Notes:  
(a) This excludes the littoral zone.  
(b) This includes open-water and littoral zone areas.  
CPL = Centre Pit Lake; km2 = square kilometre; m = metres; masl = metres above sea level; NPL = North Pit Lake; SPL = South Pit 
Lake; % = percent. 

The SPL and CPL will contain PASS treated FT. Both pit lakes will have water caps on top of the PASS 
treated FT, as shown in Table 6-6. The NPL will have water storage only and will not contain any tailings. 

Table 6-6:  Materials in South and Centre Pit Lakes 

Time Frame Parameter South Pit 
Lake 

Centre Pit 
Lake 

Condition in 2069 after Final Placement 
of PASS Treated FT in the DDAs(a) 

Average Thickness of PASS Treated FT (m) 64 67 

Average Water Depth (m) 4.3 4.9 

Far Future Condition after Long-Term 
Consolidation of FT has Ceased 

Average Thickness of PASS Treated FT (m) 60 59 

Average Water Depth (m) 18 21 
Notes:  
DDA = dedications disposal area; FT = froth tailings; m = metre; PASS = Permanent Aquatic Storage Structure 
(a) In 2069, pits have not begun to fill with water 

The water sources for the initial water cap development at the three pit lakes will include precipitation 
onto the lake surfaces, site runoff to the lakes, water stored within the closed-circuit drainage system, 
and groundwater seepage water. For the NPL, Athabasca River will be an additional water source to help 
reduce the duration required for filling the pit lake.  

After closure and in the far future, the runoff from the upstream natural and reclaimed areas will 
maintain the water balances of the pit lakes and compensate for evaporative losses.  

Approximately 10% to 25% of the total surface areas of the pit lakes will be occupied by shallow areas 
with littoral vegetation (Table 6-5). These littoral zones will be approximately 0.5 to 1 m in depth and 
will enhance the biological productivity of the pit lakes and contribute to the bioremediation of 
contaminants. 
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The pit lake shorelines including the littoral zones were designed with granular materials for controlling 
and reducing shoreline erosion because of waves and currents. The design is illustrated in Figure 6-7, 
including estimates of 100-year flood and PMF levels, 100-year wave and run-up heights, estimated 
median diameters of the granular materials, and the erosion protection design features such as granular 
material placements on side slopes and on lake-side of littoral zones. 
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In addition to the function of enhancing the biological productivity of the pit lakes and contributing to 
the bioremediation of contaminants, the pit lakes have large surface areas and storage capacities that 
can settle and store virtually all incoming sediments. The pit lakes will have no sediment outflow most of 
the times, and negligible sediment outflow during extreme flood or wind conditions, similar to 
comparable natural lakes in the oil sands region. 

Flood and Erosion Protection Landforms 

The FHOSP closure landscape will include three main flood and erosion protection landforms along 
drainage channels, as shown in Figure 6-1. The first along the collector drainage channel at the Plant 
Site, the second along the collector drainage channel along the west perimeters of CPTA routing flow to 
the NPL, and the third along the collector drainage channel draining to Pond 19 wetlands. These 
landforms will support long-term sustainability and performance of the closure drainage system by: 

● Preventing flood waters in the closure channels from overtopping the adjacent closure landform 
surfaces and causing large uncontrolled erosion that could result in potential relocation of the 
planned channel alignments.  

● Accommodating the evolutionary processes of post-closure material wasting and erosion 
because of flood waters flowing in the floodplains, similar to the comparable natural processes.  

The flood and erosion protection landforms along the closure drainage channels will have an average 
top width of approximately 50 m. The surface elevations of the flood and erosion protection landforms 
were designed to be higher than the estimated design flood levels plus some freeboard. The heights of 
these landforms are in a typical range of 4 to 6 m above natural ground or valley bottom. 

Flood Conveyance 

The FHOSP closure drainage systems were designed following a geomorphic approach by mimicking 
comparable natural analogues. The closure drainage system design typically consists of a combination of 
channels and floodplains to convey and pass various design flood events, similar to natural drainage 
systems.  

Using the geomorphic approach, closure channels are designed to have bankfull capacity to convey 
2-year to 10-year flood events typically, and up to 100-year flood event in some steep channels. During 
extreme flood events, the channel bed and bank materials as well as floodplain vegetation will provide 
erosion protection and are expected to perform similar to comparable natural analogues in terms of 
erosion, sediment deposition, and stability. 

 Settlement of Fills (Design Item 22) 

Post closure settlement of PASS treated FT in the two-water capped lakes (i.e., South and Centre Pit 
Lakes) will not affect lake levels but will result in increased water cap depths over time, as detailed in 
Table 6-6. The tailings consolidation and settlement have been included in the closure design analysis 
including water quantity and quality modelling by accounting for the variable thickness of the surface 
water cap because of tailings settlement, and the rate of the tailings porewater released during 
consolidation (Section 6.3 of this LMCP). 

The sand dump landforms will be developed following a perimeter deposition approach combined with 
final placement of suitable overburden cap to define raised valleys that are contoured to promote the 
desired surface water flow directions. The perimeter of the sand dumps will consist of a structural zone 
of compacted sand raised following typical cell construction techniques. An upstream beach of coarse 
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tailings will extend toward the interior of the dumps and contain the pond and fine tailings area. At 
closure, the surface of the dumps will be contoured to direct surface flows toward the mineral wetlands. 
The fine tailings areas will experience some settlement; however, the mineral wetlands at the drainage 
outlet of each sand dump will expand in its surface area to accommodate the settlement without 
affecting the closure drainage performance.  

 Other Design Considerations 

The development of the FHOSP conceptual closure landscape and drainage plan involved identification 
and evaluation of a large number of alternative design layouts and concepts. For example, the 
alternative of routing the NPTA Phase 1 and Phase 2 was evaluated, because this alternative would have 
the benefit of increasing the drainage area to the fen and McClelland Lake. However, the alternative was 
selected because of the potential effects of tailings seepage water on the fen water quality.  

Other design considerations incorporated into the development of the FHOSP conceptual closure 
landscape and drainage plan include the following: 

● Create watershed boundaries that are well defined. 

● Provide water table control in planned upland forest areas. 

● Exclude any side hill channel that is not sustainable over the long-term. 

● Exclude ponded water near slope crests. 

● Provide sufficient area, distribution, and morphology of littoral zones to support a healthy lake 
ecosystem.  

6.1.2. Equivalent Land Capability 
As indicated in Table 6-7, the total wetland area in the reclaimed landscape decreased from 25% of the 
total area in the pre-disturbance, as shown in Figure 6-8, to 3% in the updated LMCP, with total upland 
area increasing from 75% in the pre-disturbance to 88% in the updated LMCP. The area of wetland 
covered in the updated LMCP has however increased from the 2011 and 2017 plans to increase the 
watershed catchment areas for the pit lakes. As indicated in Section 3.2, similar end land uses of 
commercial forestry, wildlife habitat, and traditional land use are targeted, the proposed percentage of 
total upland and wetland landform types in the updated plan are considered supportive of achieving 
equivalent land capability to support these end land uses. An example of how the closure landform will 
achieve equivalent land capability is the introduction of a reclaimed fen within the closure landscape 
that will be incorporated into the non-mined portion of the MLWC. In working with the SC for the OP it 
was recognized that the MLWC represents a large focus for traditional land use and wildlife habitat. The 
previous 2017 plan had identified a type “g” ecosite type for the reclaimed portion; however, for the 
updated LMCP the importance of the fen for the sustainability of the McClelland Lake has been 
considered and introduced into the plan. 
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Table 6-7: Comparison of Landform Type for Pre-disturbance, 2017 Reclamation and Closure Plan, 
and the updated Life of Mine Closure Plan 

Landform Type 

Pre-disturbance 2017 Reclamation and 
Closure Plan Updated LMCP 

Area (ha) 
Percent 
of Total 

(%) 
Area (ha) Percent of 

Total (%) Area (ha) Percent of 
Total (%) 

Upland 10,886 74.4 16,026 88 16,604 88 
Wetland 3,672 25.1 348 2 562 3 
Pit Lake  

(includes Littoral Zone) - - 1,797 10 1,759 9 

Total 14,558 100 18,171 100 18,925 100 
Notes: 
- = no data; ha = hectare; % = percent; LMCP = Life of Mine Closure Plan. 
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6.1.3. Settlement  
The entire mine plan considers the uncertainty around reclamation settlement by integrating the mine 
tailings and closure plan in a way that considers geotechnical risk to landform settlement. The landforms 
expected to experience the most settlement in the closure landscape are associated with tailings 
disposal areas at the SDDA and CDDA as the tailings undergoes deposition, which provides additional 
rationale for pit lakes to cap these deposits. Pit lakes reduce the settlement risk and accelerate 
reclamation timelines of tailings areas compared to a terrestrial closure option.  

The large-strain behaviour of FT and treated FT depends on the clay and water content, and particle size 
distribution of the material and is unlikely to be resolved through technology development. Capping and 
loading (e.g., coke) can improve the rate of settlement and surface trafficability but does not decrease 
the magnitude of settlement. Similarly, drainage path length modifications (e.g., vertical strip drains) 
also do not reduce the magnitude of settlement. Observations from 2012 through 2019 at the reclaimed 
Suncor Base Plant Pond 1 have indicated an average settlement of 0.3 m of localized settlement and up 
to 2 m in the soft cap area from 2012 to 2019. The expected tailings settlement in Pond 1 is 3 to 4 m, the 
expected tailings settlement at Pond 5 (coke capped and vertical strip drains) is between 4.9 and 7 m, 
with actual settlements ranging from 0.6 to 2.7 m from 2012 to 2019. At Pond 5 settlement was largest 
in areas where the tailings had the greatest depth.  

Substrate and settlement characteristics of the remaining areas within the FHOSP reclaimed landscape 
are indicated in Table 6-8. 

Table 6-8: Substrate Types at Fort Hills  

Area Substrate Type Settlement Characteristics and Mitigation 

Tailings Areas, includes 
OPTA Coarse sand Coarse texture provides high permeability and 

greater risk to settlement.  

Overburden Disposal 
Areas 

Mix of fine and coarse grained 
overburden soils and peat 

Variable, dependent on overburden 
permeability. Expected to be similar to natural 
upland areas with similar textures and slopes. 

Plant Site and Auxiliary 
Areas(a) 

The processing plant site will 
receive 1.0 m cap followed by 
reclamation material. No capping 
needs anticipated for auxiliary 
areas. 

Similar to pre-disturbance conditions. 

Notes: 
(a) Auxiliary areas include hydrotransport corridors, Reclamation Material Storage locations, and various ancillary areas that 

did not have overburden removal during mining. Compaction mitigation and reclamation material placement are to be 
completed following decommissioning. 

OPTA = Out-of-Pit Tailings Area; m = metre. 
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6.2. Surface Water and Groundwater 

6.2.1. Closure Landscape and Drainage Plan  
The conceptual closure landscape and drainage layout plan for the FHOSP are shown in Figure 6-1. The 
regional integration of the FHOSP closure landscape and drainage layout plan with Syncrude’s Aurora 
North Mine (Syncrude 2016) is shown in Figure 6-2. The general closure drainage routings are 
summarized below: 

South Pit Lake Drainage 

● Runoff from the reclaimed area of OPTA will be collected in a mineral wetland with its outflow 
to be routed to another mineral wetland between OPTA and the SPL, which will collect 
additional runoff from the reclaimed plant site area and the overburden dump area west of 
OPTA before discharging to the SPL. 

● Runoff from the reclaimed SPTA will be collected in a mineral wetland with its outflow routed 
southward to the SPL. 

● Runoff from the reclaimed area west of the SPL will be collected in a mineral wetland with its 
outflow routed eastward to the SPL. 

● Runoff from most of the reclaimed area of SED will drain to SPTA and the reclaimed area west of 
the SPL and will be routed ultimately to the SPL. 

● The SPL outlet channel will be close to the lease boundary between FHOSP and Aurora North 
Mine and will convey the lake outflow to the Athabasca River.  

Centre Pit Lake Drainage 

● Runoff from the reclaimed area of OPTA East Stage 1 will be collected in a mineral wetland with 
its outflow to be routed north-westward to the CPL. 

● Runoff from the reclaimed CPTA Phase 1 will be collected in a mineral wetland with its outflow 
routed eastward to the CPL. 

● Runoff from the reclaimed CPTA Phase 2 will be collected in a mineral wetland with its outflow 
routed eastward to the CPL. 

● Runoff from the reclaimed NPTA Phase 1 will be collected in a mineral wetland with its outflow 
routed westward to the CPL. 

● Runoff from the reclaimed NPTA Phase 2 will be collected in a mineral wetland with its outflow 
routed westward to the CPL. 

● The CPL outflow will be conveyed in an outlet channel routing the flow to the NPL.  

North Pit Lake Drainage 

● Runoff from the reclaimed overburden backfill area, including a mineral wetland, in the north-
eastern portion of the North Pit will be routed to the NPL.  

● Runoff from the reclaimed area between SPTA and CPTA Phase 1 will be collected in three 
sequential mineral wetlands, which outflows will be routed northward to the NPL. 
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● The Centre Pit Lake outflow will be conveyed in an outlet channel routing the flow north-
eastward to the Athabasca River.  

Drainage to McClelland Lake 

● Runoff from most of the reclaimed NED area will be routed southward to a mineral wetland in 
the reclaimed overburden backfill area of the North Pit, which will outflow eastward towards 
the constructed fen just upstream of the non-mined portion of the natural fen. 

● The natural drainage of the undisturbed area of the FHOSP upland area east of OPTA East Stage 
1 and south of the North Pit will be integrated with the closure drainage in the North Pit to 
enable the natural runoff to be routed to the constructed fen. 

● Runoff from the reclaimed overburden backfill area in the eastern portion of the North Pit will 
drain to the constructed fen, which will discharge to the non-mined portion of the natural fen 
and ultimately to McClelland Lake. 

Drainage to the Fort Hills No Net Loss Lake 

● Runoff from the west and north side slopes of the reclaimed NED area will be collected by the 
perimeter drainage ditches and routed to the downstream reach of the No Name Creek that 
drains to the NNLL. 

● Runoff from a large portion of the undisturbed natural catchment area north of the North Pit 
and west of NED will also be routed to the downstream reach of the No Name Creek that drains 
to the NNLL. 

Drainage to Aurora North Mine Closure Landscape 

● Runoff from the south slope of OPTA East Stage 1 and the northeast slope of OPTA will be 
collected by a perimeter drainage ditch connecting to a closure drainage ditch at Area 2 of 
Aurora North Mine that flow will be routed ultimately to the West Pit Lake of Aurora North 
Mine. 

● Runoff from the southeast slope of OPTA East Stage 1 will be collected in a natural upper 
tributary of Stanley Creek, which is assumed to be connected to a perimeter drainage ditch at 
North East Dump of Aurora North Mine from which flow is assumed to be routed ultimately to 
the West Pit Lake of Aurora North Mine. 

The total areas of the major catchments mentioned above are summarized in Table 6-9. The pre-
development watershed areas are also provided in this table for comparison and highlighted below: 

● The reclaimed areas in the south part of the natural Fort Creek watershed will be included in the 
Aurora North Mine closure drainage, and in the north part of the natural Fort Creek watershed 
in the FHOSP NPL drainage. The reclaimed areas within the central part of the natural Fort Creek 
watershed will drain to SPL. Most of the reclaimed area from OPTA situated in the natural 
Stanley Creek head watershed, and the reclaimed area situated in unnamed tributary 
watersheds to the Athabasca River, will be drained to SPL. The most downstream reach of 
natural Fort Creek will not be disturbed by the FHOSP, but the drainage area to this channel will 
be relatively small post closure of the FHOSP. The SPL outlet channel will replace most of the 
runoff conveyance function of the natural Fort Creek channel, post closure of the FHOSP.  

● The reclaimed areas in the majority of natural Susan Lake Outlet Creek will be routed to NPL. 
This pit lake will also receive runoff from the reclaimed areas in the west part of the natural 
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McClelland Lake watershed, the north part of the Fort Creek watershed, and in unnamed 
tributary watersheds to the Athabasca River. The NPL outlet channel will replace the runoff 
conveyance function of the natural Susan Lake outlet channel, post closure of the FHOSP.  

● The reclaimed areas in the west part of the natural McClelland Lake watershed will be included 
in the Centre Pit and North Pit drainage. To partially compensation for this watershed area 
reduction, most of the reclaimed NED area will be routed to the McClelland Lake watershed. 
This routing will result in less than a 10% reduction in the natural McClelland Lake watershed 
area, post closure of the FHOSP. 

● Most of NED will be situated in the natural Creek A watershed. Because most of the reclaimed 
NED area will be drained to the McClelland Lake watershed post closure of the FHOSP, this will 
result in a relatively large reduction of the existing drainage area to the NNLL.  

Table 6-9:  Summary of Major Watershed Areas 

Location 

Total Drainage Area 
Pre-development Natural 

Condition 
(km2) 

Far Future Condition Post 
Closure of the FHOSP 

(km2) 

Percent 
Change 

(%) 

SPL Outlet  49.2 
(Fort Creek for Comparison) 38.4 -22% 

NPL Outlet 
20.7 

(Susan Lake Outlet Creek for 
Comparison) 

80.2 287% 

McClelland Lake Outlet 202 183 -9% 

NNLL Outlet 
22.3 

(Creek A Watershed for 
Comparison) 

13.9 -38% 

Notes: 
FHOSP = Fort Hills Oil Sands Project; km2 = square kilometre; NNLL = No Net Loss Lake; NPL = North Pit Lake; SPL = South Pit 
Lake; % = percent. 

6.2.2. Closure Model Results 
An integrated surface and groundwater modelling software HydroGeoSphere (HGS; Aquanty 2021; 
Volume 1, Appendix C) was used for closure modelling. HGS is a three-dimensional control-volume finite 
element simulator that is designed to model the entire terrestrial portion of the hydrologic cycle. HGS 
integrates key components of the hydrologic cycles and can incorporate land surface processes such as 
evaporation from bare soil, transpiration with evolving vegetation, unsaturated flow, and flow in porous 
and/or discrete fractured media.  

The Closure Model assessed the hydrologic performance of the water system after mine operations end 
(the active closure period) and when the site is being reclaimed (far future). Early testing of the closure 
landscape using the Closure Model indicated that the northwest extension of the cutoff wall (proposed 
MLWC infrastructure) would be needed to remain in place in perpetuity to prevent groundwater losses 
from this region of the non-mined portion of the MLWC fen to the surrounding landscape. The Closure 
Model results explicitly assume this northwest extension of the cutoff wall will remain in place. Early 
testing of the Closure Model also indicated that the remainder of the cutoff wall can be removed as 
soon as the reclaimed landscape is ready to be hydraulically reconnected to the surrounding landscape.  
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The active closure period model represents conditions near the end of operations and immediately after 
operations when the site has been reclaimed and pit lakes are either empty or partially filled. The 
different pit lakes are generally reclaimed near mid-century, the mid-century climate projection 
scenarios were used to drive the active closure model. In the active closure period model, it was 
assumed that the South Pit Lake and Centre Pit Lake are partially filled, and the North Pit Lake is empty. 
An ensemble of five projected climate scenarios for mid-century conditions were used for the active 
closure period model runs.  

6.2.3. Water Budget 
The hydrologic cycle involves atmospheric water, surface water, and groundwater. Within the hydrologic 
cycle, there is a continual, ever-changing exchange between the various water components. 
Precipitation, surface water runoff, freeze and thaw cycles, infiltration, surface evaporation, and 
evapotranspiration play a role in both the annual and long-term hydrologic cycle. Runoff rate and 
volumes depend on a number of inter-related factors, including the precipitation intensity and duration, 
timing of melting snowpack, infiltration as a function of soil permeability and antecedent moisture 
conditions, evapotranspiration as a function of vegetation type and cover (and season), area and slope 
of the drainage basin, and topography.  

The water balance of the pit lakes with historical climate (25 years) and mid-century projected climate 
are shown in Table 6-10. Climate change scenario descriptions are provided in FHEC (Volume 1, 
Appendix C). The results show that the overall balance of the pit lakes in mid-century is similar to the 
historical conditions. For instance, the GWin and GWout terms are the smallest terms in the pit lakes water 
balance and stay relatively consistent throughout the projected climate scenarios.  

Table 6-10: Summary of Water Balance (m3/d) in Reclamation Features during the Closure Period 
Climate 
scenario Feature P ET Rin Rout GWin GWout 

25 years 
daily 
averaged 
historical 

CPL 442 574 391 331 7 11 
NPL 442 557 4115 3360 24 52 

SPL 442 576 553 399 13 13 

cold-wet 
CPL 519 598 618 560 7 10 
NPL 519 576 6064 4859 29 88 
SPL 519 599 772 636 12 13 

cold-dry 
CPL 464 590 506 396 7 10 
NPL 464 573 4831 3608 29 74 
SPL 464 590 629 442 12 13 

median 
CPL 448 636 388 203 6 10 
NPL 448 597 3870 2575 27 115 
SPL 448 635 507 244 10 15 

warm-
wet 

CPL 478 634 455 297 6 10 
NPL 478 613 4603 3306 47 118 
SPL 478 634 573 346 11 14 

warm-
dry 

CPL 442 642 385 169 6 10 
NPL 442 606 3725 2376 33 128 
SPL 442 641 489 209 10 15 

Notes:  
CPL = Centre Pit Lake; ET = evapotranspiration; GWin = groundwater in; GWout = groundwater out; m3/d = cubic metres per day; 
NPL = North Pit Lake; P = precipitation; SPL = South Pit Lake; Rin = runoff in; Rout = runoff out. 
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Evapotranspiration (ET) is generally the largest water sink for both the historic (25-year average) and 
projected mid-century climate scenarios for CPL and SPL, as shown in Table 6-10. It also shows that the 
water budget components in NPL are significantly different than CPL and SPL. The surface water inflow 
and outflow from the NPL are the largest components of its water balance and are several times larger 
than the other components such as precipitation and ET. This simply is because NPL is designed to have 
a large basin to lake ratio leading to a larger discharge rate into the lake. Also, it receives the surface 
discharge out of CPL as its inflow which is a secondary cause of high runoff into the NPL.  

The table also shows that although surface runoff inflow and outflow terms are affected by the climate 
forcing used to drive the Closure Model, the groundwater discharge terms vary insignificantly and are 
significantly less affected by precipitation and ET rates.  

The water balance of the pit lakes in historical climate and end-century projected climate is shown in 
Table 6-11. The results show that the overall balance of the pit lakes in end-century condition is the 
similar to the historical conditions and the projected mid-century condition presented in Table 6-11. For 
instance, groundwater inflow and outflow terms are consistently the smallest values in the pit lakes 
long-term water balance. In CPL and SPL, ET is the largest water sink process. Conversely, the largest 
water sink is surface runoff leaving NPL.  

Table 6-11: Summary of Water Balance (m3/d) in Reclamation Features in the Far Future Condition 

Climate scenario Feature P ET Rin Rout GWin GWout 

75 years historical 
CPL 434 572 524 445 9 11 
NPL 434 574 5331 5028 23 17 
SPL 434 574 646 550 15 13 

cold-wet 
CPL 510 662 494 413 6 12 
NPL 510 665 5150 4853 18 19 
SPL 510 663 605 491 10 14 

cold-dry 
CPL 492 674 471 360 6 12 
NPL 492 678 4832 4518 18 20 
SPL 492 675 588 439 10 14 

median 
CPL 546 656 674 666 6 11 
NPL 546 659 6575 6323 19 20 
SPL 546 657 851 787 10 13 

warm-wet 
CPL 528 680 545 484 6 12 
NPL 528 683 5666 5381 18 20 
SPL 528 681 683 570 10 14 

warm-dry 
CPL 489 669 459 349 6 12 
NPL 489 672 4685 4362 18 20 
SPL 489 670 576 386 10 14 

Notes:  
CPL = Centre Pit Lake; ET = evapotranspiration; GWin = groundwater in; GWout = groundwater out; m3/d = cubic metres per day; 
NPL = North Pit Lake; P = precipitation; SPL = South Pit Lake; Rin = runoff in; Rout = runoff out. 
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Although surface runoff inflow and outflow terms are affected by the climate forcing used to drive the 
Far Future Model, the groundwater discharge terms vary insignificantly and are significantly less 
affected by average precipitation and average ET rates, as shown in Table 6-11. This means the 
difference in projected climate ensemble members are mostly in the amount of surface runoff that are 
feeding the lakes or discharging out of them.  

6.2.4. Model Validation and Assumptions 
The 2020 MLWC HGS Model is a series of hydrological models developed to simulate a complex natural 
hydrological system (the MLWC) in addition to anthropogenic modifications made to that system 
because of the proposed development of FHOSP. All models are simplified representations of the 
system or feature they are meant to simulate. Models, including numerical models of environmental 
processes, all require some degree of simplifying assumptions pertaining to the system they are 
simulating and the underlying processes (e.g., hydrological processes) governing that system’s 
behaviour. Additionally, all models require assumptions to be made regarding the hydrological 
processes that are included, as well as assumptions regarding the physics that are used to the describe 
those hydrological processes (for physics-based models like HGS). All of these necessary simplifications 
and assumptions inevitably introduce a degree of uncertainty into the predictions made by the model. 
Qualitatively and quantitatively assessing model predictive uncertainty provides the end users of the 
predictions information that they can use to gauge the level of confidence to be placed in the results 
during decision making. 

Climate has the biggest relative effect on the modelled levels and flows as it is both the largest water 
source (i.e., precipitation) and water sink (i.e., evapotranspiration) in the MLWC system, and thus, drives 
the overall balance of water. As with any form of measured data, the climate forcing data used in this 
study contain assumptions. The major assumptions include: 

● Potential differences between the regional climate data used in the 2020 MLWC HGS Model and 
local MLWC (FHOSP lease) climate. As an example, annual precipitation rates recorded at the 
Bitumount station (near the MLWC) were compared to those recorded at the Fort McMurray 
airport meteorological station. Differences in the annual precipitation rates recorded at the two 
stations are apparent during the time period spanned by the data. For instance, from 2005 to 
2009 more precipitation (primarily local convective storms) was recorded at the Bitumount 
station compared to that recorded at the Fort McMurray station, and this difference was 
reflected in the simulated McClelland Lake levels predicted during this period. 

● The rainfall measurements used to drive the models required undercatch correction for a 
portion of the historical period; however, the amount of undercatch correction was based on 
correlations from literature that may not be perfectly representative for the MLWC. 

● There is uncertainty in the calculated snowmelt rates from snowmelt modelling. The snowmelt 
rates were derived using a degree-melt algorithm which was matched to observed snow depth. 
The modelled snow melt does not match the observed depth exactly, there is some uncertainty 
in the melt rates. Additionally, the process of snow redistribution was not represented in the 
2020 HGS Model work, and its relative importance in the final predicted results is currently 
unknown. Rigorous representation of winter processes in hydrological models is an ongoing 
challenge in general, especially for complex hydrological codes like HGS. Snow depths and 
densities before the freshet and thus the corresponding snowmelt rates and runoff volumes 
during the freshet were assumed to be uniform over the model domain. These simplifying 
assumption regarding winter processes introduce uncertainty into the simulation results in that 
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snow does redistribute during the winter and snow depths on different landscapes at different 
elevations will likely vary widely.  

● Snow sublimation rates were included based on literature values for the Western Boreal plain; 
however sublimation measurements have never been performed in the MLWC. As such, there is 
uncertainty in the assumed sublimation rates of the climate data used to drive the models.  

● The net effect of the simplifying assumptions made for these winter processes is a degree of 
additional uncertainty in the computed timing and magnitude of snowmelt runoff during the 
freshet. 

Validation of the model was demonstrated by examining the direction of surface flow streamlines in the 
MLWC fen and lake. The direction of the streamlines in the fen agrees with the conceptualized 
understanding of these flow directions which are as expected perpendicular to the orientation of the 
patterned fen strings at the MLWC, indicating the model accurately captures the surface flows required 
to help preserve the strings of the patterned fens.  

Another model validation criterion is the exchange flux rate between surface and subsurface domains in 
the model. The exchange flux is positive (exfiltration) in the margins of the lake, indicating the lake 
receives GW along its edges, which agrees with physical expectations and the conceptual understanding. 
Moreover, positive exchange fluxes are predicted to occur along the western margins of the patterned 
fens. This location is where groundwater flowing from the NOP surface sand deposits daylights at the 
margin of the MLWC, becoming surface water and its predicted location is consistent with the 
conceptual understanding of flow processes in that part of the MLWC watershed.  

The water table in the fen peatlands is generally shallow and does not typically drop significantly below 
the ground surface in these types of fen peatlands. Based on the Canadian Wetlands Classification, 
water tables in fen peatlands lie at or near surface. The average predicted water table position for the 
non-mined portion of the MLWC fen confirms that the average water table is at and near surface. The 
water table, on average, was simulated to remain near or above surface during this entire period. The 
exceedance curve results indicate the model is properly representing and simulating water table 
variations in the non-mined portion of the MLWC.  

6.2.5. Hydrogeological Gaps and Potential Future Model Enhancements 
Since all models are simplified representations of reality, the results need to be interpreted with an 
understanding of the limitations associated with data quality/availability, resolution, process 
representation, and sources of uncertainty. The following discussion highlights some of the known 
limitations of the 2020 MLWC HGS Model (Volume 1, Appendix C).  

1. Model Resolution: The 2020 MLWC HGS Model was designed to address large scale water balance 
questions under different conditions (i.e., historic, operations). The model is approximately 
1,000 km2, the mesh resolution is relatively coarse in some areas, and as such the model should be 
interpreted with this in mind. 

2. Winter Processes: The current implementation of winter processes uses simplified methods 
designed to capture the primary effects of winter on the hydrologic cycle (i.e., soil/surface freeze 
thaw and snow accumulation/melt). Specifically: 

● surface and subsurface freezing turn on and off instantaneously without a smooth transition 
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● snowmelt uses the simplified degree day method and does not account for the energy balance 

● snow redistribution by wind is not included 

3. Equifinality: This is a limitation of all environmental models where more than one parameter set 
may provide acceptable calibration performance. Mitigation of equifinality was attempted by using 
a multi-target objective function that accounted for surface water, groundwater, and 
evapotranspiration. Additionally, many quantitative and qualitative post-calibration verification data 
sets were assessed to confirm that the calibrated model agreed with the conceptual understand of 
the system  

4. Limited surface water data available for calibration: There is very little high quality SW flow data 
available for model calibration: 1) the outflow from McClelland Lake is through a poorly defined 
channel through muskeg with known seepage bypassing the monitoring point and was deemed 
unreliable, and 2) the only other SW flow data are for Unnamed Creek; however, it is very limited 
duration (two seasons). As such, SW flow data were not included as a calibration target, but rather 
was used a qualitative verification metric. 

5. Actual evapotranspiration (AET) assigned in the Aspen forestlands: The simulated AET (actual 
evapotranspiration) in the Aspen forest lands appears to be slightly too low in the 2020 MLWC HGS 
Model and will be adjusted upwards in a subsequent model update. This future model update may 
also include the addition of a ‘duff’ layer under the Aspen forestland region to more accurately hold 
soil moisture in the upper part of the soil column for use by vegetation. 

6. Homogeneous hydrostratigraphic units: Because of computational constraints, model calibration 
was performed using a zonal approach whereby all material properties are uniform within a given 
zone or hydrostratigraphic unit. This means that intra-unit heterogeneity is missing from the model. 
It is also worth noting that in some cases, the regionally calibrated K values are higher than locally 
measured values or values from calibrated pumping tests. This is a well-known phenomenon called 
the “scale-effect” and is because of the fact that each method samples a different volume of 
material. Additionally, the amount of hydrostratigraphic detail that can be included is limited by the 
mesh resolution of the model.  

7. Parametric uncertainty: Formal quantification of parametric uncertainty has not been performed. 
The best available data and interpretations were used at the time of model construction and 
calibration. However, subsurface data are inherently uncertain. The large number of runs necessary 
to do a formal parametric uncertainty quantification such as Monte Carlo, Latin Hypercube, or 
Polynomial Chaos Expansion may preclude its use. 

8. Refinement of Hydrostratigraphic Unit AQ4: Simulated pumping tests were used to improve the 
hydrostratigraphic zonation of the AQ4 unit which also contains rafted McMurray Formation 
deposits (the PGKM unit). Additional field information may be needed to further refine 
characterization of this hydrostratigraphic unit. 

 



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

81 | Page 

 

During the construction, calibration, and application of the 2020 MLWC HGS Model, the following items 
should be considered to further improve model performance in the future: 

● refine winter processes in Unnamed Creek and improve freshet timing 

● adjust winter freezing rates to better align with conceptual understanding of the system 

● addition of a ‘duff’ layer in the Aspen forestlands to more accurately capture precipitation in 
summer and winter for use by vegetation (i.e., increase AET) 

● add available hydrograph data for Unnamed Creek to the model calibration with the goal of 
reducing simulated peakedness of surface water flow during the freshet and also improving the 
fit between simulated and observed baseflow 

● re-visit the interpretation of the FHUC AQ-AT-PGKM sequence (improvement would need to be 
guided by additional pumping test work or drilling data in the FHUC)  

● additional transient calibration with current model 

● Updating the deeper geology definition in the model with any additional drilling data collected 
at Fort Hills since the 2020 MLWC HGS model’s construction. 

● look at uncertainty bounds of the SW resupply (i.e., effect of climate) 

As noted in the beginning of Section 6.2.5 all models are simplified representations of reality and FHEC 
has endeavoured to highlight the primary assumptions that went into constructing and applying this 
integrated modelling platform to the FHOSP, factors influencing model performance and ways in which 
the model could be potentially improved in the future. The application of the 2020 MLWC HGS model to 
Fort Hills site has helped provide FHEC with an unprecedented level of insight into its shallow and 
intermediate flow system behaviour (and across all seasons of the year). Even when considering model 
uncertainty and suggested potential enhancements to future versions, the 2020 MLWC HGS model’s 
performance (in terms of calibration, validation and predictions) is very reasonable and the 2020 MLWC 
HGS model is considered ‘fit for purpose’ in its use in the assessments presented in this document. 

6.3. Closure Water Quality 

6.3.1. Water Quality at Closure 
The LMCP has been developed to achieve the following water quality management objectives: 

● support ecologically viable ecosystems within the three pit lakes (CPL, NPL, and SPL) 

● mitigate water quality effects on the receiving waters 

During progressive reclamation activities and before certification, water management will consist of: 

● Development of closure drainage systems (waterbodies and watercourses) that enable closure 
drainage waters to leave the reclaimed FHOSP once they meet regulatory requirements. 

● Operation and maintenance of the authorized monitoring network around the entire FHOSP, 
with associated seepage management systems (SMS) that can be activated to maintain off-site 
seepage rates within acceptable bounds. 
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The assessment of the LMCP focused on modelling water quality of the three planned pit lakes, where 
NPL and SPL are the discharge points of the FHOSP closure drainage systems to the receiving waters. 
The wetlands within the closure landscape were conservatively assumed to have no treatment capacity 
and therefore are not included in the water quality assessment (it was assumed water quality in the 
inflow to a wetland was the same as the outflow). The exception is MLWC, which will be assessed as 
part of the MLWC OP. 

The main inputs to the pit lake models include water from tailings consolidation (e.g., porewater 
release) as well as surface water runoff and interflow from the various closure landforms. The pit lake 
modelling of the closure landscape plan was conducted to evaluate the water quality conditions of the 
closure landscape under historical climate and five climate change scenarios. The objective of assessing 
the climate change scenarios was to characterize the pit lake water quality because of flow changes 
associated with a range of possible future climate change by assuming that water chemistry of source 
inputs remained the same for all the climate scenarios. 

The modelling results were analysed to show how the above-mentioned water quality management 
objectives will be achieved.  

6.3.2. Water Quality Modelling Methods 
A dynamic simulation model was used to evaluate the pit lake water quality. The model is a GoldSim™ 
based model considering the same constituents as those outlined in previous reports (FHEC 2017a). 
Mass-balance was calculated over daily timesteps with in-coming flows combining with existing lake 
volumes minus lake outflows. The model incorporates processes of tailings consolidation, decay of some 
organic parameters, groundwater seepage, and flushing of tailings landforms over time. 

NPL, CPL, and SPL were configured to reflect the updated closure drainage plan, incorporating the 
average annual surface and groundwater inflows from the HGS Model, as summarized in FHEC 
(Volume 1, Appendix C). The IWW inputs include 66.6 Mm3 of IWW from the closed-circuit area that is 
used to fill the pit lakes, tailings consolidation, groundwater seepage from tailings landforms, and 
baseflow reporting to drainage ditches at the base of tailings landforms. Inflows expected to have water 
chemistry similar to natural background concentrations include Athabasca River water used for pit filling 
in active closure, surface runoff from natural and reclaimed landforms, and baseflow originating from 
the flanks of tailings facilities, and in some cases the core of the tailings facilities, following a period of 
flushing (Volume 2, Section 4.4.3.1.1). 

Modelled outflows from NPL include the main outflow channel to the Athabasca River, seepage out of 
the pit, and evaporation. Modelled outflows from SPL include the main outflow channel to the 
Athabasca River, seepage out of the pit, and evaporation. The CPL outflows to NPL.  

In this assessment, modelling was conducted for six climate scenarios (i.e., historical climate and five 
climate change scenarios), which are described in FHEC (Volume 2, Section 4.2.3). The objective of 
assessing the climate change scenarios was to characterize potential changes to pit lake water quality 
because of flow changes associated with a range of possible future climate change.  
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 Flows 

The model inputs for the historical climate are summarized in Table 6-12. The modelling timeframe 
covers the period from the start of pit lake filling (i.e., 2064) to 2240 when the concentrations are 
expected to have been stable for many years.  

Athabasca River water is included in CPL and SPL during the filling period to optimize (shorten) the active 
closure timeframe (pit lake filling). The average annual natural runoff and baseflow from reclaimed 
tailings areas provided in the HGS Model for the closure period and six climate scenarios were used 
during the pit filling period to account for runoff into the pits (Volume 1, Appendix C). A flushing period 
was assumed to begin at the start of pit filling for each pit and occur linearly over an 18-year period 
(Volume 2, Section 4.4.3.1.1). This assumption does not change the magnitude of the flows, just the 
water quality assigned to the flows from the tailings areas.  

Pit filling was modelled to be completed by 2076. Starting in 2076, the average annual closure flows 
from the HGS Model for the six climate scenarios were used to project the change in pit water quality 
(Volume 1, Appendix C). The transition from the average annual closure flows to the average annual Far 
Future flows was assumed to occur linearly over a 30-year period from 2146 to 2176. Starting in 2176, 
the average annual Far Future closure flows from the HGS Model for the six climate scenarios were used 
to project the change in pit water quality (Volume 1, Appendix C).  
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Table 6-12: Pit Lake Characteristics – Historical Climate 

Parameter Units 
NPL CPL SPL 

Filling Period(b) Full Filling Period(b) Full Filling Period(b) Full 

Surface Area km2 2.6 6.7 5.4 

Tailings Volume Mm3 0 205 135 

Water Volume when 
Full Mm3 40 85 70 

Average Residence 
Time year 3.2 16 13 

Direct Precipitation(a) Mm3/year - 1.2 - 2.8 - 2.4 

Natural Runoff 
(Surface Flow from 
Reclaimed and 
Natural Landforms) 

Mm3/year 8.4 8.5 0.7 1.05 0.9 1.25 

Groundwater Flow 
from Natural Areas Mm3/year 0 0.063 0 0 0 0 

Groundwater Flow 
from Reclaimed 
Tailings Areas 

Mm3/year 0 0 0 0.34 0 0.32 

Baseflow from 
Reclaimed Tailings 
Areas (ditches) 

Mm3/year 0.4 0.33 1.8 1.5 2.1 1.8 

Tailings Porewater 
(from consolidation) Mm3/year 0 0 1.2 0.8 0.4 0.3 

Athabasca River Flow 
(Pumped) Mm3/year 0 0 5.3 0 3.8 0 

IWW Inventory Mm3/year 2.0 0 3.2 0 2.9 0 

Notes: 
(a) During the filling period, precipitation is included in the IWW inventory.  
(b) The filling period for each pit lake is: NPL - 2064 to 2075 (although the pit lake is full by 2068); CPL - 2069 to 2075; SPL - 

2069 to 2075. The flow is averaged over the filling period for each pit lake.  
IWW = Industrial Wastewater; NPL = North Pit Lake, CPL = Centre Pit Lake, SPL = South Pit Lake, km2 = square kilometres; Mm3 = 
million cubic metres; Mm3/year = million cubic metres per year. 

A summary of the flows and average residence times for the various climate scenarios is provided in 
Table 6-13 for the NPL, Table 6-14 for the CPL and Table 6-15 for the SPL. 
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Table 6-13: Comparison of Inflows and Residence Times for the North Pit Lake 

Climate Scenario 
Average 

Residence 
Time (year) 

Ratio of Average 
Annual Natural Inflow 

/ Average Annual 
Process Affected 

Inflow (Filling Period) 

Ratio of Average 
Annual Natural 

Inflow / Average 
Annual Process 

Affected Inflow (Far 
Future) 

Sum of the 
Average Total 

Annual Inflows 
(Filling Period) 

(Mm3/year) 

Sum of the 
Average 

Total Annual 
Inflows (Far 

Future) 
 (Mm3/year) 

Historical Climate 3.2 3.5 3.9 10.8 15.2 

Future 
Climate 
Change 

Median 3.2 3.8 3.5 11.0 18.6 

Cold-Dry 2.8 4.2 4.9 12.3 14.0 

Cold-Wet 2.3 5.0 4.5 14.5 14.9 

Warm-Dry 3.3 3.7 4.9 10.8 13.6 

Warm-Wet 2.8 4.3 4.3 12.3 16.2 

Notes: 
(1) Industrial wastewater inflow includes the outflow from CPL. 
Mm3/year = million cubic metres per year. 

Table 6-14: Comparison of Inflows and Residence Times for the Centre Pit Lake 

Climate Scenario 
Average 

Residence 
Time (year) 

Ratio of Average 
Annual Natural Inflow 

/ Average Annual 
Process Affected 

Inflow (Filling Period) 

Ratio of Average 
Annual Natural 

Inflow / Average 
Annual Process 

Affected Inflow (Far 
Future) 

Sum of the 
Average Total 

Annual Inflows 
(Filling Period) 

(Mm3/year) 

Sum of the 
Average 

Total Annual 
Inflows (Far 

Future) 
(Mm3/year) 

Historical Climate 16 1.0 3.5 12.2 6.6 

Future 
Climate 
Change 

Median 16 1.0 4.9 12.2 8.3 

Cold-Dry 15 1.0 4.0 12.2 6.6 

Cold-Wet 13 0.9 4.1 12.2 6.9 

Warm-Dry 17 1.0 4.1 12.2 6.5 

Warm-Wet 15 0.9 4.3 12.2 7.4 
Notes: 
(1) Natural inflow includes Athabasca River water during filling period.  
(2) Industrial wastewater inflow includes porewater from tailings consolidation.  
Mm3/year = million cubic metres per year. 
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Table 6-15: Comparison of Inflows and Residence Times for the South Pit Lake 

Climate Scenario 
Average 

Residence 
Time (year) 

Ratio of Average 
Annual Natural Inflow 

/ Average Annual 
Process Affected 

Inflow (Filling Period) 

Ratio of Average 
Annual Natural 

Inflow / Average 
Annual Process 

Affected Inflow (Far 
Future) 

Sum of the 
Average Total 

Annual Inflows  
(Filling Period) 

(Mm3/year) 

Sum of the 
Average 

Total Annual 
Inflows (Far 

Future) 
(Mm3/year) 

Historical Climate 13 0.9 3.3 10.1 6.3 

Future 
Climate 
Change 

Median 13 0.9 4.3 10.1 8.0 

Cold-Dry 12 0.9 3.6 10.1 6.2 

Cold-Wet 10 0.8 3.6 10.1 6.4 

Warm-Dry 13 0.9 3.7 10.1 6.1 

Warm-Wet 12 0.8 3.8 10.1 7.0 
Notes: 
(1) Natural inflow includes Athabasca River water during filling period.  
(2) Industrial wastewater inflow includes porewater from tailings consolidation.  
Mm3/year = million cubic metres per year. 

The annual average inflows for the median and warm climate change scenarios are similar to those of 
the historical climate while the annual average inflows for the cold climate change scenarios are higher 
than those of the historical climate, as shown in Table 6-13, Table 6-14, and Table 6-15. While seasonal 
variations are expected in all scenarios, using annual average flows is considered appropriate for the pit 
lakes with relatively long residence times where the seasonal effects tend to be dampened. However, 
the NPL has an average residence time of three years or less and may be more sensitive to seasonal 
variations and inter-annual changes. 

 Tailings Consolidation 

The fine tailings can affect water quality because of the migration and release of porewater that mixes 
with surface water as a result of tailings consolidation over time. The rates of porewater release from 
the tailings in the SPL and CPL (i.e., PASS treated tailings) were estimated using consolidation properties 
measured from PASS tailings in Dedicated Disposal Area 3 at Base Plant (Suncor 2021). The estimated 
porewater release rate for the in-pit PASS treated tailings is presented in Figure 6-9. 
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Notes: 
Mm3 = million cubic metres per year; CPL = Centre Pit Lake; SPL = South Pit Lake 

Figure 6-9:  Projected Average Annual Porewater Release Rate for the in-Pit Permanent Aquatic 
Storage Structure Treated Tailings in Centre Pit Lake and South Pit Lake from Pit Filling to 
Far Future (100-Years Post Discharge) 

Water Chemistry 

The water quality modelling involved simulation of the concentrations of several inorganic parameters 
(e.g., metals, total dissolved solids [TDS]), and organic parameters (e.g., petroleum hydrocarbons, 
naphthenic acids [NA]) in the pit lakes. Modelling results for 45 parameters are presented, including: 

● Polycyclic aromatic hydrocarbons (PAH) Groups : Group 1 to 9 (Table 6-16)

● Metal(loid)s: aluminium, antimony, arsenic, barium, beryllium, boron, cadmium, chromium,
cobalt, copper, iron, lead, manganese, mercury, molybdenum, nickel, selenium, silver,
strontium, vanadium, and zinc

● Major ions: calcium, magnesium, potassium, sodium, chloride, and sulphate

● Nutrients: ammonia, total nitrogen, and total phosphorous

● Organics: NAs and total phenolics

● Other inorganic parameters: total dissolved solids and sulphide
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Table 6-16: Substances included in Polycyclic Aromatic Hydrocarbons Groups 

Group Substance 

PAH Group 1 dibenzo(a,h)anthracene; benzo(a)pyrene; C1 substituted benzo(b&k) 
fluoranthene/ benzo(a)pyrene; C2 substituted benzo(b&k) 
fluoranthene/benzo(a)pyrene 

PAH Group 2 benzo(a)anthracene; benzo(b)fluoranthene; 
benzo(a)anthracene/chrysene; C1 substituted 
benzo(a)anthracene/chrysene; C2 substituted 
benzo(a)anthracene/chrysene; benzo(b&j) fluoranthene; 
benzo(b&k)fluoranthene; Indeno(123-cd)pyrene 

PAH Group 3 benzo(g,h,i)perylene; chrysene; carbazole; C1 substituted carbazole; C2 
substituted carbazole; benzo(j)fluoranthene; benzo(k)fluoranthene 

PAH Group 4 acenaphthene; C1 substituted acenaphthene; acenaphthylene 

PAH Group 5 anthracene; phenanthrene; C1 substituted phenanthrene/anthracene; 
C2 substituted phenanthrene/anthracene; C3 substituted 
phenanthrene/anthracene; C4 substituted phenanthrene/anthracene; 
1-methyl-7-isopropyl-phenanthrene (retene) 

PAH Group 6 biphenyl; C1 substituted biphenyl; C2 substituted biphenyl; C3 
substituted biphenyl 

PAH Group 7 fluoranthene; fluorene; C1 substituted fluorene; C2 substituted 
fluorene; C3 substituted fluorene; dibenzothiophene; C1 substituted 
dibenzothiophene; C2 substituted dibenzothiophene; C3 substituted 
dibenzothiophene; C4 substituted dibenzothiophene 

PAH Group 8 naphthalene; C1 substituted naphthalenes; C2 substituted 
naphthalenes; C3 substituted naphthalenes; C4 substituted 
naphthalenes 

PAH Group 9 C1 substituted fluoranthene/pyrene; C2 substituted 
fluoranthene/pyrene; C3 substituted fluoranthene/pyrene; pyrene 

Notes: 
The guidelines for these parameters were used for screening model predictions as described in Volume 2, Section 4.4.3.1.4. 

PAH = polycyclic aromatic hydrocarbons, bolded compounds are parameters that have Government of Alberta (2018b) 
guidelines for the protection of aquatic life.  

Most of the parameters are modelled conservatively, meaning it is assumed they are not removed along 
flowpaths or in the lakes because of degradation, decay, mineral precipitation, adsorption, or physical 
settling. Ammonia, NAs, sulphide, phenolics, and PAHs are assigned decay rates, which are applied only 
in the pit lakes (not along flowpaths). The decay rates, and the approach to determining appropriate 
decay rates, are described in Appendix 6A of the Suncor Froth Treatment Tailings Amendment 
Application (Suncor 2019). Also included in the same reference is a description on how NAs are 
modelled, including partitioning and decay rates. The water sources to the pit lakes included direct 
precipitation onto the pit lake surfaces, IWW (i.e., process water inventory, seepage and baseflow from 
tailings landforms), consolidation release water, surface runoff, and groundwater from natural and 
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reclaimed areas, as well as water from the Athabasca River. The data used to develop the water quality 
model inputs for these sources are provided in Table 6-17. 

Table 6-17: Data Sources for Development of the Water Chemistry Model Inputs 

Water Source Reference or Description 

Industrial wastewater (groundwater 
seepage and baseflow from reclaimed 
landforms; IWW inventory at end of 
mining) 

Major ions from the Fort Hills operational IWW chemistry model, all 
other data from Suncor Base Plant recycled water circuit. 

Natural Groundwater  Surficial groundwater data from FHOSP 

Athabasca River Water Athabasca River data from the Ells River to the Firebag River (1968 to 
2009) 

Porewater Released due to PASS treated 
tailings Consolidation (i.e., in-pit lake 
tailings)  

Major ions from the Fort Hills operational IWW chemistry model, all 
other data from the Lake Miwasin monitoring program. 

Surface Runoff from Reclaimed and 
Natural Areas 

Data collected from Creek A, Fort Creek, and Susan Lake outlet (1996 
to 2009) 

Precipitation  Assigned no concentration. 
Notes: 
FHOSP = Fort Hills Oil Sands Project; IWW = Industrial Wastewater; PASS = Permanent Aquatic Storage Structure. 

The water chemistry inputs to the model are summarized in Table 6-18. Constituent concentrations in 
the pit lakes were calculated as a daily mass-balance of incoming flows mixing with lake water minus 
lake outflows. The water chemistry model inputs are the same for each of the climate scenarios, as the 
main objective of the climate scenarios was to assess effects on the pit lake water quality due to a 
change in flows to the pit lakes. 

Table 6-18:  Water Chemistry Model Inputs 

Parameter(a) Water Source 

(mg/L) 

Surface Runoff 
and Future 
Seepage/ 
Baseflow 

through Tailings 

Athabasca 
River Water  

Process-
Affected 

Water 

Porewater 
Upward Flux 
due to PASS 

Treated 
Tailings 

Consolidation 

Natural 
Groundwater Precipitation 

Aluminum 0.098 2.2 0.014 0.0047 0.031 NV 

Ammonia - N 0.051 0.053 4.7 9.0 1.1 NV 

Antimony 0.00041 0.000078 0.0014 0.0011 0.00039 NV 

Arsenic 0.00042 0.00093 0.0067 0.0054 0.00045 NV 

Barium 0.084 0.065 0.11 0.091 0.16 NV 

Beryllium 0.00072 0.00029 0.00035 0.0005 0.00025 NV 

Boron 0.033 0.028 3.8 7.3 0.095 NV 
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Table 6-18:  Water Chemistry Model Inputs 

Parameter(a) Water Source 

(mg/L) 

Surface Runoff 
and Future 
Seepage/ 
Baseflow 

through Tailings 

Athabasca 
River Water  

Process-
Affected 

Water 

Porewater 
Upward Flux 
due to PASS 

Treated 
Tailings 

Consolidation 

Natural 
Groundwater Precipitation 

Cadmium 0.0000086 0.00026 0.000073 0.000087 0.000031 NV 

Calcium 61 32 40 40 79 NV 

Chloride 2.1 14 171 171 1.7 NV 

Chromium 0.0014 0.0033 0.0034 0.0005 0.0013 NV 

Cobalt 0.0002 0.001 0.0036 0.0092 0.0005 NV 

Copper 0.00071 0.0027 0.0033 0.0015 0.0014 NV 

Iron 1.0 1.9 0.024 0.03 1.6 NV 

Lead 0.00026 0.0012 0.00017 0.0001 0.00021 NV 

Magnesium 12 8.6 14 14 21 NV 

Manganese 0.1 0.053 0.10 0.17 0.24 NV 

Mercury 0.0000031 0.0000051 0.000001 0.000042 0.000016 NV 

Molybdenum 0.00015 0.00067 0.23 0.37 0.0018 NV 

Naphthenic Acids 0.67 0.61 39.9 15.9 0.59 NV 

Nickel 0.00074 0.0037 0.013 0.022 0.0023 NV 

PAH Group 1 NV NV 0.000025 0.000017 0.00001 NV 

PAH Group 2 NV NV 0.00016 0.000022 0.0000083 NV 

PAH Group 3 NV NV 0.000016 0.0000085 0.000013 NV 

PAH Group 4 NV NV 0.0001 0.0001 0.000046 NV 

PAH Group 5 NV NV 0.00061 0.00003 0.000064 NV 

PAH Group 6 NV NV 0.000023 0.000023 0.000012 NV 

PAH Group 7 NV NV 0.00077 0.00003 0.000026 NV 

PAH Group 8 0.000019 0.000033 0.000068 0.00005 0.000059 NV 

PAH Group 9 NV NV 0.00053 0.00053 0.000026 NV 

Potassium 1.0 1.2 17 17 2.7 NV 

Selenium 0.00034 0.00032 0.0029 0.0021 0.00015 NV 

Silver 0.000011 0.000015 0.000038 0.00005 0.000084 NV 

Sodium 7.0 16 370 370 10 NV 

Strontium 0.13 0.2 0.51 1.4 0.31 NV 

Sulphate 9.8 25 259 709 9.9 NV 
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Table 6-18:  Water Chemistry Model Inputs 

Parameter(a) Water Source 

(mg/L) 

Surface Runoff 
and Future 
Seepage/ 
Baseflow 

through Tailings 

Athabasca 
River Water  

Process-
Affected 

Water 

Porewater 
Upward Flux 
due to PASS 

Treated 
Tailings 

Consolidation 

Natural 
Groundwater Precipitation 

Sulphide 0.003 0.004 0.013 0.013 0.03 NV 

Total Dissolved 
Solids 249 182 1,523 1,973 311 NV 

Total Nitrogen 0.44 0.6 4.6 9.9 0.099 NV 

Total Phenolics 0.0022 0.0036 0.013 0.00005 NV NV 

Total Phosphorus 0.025 0.072 0.024 0.05 0.02 NV 

Vanadium 0.00063 0.0037 0.017 0.0006 0.00075 NV 

Zinc 0.014 0.013 0.0036 0.0052 0.018 NV 
Notes: 
(a) Metal concentrations are in total fraction. PAH = polycyclic aromatic hydrocarbons; PASS = Permanent Aquatic Storage 

Structure; mg/L = milligrams per litre; NV = no value assigned. 
 

 Screening Methods 

The water quality modelling results for all climate scenarios were screened against the environmental 
quality guidelines (EQG) for protection of aquatic life (PAL; freshwater; Government of Alberta 2018) as 
the pit lakes are expected to become viable freshwater ecosystems that will support aquatic life. For the 
PAH groups, the compounds with guidelines for the protection of aquatic life are shown in bold in 
Table 6-18. For screening, the most conservative (lowest) guideline value was assigned to the entire 
group. Note that this is a conservative approach to screening PAHs as a guideline for a single compound 
is applied to the sum of an entire group of multiple compounds. The results were also screened against 
average Athabasca River concentrations, and the highest average of 26 natural lakes in the region, as 
described in Canadian Natural (2018). The results are screened to show which values are higher than 
chronic EQG-PAL and which are higher than the averages from the Athabasca River and/or natural lakes 
in the region. However, only the parameters that screen above both chronic EQG-PAL and the natural 
averages underwent an aquatic health assessment. For parameter predictions that were above EQG-PAL 
but below the natural averages, it was assumed that aquatic effects would be negligible given that 
aquatic effects at the concentrations provided for screening in lakes and the Athabasca River have not 
been observed.  

The temperature, hardness and pH dependent guidelines were based on the following average values 
measured in the Athabasca River in the reach near FHOSP:  

● Temperature: 12.2°C 

● Hardness: 118 mg/L calcium carbonate (CaCO3) 

● pH: 7.9 
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The modelling results for the climate change scenarios were compared to those for the historical 
climate. The modelling results for the climate change scenarios were screened against a ±10% range of 
the same parameters for the historical climate to quantify the relative change. 

 Assumptions 

The following assumptions were made in the water quality modelling: 

● The pit lakes will be well mixed. 

● Post-depositional weathering of tailings will not affect water chemistry to any greater extent 
than already described in the existing tailings water chemistry data. 

● Transport of constituents from the pit lake tailings to the overlying water column will be largely 
via advective transport, and diffusive flux is not modelled. 

● The chemistry of drainage water from reclaimed overburden areas will be similar to that of 
natural runoff. 

● Direct groundwater seepage to all the pit lakes, as well as baseflow originating from the core of 
the larger aboveground tailings facilities (e.g., OPTA), will have a process-affected water 
signature throughout the modelled timeframe. This is a conservative assumption as attenuation 
processes that would likely limit the mobility and persistence of substances are not accounted 
for. 

● Baseflow originating from the flanks of larger aboveground tailings facilities (e.g., OPTA) and the 
core of tailings facilities with smaller aboveground relief (e.g., NPTA) will evolve over time from 
a IWW signature to one more closely resembling natural conditions. Specifically, it is assumed 
flushing will occur over approximately 18 years, consistent with research on mobility and 
transport of sodium in the tailings upland portion of the Nikanotee Fen (Yang 2021).  

● There will be no effect on water quality from gas generation (e.g., because of microbial 
degradation of organic carbon, or dissolved gas in basal depressurization water).  

● Precipitation (rainfall, snow) to the pit lake surfaces will not contribute to constituent mass 
loading but to the dilution of IWW, and the evaporation from the pit lake surfaces was modelled 
as a loss of water but not load. 

● Climate change will not affect the chemistry of the sources to the pit lakes, only the flows. It is 
assumed that water chemistry of source inputs remained the same for all the climate scenarios. 
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6.3.3. Water Quality Modelling Results 
Water quality predictions for NPL, CPL, and SPL are shown in Table 6-19, Table 6-20 and Table 6-21, 
respectively, and described in FHEC (Volume 2, Sections 4.4.3.2.1, 4.4.3.2.2 and 4.4.3.2.3). The results 
include predictions, screening outcomes, and in the case of NPL, a comparison to the FHMA (FHEC 
2017a) results. The evolution and influence of climate change on representative parameters are also 
described. The following parameters are further discussed in terms of their temporal evolution: 

• TDS: This parameter has been identified as a constituent of potential concern (COPC) in pit lakes 
in the oil sands region, and it represents inorganics that are assumed to behave conservatively 
(does not decay).  

● NA: This parameter has been identified as a COPC in pit lakes in the oil sands region, and it 
represents organics that undergo decay.  

● Molybdenum: this parameter was selected to represent the metal(loid) group, as well as a 
parameter that is assumed to behave conservatively. Furthermore, the molybdenum model 
input concentration for the mine-related inputs is significantly higher than the natural water 
model inputs, which allows for an evaluation of climate change impacts and temporal evolution 
of parameters where the main source is tailings. 
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Table 6-19:  Water Quality Predictions for Centre Pit Lake 

Parameter Units 
WQ Guidelines Historical Climate Climate Change 

Cold-Dry Cold-Wet Median Warm-Dry Warm-Wet 

Acute (GOA) Chronic (GOA)(a) Peak Mean of  
Natural Variation(b) 

Athabasca River Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future 
(Average) 2075 2175 2075 2175 2075 2175 2075 2175 2075 2175 2075 2175 

Aluminum mg/L 0.1 0.05 0.92 0.021 0.94 0.17 0.82 0.13 0.69 0.096 0.95 0.19 0.95 0.24 0.87 0.15 
Ammonia - N mg/L -- 0.91 0.41 0.038 0.024 0.008 0.024 0.007 0.026 0.007 0.023 0.007 0.023 0.007 0.024 0.007 
Antimony mg/L -- -- 0.00056 0.00014 0.00076 0.001 0.00078 0.001 0.00081 0.0009 0.00075 0.00105 0.00074 0.0012 0.00077 0.001 
Arsenic mg/L -- 0.005 0.0016 0.0012 0.0037 0.0039 0.0037 0.0036 0.0038 0.003 0.0037 0.0038 0.0037 0.0046 0.0038 0.0038 
Barium mg/L -- -- 0.14 0.073 0.089 0.12 0.09 0.12 0.092 0.11 0.089 0.128 0.089 0.14 0.09 0.13 
Beryllium mg/L -- -- 0.0051 0.00012 0.00036 0.00074 0.00039 0.00077 0.00041 0.00071 0.00037 0.00079 0.00037 0.00086 0.00038 0.00077 
Boron mg/L 29 1.5 0.2 0.027 2.3 2.4 2.3 2.2 2.4 1.8 2.3 2.4 2.3 2.9 2.3 2.3 
Cadmium mg/L 0.0025 0.00018 0.00014 0.000047 0.000149 0.000059 0.000134 0.000049 0.00012 0.000039 0.000149 0.00006 0.000149 0.000074 0.000141 0.000054 
Calcium mg/L -- -- 51 34 38 67 40 69 41 64 38 71 38 79 39 70 
Chloride mg/L 640 120 72 12 94 96 93 86 95 72 93 93 92 114 94 92 
Chromium mg/L -- 0.001 0.0025 0.0019 0.003 0.0027 0.0028 0.0026 0.0028 0.0023 0.0029 0.0028 0.0029 0.0032 0.0029 0.0027 
Cobalt mg/L -- 0.0011 0.0007 0.00085 0.0029 0.0027 0.0028 0.0024 0.0028 0.002 0.0028 0.0027 0.0028 0.0033 0.0029 0.0026 
Copper mg/L 0.019 0.007 0.0029 0.0026 0.0027 0.0023 0.0026 0.0021 0.0025 0.0018 0.0027 0.0023 0.0027 0.0027 0.0027 0.0022 
Iron mg/L -- 0.3 2.7 2.1 0.88 0.81 0.83 0.85 0.76 0.8 0.89 0.9 0.9 0.97 0.85 0.86 
Lead mg/L -- 0.0039 0.038 0.0012 0.00062 0.00033 0.00056 0.00031 0.0005 0.00028 0.00062 0.00035 0.00062 0.0004 0.00058 0.00033 
Magnesium mg/L -- -- 0.065 0.0083 12 17 12 17 12 15 12 17 12 20 12 17 
Manganese mg/L -- -- 1.3 0.069 0.09 0.14 0.09 0.14 0.09 0.13 0.09 0.15 0.09 0.16 0.09 0.14 
Mercury mg/L 0.000013 0.000005 -- 0.0000072 0.000007 0.0000069 0.0000068 0.0000063 0.0000066 0.0000052 0.000007 0.0000072 0.000007 0.0000087 0.0000069 0.0000067 
Molybdenum mg/L -- 0.073 0.0012 0.00083 0.13 0.14 0.13 0.13 0.14 0.1 0.13 0.14 0.13 0.17 0.13 0.13 
Naphthenic Acids mg/L -- -- -- -- 12 7 12 6 13 6 12 6 12 7 13 6 
Nickel mg/L 0.54 0.06 0.005 0.003 0.0092 0.009 0.009 0.008 0.009 0.006 0.0091 0.0085 0.0091 0.01 0.0091 0.008 
PAH Group 1 mg/L -- 0.000015 0.0000054 -- 0.0000038 0.0000008 0.0000038 0.0000007 0.000004 0.0000008 0.0000037 0.0000008 0.0000037 0.0000007 0.0000039 0.0000008 
PAH Group 2 mg/L -- 0.000018 0.0000036 -- 0.000041 0.000011 0.000041 0.00001 0.000042 0.00001 0.00004 0.00001 0.000039 0.00001 0.000041 0.00001 
PAH Group 3 mg/L -- -- 0.0000019 -- 0.0000035 0.0000008 0.0000035 0.0000007 0.0000036 0.0000007 0.0000034 0.0000007 0.0000034 0.0000007 0.0000035 0.0000008 
PAH Group 4 mg/L -- 0.0058 0.0000024 -- 0.0000013 0.00000042 0.0000014 0.00000038 0.0000014 0.00000039 0.0000013 0.0000004 0.0000013 0.00000036 0.0000014 0.00000039 
PAH Group 5 mg/L -- 0.000012 0.000075 -- 0.0000078 0.0000028 0.000008 0.0000025 0.0000085 0.0000025 0.0000075 0.0000026 0.0000075 0.0000024 0.000008 0.0000026 
PAH Group 6 mg/L -- -- 0.00003 -- 0.0000071 0.0000017 0.0000071 0.0000016 0.0000073 0.0000017 0.0000069 0.0000016 0.0000069 0.0000016 0.0000071 0.0000017 
PAH Group 7 mg/L -- 0.00004 0.000054 -- 0.000036 0.00001 0.000037 0.000009 0.000038 0.000009 0.000035 0.000009 0.000035 0.000008 0.000037 0.000009 
PAH Group 8 mg/L -- 0.001 0.00026 -- 0.0000117 0.0000025 0.0000116 0.0000023 0.0000117 0.0000024 0.0000116 0.0000027 0.0000116 0.0000022 0.0000117 0.0000025 
PAH Group 9 mg/L -- 0.000025 0.00005 -- 0.000048 0.000011 0.000049 0.00001 0.000051 0.00001 0.000047 0.00001 0.000047 0.000009 0.000049 0.00001 
Potassium mg/L -- -- 13 1.4 9.2 10 9.2 9 9.5 8 9.1 9.8 9.0 12 9.3 10 
Selenium mg/L -- 0.002 0.00032 0.00026 0.0016 0.0018 0.0016 0.0017 0.0016 0.0014 0.0016 0.0018 0.0015 0.002 0.0016 0.0017 
Silver mg/L -- 0.00025 0.000016 0.000026 0.000028 0.00003 0.000027 0.000028 0.000028 0.000025 0.000028 0.000031 0.000027 0.000036 0.000028 0.00003 
Sodium mg/L -- -- 55 17 198 210 197 189 203 158 194 203 193 248 199 201 
Strontium mg/L -- -- 0.24 0.24 0.45 0.47 0.44 0.43 0.44 0.36 0.44 0.47 0.44 0.56 0.45 0.45 
Sulphate mg/L -- 309 118 31 190 194 188 172 191 140 188 190 187 235 190 184 
Sulphide mg/L -- 0.01 0.12 0.0071 0.0000037 0.0000019 0.000004 0.0000017 0.0000044 0.0000017 0.0000036 0.000002 0.0000035 0.0000016 0.0000039 0.0000018 
Total Dissolved Solids mg/L -- -- 444 172 922 1,070 924 989 950 846 911 1058 906 1,267 930 1,042 
Total Nitrogen mg/L -- -- 3.4 0.61 3.2 3.4 3.2 3.1 3.2 2.5 3.1 3.3 3.1 4.1 3.2 3.2 
Total Phenolics mg/L -- 0.004 0.011 0.0027 0.000012 0.000007 0.000014 0.000007 0.000015 0.000007 0.000012 0.000008 0.000012 0.000006 0.000013 0.000007 
Total Phosphorus mg/L -- -- 0.19 0.095 0.047 0.037 0.045 0.036 0.042 0.032 0.048 0.039 0.048 0.045 0.046 0.037 
Vanadium mg/L -- -- 0.0034 0.0036 0.0086 0.008 0.0084 0.008 0.0085 0.006 0.0084 0.008 0.0084 0.01 0.0085 0.008 
Zinc mg/L 0.15 0.03 0.067 0.00081 0.0083 0.0126 0.0083 0.0131 0.0082 0.0123 0.0084 0.0136 0.0084 0.0148 0.0083 0.0132 

Notes: 
bold text - indicates value above chronic guideline 
grey cell fill - indicates value above Peak Mean of Natural Variation and Athabasca River Average concentration 
(a) Government of Alberta (2018b), Guideline values for PAH groups are based on the most conservative (lowest) guideline value for the individual compounds within the group 
(b) Highest average concentration calculated for 29 natural lakes in the region, described in more detail in FHMA (2017)  
 mg/L = milligrams per litre; GoA = Government of Alberta; WQ = Water Quality. 
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Table 6-20:  Water Quality Predictions for North Pit Lake 

Parameter Units 
WQ Guidelines  2017 FHMA WQ Results Historical Climate 

Climate Change 
Cold-Dry  Cold-Wet Median Warm-Dry Warm-Wet 

Acute (GoA) Chronic (GoA)(a) Peak Mean of  
Natural Variation(b) 

Athabasca River Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future 
(Average) 2081 2181 2067 2167 2067 2167 2066 2166 2067 2167 2067 2167 2067 2167 

Aluminum mg/L 0.1 0.05 0.92 0.021 1.2 0.35 0.079 0.117 0.082 0.107 0.084 0.098 0.08 0.128 0.08 0.128 0.082 0.113 
Ammonia - N mg/L -- 0.91 0.41 0.038 0.043 0.042 0.0344 0.0062 0.0339 0.0051 0.035 0.0057 0.0332 0.0056 0.033 0.0049 0.034 0.0056 
Antimony mg/L -- -- 0.00056 0.00014 0.00072 0.0012 0.00064 0.00057 0.0006 0.00055 0.00058 0.00052 0.00062 0.00059 0.00063 0.00058 0.0006 0.00056 
Arsenic mg/L -- 0.005 0.0016 0.0012 0.0017 0.0021 0.0018 0.0013 0.0017 0.0011 0.0015 0.0011 0.0018 0.0014 0.0018 0.0013 0.0016 0.0012 
Barium mg/L -- -- 0.14 0.073 0.1 0.14 0.091 0.095 0.09 0.095 0.089 0.092 0.09 0.098 0.09 0.099 0.09 0.096 
Beryllium mg/L -- -- 0.0051 0.00012 0.00062 0.00096 0.00064 0.00073 0.00065 0.00074 0.00066 0.00072 0.00064 0.00075 0.00064 0.00076 0.00065 0.00074 
Boron mg/L 29 1.5 0.2 0.027 0.72 1.1 0.9 0.6 0.8 0.5 0.7 0.5 0.8 0.7 0.8 0.6 0.8 0.6 
Cadmium mg/L 0.0025 0.00018 0.00014 0.000047 0.00036 0.00038 0.000023 0.000021 0.000021 0.000018 0.00002 0.000016 0.000022 0.000023 0.000023 0.000022 0.000021 0.00002 
Calcium mg/L -- -- 51 34 42 60 56 64 57 64 58 62 57 65 57 66 57 64 
Chloride mg/L 640 120 72 12 52 117 40 25 35 21 31 19 38 27 39 25 35 23 
Chromium mg/L -- 0.001 0.0025 0.0019 0.0033 0.0032 0.0018 0.0017 0.0018 0.0017 0.0017 0.0016 0.0018 0.0018 0.0018 0.0018 0.0018 0.0017 
Cobalt mg/L -- 0.0011 0.0007 0.00085 0.0017 0.0021 0.001 0.0008 0.0009 0.0007 0.0008 0.0006 0.0009 0.0009 0.0009 0.0008 0.0009 0.0008 
Copper mg/L 0.019 0.007 0.0029 0.0026 0.0025 0.0021 0.0013 0.0011 0.0012 0.001 0.0012 0.001 0.0013 0.0012 0.0013 0.0011 0.0012 0.0011 
Iron mg/L -- 0.3 2.7 2.1 1.3 0.83 0.78 0.97 0.81 0.99 0.84 0.96 0.79 0.99 0.79 1.02 0.81 0.99 
Lead mg/L -- 0.0039 0.038 0.0012 0.00096 0.0007 0.00024 0.00028 0.00024 0.00028 0.00025 0.00027 0.00024 0.00029 0.00024 0.0003 0.00024 0.00028 
Magnesium mg/L -- -- 0.065 0.0083 13 18 13 13 12 13 12 13 13 14 13 14 12 14 
Manganese mg/L -- -- 1.3 0.069 0.096 0.14 0.1 0.11 0.1 0.11 0.1 0.11 0.1 0.12 0.1 0.12 0.1 0.12 
Mercury mg/L 0.000013 0.000005 -- 0.0000072 0.000021 0.000032 0.0000027 0.0000041 0.0000027 0.0000039 0.0000028 0.0000037 0.0000027 0.0000043 0.0000027 0.0000043 0.0000027 0.000004 
Molybdenum mg/L -- 0.073 0.0012 0.00083 0.02 0.033 0.053 0.035 0.045 0.028 0.04 0.025 0.05 0.037 0.05 0.034 0.045 0.031 
Naphthenic Acids mg/L -- -- -- -- 11 13 7 2.4 6.2 2.1 5.5 2.2 6.7 2.3 6.7 2.1 6.2 2.2 
Nickel mg/L 0.54 0.06 0.005 0.003 0.0052 0.0056 0.0035 0.0027 0.0031 0.0023 0.0028 0.0021 0.0033 0.0029 0.0034 0.0027 0.0031 0.0025 
PAH Group 1 mg/L -- 0.000015 0.0000054 -- 0.000013 0.000011 0.000003 0.00000041 0.00000278 0.00000033 0.0000026 0.00000035 0.00000289 0.00000034 0.0000029 0.00000032 0.00000278 0.00000035 
PAH Group 2 mg/L -- 0.000018 0.0000036 -- 0.000035 0.000032 0.000027 0.0000043 0.0000244 0.0000036 0.0000219 0.0000038 0.0000261 0.0000036 0.0000262 0.0000034 0.0000243 0.0000037 
PAH Group 3 mg/L -- -- 0.0000019 -- 0.00000021 0.00000022 0.0000024 0.00000037 0.00000219 0.00000031 0.00000201 0.00000033 0.00000232 0.00000031 0.00000233 0.0000003 0.00000219 0.00000033 
PAH Group 4 mg/L -- 0.0058 0.0000024 -- 0.0000049 0.0000048 0.0000019 0.00000028 0.00000189 0.00000022 0.00000192 0.00000024 0.00000186 0.00000023 0.00000185 0.00000021 0.00000189 0.00000024 
PAH Group 5 mg/L -- 0.000012 0.000075 -- 0.000035 0.000034 0.0000139 0.0000019 0.0000135 0.0000015 0.0000138 0.0000016 0.0000134 0.0000015 0.0000133 0.0000014 0.0000135 0.0000016 
PAH Group 6 mg/L -- -- 0.00003 -- 0.000019 0.000017 0.000004 0.0000007 0.0000036 0.0000006 0.0000032 0.0000006 0.0000038 0.0000006 0.0000038 0.0000006 0.0000036 0.0000006 
PAH Group 7 mg/L -- 0.00004 0.000054 -- 0.000044 0.00004 0.000046 0.0000057 0.0000445 0.0000045 0.000044 0.0000049 0.0000446 0.0000047 0.0000444 0.0000043 0.0000445 0.0000048 
PAH Group 8 mg/L -- 0.001 0.00026 -- 0.000057 0.000044 0.000014 0.0000074 0.000014 0.0000073 0.0000146 0.0000076 0.0000135 0.0000077 0.0000135 0.0000071 0.000014 0.0000076 
PAH Group 9 mg/L -- 0.000025 0.00005 -- 0.0000047 0.000004 0.000044 0.0000055 0.0000417 0.0000043 0.0000403 0.0000047 0.0000424 0.0000045 0.0000424 0.0000042 0.0000417 0.0000046 
Potassium mg/L -- -- 13 1.4 5.1 8.3 4.6 3.3 4.1 2.9 3.7 2.7 4.4 3.4 4.5 3.3 4.1 3.1 
Selenium mg/L -- 0.002 0.00032 0.00026 0.00065 0.00088 0.0009 0.0007 0.0008 0.0006 0.0008 0.0006 0.0009 0.0007 0.0009 0.0007 0.0008 0.0007 
Silver mg/L -- 0.00025 0.000016 0.000026 0.000066 0.000098 0.000017 0.000016 0.000016 0.000015 0.000015 0.000015 0.000017 0.000017 0.000017 0.000017 0.000016 0.000016 
Sodium mg/L -- -- 55 17 84 149 89 57 78 48 69 44 85 61 86 56 78 52 
Strontium mg/L -- -- 0.24 0.24 0.32 0.39 0.21 0.21 0.2 0.19 0.19 0.18 0.21 0.22 0.21 0.21 0.2 0.2 
Sulphate mg/L -- 309 118 31 61 87 66 54 59 46 52 41 63 59 64 54 58 50 
Sulphide mg/L -- 0.01 0.12 0.0071 0.00013 0.000094 0.00001175 0.0000076 0.0000126 0.0000073 0.0000141 0.000008 0.0000117 0.0000083 0.0000115 0.0000069 0.0000126 0.0000081 
Total Dissolved Solids mg/L -- -- 444 172 532 845 537 454 498 418 466 396 522 473 525 458 497 437 
Total Nitrogen mg/L -- -- 3.4 0.61 1.4 2.3 1.4 1.2 1.3 1.0 1.1 0.9 1.3 1.2 1.3 1.2 1.3 1.1 
Total Phenolics mg/L -- 0.004 0.011 0.0027 0.0001 0.000096 0.0000482 0.000026 0.000051 0.000025 0.000056 0.000028 0.000048 0.000029 0.000047 0.000024 0.000051 0.000028 
Total Phosphorus mg/L -- -- 0.19 0.095 0.064 0.052 0.025 0.029 0.025 0.028 0.025 0.027 0.025 0.03 0.025 0.03 0.025 0.028 
Vanadium mg/L -- -- 0.0034 0.0036 0.0074 0.0091 0.0042 0.0026 0.0038 0.0022 0.0034 0.0021 0.0041 0.0027 0.0041 0.0025 0.0037 0.0024 
Zinc mg/L 0.15 0.03 0.067 0.00081 0.015 0.017 0.0115 0.014 0.012 0.014 0.012 0.013 0.012 0.014 0.012 0.014 0.012 0.014 

Notes: 
bold text - indicates value above chronic guideline 
grey cell fill - indicates value above Peak Mean of Natural Variation and Athabasca River Average concentration 
(a) Government of Alberta (2018b), Guideline values for PAH groups are based on the most conservative (lowest) guideline value for the individual compounds within the group 
(b) Highest average concentration calculated for 29 natural lakes in the region, described in more detail in FHMA (2017)  
FHMA = Fort Hills Mine Amendment; mg/L = milligrams per litre; GoA = Government of Alberta; WQ = Water Quality. 
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Table 6-21: Water Quality Predictions for South Pit Lake 

Parameter Units 
WQ Guidelines Historical Climate Climate Change 

Cold-Dry Cold-Wet Median Warm-Dry Warm-Wet 

Acute (GOA) Chronic (GOA)(a) Peak Mean of  
Natural Variation(b) 

Athabasca River Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future 
(Average) 2075 2175 2075 2176 2075 2175 2075 2175 2075 2175 2075 2175 

Aluminum mg/L 0.1 0.05 0.92 0.021 0.82 0.10 0.74 0.099 0.57 0.083 0.88 0.12 0.90 0.15 0.80 0.11 
Ammonia - N mg/L -- 0.91 0.41 0.038 0.024 0.01 0.023 0.0095 0.026 0.0098 0.022 0.01 0.022 0.0091 0.024 0.01 

Antimony mg/L -- -- 0.00056 0.00014 0.00083 0.00098 0.00083 0.00097 0.00089 0.00089 0.0008 0.00096 0.00079 0.0012 0.00083 0.001 
Arsenic mg/L -- 0.005 0.0016 0.0012 0.004 0.0035 0.0039 0.0034 0.0041 0.0031 0.0039 0.0034 0.0039 0.0042 0.004 0.0036 
Barium mg/L -- -- 0.14 0.073 0.092 0.12 0.093 0.12 0.095 0.11 0.091 0.12 0.091 0.14 0.092 0.12 

Beryllium mg/L -- -- 0.0051 0.00012 0.00037 0.00072 0.00039 0.00075 0.00041 0.0007 0.00037 0.00075 0.00036 0.00083 0.00037 0.00074 
Boron mg/L 29 1.5 0.2 0.027 2.2 2.0 2.2 1.9 2.3 1.7 2.1 1.9 2.1 2.4 2.2 2.0 

Cadmium mg/L 0.0025 0.00018 0.00014 0.000047 0.00014 0.000045 0.000125 0.000043 0.000108 0.000038 0.000141 0.000045 0.000143 0.000058 0.000134 0.000046 
Calcium mg/L -- -- 51 34 39 66 41 68 42 63 39 68 39 76 39 68 
Chloride mg/L 640 120 72 12 98 84 96 81 101 72 95 79 95 102 99 85 

Chromium mg/L -- 0.001 0.0025 0.0019 0.0031 0.0026 0.003 0.0026 0.0029 0.0024 0.0031 0.0026 0.0031 0.0031 0.0031 0.0027 
Cobalt mg/L -- 0.0011 0.0007 0.00085 0.0026 0.0021 0.0025 0.002 0.0026 0.0018 0.0025 0.002 0.0025 0.0026 0.0026 0.0021 
Copper mg/L 0.019 0.007 0.0029 0.0026 0.0028 0.0021 0.0027 0.0021 0.0026 0.0019 0.0028 0.0021 0.0028 0.0025 0.0028 0.0022 

Iron mg/L -- 0.3 2.7 2.1 0.8 0.79 0.77 0.83 0.67 0.77 0.85 0.85 0.86 0.91 0.79 0.81 
Lead mg/L -- 0.0039 0.038 0.0012 0.00056 0.00029 0.00052 0.00029 0.00045 0.00027 0.00059 0.00031 0.0006 0.00035 0.00055 0.0003 

Magnesium mg/L -- -- 0.065 0.0083 12 16 12 16 12 15 12 16 12 18 12 16 
Manganese mg/L -- -- 1.3 0.069 0.086 0.13 0.09 0.13 0.09 0.12 0.09 0.13 0.08 0.15 0.09 0.13 

Mercury mg/L 0.000013 0.000005 0 0.0000072 0.0000043 0.0000042 0.0000042 0.0000043 0.000004 0.0000038 0.0000044 0.0000044 0.0000044 0.0000053 0.0000042 0.0000043 
Molybdenum mg/L -- 0.073 0.0012 0.00083 0.13 0.12 0.129 0.11 0.137 0.099 0.126 0.11 0.126 0.14 0.132 0.12 

Naphthenic Acids  mg/L -- -- -- -- 14 8 14 8 15 7 14 7 14 8 14 8 
Nickel mg/L 0.54 0.06 0.005 0.003 0.0088 0.0071 0.0085 0.0069 0.0087 0.0061 0.0086 0.0068 0.0086 0.0087 0.0088 0.0072 

PAH Group 1 mg/L -- 0.000015 0.0000054 -- 0.0000043 0.0000011 0.0000042 0.000001 0.0000045 0.0000011 0.0000041 0.0000011 0.0000041 0.000001 0.0000043 0.0000011 
PAH Group 2 mg/L -- 0.000018 0.0000036 -- 0.000048 0.000015 0.000048 0.000014 0.000051 0.000015 0.000046 0.000014 0.000046 0.000014 0.000049 0.000015 
PAH Group 3 mg/L -- -- 0.0000019 -- 0.000004 0.0000011 0.0000039 0.000001 0.0000042 0.0000011 0.0000038 0.000001 0.0000038 0.00000098 0.000004 0.0000011 
PAH Group 4 mg/L -- 0.0058 0.0000024 -- 0.0000015 0.00000058 0.0000014 0.00000054 0.0000016 0.00000056 0.0000014 0.00000059 0.0000014 0.00000051 0.0000015 0.00000057 
PAH Group 5 mg/L -- 0.000012 0.000075 -- 0.00001 0.000004 0.00001 0.0000037 0.000011 0.0000038 0.0000094 0.0000041 0.0000094 0.0000035 0.00001 0.0000039 
PAH Group 6 mg/L -- -- 0.00003 -- 0.0000076 0.0000023 0.0000074 0.0000022 0.0000079 0.0000022 0.0000073 0.0000021 0.0000073 0.0000021 0.0000076 0.0000022 
PAH Group 7 mg/L -- 0.00004 0.000054 -- 0.000045 0.000014 0.000044 0.000013 0.000048 0.000013 0.000042 0.000014 0.000043 0.000012 0.000046 0.000013 
PAH Group 8 mg/L -- 0.001 0.00026 -- 0.000012 0.0000035 0.000012 0.0000032 0.000013 0.0000034 0.000012 0.0000039 0.0000123 0.0000031 0.000013 0.0000035 
PAH Group 9 mg/L -- 0.000025 0.00005 -- 0.000053 0.000014 0.000052 0.000013 0.000056 0.000014 0.000051 0.000014 0.000051 0.000013 0.000054 0.000014 

Potassium mg/L -- -- 13 1.4 10 8.9 9.5 8.6 10.0 7.7 9.3 8.5 9.3 11 9.7 9.0 
Selenium mg/L -- 0.002 0.00032 0.00026 0.0017 0.0016 0.0017 0.0016 0.0018 0.0014 0.0017 0.0016 0.0016 0.002 0.0017 0.0017 

Silver mg/L -- 0.00025 0.000016 0.000026 0.000027 0.000027 0.000027 0.000027 0.000028 0.000024 0.000027 0.000026 0.000027 0.000032 0.000028 0.000027 
Sodium mg/L -- -- 55 17 207 184 204 177 216 158 200 174 200 223 209 187 

Strontium mg/L -- -- 0.24 0.24 0.4 0.37 0.39 0.37 0.4 0.33 0.39 0.37 0.39 0.45 0.4 0.38 
Sulphate mg/L -- 309 118 31 168 147 165 142 172 125 163 141 163 182 169 149 
Sulphide mg/L -- 0.01 0.12 0.0071 0.0000042 0.0000026 0.0000042 0.0000024 0.000005 0.0000025 0.0000039 0.0000029 0.0000039 0.0000023 0.0000044 0.0000026 

Total Dissolved Solids mg/L -- -- 444 172 933 938 925 919 974 829 906 908 904 1,126 941 956 
Total Nitrogen mg/L -- -- 3.4 0.61 3.0 2.7 2.9 2.6 3.0 2.4 2.9 2.6 2.9 3.3 3.0 2.8 

Total Phenolics mg/L -- 0.004 0.011 0.0027 0.000017 0.000011 0.000017 0.0000099 0.00002 0.00001 0.000016 0.000012 0.000016 0.0000095 0.000018 0.000011 
Total Phosphorus mg/L -- -- 0.19 0.095 0.043 0.033 0.041 0.033 0.038 0.03 0.044 0.034 0.045 0.039 0.043 0.033 

Vanadium mg/L -- -- 0.0034 0.0036 0.01 0.008 0.0096 0.0077 0.0099 0.007 0.0096 0.0076 0.0096 0.0096 0.0099 0.0081 
Zinc mg/L 0.15 0.03 0.067 0.00081 0.008 0.012 0.0081 0.013 0.0078 0.012 0.0082 0.013 0.0082 0.014 0.0079 0.013 

Notes: 
bold text - indicates value above chronic guideline 
grey cell fill - indicates value above Peak Mean of Natural Variation and Athabasca River Average concentration 
(a) Government of Alberta (2018b), Guideline values for PAH groups are based on the most conservative (lowest) guideline value for the individual compounds within the group 
(b) Highest average concentration calculated for 29 natural lakes in the region, described in more detail in FHMA (2017)  
mg/L = milligrams per litre; GoA = Government of Alberta; WQ = Water Quality. 
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 Water Quality Modelling Results: Centre Pit Lake 

The results for the parameter concentrations are described with reference to the initial discharge 
(i.e., initial release of water from the CPL) and Far Future discharge (i.e., 100 years after the initial 
discharge). Note that CPL does not discharge directly to the Athabasca River, rather it discharges into 
NPL. The timing associated with the initial discharge and Far Future discharge may vary between 
scenarios because of differences in average residence time and inflows. Water quality predictions for 
CPL are shown in Table 6-22. The parameters that screened above guidelines and averages calculated 
from natural waters are: 

● The following parameters were projected to be above chronic guidelines in at least one 
snapshot and climate scenario: 

- Aluminum, boron, cobalt, mercury, and molybdenum predictions were higher than chronic 
guidelines in all climate scenarios and snapshots, except for Far Future snapshot under the 
cold-wet scenario.  

- Chromium and iron predictions were higher than the chronic guidelines for both initial and 
Far Future snapshots under all climate scenarios.  

- Selenium predictions were higher than chronic guidelines in Far Future warm-dry scenario. 

- PAH Groups 2 and 9 predictions were above the guideline screening criteria in the Initial 
Discharge snapshot under all climate change scenarios.  

● The following parameters are projected to be above chronic guidelines, and averages calculated 
for the Athabasca River and natural lakes in the region: 

- Chromium: all scenarios and snapshots 

- Aluminum, boron, cobalt, and molybdenum: all scenarios and snapshots except Far Future 
cold-wet climate 

- Mercury: Far Future snapshots under the median and warm-dry scenarios 

- PAH Group 2: Initial Discharge snapshot under all climate scenarios 

Total Dissolved Solids 

Projected TDS concentrations for the historical climate and the climate change scenarios are 
summarized in Table 6-23, and the time series plots are shown in Figure 6-10. The results are: 

● Projected TDS concentrations will have an initial decrease during pit filling because of the 
addition of Athabasca River water, and then increase or decrease with time depending on the 
climate scenario. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results in the Far Future with two exceptions (cold-wet and warm-
dry). 
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Table 6-22:  Projected Total Dissolved Solids Concentrations in the Centre Pit Lake Discharges 

Climate Scenario 
TDS Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 922 1,070 n/a n/a 

Future 
Climate 
Change 

Median 911 1,058 ✓ ✓ 

Cold-Dry 924 989 ✓ ✓ 

Cold-Wet 950 846 ✓ X 

Warm-Dry 906 1,267 ✓ X 

Warm-Wet 930 1,042 ✓ ✓ 
Notes: 
mg/L = milligrams per litre; TDS = total dissolved solids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
 

 
Notes: 
mg/L = milligrams per litre; CPL = Centre Pit Lake. 

Figure 6-10:  Projected Total Dissolved Solid Concentrations in Centre Pit Lake 
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Molybdenum 

The projected molybdenum concentrations for the historical climate and the climate change scenarios 
are summarized in Table 6-23, and the time series plots are shown in Figure 6-11. The results are: 

● The projected molybdenum concentration will have an initial decrease during pit filling because 
of the addition of Athabasca River water and then increase or decrease with time depending on 
the climate scenario. 

● The projected molybdenum concentration for the climate change scenarios are within ±10% of 
those for the historical climate modelling results upon initial discharge. 

● The projected molybdenum concentration for the climate change scenarios are within ±10% of 
those for the historical climate modelling results in the Far Future for the median and warm-wet 
scenarios. 

Table 6-23:  Projected Molybdenum Concentrations in the Centre Pit Lake Discharges 

Climate Scenario 
Molybdenum Concentrations (mg/L) Within ± 10% of Historical Climate 

Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 0.133 0.141 n/a n/a 

Future Climate 
Change 

Median 0.131 0.136 ✓ ✓ 

Cold-Dry 0.132 0.125 ✓ X 

Cold-Wet 0.137 0.103 ✓ X 

Warm-Dry 0.130 0.168 ✓ X 

Warm-Wet 0.134 0.134 ✓ ✓ 
Notes: 
mg/L = milligrams per litre; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
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Notes: 
mg/L = milligrams per litre; CPL = Centre Pit Lake. 

Figure 6-11:  Projected Molybdenum Concentrations in Centre Pit Lake  
 

Naphthenic Acids  

Projected NA concentrations for the historical climate and the climate change scenarios are summarized 
in Table 6-24, and the time series plots are shown in Figure 6-12. The results are: 

● Projected NA concentration will have an initial decrease during closure and then stabilize with 
time. 

● Projected NA concentration for the climate change scenarios are less than ±10% of those for the 
historical climate modelling results upon initial discharge. 

● Projected NA concentration for the climate change scenarios are less than ±10% of those for the 
historical climate modelling results in the Far Future. 
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Table 6-24:  Projected Naphthenic Acids Concentrations in the Centre Pit Lake Discharges 

Climate Scenario 
NA Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 12.4 6.6 n/a n/a 

Future 
Climate 
Change 

Median 12.1 6.0 ✓ ✓ 

Cold-Dry 12.4 6.4 ✓ ✓ 

Cold-Wet 12.8 6.1 ✓ ✓ 

Warm-Dry 12.0 6.7 ✓ ✓ 

Warm-Wet 12.5 6.4 ✓ ✓ 

Notes: 
mg/L = milligrams per litre; NA = Naphthenic Acids; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
 

 

Notes: 
mg/L = milligrams per litre; CPL – Centre Pit Lake. 

Figure 6-12:  Projected Naphthenic Acid Concentrations in Centre Pit Lake  
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 Water Quality Modelling Results: North Pit Lake 

The results for the parameter concentrations are described with reference to the initial discharge 
(i.e., initial release of water from the NPL) and Far Future discharge (i.e., 100 years after the initial 
discharge). The timing associated with the initial discharge and Far Future discharge may vary between 
scenarios because of differences in average residence time and inflows. Water quality predictions for 
NPL are shown in Table 6-20. The parameters that screened above guidelines and averages calculated 
from natural waters are: 

● The following parameters were projected to be above chronic guidelines in at least one 
snapshot and climate scenario: 

- Aluminum predictions were higher than chronic guidelines in all far future snapshots in all 
climate scenarios except the cold-wet scenario.  

- Chromium and iron predictions were higher than the chronic guidelines for both initial and 
Far Future snapshots under all climate scenarios.  

- PAH Groups 2, 5, 7, and 9 were higher than the guideline screening criteria in the Initial 
Discharge snapshots under all climate scenarios 

● Only PAH Group 2 predictions (Initial Discharge snapshot, all climate change scenarios) were 
higher than guideline screening criteria and average concentrations from natural lakes and the 
Athabasca River. All other parameters projected to be higher than chronic guidelines were lower 
than either the average concentrations calculated for the Athabasca River or natural lakes in the 
region.  

Total Dissolved Solids 

Projected TDS concentrations for the historical climate and the climate change scenarios are 
summarized in Table 6-25, and the time series plots are shown in Figure 6-13. The results are: 

● Projected TDS concentrations show an initial decrease during closure and then stabilize with 
time. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge and in the Far Future with one 
exception (cold-wet scenario). 
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Table 6-25:   Projected Total Dissolved Solids Concentrations in the North Pit Lake Discharges 

Climate Scenario 
TDS Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 537 454 n/a n/a 

Future 
Climate 
Change 

Median 522 473 ✓ ✓ 

Cold-Dry 498 418 ✓ ✓ 
Cold-Wet 466 396 X X 

Warm-Dry 525 458 ✓ ✓ 

Warm-Wet 497 437 ✓ ✓ 
Notes: 
mg/L = milligrams per litre; TDS = total dissolved solids; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
 
 

 
Notes: 
mg/L = milligrams per litre; NPL = North Pit Lake. 

Figure 6-13:  Projected Total Dissolved Solid Concentrations in North Pit Lake  
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Molybdenum 

The projected molybdenum concentrations for the historical climate and the climate change scenarios 
are summarized in Table 6-26, and the time series plots are shown in Figure 6-14. The results are: 

● Projected molybdenum concentrations show an initial decrease during closure and then stabilize 
with time. 

● Projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results upon initial discharge with three exceptions 
(cold-dry, cold-wet, warm-wet) that are lower than the historical climate scenario. 

● Projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results in the Far Future with two exceptions (cold-dry 
and cold-wet) that are lower than the historical climate scenario. 

Table 6-26:  Projected Molybdenum Concentrations in the North Pit Lake Discharges 

Climate Scenario 
Molybdenum Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 0.05253 0.03459 n/a n/a 

Future Climate 
Change 

Median 0.04977 0.03710 ✓ ✓ 
Cold-Dry 0.04536 0.02802 X X 
Cold-Wet 0.03956 0.02508 X X 

Warm-Dry 0.05027 0.03358 ✓ ✓ 

Warm-Wet 0.04529 0.03118 X ✓ 
Notes: 
mg/L = milligrams per litre; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
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Notes: 
mg/L = milligrams per litre; NPL = North Pit Lake. 

Figure 6-14:  Projected Molybdenum Concentrations in North Pit Lake  
 

Naphthenic Acids  

The projected NA concentrations for the historical climate and the climate change scenarios are 
summarized in Table 6-27, and the time series plots are shown in Figure 6-15. The results are: 

● Projected NA concentrations show an initial decrease during early closure and then stabilize 
with time. 

● Projected NA concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge for the cold-dry and cold-wet 
scenarios. 

● Projected NA concentrations for the climate change scenarios are less than ±10% of those for 
the historical climate modelling results in the Far Future except for the warm-dry scenario. 
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Table 6-27:  Projected Naphthenic Acids Concentrations in the North Pit Lake Discharges 

Climate Scenario 
NA Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 7.0 2.4 n/a n/a 

Future 
Climate 
Change 

Median 6.7 2.3 ✓ ✓ 

Cold-Dry 6.2 2.1 X ✓ 

Cold-Wet 5.5 2.2 X ✓ 

Warm-Dry 6.7 2.1 ✓ X 

Warm-Wet 6.2 2.2 X ✓ 
Notes: 
mg/L = milligrams per litre; % = percentage; NA = Naphthenic Acids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
 

 

Notes: 
mg/L = milligrams per litre; NPL = North Pit Lake. 

Figure 6-15:  Projected Naphthenic Acid Concentrations in North Pit Lake  
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 Water Quality Modelling Results: South Pit Lake 

The results for the parameter concentrations are described with reference to the initial discharge 
(i.e., initial release of water from the SPL) and Far Future discharge (i.e., 100 years after the initial 
discharge). The timing associated with the initial discharge and Far Future discharge may vary between 
scenarios because of differences in average residence time and inflows. Water quality predictions for 
SPL are shown in Table 6-21. The parameters that screened above guidelines and averages calculated 
from natural waters are: 

● The following parameters were projected to be above chronic guidelines in at least one 
snapshot and climate scenario: 

- Boron, chromium, cobalt, and molybdenum predictions were higher than chronic 
guidelines in all climate scenarios and snapshots.  

- Aluminum predictions were higher than the chronic guidelines for both initial and Far 
Future snapshots under all climate scenarios except for the Far Future snapshot under the 
cold-wet and cold-dry scenarios.  

- Iron predictions were higher than chronic guidelines in all snapshots and scenarios except 
the initial discharge snapshot of the Historical Climate scenario and the Far Future 
snapshot of the cold-wet scenario.  

- Mercury predictions were higher than the chronic guideline in the Far Future snapshot 
under the warm-dry climate scenario. 

- PAH Groups 2, 7, and 9 predictions were higher than the referenced guidelines in the 
Initial Discharge snapshot under all climate scenarios. 

● The following parameters are projected to be above chronic guidelines, and averages calculated 
for the Athabasca River and natural lakes in the region: 

- boron and molybdenum: all scenarios and snapshots 

- chromium: all scenarios and snapshots except the Far Future snapshot under the cold-wet 
climate scenario 

- cobalt: all scenarios and snapshots except the initial discharge snapshot under the warm-
wet climate scenario 

- PAH Group 2: Initial discharge snapshot, all climate scenarios 

- PAH Group 9: Initial discharge snapshot under the Historical and Cold-Dry climate 
scenarios. 

Total Dissolved Solids 

Projected TDS concentrations for the historical climate and the climate change scenarios are 
summarized in Table 6-28, and the time series plots are shown in Figure 6-16. The results are: 

● Projected TDS concentrations are initially stable and then either increase or decrease with time 
depending on the climate scenario. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge. 
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● Projected TDS concentrations for the climate change scenarios are generally within ±10% of 
those for the historical climate modelling results in the Far Future with two exceptions (cold-wet 
and warm-dry). 

Table 6-28:  Projected Total Dissolved Solids Concentrations in the South Pit Lake Discharges 

Climate Scenario 
TDS Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 933 938 n/a n/a 

Future 
Climate 
Change 

Median 911 908 ✓ ✓ 

Cold-Dry 924 919 ✓ ✓ 

Cold-Wet 950 829 ✓ X 

Warm-Dry 906 1,126 ✓ X 

Warm-Wet 930 956 ✓ ✓ 
Notes: 
% = percentage; mg/L = milligrams per litre; TDS = total dissolved solids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
 

 
Notes: 
mg/L = milligrams per litre; SPL = South Pit Lake. 

Figure 6-16:  Projected Total Dissolved Solids Concentrations in South Pit Lake  
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Molybdenum 

Projected molybdenum concentrations for the historical climate and the climate change scenarios are 
summarized in Table 6-29, and the time series plots are shown in Figure 6-17. The results are: 

● Projected molybdenum concentrations are initially stable and then either increase or decrease 
with time depending on the climate scenario. 

● Projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results upon initial discharge. 

● The projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results in the Far Future with two exceptions (cold-wet 
and warm-dry). 

Table 6-29:  Projected Molybdenum Concentrations in the South Pit Lake Discharges 

Climate Scenario 
Molybdenum Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 0.13091 0.11604 n/a n/a 

Future 
Climate 
Change 

Median 0.13082 0.10952 ✓ ✓ 

Cold-Dry 0.13244 0.11132 ✓ ✓ 

Cold-Wet 0.13652 0.09904 ✓ X 

Warm-Dry 0.12995 0.14194 ✓ X 

Warm-Wet 0.13393 0.11781 ✓ ✓ 
Notes: 
% = percentage; mg/L = milligrams per litre; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
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Notes: 
mg/L = milligrams per litre; SPL – South Pit Lake. 

Figure 6-17:  Projected Molybdenum Concentrations in South Pit Lake  

Naphthenic Acids  

Projected NA concentrations for the historical climate and the climate change scenarios are summarized 
in Table 6-30, and the time series plots are shown in Figure 6-18. The results are: 

● Projected NA concentrations show an initial decrease during pit filling and early closure and 
then stabilize with time. 

● Projected NA concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge for one scenario. The other scenarios 
are more than 10% lower than the historical climate scenario. 

● Projected NA concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results in the Far Future. 
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Table 6-30:  Projected Naphthenic Acids Concentrations in the South Pit Lake Discharges 

Climate Scenario 
NA Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 14.1 7.7 n/a n/a 

Future 
Climate 
Change 

Median 12.1 7.1 X ✓ 

Cold-Dry 12.4 7.6 X ✓ 

Cold-Wet 12.8 7.5 ✓ ✓ 

Warm-Dry 12.0 8.0 X ✓ 

Warm-Wet 12.5 7.8 X ✓ 
Notes: 
% = percentage; mg/L = milligrams per litre; NA = Naphthenic Acids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
 

 

Notes: 
mg/L = milligrams per litre; SPL – South Pit Lake. 

Figure 6-18:  Projected Naphthenic Acids Concentrations in South Pit Lake  
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6.3.4. Conclusions 
In all pit lakes, the predicted concentrations are largely affected by the amount of IWW, as well as 
evapoconcentration that occurs in the lakes over their residence times. Projected concentrations are 
generally higher in CPL, because of the longer residence times and larger surface area, which results in 
evapoconcentration of conservative parameters. However, CPL does not discharge directly to the 
Athabasca River but is directed to NPL before discharge. NPL predictions are generally the lowest of the 
three pit lakes, likely because of the relatively larger natural watershed that drains to NPL. Climate 
change scenarios have only a minor influence on projected parameter concentrations at initial 
discharge, and more of an influence in the Far Future when climate is anticipated to diverge more 
substantially from the historical climate. Based on projected concentrations, eight parameters – 
aluminum, boron, chromium, cobalt, mercury, molybdenum, and PAH Groups 2 and 9 – were evaluated 
in the Aquatic Health Assessment, as described in FHEC (Volume 2, Section 4.4.4).  

6.3.5. Verification and Mitigation 
The pit lakes are expected to develop into viable ecosystems capable of supporting aquatic life, based 
on planned design. A water quality monitoring program in accordance with prevailing regulations will be 
implemented before the integration of the pit lake system with the surrounding environment. Similarly, 
a post-integration monitoring plan will be implemented to monitor water quality of the pit lake system 
and verify the planned water quality objectives.  

If unacceptable pit lake water quality is confirmed through water quality monitoring programs, residual 
environmental effects will be mitigated through adaptive management. The following are examples of 
mitigation options that may be considered as part of the adaptive management programs:  

● Increase the size and/or number of wetlands on the reclaimed landscape to provide additional 
remediation of reclamation waters before discharge to the pit lakes. 

● Reduce the initial filling rate to provide additional retention times before discharges from the pit 
lakes. 

● Introduce, as required, additional amount of Athabasca River water into the pit lakes at a rate 
necessary to achieve acceptable water quality. 

● Add nutrients to the pit lakes to elevate the level of production and the biological treatment 
capability; and/or 

● Actively or passively treat the pit lake outflows by adding wetlands and/or settling basins to the 
discharge channels that connect the pit lakes to the receiving environment (e.g., if suspended 
solid concentrations are higher than desired, a sedimentation pond could be designed into the 
pit lake discharge channel). 

It is acknowledged that there is a lack of long-term study data from existing, functional oil sands pit 
lakes, and that these conclusions will need to be demonstrated over time through on-going research 
programs, monitoring, and implementation of appropriate mitigation and adaptive management 
strategies. Suncor will continue to monitor IWW chemistry on Suncor’s mines to gather data required to 
validate model predictions. Furthermore, Suncor will continue research by way of design, monitoring, 
and managing aquatic closure landform demonstration facilities (Lake Miwasin) and participate in 
regional programs, including continued monitoring of Syncrude’s Base Mine Lake.   
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7. RECLAMATION MATERIAL MANAGEMENT 
The FHOSP operational practice aligns with many of the best management practices outlined in the Best 
Management Practices for Conservation and Reclamation Materials in the Mineable Oil Sands Region of 
Alberta (AENV 2012). Specific considerations are documented in the appropriate sections below.  

Nomenclature to identify reclaimed soil prescriptions that are descriptive of material type and target 
ecosite are provided in Table 7-1. Coarse woody material is used as a reclamation material where 
practicable (Section 8) but is not tracked and accounted for in the reclamation material balance.  

Table 7-1: Reclamation Material Acronyms 

Reclamation Material Type Acronym 

Upland Surface Soil Coarse SSC 
Upland Surface Soil Fine SSF 
Upland Subsoil Coarse SBC 
Upland Subsoil Fine SBF 
Peat-Mineral Mix PMM 
Transitional Soil TS 
Suitable Overburden SOB 

 

7.1. Material Balance  
The FHOSP EPEA Approval No. 151469-01-00, as amended, Subsection 7.3.8, requires capping (tailings 
sand or suitable overburden) of at least 1 metre (m) for the following materials: 

● impervious conditions such as rock 

● lean oil sand 

● reject from the oil sands conditioning and transport system 

● dried mature fine tailings (MFT) 

● thickened tailings (TT) 

● tailings solvent recovery units (TSRU) tailings 

● consolidated tailings and/or non-segregating tailings 

● clearwater overburden 

● the processing plant areas 
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It is estimated that capping requirements will be minimal. Clearwater overburden is found exclusively in 
the south half of the lease – none is mapped within the North Pit limits. The majority of Clearwater 
extent is outside of the South Pit limits – the OPTA, west mine dump, various utilities, and additional 
ancillary areas cover most Clearwater occurrences. Because of low occurrence of unsuitable material 
types, overburden within the upper 1.5 m of structures is expected to be suitable. Tailings facilities and 
infrastructure footprints, however, are capped with Suitable Overburden, as shown in Table 7-3.  

Reclamation material balances for the FHOSP are calculated using volume estimates derived from pre-
disturbance soil survey information. Material balance planning also involves consideration of various 
cover designs to meet end land use targets and to provide soil diversity. Closure reclamation 
prescriptions are also guided by consideration for the source and destination of reclamation material. 
Consequently, spatial, and temporal extents of cover designs take advantage of opportunities to deplete 
reclamation material stockpile (RMS) areas before the material requires additional handling, and also 
take full advantage of practicable direct placement opportunities through the life of mine.  

A detailed reclamation material balance tracking spatial extents for upland and wetland reclamation and 
capping material are provided in Table 7-2 and Table 7-3. As indicated in the tables there are no 
anticipated shortages of reclamation and capping material that will result in FHEC not being able to 
meet reclamation requirements for the life of mine. 
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Table 7-2:  Surface Soil Reclamation Material Life of Mine Balance 

Date Reclamation Material Type(a) 

(e.g., Peat Mineral Mix) 

Disturbed Area(b) 

Requiring 
Reclamation (ha) 

Volume Of 
Reclamation 

Material Required(c) 

(m3) 

Volume Available 
In Stockpiles And In 

Situ (m3) 

Net Reclamation 
Material Balance 

(m3) 

As of December 31, 
2020(d) 

Upland Surface Soil Coarse (SSC) 5,941 0 5,639,213 5,639,213 

Upland Surface Soil Fine (SSF)(e) 5,941 0 1,318,644 1,318,644 

Upland Subsoil Coarse (SBC) 5,941 0 7,068,889 7,068,889 

Upland Subsoil Fine (SBF) 5,941 0 2,077,579 2,077,579 

Peat Mineral Mix (PMM) 5,941 0 11,023,059 11,023,059 

2025 

Upland Surface Soil Coarse (SSC) 7,603 616,000 8,011,213 7,395,213 

Upland Surface Soil Fine (SSF) (e) 7,603 0 1,557,644 1,557,644 

Upland Subsoil Coarse (SBC) 7,603 501,000 8,646,889 8,145,889 

Upland Subsoil Fine (SBF) 7,603 0 2,155,579 2,155,579 

Peat Mineral Mix (PMM) 7,603 72,000 14,175,059 14,103,059 

2030 

Upland Surface Soil Coarse (SSC) 8,662 1,423,000 9,312,213 7,889,213 

Upland Surface Soil Fine (SSF) (e) 8,662 362,000 1,736,644 1,374,644 

Upland Subsoil Coarse (SBC) 8,662 1,107,000 9,356,889 8,249,889 

Upland Subsoil Fine (SBF) 8,662 272,000 2,177,579 1,905,579 

Peat Mineral Mix (PMM) 8,662 184,000 14,629,059 14,445,059 

2035 

Upland Surface Soil Coarse (SSC) 9,941 2,654,000 9,834,213 7,180,213 

Upland Surface Soil Fine (SSF) (e) 9,941 738,000 2,666,644 1,928,644 

Upland Subsoil Coarse (SBC) 9,941 2,031,000 9,757,889 7,726,889 

Upland Subsoil Fine (SBF) 9,941 554,000 2,610,579 2,056,579 

Peat Mineral Mix (PMM) 9,941 923,000 17,270,059 16,347,059 

045 

Upland Surface Soil Coarse (SSC) 7,970 6,158,000 10,686,213 4,528,213 

Upland Surface Soil Fine (SSF) (e) 7,970 2,263,000 3,787,644 1,524,644 

Upland Subsoil Coarse (SBC) 7,970 4,659,000 10,064,889 5,405,889 

Upland Subsoil Fine (SBF) 7,970 1,697,000 2,798,579 1,101,579 

Peat Mineral Mix (PMM) 7,970 2,483,000 17,313,059 14,830,059 

2055 

Upland Surface Soil Coarse (SSC) 9,457 7,124,000 12,087,213 4,963,213 

Upland Surface Soil Fine (SSF) (e) 9,457 2,563,000 4,550,644 1,987,644 

Upland Subsoil Coarse (SBC) 9,457 5,383,000 10,519,889 5,136,889 

Upland Subsoil Fine (SBF) 9,457 1,921,000 3,419,579 1,498,579 

Peat Mineral Mix (PMM) 9,457 3,829,000 20,489,059 16,660,059 

2065 

Upland Surface Soil Coarse (SSC) 4,778 9,532,000 12,822,213 3,290,213 

Upland Surface Soil Fine (SSF) (e) 4,778 3,555,000 4,561,644 1,006,644 

Upland Subsoil Coarse (SBC) 4,778 7,189,000 10,640,889 3,451,889 

Upland Subsoil Fine (SBF) 4,778 2,665,000 3,419,579 754,579 

Peat Mineral Mix (PMM) 4,778 12,427,000 20,538,059 8,111,059 

2075 

Upland Surface Soil Coarse (SSC) 0 12,822,000 12,822,213 213 

Upland Surface Soil Fine (SSF) (e) 0 4,561,000 4,561,644 644 

Upland Subsoil Coarse (SBC) 0 9,657,000 10,640,889 983,889 

Upland Subsoil Fine (SBF) 0 3,419,000 3,419,579 579 

Peat Mineral Mix (PMM) 0 18,737,000 20,538,059 1,801,059 

Notes:  
As per SED003, Table 6. 
ha = hectare; m3 = cubic metres. 
(a) List all reclamation material types as defined in the approval holder’s EPEA approval 
(b) Includes all disturbance that is planned to be reclaimed to terrestrial ecosystem (i.e., excludes aquatics such as pit lakes and permanent infrastructure that is planned to be 
left in place) 
(c) This is sum of all volumes estimated required factoring variable placement depths that maybe required as approval holder’s reclamation cover design requirements 
(d) Indicates the material balance as of December 31 of the previous year of the LMCP submission date. Material balance for the life of mine is to be provided in five years 
segments for the first 10-year followed by each 10-year segments to closure.  
(e) Upland Surface Soil Fine includes Transitional Soils 



  Fort Hills Oil Sands Project 
Volume 1 Integrated Plan Amendment 

 February 2022 

116 | Page 

Table 7-3: Capping Material Life of Mine Balance 

Date 
Capping material type 
(i.e., sand or suitable 

overburden) 

Disturbed area 
requiring 

capping(a) (ha) 

Volume of 
capping material 

required (m3) 

Volume available 
in stockpiles and 

in situ (m3) 

Net capping 
material 

Balance (m3) 
As of December 31, 
2020(b) - - - - - 

2025 Suitable Overburden - - - - 

2030 Suitable Overburden 84 836,649 836,649 - 

2035 Suitable Overburden 967 9,665,119 9,665,119 - 

2045 Suitable Overburden 2,409 24,094,449 24,094,449 - 

2055 Suitable Overburden 3,149 31,491,723 31,491,723 - 

2065 Suitable Overburden 4,626 46,256,518 59,134,900 12,878,382 

2075 Suitable Overburden 5,913 59,134,900 59,134,900 - 
Notes: 
As per SED003, Table 7. 
ha = hectare; m3 = cubic metres 
(a) Includes all areas that are required to have capping placed as per EPEA approval 
(b) Indicates the material balance as of December 31 of the previous year of the LMCP submission date. Material balance for 

the life of mine is to be provided in five years segments for the first 10 year followed by each 10-year segments to closure.  

7.2. Salvage and Conservation of Reclamation Material 
The FHOSP reclamation material balance requires the salvage of all upland surface soil, upland subsoil, 
transitional soil, and required peat-mineral mix. The mine progression and landform completion 
schedule requires reclamation material to be placed into stockpiles for use in the future. Reclamation 
material will be separated into five stockpile types, as follows: 

● coarse textured surface soil 

● fine textured surface soil  

● fine textured subsoil 

● coarse textured subsoil 

● peat-mineral mix 

Transitional soils will be stockpiled with either fine textured surface soil or peat-mineral mix as 
determined by the soil monitors in the field. 

The location of reclamation stockpiles is a function of several factors, including: 

● location and availability of unallocated land 

● stockpile foundation geotechnical stability 

● avoidance of material re-handling 

● proximity to source 

● proximity to eventual destination 

● minimization of disturbance 

The locations for reclamation material stockpiles through the life of FHOSP are depicted in Figure 7-1. 
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7.3. Reclamation Material Placement 
The cover designs in this LMCP are typically managed as follows: 

● An initial survey of the placement area is obtained. 

● Areas are staked in the field for each reclamation prescription. 

● Control stakes are placed within the areas indicating the minimum required depth for each layer 
by reclamation material type. 

● Soil specialists are present during soil placement operations to verify the reclamation material 
and the depth being placed. 

● Survey spot checks are carried out as operations proceed. 

● After completion, an as-built survey is obtained. A comparison of the initial survey and as-built 
survey allows further verification of cover depths. 

● Soils are placed in a rough and loose manner to create micro sites, slow erosion, and mimic 
natural systems. 

● A post-placement assessment is completed to confirm the depth of coversoil, before vegetation 
planting. 

The cover designs presented in Table 7-4 are most typical of FHOSP’ reclamation practices.  

Table 7-4: Reclamation Material Cover Design 

Cover Design 
Name Description Landform Type Target Ecosite or 

Wetland Class 

Anticipated Soil 
Moisture 
Regime 

0.20m SSC / 
Variable SBC Upper/Mid Slope 

Tailings area slopes (OPTA East Stage 1, 
CPTA, NPTA), NED (North External Dump) 
Slopes 

a Xeric - Subxeric 

0.20m SSC / 
Variable SBC 

Level/Upper 
Slope/Crest 

Tops of Landforms (OPTA, OPTA East Stage 
1, CPTA, MDN), Miscellaneous Slopes b Xeric - Subxeric 

0.20m SSF / 
Variable SBF 

Level / Lower / 
Toe Slope 

Plant/Infrastructure Sites, CPTA, OPTA, 
OPTA East Stage 1, NPTA, MDN d Mesic 

0.20 PMM Level/Lower 
Slope 

Plant/Infrastructure Sites, CPTA, OPTA, 
OPTA East Stage 1, NPTA, EIPD (East In-Pit 
Dump), NIPD (North In-Pit Dump), MDN 

e Mesic - 
Subhygric 

0.20 PMM Level/Toe Slope Main SPL Drainage Channel f Subhygric - 
Hygric 

0.20 PMM Level / In-pit 
Dumps NIPD, EIPD g Subhygric - 

Hygric 

0.50 PMM Level East Pit Lake, South Pit Lake h Subhygric - 
Hygric 

Notes:  
As per SED003, Table 8. 
m = metres; CPTA = Centre Pit Tailings Area; EIPD = East In-Pit Dump; NED = North External Dump NIPD = North In-Pit Dump; NPTA = North Pit 
Tailings Area; OPTA = Out-of-Pit Tailings Area; PMM = peat mineral mix; SPL = South Pit Lake; SBC = Upland Subsoil Coarse; SSC = Upland 
Surface Soil Coarse; SSF = Upland Surface Soil Fine. 
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The soil cover design within the 2017 reclamation and closure plan prescribed 0.5 m of PMM for “d”, 
“e”, “f”, “g” and “h” ecosites. As per Table 7-4, a change to the 2017 plan is proposed by using a 0.2 m 
cover design prescription for all “d”, “e”, “f” and “g” ecosites and keeping the 0.5 m prescription for the 
“h” ecosite (this already permanently reclaimed using 0.5 m cover design).  
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8. VEGETATION CONSERVATION 
FHOSP is in the Boreal Forest Natural region, specifically, the Central Mixedwood Natural Subregion and 
the Athabasca Plain Natural Subregion. The Central Mixedwood subregion covers 25% of the province 
and is dominated by aspen, with jack pine on coarse textured soils, and black spruce, willows, and 
sedges in the poorly drained areas. The Athabasca Plain Natural Subregion covers 2% of the province 
and is dominated by open shrub and jack pine communities. It is made up of dry, sandy plains, dune 
fields, and gravel-cored hills (Natural Regions Committee 2006). 

The practices FHOSP will follow include consideration of several regional guidance documents, including 
Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region, 2nd Edition (AENV 
2010; Revegetation Manual), the Field Guide to Ecosites of Northern Alberta (Beckingham and Archibald 
1996) and the Best Management Practices for Conservation of Reclamation Materials in the Mineable Oil 
Sands Region of Alberta (AENV 2012). The Land Capability Classification for Forest Ecosystems in the Oil 
Sands Region (AENV 2006) is a document that is no longer required to be used by FHO, but provides 
some planning guidance, in addition to the Criteria and Indicators Framework for Oil Sands Mine 
Reclamation Certification (ESRD 2013b), which provides some preliminary direction regarding 
reclamation certification targets. 

For wetland reclamation and planning, FHOSP uses the Guideline for Wetland Establishment on 
Reclaimed Oil Sands Leases (CEMA 2014; Wetlands Manual), Field Guide to Ecosites of Northern Alberta 
(Beckingham and Archibald 1996), Alberta Wetland Inventory Classification System (Halsey et al. 2003), 
Alberta Wetland Classification System (Government of Alberta 2015), and the Riparian Reclamation and 
Classification Guide (GDC 2009).  

The overall planning goal for upland and wetland reclamation is to return the post-mining landscape to a 
locally-common, self-sustaining boreal forest ecosystem, which includes forested areas, wetlands and 
streams. Target ecosites will allow for multiple end land uses (e.g., areas identified for commercial 
forestry can also provide for wildlife, recreation, and traditional uses).  

8.1. Seed Collection 
To achieve vegetation conservation commitments, FHOSP will collect and deploy seeds according to the 
Alberta Forest Genetic Resource Management and Conservation Standards, 4th Version (‘FGRMS’; 
Government of Alberta 2016). FHOSP will register all tree seed as per FGRMS and will register shrub and 
aquatic seed in all possible cases. Registering shrub and aquatic seed may not always be practicable, 
such as when seeds are required immediately for nursery production because of the higher viability of 
new seed over stored seed. FHOSP aims to avoid these situations by collecting adequate amounts of 
seed whenever possible, and by planning collections well in advance of nursery production.  

A significant portion of FHOSP seed requirements are expected to be met through the Oil Sands 
Vegetation Cooperative’s collections. FHOSP collects material on its own on an as-required basis. FHOSP 
also participates in the Forest Genetics Association of Alberta’s Region E1 White Spruce program with 
the Government of Alberta and Northland Forest Products and purchases genetically improved white 
spruce from the program when it is available.  

A further consideration for the registration and deployment of tree, shrub, and aquatic seed is that a 
seed zone boundary separates the northern third of the FHOSP Area from the southern two-thirds. This 
seed zone boundary is equivalent to the natural subregion boundary, with the northern portion of the 
lease in the Canadian Shield natural subregion and the southern portion of the lease in the Boreal 
Mixedwood natural subregion. The pre-disturbance ecological assessment indicates that the baseline 
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ecosite phases in the northern (Canadian Shield) portion of the lease are ecologically similar to those in 
the southern (Boreal Mixedwood) portion, and since the Revegetation Manual (AENV 2010) does not 
contain guidance specific to the Canadian Shield, FHOSP developed Boreal Mixedwood target ecosites 
for the entire lease. Although specific revegetation guidance for the Canadian Shield is yet to be 
developed by the regulator, FHOSP will collect and deploy seed as prescribed by FGRMS separately for 
each of the two seed zones. Risks and mitigation measures for differences between the actual and 
planned planting prescriptions are shown in Table 8-1. 

Table 8-1: Risks and Mitigation Measures for Differences Between Actual and Planned Planting 
Prescriptions 

Risk Mitigation Measures 
No seed source for one or more of the following reasons: 

• non-masting year and/or poor environmental 
conditions for trees 

• variability in shrub and aquatic seed production 
within and between collection locations 

• challenging seed collection conditions in seed zone 
AP1.1; including the 2011 Richardson Forest fire, 
limited road access and low provincial seed 
inventory 

• inaccessible collection sites because of land or 
lease ownership 

• wildlife (bears, squirrels, birds). 

Trade or purchase seed or seedlings from other operators or 
forest companies. 
 
Delay planting until seed is available. 
 
Adjust the planting prescription, if ecologically appropriate. 

Low seed viability and/or germination for one or more of the 
following reasons: 

• seed not collected at peak ripeness 
• embryos have not fully developed because of 

environmental conditions 
• length of time in storage. 

Collect seed at optimal time for each species. 
 
Work with experienced seed collectors. 
 
Trade or purchase seed or seedlings from other operators or 
forest companies. 
 
Delay planting until viable seed is available. 
 
Adjust the planting prescription, if ecologically appropriate. 

Nursery propagation and storage protocols are not fully 
developed for many shrub and aquatic species. 

Participate in research (e.g., COSIA Vegetation Co-operative) 
to develop appropriate protocols. 

Shortages in nursery production for one or more of the 
following reasons: 

• poor quality seed 
• equipment, irrigation, and fertilization issues 
• insects, weeds, and diseases. 
 

Work with nurseries experienced in growing boreal tree, 
shrub, and aquatic species. 
Order more seedlings than required. 
 
Trade or purchase seedlings from other operators or forest 
companies. 
 
Delay planting until seedlings are available. 
 
Adjust the planting prescription, if ecologically appropriate. 

More seedlings than required are available for the following 
reasons: 

• nursery overage 
• seedlings offered by other operators. 

Adjust the planting prescription to include the overage, if 
ecologically appropriate. 

Change to Annual Reclamation Plan Adjust the planting prescription, if ecologically appropriate. 
Unpredictable field conditions Adjust the planting prescription, if ecologically appropriate. 

Notes: 
COSIA = Canada's Oil Sands Innovation Alliance. 
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8.2. Coarse Woody Debris Management 
FHOSP will look for opportunities to use remaining standing non-merchantable trees and brush by 
placing intact woody materials as a surface amendment in reclamation areas, or by coarse mulching if 
there are excessive amounts of woody material. Where coarse mulching is undertaken, FHOSP will 
follow the guidelines outlined in External Directive ID 2009-01 Management of Wood Chips on Public 
Land (ASRD 2009); i.e., the coarse mulch will not be incorporated into the reclamation material). The 
coarse mulching practice followed by FHOSP involves a single pass with a mulcher, which breaks the 
wood into manageable chunks, but does not mulch it into chips. The resultant woody material is a 
naturally appearing product, with discernible branches and stems.  

FHOSP will maximize efforts to use coarse woody material as a surface amendment in reclamation 
areas; however, burning will be required under circumstances where no nearby reclamation areas are 
available for the immediate placement of woody material. Long-term stockpiling of woody material is 
not a preferred practice, primarily because of the fire hazard, and because the woody material will 
decay over time. When burning is required, all necessary approvals required under the Forest and 
Prairie Protection Act and the Regional Municipality of Wood Buffalo will be obtained before initiating 
the activity.
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9. VEGETATION CLEARING 
Vegetation clearing includes both merchantable timber harvest and clearing/grubbing of non-
merchantable forest stands. Vegetation clearing will not occur from April 15 to August 31 to protect 
nesting bird populations. Nest sweeps will be conducted before salvage events. Timber harvest will 
ideally occur in winter months when the ground is frozen to reduce damage to reclamation material and 
vegetation propagules. 

A figure showing where merchantable timber exists on the lease is included as Figure 9-1. Commercial 
forest planning and harvesting in mature stands on FHOSP’s lease area is currently managed by Alberta-
Pacific Forest Industries Inc. (Al-Pac), the Forest Management Agreement (FMA) holder. Al-Pac’s FMA 
Area Forest Management Plan (Al-Pac 2015) outlines a schedule for the liquidation of merchantable 
timber in the surface mineable area (SMA). The SMA has been selected as a liquidation harvest area and 
is not to be managed with sustained yield principles. Accordingly, an Annual Allowable Cut (AAC) was 
not prepared that follows the general rules and guidelines of the Alberta Forest Management Planning 
Standard. The SMA volume target plan for the next 20 years is designed to align with FHEC operating 
strategies, and the commitment outlined in subsection 7.2.17(e) of the FHOSP EPEA approval, where 
FHOSP is to “target commercially-viable forest ecosystems in extent equivalent to the pre-disturbance 
areas outlined in the pre-disturbance ecosite phase table and having productivity consistent with pre-
disturbance forest growth, as reconciled as per subsection 7.2.4.” The 20-year coniferous and deciduous 
harvesting map is included in Figure 7-1. 

The SMA within the FMA area is 389,000 ha, of which 21% is considered harvestable landbase of conifer 
and deciduous forest cover.  
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10. REVEGETATION PLANS 
FHOSP follows the ecosite/site type approach to upland revegetation planning, outlined in the 
Revegetation Manual (AENV 2010), which bases planning on an existing or planned landform and the 
reclamation cover material design. The primary objective of this planning approach is to select planting 
prescriptions that are appropriate for the targeted end land uses and to return the post-mining 
landscape to a locally common, self-sustaining boreal forest ecosystem, which includes forested areas 
and wetlands.  

The ecosite/site type planning approach is based on the Field Guide to Ecosites of Northern Alberta 
(Beckingham and Archibald 1996), in which an ecosite is a functional unit defined by its position on the 
edatopic grid (a combination of soil moisture regime and soil nutrient regime). The Revegetation 
Manual (AENV 2010) acknowledges that there is uncertainty in estimating the edatopic position for 
newly reclaimed sites, and therefore, introduces the concept of “site type.” Site type is a broader 
classification unit than ecosite and is generally based on groups of ecosites with similarities in their 
ecological characteristics (AENV 2010). One of the principles of the Revegetation Manual (AENV 2010) is 
that reclamation sites will be evaluated with reference to the site type; however, the manual also 
provides guidance on selecting overstory species and proposes establishment densities based on site 
type. 

For wetlands, FHOSP plans for revegetation at the wetland class level. Based on the expected hydrology, 
topography and soil and water depth, a reclaimed wetland is assigned to one of five classes according to 
the Alberta Wetland Inventory Classification System (marsh, shallow open water, bog, fen or swamp; 
Halsey et al. 2003). Once assigned, several reference tools are used in combination for guidance in 
developing planting prescriptions appropriate for constructed wetlands, including: 

● Alberta Wetland Classification System (ESRD 2015) 

● Guidelines for Wetlands Establishment on Reclaimed Oil Sands Leases, 3rd Edition (CEMA 2014) 

● Riparian Classification and Reclamation Guide (‘Riparian Guide’; GDC 2009)  

● Alberta Ecological Classification System (Beckingham and Archibald 1996) 

For marsh and shallow open water wetlands, revegetation prescriptions are developed by further 
subdividing the wetland into zones (submergent, emergent and wet meadow), based on the expected 
moisture regime and water levels. A list of appropriate species is selected for the given site conditions 
and, where practicable, the species assemblage is representative of all three zones. although FHOSP is 
not directly targeting swamps for reclamation during this Life of Mine Closure Plan, ‘f’, ‘g’, and ‘h’ 
ecosites are targeted as part of the upland reclamation plan, some of which may develop into swamp 
ecosystems if the appropriate hydrological conditions develop. In some cases, the revegetation plan for 
wetlands may allow for the natural regeneration of some of the local wetland species.  

There are two primary considerations for the development of revegetation prescriptions are natural 
succession, and the changes, uncertainties and circumstances that occur between seed collection and 
the planting of seedlings grown from that seed. These two considerations require planting prescriptions 
that not only meet current regulatory requirements, guidelines, and the expectations of Indigenous 
communities; but are also flexible enough for FHOSP to plant ecologically appropriate species mixes and 
densities, while accommodating change and uncertainty. These two considerations are described in 
more detail below. 
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First, successful reclamation requires the re-establishment of ecosystem functions based on natural 
successional processes. The Revegetation Manual (AENV 2010) defines natural succession as “the slow 
orderly process of changes in (plant) community composition during development of vegetation in any 
area, from initial colonization to the attainment of the climax typical of a particular geographic area”. 
The planting prescriptions are generally informed by the “Characteristic Species Tables” (Tables 5-4 
through 5-8) in the Revegetation Manual (AENV 2010). The initial colonization of reclamation areas will 
be established by a combination of planted seedlings, propagules viable in the reclamation material at 
the time of placement, and ingress from nearby seed sources. 

Second, although the revegetation prescriptions guide seed collection planning, the two-year time 
period between seed collection and operational seedling planting is sufficiently long enough that 
changes to the planting prescriptions will occur for a number of reasons. These reasons, or risks, are 
outlined in Table 8-1 along with possible mitigation measures to confirm a reliable and timely supply of 
propagules and meet regulatory requirements. 

10.1. Planting Prescriptions 
Ecosite targets were developed with the following considerations: 

● landform type 

● slope position and aspect on the landform 

● reclamation material (and capping, as appropriate) 

● reclamation material moisture  

● pre-disturbance inventory of ecosites across the lease area 

● end land use selection, primarily wildlife habitat and traditional land use, with commercial forest 
equivalent to pre-disturbance 

FHOSP has considered the overall balance of ecosites in this plan as per the FHOSP EPEA Approval No. 
151469-01-00, as amended, subsection 7.2.4: “Using the pre-disturbance landscape as a reference for 
mine reclamation and closure planning, the approval holder shall return an acceptable distribution of 
upland ecosite phases and wetland types on the post-disturbance landscape, as presented and updated 
through approved Mine Reclamation Plans, Life of Mine Closure Plans, and approval amendment 
applications.”  

Although fens, bogs, and swamp wetland classes were dominant in the region (Native Plant Solutions 
2012), the industry’s current understanding of these classes is low, and it is not recommended that they 
be targeted for construction or revegetation at this time (CEMA 2014).  

Techniques for fen wetland reclamation are currently under investigation at Suncor’s Nikanotee Fen and 
Syncrude’s Sandhill Fen. It is expected that fen wetlands may become more prevalent in future mine 
reclamation plans if techniques are proven practicable. Refer to Table 7-4 for the elements required to 
achieve target ecosites given the reclamation material and landform considerations. 

The site type considerations and planning uncertainties outlined in the above sections were considered 
in the development of the possible upland planting prescriptions shown in Table 10-1. Planned stand 
types, the range of tree densities, and the number of shrub species that will be planted from nursery 
stock are included. The denser C/D crown closure class (i.e., 51 to 100 percent closure) was chosen for 
each stand type to maximize tree stocking and potentially reduce the requirement for fill-in planting. 
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Table 10-1: Possible Upland Planting Prescriptions 

Type Ecosite 
Phase 

Tree Species Planting Shrub Species Planting 

Species Name Planting Density 
(stems/ha) Crown Closure Number of Species Total Density 

(stems/ha) 

‘a’ Pj a1 
jack pine (Pinus banksiana) 1,400-2,000 

C/D At least two species from Table 5-4 in Revegetation Manual 
(characteristic species for dry site type) 300-900 

Total 1,400-2,000 

‘b’ Pj-
Aw b1 

jack pine (Pinus banksiana) 800-1,500 

C/D At least two species from Table 5-4 in Revegetation Manual 
(characteristic species for dry site type) 300-900 

trembling aspen (Populus tremuloides) 400-1,000 
birch (Betula papyrifera) 0-200 

Total 1,400-2,500 

‘b’ Aw-
Sw b3 

trembling aspen (Populus tremuloides) 800-4,000 

C/D At least two species from Table 5-4 in Revegetation Manual 
(characteristic species for dry site type) 300-900 

birch (Betula papyrifera) 0-1,000 
white spruce (Picea glauca) 400-600 

Total 2,200-4,600 

‘b’ Sw-
Aw b3 

white spruce (Picea glauca) 1,000-1,800 

C/D At least two species from Table 5-4 in Revegetation Manual 
(characteristic species for dry site type) 300-900 

trembling aspen (Populus tremuloides) 300-700 
birch (Betula papyrifera) 0-200 

Total 1,400-2,500 

‘d’ Aw-
Sw d2 

trembling aspen (Populus tremuloides) 1,100-4,300 

C/D At least five species from Table 5-6 in Revegetation Manual 
(characteristic species for moist rich site type) 300-900 

balsam poplar (Populus balsamifera) 0-500 
birch (Betula papyrifera) 0-500 
white spruce (Picea glauca) 400-700 

Total 2,500-5,000 

‘d’ Sw-
Aw d2 

white spruce (Picea glauca) 1,000-1,800 

C/D At least five species from Table 5-6 in Revegetation Manual 
(characteristic species for moist rich site type) 300-900 

trembling aspen (Populus tremuloides) 200-700 
balsam poplar (Populus balsamifera) 0-200 
birch (Betula papyrifera) 0-200 

Total 1,400-2,500 

‘d’ Sw d3 
white spruce (Picea glauca) 1,400-2,000 

C/D At least five species from Table 5-6 in Revegetation Manual 
(characteristic species for moist rich site type) 300-900 

Total 1,400-2,000 

‘e’ Aw-
Sw e2 

trembling aspen (Populus tremuloides) 1,100-2,300 

C/D At least five species from Table 5-6 in Revegetation Manual 
(characteristic species for moist rich site type) 300-900 

balsam poplar (Populus balsamifera) 1,000-2,000 
white spruce (Picea glauca) 400-700 

Total 2,500-5,000 

‘f’ Aw f1 
trembling aspen (Populus tremuloides) 0-5,000 

C/D At least four species from Table 5-8 in Revegetation Manual 
(characteristic species for wet rich site type) 300-900 balsam poplar (Populus balsamifera) 0-5,000 

Total 2,500-5,000 

‘f’ Aw-
Sw f2 

aspen (Populus tremuloides) 0-4,300 

C/D At least four species from Table 5-8 in Revegetation Manual 
(characteristic species for wet rich site type) 300-900 

balsam poplar (Populus balsamifera) 0-4,300 
white spruce (Picea glauca) 400-700 

Total 2,500-5,000 

‘g’ Sb-Pj g1 
black spruce (Picea mariana) 900-1,800 

C/D At least two species from Table 5-7 in Revegetation Manual 
(characteristic species for wet poor site type) 300-900 jack pine (Pinus banksiana) 500-1,000 

Total 1,400-2,800 

‘h’ Sw-
Sb h1 

white spruce (Picea glauca) 600-1,100 
C/D At least four species from Table 5-8 in Revegetation Manual 

(characteristic species for wet rich site type) 300-900 black spruce (Picea mariana) 800-1,300 
Total 1,400-2,400 

Notes:  
As per SED003, Table 21. 
C/D = Crown closure classes: C = 51-70 percent, D = 71 to 100 percent; ha = hectares; Revegetation Manual is AENV (2010).
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A range of tree species and densities were chosen to reflect the guidance in the Revegetation Manual 
(AENV 2010), to allow the substitution of birch and balsam poplar for aspen where appropriate, and to 
accommodate the uncertainties in seed availability and nursery production. The minimum number of 
shrub species to plant was determined by the number of threshold characteristic species for each 
ecosite in Table 5-3 of the Revegetation Manual (accounting for the number of tree species). The 
ecosite-appropriate species for planting will be identified when the seedling orders are placed at the 
nursery, based on the amount and quality of seed available at the time. This will allow for the variability 
in shrub seed production from year to year and for the consideration of early successional stand 
dynamics, while still requiring shrubs that are appropriate for each ecosite to be planted in reclamation 
areas. The minimum shrub planting density was established to allow for the possibility of high rates of 
natural shrub ingress in the early years after reclamation. These rates will be monitored during 
vegetation surveys and fill-in shrub planting will be conducted if necessary. 

Possible planting prescriptions for marsh and shallow open water wetland classes are provided in  
Table 10-2. Because marsh and shallow open water wetlands often have similar soil and water chemical 
characteristics and support similar communities of wet meadow and emergent plant species, the 
planting prescriptions for both wetland classes are similar. However, because of their longer flooding 
events and deeper depths, shallow-open water wetlands typically develop more distinctive zoning 
around the shoreline and a more diverse submergent plant community. Thus, the planting prescriptions 
for shallow open water wetlands include submergent plants and, where practicable, zone delineation at 
the time of planting is more defined. 

Fen revegetation may be initiative through a combination of seedling planting, spreading of locally 
collected clippings, natural ingress, and seeding. It is expected that the constructed fen will perform as a 
graminoid fen once established.  

Additional marsh and shallow open water wetlands may also form opportunistically in depressions 
within the reclaimed landscape as a result of settlement and it is expected that a proportion of the 
upland areas revegetated to an ‘f’ ecosite will develop into swamp, but where and when these wetlands 
will form cannot be identified at this time. Although unplanned, these opportunistic wetlands will 
increase the cumulative area reclaimed to wetlands and will contribute to further increase landscape 
diversity and provide additional habitat for wildlife.  
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Table 10-2: Possible Shallow Open Water and Marsh Wetland Class Planting Prescriptions 

Wetland Class Zone Species Name 
Planting Density  

(stems/ha)* 

Marsh 
Wet meadow 

Carex utriculata 
Carex aquatalis    

Salix sp. 

500 to 2,000 
500 to 2,000 
500 to 2,000 

Emergent Juncus balticus 
 500 to 2,000 

Shallow Open Water 

Wet meadow 
Carex utriculata 
Carex aquatalis 

Salix sp. 

500 to 2,000 
500 to 2,000 
500 to 2,000 

Emergent 
Juncus balticus 

Beckmannia syzigachne 
Scirpus microcarpus 

500 to 2,000 
500 to 2,000 
500 to 2,000 

Submergent Potomogeton sp. 
Myriophyllum sibiricum 

n/a 
n/a 

MLWC Fen Ecohydrology Zones 2, 4, 5 and 6 TBD TBD 
Notes: 
* While individual species planting densities may vary, a combined wetland planting density of at least 2,000 stems per ha will be 

targeted to reduce weed establishment and limit the development of a monocultures from aggressive species (e.g., Typha spp.; 
CEMA 2014).  

ha= hectare; n/a = not applicable, TBD = to be determined. 
Historically, the focus of seed collection and propagation has been on terrestrial species. Challenges in 
propagation and establishment of aquatic vegetation species have included a lack of target species 
required for wetland certification, a lack of standard propagation protocols and preferred habitat 
requirements for target species, and a lack of best management practices in the oil sands for vegetation 
establishment in wetlands.  

FHOSP, through Suncor, is investigating aquatic and riparian revegetation species and techniques to 
contribute information towards the development of standards for propagation and revegetation of 
aquatic and riparian plants. In 2010, Suncor established riparian revegetation research plots on Wapisiw 
Lookout, using the Riparian Guide (GDC 2009) for species selection, to evaluate whether establishment 
of aquatic and riparian seedlings and transplants at the time of wetland reclamation increases biotic 
diversity and abundance compared to natural colonization since historically reclaimed wetlands were 
vegetated by natural colonization.  
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10.2. Commercial Forestry Targets 
This section of the plan outlines the FHOSP commercial forestry targets by ecosite (Table 10-3) discusses 
strategies to meet these targets and assess these targets in reclaimed areas (Vegetation Monitoring). 

Table 10-3: Ecosite Area Summary Table for Fort Hills 

Ecosite Description 

Potential 
Commercial 
Forest area 

(ha) 

Non-
Commercial 
Forest area  

(ha) 

Total 
Forest 
Area 
(ha) 

Leading Species 
Site Index BH (m) 

Mean St. 
Dev. Min. 

a Lichen 0 2,553 2,553 jack pine (Pj) 13.4 2.4 10.7 

b Blueberry 
0 1,892 1,892 jack pine (Pj) 14.3 2.7 10.7 
0 584 584 aspen (Aw) 15.8 3.7 13.5 
0 0 0 white spruce (Sw) 17.5 3.7 9.3 

c Labrador tea 
mesic 0 0 0 jack pine (Pj) 14.3 3.2 10.7 

d Low bush 
cranberry 

1,755 11 1,766 aspen (Aw) 18.2 4.0 13.5 
2,230 124 2,354 white spruce (Sw) 16.8 4.5 9.3 

e Dogwood 

0 0 0 aspen (Aw) 21.4 3.0 13.5 
0 0 0 white spruce (Sw) 17.8 4.0 9.3 

0 1,488 1,488 balsam poplar 
(Pb) 19.7 3.7 13.5 

f Horsetail 

0 0 0 aspen (Aw) 19.8 4.8 13.5 
0 0 0 white spruce (Sw) 16.4 4.0 9.3 

0 91 91 balsam poplar 
(Pb) 17.8 4.8 13.5 

g Labrador tea 
subhygric 0 1,801 1,801 black spruce (Sb) 9.9 3.2 7.7 

Notes:  
As per SED003, Table 12. 
ha = hectares; m = metres. 
 

FHOSP defines commercial forest consistent with the operability constraints presented in the 
Revegetation Manual, which are consistent with those outlined in both the Northeast Alberta Operating 
Ground Rules (Al-Pac 2014) and the Alberta Timber Harvest Planning and Operating Ground Rules 
Framework for Renewal (ESRD 2012). These include slope (less than or equal to 45% or less than or 
equal to 20% on tailings sand slopes), minimum area and width of the landform to be reclaimed, 
distance to large or small permanent watercourse, distance to lakes with or without recreation or 
waterfowl potential and distance from water source areas including those with normal seasonal 
flooding.  

At this time, FHOSP assumes only closure ‘d’ ecosites have the potential to develop into commercial 
forest; and the area of these ecosites are roughly equivalent at baseline and closure, FHOSP is targeting 
the same amount of commercial forestry at closure as there was pre-disturbance. 

FHOSP assumes that dry (‘a’ and ‘b’) ecosites will not result in commercial forest. FHOSP felt that it was 
appropriate to take this conservative approach, given that reclaimed ‘a’ and ‘b’ ecosite areas old enough 
to test this assumption are not yet available. FHOSP also assumes that wetter (‘e’, ‘f’, ‘g’ and ‘h’) ecosites 
will also not result in commercial forest because these areas are likely to be subject to operability 
constraints (e.g., distance to a permanent watercourse, normal seasonal flooding; AENV 2010).  
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10.2.1. Strategies to Meet Forestry Targets 
Silvicultural strategies employed to meet commercial forestry targets include the following: 

● Planting tree seedlings to the maximum densities recommended in the Revegetation Manual. 

● Monitoring reclamation areas for a period of up to five years to determine requirements for fill-
in planting in a timely manner. 

● Targeting use of genetically superior white spruce seed (from the Region E1 White Spruce Seed 
Orchard) in areas designated as commercial forestry. This seed is produced from superior parent 
trees in wild stands and should produce trees that are more productive (height, growth, volume) 
than those grown from wild seed. 

● Tailoring nurse crop and fertilization activities to maximize seedling growth and reduce 
competition with non-target species. 

10.2.2. Monitoring for Forestry Targets 
FHOSP’s success in meeting the site index targets in Table 10-3 will be assessed through the 
regeneration surveys (establishment survey and performance survey) using methodology prescribed by 
the Alberta Regeneration Standards for the Mineable Oil Sands ESRD 2013a). The establishment survey 
is conducted in the four to eight year window after reforestation date to determine if areas are 
adequately stocked and the performance survey is conducted in the 11 to 20 year window after 
reforestation date to determine if trees are growing as expected. Performance surveys include the 
determination of site index as a measure of forest productivity, which can then be tracked against 
targets in the Ecosite Summary Table (Table 10-3). Further details on data collection methods are 
provided in Section 12.  
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11. BIODIVERSITY 
Experience has shown that younger reclamation areas initially support a low to moderate diversity of 
vegetation and wildlife species. Reclaimed areas are initially dominated by the planted vegetation 
species, as well as species that may have been present in the reclamation soil such as early colonizers 
and potentially invasive species. The wildlife species expected to inhabit these younger reclamation 
areas include early colonizers (e.g., small mammals) and disturbance-tolerant species (e.g., deer, 
coyote), as well as species that prefer shrubland habitats (e.g., moose). 

As the reclamation area matures and natural disturbance patterns (e.g., fire, wind) affect the site, a 
diversity of habitats and structures will be achieved and wildlife species that inhabit mature forests will 
colonize from the surrounding landscape over time. 

Pit lakes and littoral zone habitats are expected to provide adequate habitat and habitat connectivity to 
surrounding landscape and will eventually support regionally representative plants and animals.  

11.1. Biodiversity Elements  
Wildlife habitat development is strongly dependent on the establishment of vegetation and plant 
community succession. The planting prescriptions for the revegetation of target ecosites on the 
reclaimed landscape are designed to maximize the potential of each area to reach desired end land uses 
of wildlife habitat, recreation, traditional hunting and trapping, and commercial forestry (AENV 2010). 
Specifically, revegetation and planting prescriptions target early successional stages and communities of 
ecosites. The logic of this approach is that early seral communities (for example, young aspen mixed-
wood forests) are more productive and attractive to recolonizing wildlife than direct plantings of later 
successional stages (for example, white spruce forest). It is assumed that natural succession will 
eventually result in late seral vegetation stages and associated wildlife assemblages. 

Wildlife habitat value will be optimized by considering techniques and procedures that provide 
connectivity between suitable habitat patches (e.g., movement corridors), enhance recolonization 
(e.g., direct soil placement, seeding) and increase habitat diversity (e.g., contouring, coarse woody 
debris, rock piles, snags) on reclamation areas. 

Development of pit lake ecosystems and fish habitats is determined by complex interactions among 
terrestrial and aquatic features, which together describe hydrogeomorphic controls on lake water 
chemistry, hydrology, physics, and biology, at multiple spatial and temporal scales (CEMA 2012). 
Although anthropogenic effects may dominate the pit lake ecosystems in the early stage, it is 
anticipated that pit lakes will meet long-term water quality objectives and produce an aquatic 
environment suitable to serve as fish habitat. Fish colonization of pit lakes will occur only when water 
quality is determined to be suitable for discharge to the natural environment and for supporting a fish 
community through long-term monitoring. The pit lakes will be placed at low landscape positions to 
have increased stream connectivity and connection to regional fish species pool which allows 
colonization of regional fish species and greater potential for fish diversity.  

The pit lake design will take into consideration requirements for fish habitat provision, for instance, a 
positive water balance (to improve water quality and confirm annual outflows to allow fish passage even 
during drought cycles), creation of stable shorelines and functional littoral zones (e.g., establishment of 
aquatic plants and habitats for a variety of aquatic microbial and invertebrate species), habitat 
complexity (e.g., enhanced vegetation diversity, use of coarse woody debris, and higher shoreline 
complexity), and outlet design (e.g., effect of use of riprap on fish and fish habitat).  
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11.2. Biodiversity for Focus Species 
FHOSP plans for a practical, holistic, wildlife community-based approach as described in CEMA (2014); a 
reclaimed landscape that includes upland landforms of various shapes and sizes, wetlands of various 
types and designs, and integrated drainage channels that provide linkages across the landscape. By 
taking a holistic approach reflective of locally common boreal forest ecosystems, FHOSP is reclaiming 
potential habitat for the wildlife focus species as documented below. 

It is recognized that the distribution and abundance of vegetation types will be permanently altered 
with the replacement of peat-forming wetlands with upland vegetation types. In addition, ecosystem 
function equivalent to the pre-disturbance landscape is dependent on natural processes being similar 
enough to support the same abundance and composition of species as the pre-disturbance 
environment. Over time, however, it is expected that natural ecosystem functions will re-establish in the 
upland and wetland environments. 

Rough placement of reclamation material (where reclamation material is not smoothed out to an even 
depth) encourages a greater diversity of microsites. Moisture holding capacity and capacity for natural 
seed catch across the rough surface varies and a diversity of wildlife habitat will be achieved. This 
subsequently benefits wildlife by providing a greater diversity of browse and forage plant species. 

11.3. Reclamation Diversity Targets 
FHEC has developed an initial attempt to define diversity targets for reclaimed ecosites with a linkage to 
vegetation and wildlife species targets, as presented in Table 11-1. The pre-disturbance number of 
species are based on baseline surveys that were completed during the initial Environmental Impact 
Assessment for FHOSP (TrueNorth 2001). They provide a snapshot in time and do not necessarily reflect 
the full suite of species that may be present in each polygon over time. Potential number of vegetation 
species for upland ecosystems is based on the threshold number of characteristic species by site type as 
detailed in AENV (2010). Though FHOSP is intersected by two natural subregions, the Central 
Mixedwood covers the majority of the FHOSP footprint. For simplicity, all the closure vegetation types 
are estimated using Central Mixedwood types.  

The potential number of wildlife species has not been estimated at this time as FHOSP is very early in 
mine life. FHEC will collect more site-specific data regarding wildlife usage of reclaimed sites at JPM to 
further refine these targets. Targets for wetlands have not been estimated at this time as there are 
limited examples to help define these targets. FHEC will collect more site-specific data to further refine 
these targets. 
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Table 11-1: Reclamation Diversity Targets 
Ecosite Phase / Wetland Class 

/ Aquatic Feature Area [ha] Number of Vegetation 
Species Recorded 

Number of Wildlife 
Species Recorded 

Target Ecosite / Wetland 
Class / Aquatic Feature(a) Broad Cover Class Area Reclaimed to 

Date [ha] 
Potential Number of Vegetation 

Species (threshold [mean])(b) 
Potential Number of 

Wildlife Species 
Targeted Area at 

Closure [ha] 
Athabasca Plains Natural Subregion - Uplands 
b1 8 33 31 - - - - - - 
c1 3,490 29 15 - - - - - - 
d1 950 44 23 - - - - - - 
d2 3 41 31 - - - - - - 
d3 40 44 15 - - - - - - 
e1 15 22 23 - - - - - - 
f1 252 22 23 - - - - - - 
f4 13 - - - - - - - - 
f5 2 - - - - - - - - 
g1 7 38 15 - - - - - - 
h1 326 - - - - - - - - 
Meadow 1 9 - - - - - - - 
Cutblock 533 - - - - - - - - 
Central Mixedwood Natural Subregion - Uplands  
a1 1,145 52 23 a Coniferous – jack pine leading   2[7] - 2,298 
b1 1,100 68 27 

b 

Mixedwood – jack pine leading 

- 4[10] 

- 

4,449 

b2 494 51 18 Deciduous - 

b3 75 59 24 Mixedwood – deciduous 
leading - 

b4 157 48 9 Coniferous – white spruce 
leading - 

c1 37 41 18 c Coniferous – jack pine leading   3[9] - 0 
d1 3,896 79 25 

d 

Deciduous 

- 

7[15] 

- 

6,878 d2 623 75 41 Mixedwood – deciduous 
leading - 

d3 235 63 14 Coniferous - 
e1/f1 42 32 17 

e/f 

Deciduous 

- 

- 

1,860 e2/f2 12 36 24 Mixedwood – deciduous 
leading - 

e3/f3 33 57 17 Coniferous - 
g1 135 46 16 g Coniferous - 2[7] - 1,057 
h1 155 62 12 h Coniferous - 6[14] - 6 
Cutblock 124 - - Cutblock - - - - 0 
Undefined 500 - - Undefined - - - - 0 
Wetlands & Aquatics 
Bog 1471 110 / 61(c) 26 / - Wetland Organic Wetland - - - 0 
Fen 2,853 167 / 55(c) 43 / 32 Wetland Organic Wetland - - - 106 
Swamp 168 163 / 177(c) 24 / 18 Wetland Swamp - - - 0 
Marsh 11 13 / 7(c) 14 / 20 Wetland Marsh - - - 272 

Shallow Open Water 5 - - Wetland Shallow Open Water / Littoral 
Zone <2 m Deep - - - 272 

Aquatic 12 - - Aquatic Standing Water >2 m Deep - - - 1,725 
Notes:  
As per SED003, Table 9. 
(a) Upland reclamation planning uses the Central Mixedwood Natural Subregion as the basis to describe all the closure sites irrespective of the Natural Subregion within which reclamation will take place. Ecosites are defined in Table 3-1. 
(b) AENV (Alberta Environment) 2010. Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region, 2nd Edition. Prepared by the Terrestrial Subgroup of the Reclamation Working Group of the Cumulative Environmental Management Association, Fort McMurray, Alberta. December 2009. 
(c) Values presented as Central Mixedwood / Athabasca Plains. 
ha = hectare; m = metre; # = number; < = less-than; > = greater than; - = no data. 
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11.4. Wildlife Habitat 
While the presence (or absence) of a particular species in the reclaimed landscape at a given time 
should not indicate a pass, or fail of the wildlife habitat, FHOSP continues to consider the habitat needs 
of wildlife focus species when updating reclamation and closure plans. Several considerations affect 
wildlife use of an area and these species, outlined below, may be included within the FHOSP wildlife 
monitoring program. 

● Moose 

● Beaver 

● Muskrat 

● Snowshoe hare 

● Black bear 

● Canadian toad 

● Waterfowl 

● Songbirds 

Many of the wildlife focus species listed above (SEOI 2012) are early- to mid-succession species and, as 
such, are appropriate indicators of a successful early succession reclamation trajectory. FHOSP will 
continue to work with government, other operators, local Indigenous communities, and stakeholders, 
and will amend the target species list as required to align with future recommendations as reclamation 
occurs. 

FHOSP will consider the specific habitat requirements, important ecosites, key plant species and 
reclamation approaches for target wildlife species/groups found in Appendix D of the Revegetation 
Manual (AENV 2010) when planning for reclamation. SEOI (2012) and CEMA (2014) also provide 
guidance for the reclamation and revegetation plans specific to wildlife habitat.  

Following is a brief comparison of the FHOSP wildlife focus species habitat requirements and the 
revegetation plans presented in this LMCP. The important ecosites are listed for each species and are 
consistent with AENV (2010), CEMA (2014), and SEOI (2012); however, the congruent stand types for the 
planned ecosite phases are also listed to provide a link to the revegetation prescriptions in Table 10-1. In 
addition to the overall tree and characteristic shrub species and densities provided in that table, specific 
vegetation requirements for wildlife focus species are described below. 

Moose: Prefer a matrix of upland and lowland areas in early to mid-succession (i.e., 15 to 30 years after 
reclamation). Moose dietary requirements and forage preferences vary with season (Osko et al. 2004, as 
cited in Suncor 2008), but all data show that moose are associated with habitats that contain high shrub 
cover (Suncor 2011). Desired wetland types include wooded bog, graminoid marsh, and shrubby swamp 
surrounded by patches of upland ecosites including: riparian, shrublands, d, e, f, g, and h (Suncor 2008; 
Bohm et al. 2014). FHOSP is planning to reclaim upland ecosites d, e, f, g, and h in this LMCP. FHOSP will 
incorporate important moose forage species such as Saskatoon, red-osier dogwood, low-bush cranberry, 
and willow into the shrub planting prescriptions. 

Beaver: Require riparian for foraging and wetlands to live, as well as access to upland forest stands of 
varying ages that are near water. They also require minimum water depths to overwinter. Vegetation 
species important to beaver include willow, trembling aspen, pin cherry, beaked hazelnut, and raspberry 
(CEMA 2014). FHOSP is planning to include upland ecosites b, d, e, and f adjacent to the wetlands and 
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permanent watercourses proposed within this plan. Willow, aspen, beaked hazelnut, and raspberry are 
characteristic shrub species (AENV 2010) for many of these stand types and are commonly planted or 
ingress naturally (e.g., raspberry) in reclaimed areas. 

Muskrat: Generally, the primary habitat requirements for muskrats include wetlands and waterbodies 
with a well-developed zone of emergent and submergent plant growth adequate for food and cover, 
and sufficient water depths (typically 1 - 2 m) that allow access for winter foraging below the ice. 
Preferred vegetation communities include cattail (Typha latifolia), rushes (Juncus balticus), pondweed 
(Potomogeton sp.), sedge (Carex atriculata), grasses (Beckmanna syzigachne), bulrush (Scirpus 
microcarpus) and watermilfoil (Myriophyllum sibbiricem; CEMA 2002). Reclamation of wetlands 
including re-establishment of vegetation found within the local boreal forest is the general approach for 
this species.  

Snowshoe Hare: Prefer coniferous, deciduous, or mixedwood stands around 10 years of age, with a 
well-developed shrubby understory. Browse species include white spruce, aspen, birch, willow, rose, 
alder, Saskatoon, tamarack/larch, jack pine, raspberry, and buffalo-berry. They do not browse on black 
spruce, muskeg/Labrador tea, honeysuckle, or buckbrush/snowberry. The optimal habitat for snowshoe 
hare corresponds to upland ecosites b, d, and g (Suncor 2008). FHOSP is planning to reclaim upland 
ecosites b, d, and g within this plan. 

Black Bear: Prefer early to mid-successional mixedwood forests (i.e., 15 to 30 years after reclamation), 
avoiding muskeg. High-quality habitat includes a mosaic of various upland ecosite phases, with the most 
important being riparian areas and shrublands. Shrub species of importance to black bear are those that 
provide the greens and berries that are their staple foods. In summer and fall they eat berries of 
blueberry, Saskatoon, low-bush-cranberry, buffaloberry, rose, currant, raspberry, bearberry, 
bunchberry, wild sarsaparilla, and dogwood (AENV 2010). Other important upland ecosites include b, c, 
d, and e (Suncor 2008). In the summer and fall, an abundance of berries, nuts, insects, and herbs is 
desired (Rogers 1977, as cited in Suncor 2008). FHOSP is planning to reclaim upland ecosites b, d, and e 
within this LMCP 

Canadian Toad: One of the limiting factors for Canadian toads is the specific habitat required for 
hibernation – loose sand or gravel (Kuyt 1991, as cited in CEMA 2014). The FHOSP closure plan will 
include a number of reclaimed wetlands within a sandy substrate. Reclamation of wetlands including re-
establishment of vegetation found within the local boreal forest is the FHOSP’s general approach for this 
species. Where practicable, wetlands will be constructed no further than 2 km apart to promote 
connectivity for amphibians across the landscape. 

Waterfowl: A wide variety of habitat requirements are required for the wide variety of waterfowl found 
in the boreal forest (CEMA 2014). Reclamation of wetlands including reestablishment of vegetation 
found within the local boreal forest is FHOSP’ general approach for this species. 

Songbirds: A wide variety of habitat requirements are required for the wide variety of songbirds found 
in the boreal forest.  

Wildlife research and monitoring on the FHOSP will be undertaken through the implementation of a 
number of separate monitoring and research programs as outlined in Fort Hills Oil Sands Project Wildlife 
Mitigation and Monitoring Plan (SEOI 2016), submitted February 24, 2016. Collectively, results from 
these programs will assist FHOSP to:  

● Evaluate the effectiveness of mitigation measures for wildlife and adapt these measures to 
further reduce effects and human/wildlife conflict.  
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● Evaluate the effectiveness of reclaimed land to provide habitat for a diversity of wildlife, and 
continuously improve reclamation techniques to enhance wildlife re-colonization.  

● Contribute to knowledge on wildlife habitat reclamation and adaptively manage our site to 
promote healthy wildlife populations throughout the life of FHOSP and beyond.  

● Meet or exceed our approval conditions as related to wildlife mitigation and monitoring.  

Based on adaptive management, FHOSP may choose to establish further wildlife habitat enhancements 
to encourage the use of the reclaimed landscape or may even choose to discontinue monitoring for a 
specific species. This decision will consider the age of reclamation, results of the wildlife monitoring, and 
the state of knowledge on reclamation and species habitat needs.  

The effects on wildlife and wildlife habitat resulting from development of the FHOSP lease are reduced 
through various mitigation activities, starting with project design, continuing through construction and 
operation phases, and into reclamation and closure. Progressive reclamation is a key mitigation activity 
for potential effects of development on wildlife. Specific mitigation measures FHOSP may implement to 
reduce the effects on wildlife and habitat use can be found in Fort Hills Oil Sands Project Wildlife 
Mitigation and Monitoring Plan (SEOI 2016). 

Connectivity of the landscape in the early part of mine development is somewhat restricted by the mine 
and tailings plan, and the availability of land for reclamation.  

Revegetation planned at the NNLL will improve the function of the lake as a natural corridor along the 
Athabasca River. As well, reclamation of the Demo Pit/Pond 14 area will improve upon the available 
wildlife habitat in the vicinity of the Athabasca River. 

The two reclaimed wetlands planned at the Demo Pit/Pond 14 reclamation area will be constructed 
within 2 km of each other to increase colonization rates and promote connectivity for poorer dispersers, 
such as amphibians (CEMA 2014).  

11.5. Fish Habitat 
Fish habitat quality goals include both forage and spawning habitat for aquatic life and forage habitat for 
semi-aquatic birds and mammals, but also good water quality to provide a suitable aquatic environment. 
It is expected that the pit lakes will provide adequate lake and littoral habitat and connectivity to the 
surrounding landscape to facilitate colonization and habitat diversity. Rocky and submerged vegetation 
areas may be added to littoral zones and their shallow depth should encourage the establishment of 
vegetation beds. Where practicable, littoral zones will be designed to optimize fish habitat. 

As inferred from local monitoring results, typical fish species from local lakes and stream that are likely 
to colonize the pit lakes include walleye, northern pike, lake whitefish, burbot, goldeye, longnose sucker, 
brook stickleback, lake chub, pearly dace, slimy sculpin, and trout perch. Background information on the 
local aquatic community, available and expected for pit lake colonization, has been collected through 
regional monitoring programs. Connectivity to downstream environments (in particular to the 
Athabasca River to the extent practical) will be one of the considerations in design and establishment of 
the pit lakes. 
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12. RECLAMATION MONITORING PROGRAM 

Soils 
FHEC will assess the depth, physical properties, and chemical properties of reclamation material after 
placement as per acceptable protocol.  

The cover designs in this LMCP will be managed as follows: 

● an initial survey of the placement area is obtained 

● areas are staked in the field for each reclamation prescription 

● control stakes are placed within the area indicating the targeted depth for each layer by 
reclamation material type 

● soil specialists are present during soil placement operations to verify the reclamation material 
and the depth being placed 

● survey spot checks are carried out as operations proceed 

● after completion, an as-built survey is obtained  

● comparison of the initial survey and as-built survey allows further verification of cover depths 

● a post-placement assessment is completed to confirm the depth of coversoil before vegetation 
planting. 

Vegetation 
FHEC employs a survey method from the Government of Alberta, ‘Establishment Regeneration Survey’ 
(ESRD 2013a,) that is completed four years after reforestation date. This survey calculates the total 
stems/ha in each survey area and maps out “Poorly Revegetated Areas”, thus providing another 
opportunity to assess the need for infill planting before the establishment survey period ends nine years 
after planting. 

Methods To Assess Commercial Forestry Targets 
The process to assess, document and report on reforestation areas of commercial forest end land use is 
documented in the Alberta Regeneration Standards for the Mineable Oil Sands, Data Collection Field 
Protocols (Regeneration Standards; ESRD 2013a). FHEC follows the process as outlined in Regeneration 
Standards by completing Establishment surveys 4 to 8 years after the reforestation start date, and 
Performance Surveys 11 to 20 years after the reforestation start date. 

The data collection protocols for Performance Surveys include the requirement to collect top height 
data for each reclaimed stand. A top height tree is the largest diameter tree of each species within each 
detailed Performance Survey plot. The stand top height for each species is tallied and used to calculate 
site index. The calculated site index values can then be tracked against targets in the Ecosite Summary 
Table (Table 10-1). 

FHEC will collect top height data in juvenile stands during performance surveys (11 to 20 years stand 
age) using methods prescribed by the Regeneration Standards and will submit the results to the 
Regulator according to the reporting standards outlined in the Regeneration Standards (ESRD 2013a). A 
summary of the regeneration survey results will also be presented in the annual RPTR. 
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12.1. Reclamation Performance Evaluation 
Reclamation performance assessments are completed consistent with the requirements in the Criteria 
and Indicators Framework for Oil Sands Mine Reclamation Certification (ESRD 2013b). FHEC plans to use 
milestone indicators and trend/performance indicators to assess equivalent land capability as outlined in 
Table 12-1.  

Table 12-1: Criteria and Indicators Framework Goal, Objectives, and Criteria 
Goal: The reclaimed soils and landforms are capable of supporting a diverse, self-sustaining, locally common boreal forest 
landscape, regardless of end land use.  

Objective 1: Reclaimed landscapes are established that support natural ecosystem functions 
Criteria 1.1 The landforms are integrated within and across lease boundaries. 

1.2 The landforms have a natural appearance.  

1.3 The landscape and its landforms incorporate watershed features such as surface drainage, 
lakes, and wetlands. 

1.4 The landforms have geotechnical stability.  
1.5 Reclamation materials are placed appropriate to the landform.  
1.6 Terrestrial and aquatic vegetation common to the boreal forest is established. 

Objective 2: Natural ecosystem functions are established on the reclaimed landscape 
Criteria 2.1 The reclaimed landforms have the required water quality.  

2.2 The reclaimed landforms have the required water quantity.  
2.3 Nutrient cycling is established on the reclaimed landscape.  
2.4 Ecosystem productivity is established on the reclaimed landscape.  
2.5 Reclaimed ecosystems display characteristics of resilience to natural disturbances. 

Objective 3: Reclaimed landscapes support an equivalent land capability appropriate to the approved end land uses 
Criteria 3.1 The reclaimed landscape provides for biodiversity.  

3.2 The reclaimed landscape provides commercial forests. 
3.3 The reclaimed landscape provides for fish and wildlife habitat.  
3.4 The reclaimed landscape provides opportunities for traditional uses.  
3.5 The reclaimed landscape provides opportunities for recreational uses.  

Note: 
Source from Table 2 in Criteria and Indicators Framework for Oil Sands Mine Reclamation Certification (ESRD 2013b).  

FHEC encourages further development of a Record of Progressive Reclamation program by Alberta 
Environment and Parks (AEP) and AER. Further work is required by AEP and AER on this framework, 
which is already supported by Section 146 (l. and n.1-3) of EPEA (Government of Alberta 2000a). A 
Record of Progressive Reclamation program would be a measure and validation of reclamation progress 
at a specific point in time – it would not be a measure of reclamation performance. 

FHEC believes that there is sufficient regulatory guidance and best practices available in the mineable oil 
sands industry to support the submission of applications by industry and issuance of reclamation 
certifications by regulators. FHEC will continue to work with the regulator to define and advance policy 
to support reclamation certification. 
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CLOSURE POLYGON SUBCLOSURE POLYGON SUBSTRATE CAPPING MATERIAL TYPE RECLAMATION MATERIAL ECOSITE END LAND USE AREA (ha) 

Centre & North Pit (C&NP) CP Side Slope Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 2.05 

Centre & North Pit (C&NP) CP Side Slope Overburden Dump 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 2.73 

Centre & North Pit (C&NP) CP Side Slope Overburden Dump 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 10.33 

Centre & North Pit (C&NP) CP Side Slope Natural Landscape 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.06 

Centre & North Pit (C&NP) CP Side Slope Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 3.01 

Centre & North Pit (C&NP) CP Side Slope Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 3.12 

Centre & North Pit (C&NP) CP Side Slope Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) CP Side Slope Natural Landscape CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.05 

Centre & North Pit (C&NP) CP Side Slope Overburden Dump 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.23 

Centre & North Pit (C&NP) CP Side Slope Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 5.27 

Centre & North Pit (C&NP) CP Side Slope Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 4.10 

Centre & North Pit (C&NP) CP Side Slope Overburden Dump 0.20m PMM g traditional use, wildlife habitat 0.11 

Centre & North Pit (C&NP) CP Side Slope Natural Landscape 0.20m PMM g traditional use, wildlife habitat 0.06 

Centre & North Pit (C&NP) CP Side Slope Overburden Dump CAPPED 0.20m PMM g traditional use, wildlife habitat 0.17 

Centre & North Pit (C&NP) CPTA1 Plateau Overburden Dump 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 23.94 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 1.08 

Centre & North Pit (C&NP) CPTA1 Plateau Natural Landscape 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.22 

Centre & North Pit (C&NP) CPTA1 Plateau Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.00 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 85.88 

Centre & North Pit (C&NP) CPTA1 Plateau Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.02 

Centre & North Pit (C&NP) CPTA1 Plateau Overburden Dump 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.92 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.47 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.30 

Centre & North Pit (C&NP) CPTA1 Plateau Overburden Dump CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 83.38 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 52.07 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand CAPPED 0.20m PMM m-g traditional use, wildlife habitat 10.65 

Centre & North Pit (C&NP) CPTA1 Plateau Tailings Sand CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 8.82 

Centre & North Pit (C&NP) CPTA2 Plateau Overburden Dump 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 31.14 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 1.16 

Centre & North Pit (C&NP) CPTA2 Plateau Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 3.07 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 240.27 

Centre & North Pit (C&NP) CPTA2 Plateau Overburden Dump 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.58 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.09 

Centre & North Pit (C&NP) CPTA2 Plateau Overburden Dump CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.17 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 147.02 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 91.60 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand CAPPED 0.20m PMM m-g traditional use, wildlife habitat 21.40 

Centre & North Pit (C&NP) CPTA2 Plateau Tailings Sand CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 10.96 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Clean Sand 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.10 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Overburden Dump 0.20m PMM d commercial forestry, traditional use, wildlife habitat 347.89 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Clean Sand 0.20m PMM d commercial forestry, traditional use, wildlife habitat 1167.07 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Natural Landscape 0.20m PMM d commercial forestry, traditional use, wildlife habitat 15.60 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 3.34 
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Centre & North Pit (C&NP) East In-Pit Dump Plateau Clean Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.66 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.02 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Overburden Dump 0.20m PMM e commercial forestry, traditional use, wildlife habitat 44.34 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Clean Sand 0.20m PMM e commercial forestry, traditional use, wildlife habitat 151.54 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Natural Landscape 0.20m PMM e commercial forestry, traditional use, wildlife habitat 1.92 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Clean Sand 1.5m Peat f-g traditional use, wildlife habitat 101.70 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Natural Landscape 1.5m Peat f-g traditional use, wildlife habitat 0.27 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Overburden Dump 0.20m PMM m-g traditional use, wildlife habitat 0.06 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Clean Sand 0.20m PMM m-g traditional use, wildlife habitat 1.14 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Overburden Dump 0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.02 

Centre & North Pit (C&NP) East In-Pit Dump Plateau Clean Sand 0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 36.28 

Centre & North Pit (C&NP) NIPD Side Slopes Natural Landscape 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 51.66 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 66.69 

Centre & North Pit (C&NP) NIPD Side Slopes Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.39 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) NIPD Side Slopes Natural Landscape 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 132.32 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump 0.20m PMM d commercial forestry, traditional use, wildlife habitat 43.66 

Centre & North Pit (C&NP) NIPD Side Slopes Natural Landscape 0.20m PMM d commercial forestry, traditional use, wildlife habitat 11.76 

Centre & North Pit (C&NP) NIPD Side Slopes Natural Landscape 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.06 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 42.29 

Centre & North Pit (C&NP) NIPD Side Slopes Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.32 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump 0.20m PMM e commercial forestry, traditional use, wildlife habitat 11.32 

Centre & North Pit (C&NP) NIPD Side Slopes Natural Landscape 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.77 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 12.04 

Centre & North Pit (C&NP) NIPD Side Slopes Overburden Dump 0.20m PMM g traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) NIPD Side Slopes Natural Landscape 0.20m PMM g traditional use, wildlife habitat 64.31 

Centre & North Pit (C&NP) NIPD Side Slopes Natural Landscape 0.20m PMM g traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.04 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 4.15 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 2.16 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 22.50 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Natural Landscape 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 10.03 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Natural Landscape 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.02 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m PMM d commercial forestry, traditional use, wildlife habitat 122.66 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Tailings Sand 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.69 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 47.04 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.82 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 33.86 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 7.36 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m PMM e commercial forestry, traditional use, wildlife habitat 31.11 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump 0.20m PMM e commercial forestry, traditional use, wildlife habitat 118.00 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.22 
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Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump  0.20m PMM g traditional use, wildlife habitat 910.08 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Natural Landscape  0.20m PMM g traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump CAPPED 0.20m PMM g traditional use, wildlife habitat 0.52 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump  0.20m PMM m-g traditional use, wildlife habitat 8.93 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump  0.20m PMM m-g traditional use, wildlife habitat 26.92 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump  0.20m PMM Shallow Open Water traditional use, wildlife habitat 5.45 

Centre & North Pit (C&NP) North In-Pit Dump Plateau Overburden Dump  0.20m PMM Shallow Open Water traditional use, wildlife habitat 16.11 

Centre & North Pit (C&NP) NP East Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 13.97 

Centre & North Pit (C&NP) NP East Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 3.31 

Centre & North Pit (C&NP) NP East Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 52.39 

Centre & North Pit (C&NP) NP East Perimeter Clean Sand  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.56 

Centre & North Pit (C&NP) NP East Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 216.10 

Centre & North Pit (C&NP) NP East Perimeter Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.02 

Centre & North Pit (C&NP) NP East Perimeter Clean Sand  0.20m PMM d commercial forestry, traditional use, wildlife habitat 32.59 

Centre & North Pit (C&NP) NP East Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 872.33 

Centre & North Pit (C&NP) NP East Perimeter Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 12.81 

Centre & North Pit (C&NP) NP East Perimeter Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 36.29 

Centre & North Pit (C&NP) NP East Perimeter Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 7.05 

Centre & North Pit (C&NP) NP East Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 93.71 

Centre & North Pit (C&NP) NP East Perimeter Clean Sand  1.5m Peat f-g commercial forestry, traditional use, wildlife habitat 0.07 

Centre & North Pit (C&NP) NP East Perimeter Natural Landscape  1.5m Peat f-g commercial forestry, traditional use, wildlife habitat 4.25 

Centre & North Pit (C&NP) NP East Perimeter Natural Landscape  1.5m Peat f-g commercial forestry, traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NP End Pit Lake Overburden Dump   End Pit Lakes traditional use, wildlife habitat 256.43 

Centre & North Pit (C&NP) NP End Pit Lake Natural Landscape   End Pit Lakes traditional use, wildlife habitat 8.98 

Centre & North Pit (C&NP) NP End Pit Lake Overburden Dump  0.20m PMM Littoral Zone traditional use, wildlife habitat 90.67 

Centre & North Pit (C&NP) NP End Pit Lake Natural Landscape  0.20m PMM Littoral Zone traditional use, wildlife habitat 0.18 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 404.09 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 80.58 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 83.17 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 20.78 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m PMM g traditional use, wildlife habitat 18.10 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m PMM m-g traditional use, wildlife habitat 1.73 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.66 

Centre & North Pit (C&NP) NP North Perimeter Natural Landscape  0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NP Side Slopes Tailings Sand  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 2.33 

Centre & North Pit (C&NP) NP Side Slopes Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 3.85 

Centre & North Pit (C&NP) NP Side Slopes Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.15 

Centre & North Pit (C&NP) NP Side Slopes Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 118.65 

Centre & North Pit (C&NP) NP Side Slopes Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 14.04 

Centre & North Pit (C&NP) NP Side Slopes Tailings Sand  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) NP Side Slopes Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NP Side Slopes Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 5.45 

Centre & North Pit (C&NP) NP Side Slopes Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 4.36 

Centre & North Pit (C&NP) NP Side Slopes Tailings Sand CAPPED 0.20m PMM m-g traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 3.41 
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Centre & North Pit (C&NP) NP South Perimeter Tailings Sand  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 102.97 

Centre & North Pit (C&NP) NP South Perimeter Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.06 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 40.96 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 1.30 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 146.12 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 31.93 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 54.00 

Centre & North Pit (C&NP) NP South Perimeter Tailings Sand  0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.14 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 84.15 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 19.73 

Centre & North Pit (C&NP) NP South Perimeter Tailings Sand  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.21 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 69.46 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.62 

Centre & North Pit (C&NP) NP South Perimeter Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.40 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.92 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.09 

Centre & North Pit (C&NP) NP South Perimeter Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 10.03 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 32.49 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 20.06 

Centre & North Pit (C&NP) NP South Perimeter Tailings Sand  0.20m PMM e commercial forestry, traditional use, wildlife habitat 2.43 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 53.34 

Centre & North Pit (C&NP) NP South Perimeter Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.33 

Centre & North Pit (C&NP) NP South Perimeter Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 5.67 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 6.14 

Centre & North Pit (C&NP) NP South Perimeter Natural Landscape  0.20m PMM Littoral Zone traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.19 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 69.34 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 18.62 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 27.11 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 150.57 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 72.20 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 7.89 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.53 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 3.85 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 67.10 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 29.39 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.34 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.36 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m PMM g traditional use, wildlife habitat 0.73 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape  0.20m PMM g traditional use, wildlife habitat 62.47 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m PMM m-g traditional use, wildlife habitat 1.12 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape  0.20m PMM m-g traditional use, wildlife habitat 5.62 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump CAPPED 0.20m PMM m-g traditional use, wildlife habitat 0.03 
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Centre & North Pit (C&NP) NP West Perimeter Natural Landscape CAPPED 0.20m PMM m-g traditional use, wildlife habitat 0.06 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump  0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.77 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape  0.20m PMM Shallow Open Water traditional use, wildlife habitat 3.05 

Centre & North Pit (C&NP) NP West Perimeter Overburden Dump CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.02 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.08 

Centre & North Pit (C&NP) NP West Perimeter Natural Landscape CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NPTA1 Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 309.56 

Centre & North Pit (C&NP) NPTA1 Plateau Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.60 

Centre & North Pit (C&NP) NPTA1 Plateau Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 120.87 

Centre & North Pit (C&NP) NPTA1 Plateau Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 66.07 

Centre & North Pit (C&NP) NPTA1 Plateau Tailings Sand CAPPED 0.20m PMM m-g traditional use, wildlife habitat 21.28 

Centre & North Pit (C&NP) NPTA1 Plateau Tailings Sand CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 17.22 

Centre & North Pit (C&NP) NPTA2 Plateau Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NPTA2 Plateau Clean Sand  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 1.95 

Centre & North Pit (C&NP) NPTA2 Plateau Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.03 

Centre & North Pit (C&NP) NPTA2 Plateau Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 30.22 

Centre & North Pit (C&NP) NPTA2 Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 466.72 

Centre & North Pit (C&NP) NPTA2 Plateau Clean Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.28 

Centre & North Pit (C&NP) NPTA2 Plateau Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 12.11 

Centre & North Pit (C&NP) NPTA2 Plateau Tailings Sand  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NPTA2 Plateau Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 3.89 

Centre & North Pit (C&NP) NPTA2 Plateau Overburden Dump CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.05 

Centre & North Pit (C&NP) NPTA2 Plateau Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 354.44 

Centre & North Pit (C&NP) NPTA2 Plateau Tailings Sand  0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.01 

Centre & North Pit (C&NP) NPTA2 Plateau Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.09 

Centre & North Pit (C&NP) NPTA2 Plateau Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 150.58 

Centre & North Pit (C&NP) NPTA2 Plateau Tailings Sand CAPPED 0.20m PMM m-g traditional use, wildlife habitat 38.95 

Centre & North Pit (C&NP) NPTA2 Plateau Tailings Sand CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 29.76 

Demo Pit Demo Pit Plateau Natural Landscape  0.50m PMM h traditional use, wildlife habitat 5.51 

Demo Pit Demo Pit Plateau Natural Landscape  0.20m PMM m-g traditional use, wildlife habitat 2.09 

Demo Pit Demo Pit Plateau Natural Landscape  0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.76 

Demo Pit Demo Pit Side Slopes Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 7.26 

Demo Pit Demo Pit Side Slopes Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 17.35 

Demo Pit Demp Pit Road Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.08 

Demo Pit Demp Pit Road Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 2.94 

Facilities Major Facilities Plant Area  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 9.43 

Facilities Major Facilities Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 24.22 

Facilities Major Facilities Plant Area CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 56.99 

Facilities Major Facilities Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 64.86 

Facilities Major Facilities Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 17.21 

Facilities Major Facilities Plant Area  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 13.13 

Facilities Major Facilities Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 3.04 

Facilities Major Facilities Plant Area CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 199.33 

Facilities Major Facilities Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 10.19 

Facilities Major Facilities Plant Area  0.20m PMM d commercial forestry, traditional use, wildlife habitat 33.28 
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Facilities Major Facilities Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 94.93 

Facilities Major Facilities Plant Area  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 1.79 

Facilities Major Facilities Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.43 

Facilities Major Facilities Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.08 

Facilities Major Facilities Plant Area CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 98.01 

Facilities Major Facilities Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 51.28 

Facilities Major Facilities Natural Landscape CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.38 

Facilities Major Facilities Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 1.04 

Facilities Major Facilities Plant Area  0.20m PMM e commercial forestry, traditional use, wildlife habitat 3.37 

Facilities Major Facilities Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 30.18 

Facilities Major Facilities Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.04 

Facilities Major Facilities Plant Area CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 35.14 

Facilities Major Facilities Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 6.65 

Facilities Major Facilities Plant Area  0.20m PMM f commercial forestry, traditional use, wildlife habitat 4.33 

Facilities Major Facilities Natural Landscape  0.20m PMM f commercial forestry, traditional use, wildlife habitat 12.27 

Facilities Major Facilities Plant Area CAPPED 0.20m PMM f commercial forestry, traditional use, wildlife habitat 9.52 

Facilities Major Facilities Natural Landscape CAPPED 0.20m PMM f commercial forestry, traditional use, wildlife habitat 0.79 

Facilities Major Facilities Plant Area  0.20m PMM m-g traditional use, wildlife habitat 0.11 

Facilities Major Facilities Natural Landscape  0.20m PMM m-g traditional use, wildlife habitat 8.40 

Facilities Major Facilities Overburden Dump CAPPED 0.20m PMM m-g traditional use, wildlife habitat 0.02 

Facilities Major Facilities Plant Area CAPPED 0.20m PMM m-g traditional use, wildlife habitat 10.62 

Facilities Major Facilities Natural Landscape CAPPED 0.20m PMM m-g traditional use, wildlife habitat 1.37 

Facilities Major Facilities Plant Area  0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.05 

Facilities Major Facilities Natural Landscape  0.20m PMM Shallow Open Water traditional use, wildlife habitat 5.90 

Facilities Major Facilities Plant Area CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 5.60 

Facilities Major Facilities Natural Landscape CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 1.49 

Facilities Major Facilities Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.01 

Facilities Minor Facilities Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.07 

Facilities Minor Facilities Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 76.53 

Facilities Minor Facilities Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 499.05 

Facilities Minor Facilities Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 81.35 

Facilities Minor Facilities Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 47.09 

Facilities Minor Facilities Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 27.44 

Facilities Minor Facilities Overburden Dump  0.20m PMM m-g traditional use, wildlife habitat 20.05 

Facilities Minor Facilities Overburden Dump  0.20m PMM Shallow Open Water traditional use, wildlife habitat 13.08 

Fort Hills Perimeter Outside Sub-closure Polygons   0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.03 

Fort Hills Perimeter Outside Sub-closure Polygons Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.01 

Fort Hills Perimeter Outside Sub-closure Polygons   0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.20 

Fort Hills Perimeter Outside Sub-closure Polygons   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.03 

Fort Hills Perimeter Outside Sub-closure Polygons   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.17 

Fort Hills Perimeter Outside Sub-closure Polygons   0.20m SSC/0.30m SBC d commercial forestry, traditional use, wildlife habitat 0.01 

Fort Hills Perimeter Outside Sub-closure Polygons Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.19 

Fort Hills Perimeter Outside Sub-closure Polygons   0.20m PMM e commercial forestry, traditional use, wildlife habitat 1.51 

Fort Hills Perimeter Outside Sub-closure Polygons Natural Landscape  0.20m PMM g traditional use, wildlife habitat 0.01 

Fort Hills Perimeter Outside Sub-closure Polygons   0.50m PMM h traditional use, wildlife habitat 0.01 
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Fort Hills Perimeter Outside Sub-closure Polygons   0.50m PMM h traditional use, wildlife habitat 0.05 

Fort Hills Perimeter Outside Sub-closure Polygons   0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.13 

Fort Hills Perimeter Outside Sub-closure Polygons Overburden Dump  0.20m PMM Shallow Open Water traditional use, wildlife habitat 6.96 

Moose Dump (MD) MD Plateau Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 23.64 

Moose Dump (MD) MD Side Slope Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 329.55 

Moose Dump (MD) MD Side Slope Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 6.13 

Moose Dump (MD) MD Side Slope Overburden Dump  0.20m SSC/Variable SBC (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.00 

Moose Dump (MD) MD Side Slope Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 4.74 

Moose Dump (MD) MD Side Slope Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.62 

Moose Dump (MD) MD Side Slope Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 1.16 

Moose Dump (MD) MD Side Slope Overburden Dump  0.20m SSC/Variable SBC (0.15m average) e commercial forestry, traditional use, wildlife habitat 0.00 

Moose Dump (MD) MD Side Slope Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 11.16 

Moose Dump (MD) MD Side Slope Treated FT  0.20m PMM Littoral Zone traditional use, wildlife habitat 0.00 

No Net Loss Lake (NNLL) NNLL Plateau   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.02 

No Net Loss Lake (NNLL) NNLL Plateau   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.00 

No Net Loss Lake (NNLL) NNLL Plateau   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.08 

No Net Loss Lake (NNLL) NNLL Plateau   0.20m SSC/0.30m SBC d commercial forestry, traditional use, wildlife habitat 0.93 

No Net Loss Lake (NNLL) NNLL Plateau   0.50m PMM Shallow Open Water traditional use, wildlife habitat 14.09 

No Net Loss Lake (NNLL) NNLL Plateau   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.79 

No Net Loss Lake (NNLL) NNLL Plateau   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.10 

No Net Loss Lake (NNLL) NNLL Plateau   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.16 

No Net Loss Lake (NNLL) NNLL Plateau   0.20m SSC d commercial forestry, traditional use, wildlife habitat 0.01 

No Net Loss Lake (NNLL) NNLL Road Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 1.79 

No Net Loss Lake (NNLL) NNLL Road Natural Landscape  0.50m PMM b traditional use, wildlife habitat 0.01 

No Net Loss Lake (NNLL) NNLL Road   0.50m PMM h traditional use, wildlife habitat 0.05 

No Net Loss Lake (NNLL) NNLL Road   0.50m PMM h traditional use, wildlife habitat 0.01 

No Net Loss Lake (NNLL) NNLL Side Slopes - N   0.50m PMM d traditional use, wildlife habitat 5.88 

No Net Loss Lake (NNLL) NNLL Side Slopes - N   0.50m PMM Shallow Open Water traditional use, wildlife habitat 0.42 

No Net Loss Lake (NNLL) NNLL Side Slopes - N   0.50m PMM Shallow Open Water traditional use, wildlife habitat 0.38 

No Net Loss Lake (NNLL) NNLL Side Slopes - N   0.50m PMM Shallow Open Water traditional use, wildlife habitat 0.01 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.01 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.06 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM d commercial forestry, traditional use, wildlife habitat 0.29 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.20m SSC/0.30m SBC d commercial forestry, traditional use, wildlife habitat 4.73 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM h traditional use, wildlife habitat 3.19 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM h traditional use, wildlife habitat 3.19 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM h traditional use, wildlife habitat 1.24 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM Shallow Open Water traditional use, wildlife habitat 1.01 

No Net Loss Lake (NNLL) NNLL Side Slopes - S   0.50m PMM Shallow Open Water traditional use, wildlife habitat 0.38 

North Expit Dump (NED) NED Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 2.31 

North Expit Dump (NED) NED Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 3.35 

North Expit Dump (NED) NED Perimeter Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.04 

North Expit Dump (NED) NED Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 10.32 

North Expit Dump (NED) NED Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 197.00 

North Expit Dump (NED) NED Perimeter Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 34.87 
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North Expit Dump (NED) NED Perimeter Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 89.23 

North Expit Dump (NED) NED Perimeter Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 7.32 

North Expit Dump (NED) NED Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 160.11 

North Expit Dump (NED) NED Plateau Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 2.61 

North Expit Dump (NED) NED Plateau Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 386.83 

North Expit Dump (NED) NED Plateau Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 139.00 

North Expit Dump (NED) NED Plateau Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 67.04 

North Expit Dump (NED) NED Side Slopes Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 431.02 

North Expit Dump (NED) NED Side Slopes Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.38 

North Expit Dump (NED) NED Side Slopes Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 1.89 

North Expit Dump (NED) NED Side Slopes Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.05 

North Expit Dump (NED) NED Side Slopes Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 90.92 

North Expit Dump (NED) NED Side Slopes Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 3.27 

North Expit Dump (NED) NED Side Slopes Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 22.41 

North Expit Dump (NED) NED Side Slopes Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 20.21 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 56.11 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.10 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 291.40 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 1.48 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 25.39 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 5.56 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.14 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 3.02 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Overburden Dump CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 23.67 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.13 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 3.19 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 6.45 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 12.40 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 15.83 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 4.70 

Out-of-Pit Tailings Area (OPTA) OPTA Perimeter Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.05 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.71 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Tailings Sand  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.17 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 1.26 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 58.67 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 40.00 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 33.06 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 416.21 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 5.10 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 26.18 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 294.17 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.28 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 6.96 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 142.94 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Tailings Sand CAPPED 0.20m PMM m-g traditional use, wildlife habitat 48.22 
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Out-of-Pit Tailings Area (OPTA) OPTA Plateau Tailings Sand CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 27.44 

Out-of-Pit Tailings Area (OPTA) OPTA Plateau Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.01 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 77.01 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Tailings Sand  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 65.12 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.98 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 26.78 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 419.45 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes   0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.02 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 253.44 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Tailings Sand  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.09 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 1.85 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 11.94 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 6.73 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes   0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.03 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 9.98 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 5.37 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 189.97 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 25.19 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.39 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.47 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 27.04 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 45.36 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump  0.20m PMM e commercial forestry, traditional use, wildlife habitat 49.10 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 3.83 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 2.27 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 7.69 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.02 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Overburden Dump  0.20m PMM f commercial forestry, traditional use, wildlife habitat 0.19 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape  0.20m PMM f commercial forestry, traditional use, wildlife habitat 12.32 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape CAPPED 0.20m PMM f commercial forestry, traditional use, wildlife habitat 0.06 

Out-of-Pit Tailings Area (OPTA) OPTA Side Slopes Natural Landscape  0.20m PMM m-g traditional use, wildlife habitat 1.68 

South Pit (SP) MD Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 12.87 

South Pit (SP) MD Perimeter Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.39 

South Pit (SP) MD Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.91 

South Pit (SP) South End Pit Lake Treated FT   End Pit Lakes traditional use, wildlife habitat 543.30 

South Pit (SP) South End Pit Lake Treated FT CAPPED  End Pit Lakes traditional use, wildlife habitat 0.17 

South Pit (SP) South End Pit Lake Treated FT  0.20m PMM Littoral Zone traditional use, wildlife habitat 95.16 

South Pit (SP) South End Pit Lake Treated FT CAPPED 0.20m PMM Littoral Zone traditional use, wildlife habitat 0.54 

South Pit (SP) SP Perimeter Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 12.72 

South Pit (SP) SP Perimeter Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 2.53 

South Pit (SP) SP Perimeter Plant Area  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.19 

South Pit (SP) SP Perimeter Overburden Dump  0.20m PMM d commercial forestry, traditional use, wildlife habitat 1.24 

South Pit (SP) SP Perimeter Plant Area  0.20m PMM d commercial forestry, traditional use, wildlife habitat 1.98 

South Pit (SP) SP Perimeter Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 265.26 

South Pit (SP) SP Perimeter Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.68 
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CLOSURE POLYGON SUBCLOSURE POLYGON SUBSTRATE CAPPING MATERIAL TYPE RECLAMATION MATERIAL ECOSITE END LAND USE AREA (ha) 

South Pit (SP) SP Perimeter Plant Area CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.09 

South Pit (SP) SP Perimeter Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 15.36 

South Pit (SP) SP Perimeter Natural Landscape CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.01 

South Pit (SP) SP Perimeter Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 6.45 

South Pit (SP) SP Perimeter Plant Area  0.20m PMM f commercial forestry, traditional use, wildlife habitat 0.75 

South Pit (SP) SP Perimeter Natural Landscape  0.20m PMM f commercial forestry, traditional use, wildlife habitat 45.84 

South Pit (SP) SP Perimeter Plant Area CAPPED 0.20m PMM f commercial forestry, traditional use, wildlife habitat 0.24 

South Pit (SP) SP Perimeter Natural Landscape CAPPED 0.20m PMM f commercial forestry, traditional use, wildlife habitat 2.83 

South Pit (SP) SP Perimeter Natural Landscape  0.20m PMM m-g traditional use, wildlife habitat 20.70 

South Pit (SP) SP Perimeter Natural Landscape CAPPED 0.20m PMM m-g traditional use, wildlife habitat 1.00 

South Pit (SP) SP Perimeter Natural Landscape  0.20m PMM Shallow Open Water traditional use, wildlife habitat 15.67 

South Pit (SP) SP Perimeter Natural Landscape CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.71 

South Pit (SP) SP Perimeter Natural Landscape CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 0.06 

South Pit (SP) SP Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.11 

South Pit (SP) SP Plateau Natural Landscape  0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 0.43 

South Pit (SP) SP Plateau Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) b traditional use, wildlife habitat 168.56 

South Pit (SP) SP Plateau Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.18 

South Pit (SP) SP Plateau Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 126.04 

South Pit (SP) SP Plateau Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 3.77 

South Pit (SP) SP Plateau Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 104.19 

South Pit (SP) SP Plateau Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.54 

South Pit (SP) SP Plateau Natural Landscape  0.20m PMM m-g traditional use, wildlife habitat 0.96 

South Pit (SP) SP Plateau Tailings Sand CAPPED 0.20m PMM m-g traditional use, wildlife habitat 18.97 

South Pit (SP) SP Plateau Natural Landscape CAPPED 0.20m PMM m-g traditional use, wildlife habitat 0.04 

South Pit (SP) SP Plateau Tailings Sand CAPPED 0.20m PMM Shallow Open Water traditional use, wildlife habitat 20.12 

South Pit (SP) SP Side Slope Overburden Dump  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.04 

South Pit (SP) SP Side Slope Tailings Sand  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.07 

South Pit (SP) SP Side Slope Natural Landscape  0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 1.48 

South Pit (SP) SP Side Slope Tailings Sand CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 52.01 

South Pit (SP) SP Side Slope Natural Landscape CAPPED 0.20m SSC/Variable SBC (0.15m average) a traditional use, wildlife habitat 0.33 

South Pit (SP) SP Side Slope Plant Area  0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.04 

South Pit (SP) SP Side Slope Natural Landscape  0.20m PMM d commercial forestry, traditional use, wildlife habitat 24.03 

South Pit (SP) SP Side Slope Tailings Sand  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 0.06 

South Pit (SP) SP Side Slope Natural Landscape  0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 8.51 

South Pit (SP) SP Side Slope Tailings Sand CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 11.05 

South Pit (SP) SP Side Slope Plant Area CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 0.01 

South Pit (SP) SP Side Slope Natural Landscape CAPPED 0.20m PMM d commercial forestry, traditional use, wildlife habitat 3.42 

South Pit (SP) SP Side Slope Tailings Sand CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 1.88 

South Pit (SP) SP Side Slope Natural Landscape CAPPED 0.20m SSF/Variable SBF (0.15m average) d commercial forestry, traditional use, wildlife habitat 1.20 

South Pit (SP) SP Side Slope Tailings Sand  0.20m PMM e commercial forestry, traditional use, wildlife habitat 0.10 

South Pit (SP) SP Side Slope Natural Landscape  0.20m PMM e commercial forestry, traditional use, wildlife habitat 1.51 

South Pit (SP) SP Side Slope Tailings Sand CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 2.69 

South Pit (SP) SP Side Slope Natural Landscape CAPPED 0.20m PMM e commercial forestry, traditional use, wildlife habitat 1.93 
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Table B-1: Draft Directive 023 Concordance Table 
Application Concordance Table 

Draft Directive 023 Section Application Section(s) 

Section 3.3 (General Application 
Requirements) 

Volume 1, Section 1 (Introduction), Volume 1, Section 2 (Mine Design and Planning), 
Volume 1, Section 3 (Tailings Management), Volume 1, Section 4 (Water 
Management), Volume 2, Section 4 (Aquatic Resources) 

Section 4 (Stakeholder Involvement) Volume 1, Section 5 
Section 5 (Socio-Economic 
Requirements)  No change for the Integrated Plan Amendment 

Section 6.2 (Environment 
Requirements - Land Use) 

Volume 2, Section 1 (Environmental Assessment for the Fort Hills Oil Sands Project 
Integrated Plan Amendment) - Introduction, Section 5 (Terrestrial Resources) 

Section 6.3 (Environmental 
Requirements - Soils) Volume 2, Section 5.2 (Terrain and Soils) 

Section 6.4 (Environmental 
Requirements - Vegetation and 
Wetlands) 

Volume ,2 Section 5.3 (Vegetation and Wetlands), Section 5.5 (Biodiversity) 

Section 6.5 (Environmental 
Requirements - Wildlife) Volume 2, Section 5.4 (Wildlife), Section 5.5 (Biodiversity) 

Section 6.6 (Environmental 
Requirements - Hydrology) 

Volume 2, Section 4.3 (Surface Water Hydrology), Volume 1, Appendix C (Aquanty 
Modelling Report) 

Section 6.7 (Environmental 
Requirements - Surface Water 
Quality) 

Volume 2, Section 4.4 (Water Quality and Aquatic Health) 

Section 6.8 (Environmental 
Requirements - Fisheries) Volume 2, Section 4.5 (Fish and Fish Habitat) 

Section 6.9 (Environmental 
Requirements - Hydrogeology and 
Water Source)  

Volume 1, Section 4 (Water Management Plan), Volume 2, Section 4.2 
(Hydrogeology), Appendix 2E (Additional Boreholes), Appendix 2F (Compiled Pump 
Testing and Slug Testing Results from 2017 through 2020), Volume 1, Appendix C 
(Aquanty Modelling Report). 

Section 6.1 Volume 2, Section 2 (Air Quality) 
Section 6.11 (Environmental 
Requirements - Noise) Volume 2, Section 3 (Noise Assessment) 

Section 6.12 (Environmental 
Requirements - Reclamation) Volume 1, Appendix A (Updated Life of Mine Closure Plan) 

Section 8.1 (Resource and Geology 
Information) Volume 1, Section 2.2 (Geology) 

Section 8.2 (Mine Design) Volume 1, Section 2 (Mine Design and Planning), Appendix D (Mine Status and 
Tailings Advance Maps) 

Section 8.3 (Geotechnical Design) Volume 1, Section 2.6 (Geotechnical Structure Design), Appendix D (Mine Status 
and Tailings Advance Maps) 

Section 8.4 (Mine Plan)  Volume 1, Section 2 (Mine Design and Planning), Appendix D (Mine Status and 
Tailings Advance Maps) 

Section 8.6 (Tailings Management) Volume 1, Section 3 (Tailings Management) 
Section 8.8 (Project Water 
Management) Volume 1, Section 4 (Water Management) 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.2 (Application Process Requirements) 

Applications for new oil sands mining projects and applications to 
amend approved tailings management plans or to amend existing 
oil sands mining project approvals must demonstrate that the 
requirements of this directive have been met. 

Volume 1, Section 3 

Operators of oil sands mining projects that are approved but not 
yet operating must submit an amendment application at least one 
year before bitumen production begins. 

n/a 

Proponents of oil sands mining projects currently under review by 
the AER must demonstrate that the requirements of this directive 
have been met. 

n/a 

4.3 9 (General Requirements) 

The application must include sufficient information to 
demonstrate that the fluid tailings management plan is aligned 
with existing approvals and plans, such as: 

Volume 1, Section 3 

a) Current approvals under EPEA, the OSCA, and the Water Act; Volume 1, Section 3 
b) The mine plan; Volume 1, Section 2 
c) The water management plan; Volume 1, Section 4 
d) The mine reclamation plan; and Volume 1, Section 5,  and Volume 1, Appendix A 
e) The life-of-mine closure plan. Volume 1, Section 5,  and Volume 1, Appendix A 
The applicant must identify inconsistencies between the proposed 
fluid tailings management plan and current approvals and 
conditions. Where there isn’t alignment, there must be a 
description of how alignment will be achieved.  

Section 3 

The applicant must submit a concordance table that references 
where each requirement in this directive is addressed in the 
application.  

Volume 1, Appendix B  
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.4 (Fluid Tailings Inventory Profiles) 

Early production: To achieve the end-of-mine-life target, it is 
expected that projects manage the inventory of new fluid tailings 
in the range of the volume that is expected to be produced during 
three to ten years of full production. (TMF stipulates first 3 – 10 
years of full production) 

Volume 1, Section 3 

Design operation: To achieve a relatively stable fluid inventory, it is 
expected that growth of fluid tailings will closely match the rate of 
treatment so that, on average, fines can be managed to a treated 
state as they are produced. This requires increases in fluid tailings 
treatment capacity as project expansions occur. (TMF considers 
this phase 2) 

Volume 1 Section 3, Table 3-6,Table 3-7, Table 3-10 
(Tailings Management) 

Legacy tailings: Legacy equivalent volumes will be reduced to 
achieve a RTR state by end of mine life.  n/a 

Post end of mine life: The end-of-mine-life target for all projects 
will be the equivalent of five years or less of fluid tailings volume 
accumulation. Operations are required to achieve RTR state ten 
years after end of mine life. 

Volume 1, Section 3, Table 3-7 

The fluid tailings management plan must provide sufficient information to support the proposed new and legacy fluid tailings 
volume profiles, including:  
a) a fluid tailings volume profile for new fluid tailings in graphical
and table format;

Volume 1 Section 3.1.3.6Volume 1 Section 3, Figure 3-2, 
Table 3-4A, Table 3-7 (Tailings Management) 

b) a fluid tailings volume profile for legacy equivalent fluid tailings
in graphical and table format; n/a 

c) explanation of the factors that contributed to choosing the
proposed end-of-mine-life date;

Volume 1, Section 2, Table 2-5, Volume 1, 
Section 3.1.3.8 

d) justification for the proposed legacy and new volume profiles,
including Volume 1, Section 3.1 

i) justification for the volume of fluid tailings in the inventory at
the end of mine life, Volume 1, Section 3.1 

ii) justification for the rate and magnitude of accumulation of new
fluid tailings after 2015, and  Volume 1, Section 3.1 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.4 (Fluid Tailings Inventory Profiles) 
(continued) 

iii) if required, a justification for any deviations from the TMF
tailings inventory profiles guidelines;  n/a 

e) justification for prioritizing the sequence of treating fluid tailings
and where deposition is planned, including the rationale for when
legacy equivalent tailings will be treated;

Volume 1, Section 3.2 

f) a high-level description of mining and processing operations to 
provide context for the fluid tailings management plan; Volume 1, Section 3.0.1 

g) explanation of how capacity will be available to hold water and
fluid tailings within the onsite closed-circuit water system for the
life of the project (if not, then identify the magnitude and timing of
storage limitations);

Volume 1, Section 3.1, and Figure 3.5 

h) assumed annual ore processing rate and composition Volume 1, Section 2.3, Table 2-4, Volume 1, 
Section 3.0.1 

i) a graph of bitumen production and new fluid tailings generation
over the life of the project Volume 1, Section 3.1, Figure 3-4, Table 3-6 

j) status maps (beginning, milestones, and end) identifying the
location and size of treated tailings deposits and fluid tailings
ponds, both existing and proposed, in the mine area (maps must
clearly illustrate the progression of the treated tailings deposits
and fluid tailings ponds until ten years after the end of mine life); 

Volume 1, Table 3-5, Figure 3-3, Appendix D  

k) tables that show the predicted annual volume of each fluid
tailings pond and treated tailings deposit over the life of the mine
and ten years after and that indicate both legacy equivalent and
new fluid tailings volumes, including:

Volume 1, Section 3, Table 3-7 

i) the annual volume of fluid tailings, annual fluid tailings deemed
RTR, and water¸ including any assumptions of reduction in volume
due to factors such as consolidation;

Volume 1 Section 3, Table 3-7, Table 3-22 and 
Table 3-3, Table 3-19 (Tailings Management) 

ii) predicted annual volume of fluid tailings treated for each fluid
tailings treatment technology; and Volume 1, Section 3.2.4, Table 3-10 

iii) a composition at the beginning, milestones, and end for each
fluid tailings pond and treated tailings deposit; Volume 1, Section 3.2.4, Table 3-9 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.4 (Fluid Tailings Inventory Profiles) 
(continued) 

l) a process flow diagram that indicates the current typical
calendar-day volume and mass balance (around treatment
process, fluid tailings ponds, and treated tailings deposits)
including stream compositions that is, oil, water, and solids and
the volume of water recovered from treatment of fluid tailings and
treated tailings deposits; and

Volume 1, Section 3.2.4, Figure 3-6 

m) an update of the above-mentioned diagram for predicted
changes in annual volumes and mass balance that represent
significant changes in the project, including the volume of water
recovered from treatment of fluid tailings and treated tailings
deposits.

n/a 

Applicants must justify that the technologies proposed are the 
best available for the project and provide sufficient information for 
the AER to assess the appropriateness of the technologies chosen. 
The details required for each technology include: 

Volume 1, Section 3..2.8, Section 3.3 

a) a map identifying proposed treatment areas; Volume 1, Figures 1-3 and 3-3 
b) a description of the technology, including its robustness,
practicality, and stage of development (bench scale, field pilot,
prototype, commercial demonstration);

Volume 1, Section 3.2.8 

c) timing and milestones to apply each technology; Volume 1, Section 3.2.8 Section 3.3.3 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.6 (Fluid Tailings Treatment Technologies) 

d) a process flow diagram; Volume 1, Section Figure 3-6 and Figure 3-7  
e) chemical and physical properties of the treated tailings and the
quality of water recovered from treatment; and Volume 1, Section 3.3.4, Figure 3 -6 

f) how off-spec material will be managed. Volume 1, Section 3.3.6 
Where there are uncertainties with the chosen fluid tailings treatment technologies, the fluid tailings management plan must 
identify mitigation measures and contingency plans to manage poor performance. It must describe the uncertainties (nature 
and magnitude) associated with the technology. If a high level of uncertainty is identified, the following must be provided:  
a) A description of the implications of technology failures for each
type of uncertainty Volume 1, Section 3.5 

b) Identification of and justification for mitigation measures and
contingency plans for how the uncertainties will be addressed Volume 1, Section 3.5 

c) Identification of and justification for the triggers that will be
used to initiate each mitigation measure and contingency plan Volume 1, Section 3.5 

d) Expected timeline of development milestones if the proposed
technology is uncertain due to the early stage of its development,
which must include criteria for success and a description of how
their achievement will impact the profiles (as the project moves
closer to the end of mine life, the level of certainty with proposed
technology must increase accordingly)

n/a 

In cases where water-capped fluid tailings technology is used to 
generate the inventory forecast in the profiles, an alternative 
treatment technology to treat equivalent volumes of fluid tailings 
with associated implementation timeframes must be provided.  

Volume 1, Section 3.2.9 

The application must provide the following at a level of detail 
commensurate with the stage of operation: 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.6 (Fluid Tailings Treatment Technologies) 
(continued) 

a) A map showing the location and size of treated tailings deposits
and fluid tailings ponds, both existing and proposed, in the mine
area.  For proposed deposits, a map or table that describes the
targeted range of ecosites that can be described by site-type or
moisture regime must be provided.

Volume 1, Section 3, Figure 1-3 and Figure 3-3, 
Table 3-23,  Volume 1, Section 3, Figure 3-17; 
Information on closure targets – Volume 1, Appendix A, 
Section 10.1 

b) Identification and justification for the proposed indicators for
each deposit. Where indicators are presented as part of a set, the
set should be coherent and balanced. Justify any change in
indicators through the life of the deposit. Show how the following
are considered:

Volume 1, Section 3.3.8 

i) Relevance: there is a clear relationship between the indicator
and the subobjective. Volume 1, Section 3.3.8, and Section 3.3 

ii) Importance and usefulness: the indicator tracks performance of
a critical variable in the success of meeting the subobjective. Volume 1, Section 3.3.8, and Section 3.3 

iii) Feasibility: reliable measures (data) can be obtained with
reasonable and affordable effort. Volume 1, Section 3.3.8, and Section 3.3 

iv) Credibility: the indicator is widely accepted or is recognized by 
the AER. Volume 1, Section 3.3.8, and Section 3.3 

4.7 (Ready to Reclaim) 

v) Validity: to the extent possible, the indicator has been field-
tested or used in practice. Volume 1, Section 3.3.8, and Section 3.3 

vi) Distinctiveness: the indicator is not redundant that is, it does
not measure something already captured under other indicators.  n/a 

c) A description of the measurement plan, and associated
uncertainties, selected to evaluate the indicators.  n/a 

d) For each deposit, the performance criteria must be identified
and how it will meet the subobjectives of RTR status explained
(refer to section 9), including ensuring that the deposit's physical
properties (subobjective 1) are on a trajectory to support future
stages of activity and that the effects the deposit have on the
surrounding environment (subobjective 2) are minimized and will
not compromise the ability to reclaim to a diverse, locally
common, and self-sustaining ecosystem. To demonstrate this,
include at least the following:

Volume 1, Tables 3-21 to 3-25 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.7 (Ready to Reclaim) (continued) 

i) assessment of the risk of environmental effects in the area
surrounding the treated tailings deposit, including impact to
groundwater, surface water bodies, seepage, stability, erosion;

Volume 1, Section 3.4.2, Table 3-24as well as Volume 2, 
Section 4 

ii) potential deposit design features to mitigate risks associated
with fluid tailings deposition, treatment, and water recovered from
treated fluid tailings (such as seepage barriers); and

Volume 1, Section 2.4.2 Section 4 

iii) case-by-case risk analysis to identify performance measures and
criteria to demonstrate the effectiveness of design features. If an 
applicant does not recommend indicators or measures for specific
design features, it must describe how it will ensure the
subobjective is met and why monitoring of these specific design
features is unnecessary.

Volume 1, Section 4 

e) For proposed deposits, targeted range of ecosites can be
described by using site-type or moisture regime. (The information
could be presented in tabular format.)

Volume 1, Section 3.3.1.6, Figures 3-16 and 3-17 

f) Identification of critical milestones for each deposit including
deposit preparation, start of fluid tailings placement, capping, and
start of further reclamation activities.

Volume 1, Section 3.3.1, Table 3-20 

g) Identification of uncertainties (nature and magnitude)
associated with deposit performance and design features that
mitigate deposit effects to the surrounding environment. If a high
level of uncertainty is identified, describe

Volume 1, Section 3.5 

i) the nature of the uncertainty and the impact of associated
failures and

Volume 1, Section 3.5 

ii) plans to mitigate uncertainty, including additional research,
testing, and potential contingency plans if performance is not as
predicted.

Volume 1, Section 3.5 

h) A description of how the operator will ensure long-term data
accessibility and quality for the life of the project. Volume 1, Section 3.3.2.1 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.7 (Ready to Reclaim) (continued) 

The application must describe (nature and magnitude) the 
environmental effects and risks of environmental effects of the 
proposed management option, including for each fluid tailings 
pond, treatment area, and treated tailings deposit. In addition, 
describe  

Volume 1, Section 3.3; Appendix A 

a) how they will be managed or mitigated during operations,
reclamation, and closure; Volume 1, Section 3.3; Appendix A 

b) changes to or additional pollution prevention and mitigation
measures necessary to reduce environment effects of the
proposed option; and

No changes required to existing systems 

c) changes in local circumstances, policies, or regional initiatives
that need to be addressed.  n/a 

For each alternative management option (refer to section 4.5) 
include an evaluation (including nature and magnitude) of  Volume 1, Section 3.2.9 

a) for currently approved projects, the changes in environmental
effects and risks of environmental effects from current state for
each treated tailings deposit, treatment area, and fluid tailings
pond;

Volume 1, Appendix A; Volume 2, Section 4.4 

b) for new projects, the environmental effects and risks of
environmental effects of each treated tailings deposit, treatment
area and fluid tailings pond;

n/a 

c) the justification of the trade-offs between the management
options (including proposed); and Volume 1, Section 3.2 and 3.3 

d) the environmental and reclamation implications related to the
change in environmental effects, such as implications for wildlife
and land access.

 no predicted change in environmental effects related 
to tailings 

The fluid tailings management plan may reference existing 
documents or approval requirements, if appropriate.   Volume 1, Section 3 
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Table B-2 – Directive 085 Concordance Table 
Application Concordance Table 

Directive 085 Section Requirement Application Section(s) 

4.8 (Environmental Effects and Implications) 

The fluid tailings management plan must describe uncertainties 
(nature and magnitude) associated with the environmental effects 
and mitigation measures during operation, reclamation, and 
closure stages. If there is a high level of uncertainty, describe 

 Volume 1, Section 3.4 

a) the nature of the uncertainty and the impact of associated
failures, Volume 1, Section 3.4, Section 3.5 

b) mitigation measures or contingency plans for how the
uncertainties will be addressed, and Volume 1, Section 3.4 

c) timelines and milestones for fluid tailings research to address
uncertainties.  n/a 

The application must identify proposed changes to environmental 
monitoring and performance measures.   n/a 
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Table B-3: Government of Alberta – Specified Enactment Direction 003: Direction for Conservation 
and Reclamation Submissions under an Environmental Protection and Enhancement Act 
Approval for Mineable Oil Sands Sites 

SED 
Section 
Number 

Item Requirement Application Section(s) 

2. Life of Mine Reclamation Plan

2.1 9 

The LMCP must address the full life of the project and align both with 
the conditions of approvals and with application commitments and 
plans. When the LMCP is updated, the results from performance 
measurements and research must be incorporated into the planning.  

Section 2 

2.2 10 

Following the initial submission of the LMCP, the LMCP must be updated 
and submitted every ten years or with an amendment, unless otherwise 
authorized by the AER in accordance with the AER EPEA application 
procedure. 

Section 1 

2.3 Table 1 
Several maps are required to support the LMCP. Table 1 is a summary of 
all of the maps identified for the LMCP. The details of what should be in 
each map are outlined in relevant sections. 

Figures 3-1; 3-17; 5-1 to 
5-12; 6-1; 5-1 to 5-12;
9-1

2.4.1 

11 

Identify changes to the regulatory framework (e.g., policy, legislation, 
approvals, commitments, and guidance documents) since the last LMCP 
that have influenced the current plan and the impact on reclamation and 
closure planning, if applicable. 

Section 2.1 

12 

Identify all government-approved regional initiatives or plans that relate 
to the LMCP and describe how the LMCP is consistent with the 
requirements of regional plans; e.g., Fort McMurray-Athabasca Oil Sands 
Subregional Integrated Resource Plan (Alberta Sustainable Resource 
Development, 2002), Lower Athabasca Regional Plan (Government of 
Alberta, 2012). 

Section 2.2 

2.4.2 

13 

Provide a map of the current land uses in and around the project area 
that includes the following information: 
- Project components approved under the EPEA approval (e.g., plant site,
mine pits, tailings storage, treated tailings deposits, coke storage, etc.)
- Current approved disturbance areas related to existing approvals
- Any applied-for or future expansion of the project

Section 3.1 
Figure 3-1  

14 Identify and describe the end land use objectives for the mine. Section 3.2 

15 Identify any assumptions fundamental to achievement of the end land 
use objectives. Section 3.2 

16 
Using the predisturbance landscape as a reference, assess and discuss 
the return of the locally common boreal forest ecosystem integrated 
into the surrounding area on the postdisturbance landscape. 

Section 3.2 

17 

Demonstrate alignment with the tailings management plan for tailings 
deposits milestones and reclamation outcomes. Where alignment does 
not occur, identify the inconsistencies and describe how alignment will 
be achieved. 

Section 3.44 
Figure 3-2  

18 

Provide the rationale for the location, spatial extent, and type of 
wetlands targeted on tailings deposits. Explain why these wetlands are 
equivalent to locally common boreal forest wetlands, based on the 
Alberta Wetland Classification System. Explain how the targeted 
wetlands support a range of land uses, including commercial forest, 
biodiversity, wildlife habitat, and traditional use. 

Section 3.5 
Table 3-1 
Section 10.1 
Table 10-2 
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Table B-3: Government of Alberta – Specified Enactment Direction 003: Direction for Conservation 
and Reclamation Submissions under an Environmental Protection and Enhancement Act 
Approval for Mineable Oil Sands Sites 

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.2 

19 
Use table 2 to compare predisturbance ecosites, wetland classes, or 
aquatic features with targeted closure ecosites, wetland classes, or 
aquatic features. 

Table 3-1  

19a 

Provide one or more maps that show the intended final reclaimed 
landscape and that illustrate the following: 
- Hydrological features, such as watercourses, end pit lakes, wetlands, 
and waterbodies 
- Targeted ecosites, wetland classes, and aquatic features 
- Topographic contours 
- Locations where end land use restrictions may be considered (and 
provide an explanation) 
- Integration with adjacent development and the surrounding 
undisturbed landscape 
- Closure polygons 

Section 3.5  
Figures 3-3 to 3-7 
Figure 6-2  

20 

Use table 3 to identify the necessary requirements for achieving targeted 
ecosites, wetland classes, and aquatic features for the project. Sub-
closure polygons may be used to describe and define the reclamation 
outcomes further within the closure polygons. 

Section 3.5  
Attachment A 

2.4.3 

21 Describe how the reclamation outcomes identified in the LMCP address 
traditional end land use Section 4.1 

22 
Describe how stakeholder feedback and traditional land use information 
shared by indigenous communities or people have been integrated into 
reclamation outcomes for the mine. 

Section 4.1 

2.4.4 23 

Provide a summary in table 4 of the commitments that were made to 
stakeholders, including indigenous communities and people, related to 
conservation, reclamation, and closure, and of how the commitments 
are integrated into the LMCP. 

Table 4-1  

2.4.5 
24 

Provide a completed table 5 detailing the conceptual life-of-mine 
progressive reclamation timeline for the mine from the current state to 
reclamation certification. Provide the information in 5-year increments 
for the first 10 years, then in 10-year increments to closure. 

Table 5-1 

25 Provide reclamation progression maps of the mine to support table 5. Figures 5-1 to 5-12  

2.4.6 26 
Provide an approximate timeline for infrastructure or structures that will 
be progressively decommissioned or removed to enable progressive 
reclamation over the life of the mine. 

Section 5.1 
Table 5-1  

2.4.7.1 

27 Outline how the proposed closure landscape and LMCP addresses each 
of the design actions in the landscape design checklist in appendix 4. 

Section 6.1 
Attachment B 
 
Tables 6-1 to 6-5 
Figures 6-1 to 6-7 

28 

Describe how the proposed closure topography will achieve equivalent 
land capability and meet the end land use objectives. Discuss the 
proposed final closure landforms with respect to the predisturbance 
landforms and how the closure landforms will achieve equivalent 
capability. 

Section 6.2 
Table 6-7 
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Table B-3: Government of Alberta – Specified Enactment Direction 003: Direction for Conservation 
and Reclamation Submissions under an Environmental Protection and Enhancement Act 
Approval for Mineable Oil Sands Sites 

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.7.1 29 

Identify areas of the reclaimed landscape that are expected to 
experience settlement (see settlement definition in the glossary of 
terms). For these areas, do the following: 
- Identify the types of substrates and discuss the characteristics that 
contribute to settlement. 
- Discuss the settlement model forecast (rate and amount) for these 
areas. Include a discussion on validating the models with settlement 
data collected from constructed landforms, research, and completed 
consolidation models or engineering analysis. 
- Identify the nature and degree of uncertainties in current settlement 
predictions. 
- Discuss how settlement is incorporated into the reclamation planning 
to reduce the risk to reclamation outcomes and milestones. 
- Describe how the uncertainty associated with settlement will be 
reduced, managed, and resolved. 
- Outline how post-reclamation settlement mitigation will be determined 
and implemented 

Section 6.3 
Table 6-8  

2.4.7.2 

30 

Provide a map of the closure surface drainage that shows all hydrologic 
features (i.e., lakes, streams, compensation lakes, wetlands) in the 
closure landscape and connectivity with surrounding operations and the 
natural environment. Include watershed boundaries, contours, and 
direction of flow for each feature. 

Figure 3-3 
Figure 6-1 

31 

Describe how the proposed closure surface drainage will achieve 
equivalent land capability and meet the end land use objectives. Include 
a comparison of the proposed final closure surface drainage systems 
with the predisturbance drainage systems to support an equivalency 
determination and to determine whether the closure surface drainage 
system will be relatively natural in appearance and will tie in to adjacent 
undisturbed surface drainage systems. 

Section 6.1 
Figures 6-1 and 6-2 
Section 6.1.1.19 
Section 6.1.1.21 
Figures 6-3 to 6-7 

32 
Provide a water budget that aligns with sustainability of the closure 
drainage design after surface water and groundwater systems are re-
established. 

Section 6.2.3 
Tables 6-10 and 6-11 
Table 6-10 

33 
Provide conceptual representative cross sections of major drainage 
features in the closure landscape that show connectivity between 
groundwater and surface water. 

Figures 6-4 and 6-6 

34 

Discuss the assumptions that are made and results that indicate that the 
proposed hydrogeology will be functional and sustainable after closure. 
Include a discussion of validation of models with hydrologic data 
collected from constructed landforms. 

Sections 6.2.1, 6.2.2, 
6.2.3, and 6.2.4 

35 Identify any potential hydrogeological gaps in the conceptual plan and 
describe how adaptive management will mitigate the impacts. Section 6.2.5 
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Table B-3: Government of Alberta – Specified Enactment Direction 003: Direction for Conservation 
and Reclamation Submissions under an Environmental Protection and Enhancement Act 
Approval for Mineable Oil Sands Sites 

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.7.2 

36 

Discuss the hydrologic modelling used for the closure drainage system 
design. Modelling needs to include a range of regional late-21st-century 
climate-change scenarios (e.g., 2070 to 2099) using the current 
Intergovernmental Panel on Climate Change scenarios available at the 
time of the modelling. Run the models (the same models that were run 
under historical climate conditions) under a range of future climate 
conditions (typically five: median, warm-dry, warm-wet, cool-dry, and 
cool-wet). If hydrologic modelling of climate change scenarios for water 
capped fluid tailings and for the model’s contributing watershed area 
has been accepted by the AER for evaluation in another submission or 
application, discuss updated modelling results and their implications on 
hydrological sustainability, water quality outcomes, and the closure 
drainage system design. 

Section 6.2 

37 

Provide a summary of the modelling results to demonstrate the 
sustainability of the closure drainage design for all planned ecosystems 
(e.g., pit lakes, wetlands, watercourses, riparian areas and non-pit lakes, 
etc.) and to demonstrate alignment with proposed reclamation 
outcomes and end land-use objectives. 

Section 6.2 

38 

Describe how the results of the climate change modelling were 
considered when finalizing the proposed closure drainage design. 
Include a discussion of potential future mitigation action or risk 
management plans to reduce the risk to the reclamation outcomes. 

Section 6.2.3 

2.4.7.3 

39 

Identify major aquatic ecotypes on which closure water quality 
conditions are being modelled. For each major ecotype, summarize 
predisturbance and/or locally relevant reference water quality 
conditions. Compare predisturbance/reference aquatic ecotype water 
quality conditions to relevant guidelines, targets, triggers, and limits. 

Section 6.3.2 

40 

Provide a plan for managing water quality at closure. Include: 
- the duration of surface water and groundwater control-measure 
operations; 
- the duration, quantity, and quality of water released from tailings areas 
- duration, quantity, and quality of water released into receiving water 
bodies (e.g., treatment wetlands, active water treatment, end pit lakes, 
streams, and rivers). 

Section 6.3.1 
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Table B-3: Government of Alberta – Specified Enactment Direction 003: Direction for Conservation 
and Reclamation Submissions under an Environmental Protection and Enhancement Act 
Approval for Mineable Oil Sands Sites 

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.7.3 

41 

Provide updated water-quality model predictions for closure landscape 
aquatic features. Provide an overview of changes (new or updated 
models used, model assumptions, dataset used, changes in closure 
landscape, and other) from previous submissions. Compare current 
model predictions with predisturbance and locally relevant reference 
conditions, relevant guidelines, targets, triggers, and limits. Confirm how 
model results will be verified, and include potential timelines for 
verification of results. For parameters not meeting relevant guidelines, 
targets, triggers, or limits, discuss reasons why, and discuss any planned 
monitoring, management, or mitigation measures. 

Sections 6.3.2 and 6.3.3  

42 
Describe how climate change is accounted for in modelled results, and 
describe any implications of achieving planned water quality outcomes 
in the aquatic features. 

Section 6.3.3 

2.4.8.1 

43 
Provide a list of the planned reclamation and capping material types. 
Include a definition of each type and a description of the criteria and 
methodology used for identification and delineation. 

Table 7-1 

44 

Discuss the rationale for defining land-capping requirements for tailings 
deposits (based on research), including capping material type, capping 
objectives (e.g., landform development and stability, settlement 
management, the expression of tailings pore water and controlling the 
expression of tailings pore water, water-table control, landform 
contouring to facilitate the flushing of salts from the capping material, 
etc.), and implications to the development of self-sustaining boreal 
forest terrestrial or wetland ecosystems. 

Section 7.1 

45 

Where tailings are used for capping material, do the following: 
- Provide the properties, volume, and duration used for capping for each 
type of tailings. 
- Identify inconsistencies in tailings material balance between LMCP and 
the tailings plan, if any. Describe how the inconsistencies will be 
resolved. 

Section 7-1 - Tailings not 
used as capping 
material; see Table 7-3 

46 
Using tables 6 and 7, provide a project-material balance for both 
reclamation and capping materials, by type, for the life of mine. Explain 
how volumes were calculated. 

Tables 7-2 and 7-3 

47 Identify any shortages of reclamation material or capping material. 
Describe the plan for mitigation. 

Section 7-1 - No 
predicted shortage of 
reclamation materials 

2.4.8.2 48 
Provide a map of reclamation material stockpile locations. Illustrate 
planning to minimize double handling of salvaged materials due to 
future disturbance and mine operations. 

Figure 7-1  

2.4.8.3 49 
Provide a table (table 8) defining the cover designs that will be used. 
Identify the target ecosite or wetland class, soil moisture, and nutrient 
regime associated with each cover design. 

Table 7-4  

2.4.9 50 
Discuss how the approval holder plans to fulfill vegetation conservation 
commitments identified in section 2.4.4, table 4, during salvage 
operations. 

Section 8 
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Table B-3: Government of Alberta – Specified Enactment Direction 003: Direction for Conservation 
and Reclamation Submissions under an Environmental Protection and Enhancement Act 
Approval for Mineable Oil Sands Sites 

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.4.10 51 
Provide a map that shows where merchantable timber exists and 
identify the applicable forest tenure holders with the authority to 
salvage timber. 

Section 9 
Figure 9-1 

2.4.11 

52 
Provide a planting prescription that links target ecosites or wetland 
classes, tree species, shrub species, and herbaceous species to 
reclamation material, capping material, and other landscape features. 

Section 10 
Tables 10-1, 10-2, 10-3 

53 
Indicate how the targets specified in the ecosite phase growth and yield 
table4 will be met and identify how commercial forestry targets are 
measured and when (growth and yield plan). 

Section 10.3 

54 

Describe how revegetation plans for each targeted ecosite or wetland 
class align with landform construction (topographical connectivity) and 
are supported by their substrate and reclamation material profiles to 
achieve the planned end land use. 

Section 10 

55 Identify limiting factors, where they exist, for each vegetation 
community. Explain how limiting factors will be addressed. 

Section 8 
Table 8-1  

2.4.12 

56 
Define biodiversity elements that will be targeted (e.g., ecosystems, 
species), and end land uses (traditional use, recreation, hunting and 
fishing, forestry), and how the LMCP addresses each. 

Section 11.1 

57 Describe how reclamation and closure activities address biodiversity for 
focus species. Section 11.2 

58 
Using table 9, provide reclamation diversity targets to show links 
between target ecosites, wetland type, or aquatic feature, and target 
wildlife or aquatic species. 

Table 11-1  

59 

Identify overarching plans for creating and connecting wildlife habitat in 
and across the reclaimed landscape and adjacent lease holders. Include 
any unique requirements for species of management concern (e.g., 
species at risk) or for species that are currently significant to indigenous 
communities (e.g., moose, caribou, bison, etc.). Incorporate target 
wildlife species into reclamation diversity targets (see table 9). 

Section 11.4 

60 

Identify overarching plans for creating fish habitat in the reclaimed 
landscape. Include species targeted for recolonization of the closure 
landscape and show the reconnection of reclaimed watersheds and 
aquatic features (e.g., end pit lakes, wetlands, watercourses) to 
downstream aquatic habitats and how reclamation will establish self-
sustaining populations. 

Section 11.5 

2.5.1 61 
The reclamation monitoring program must ensure that data is available 
to confirm that reclaimed areas are diverse, self-sustaining boreal forest 
ecosystems that are integrated into the surrounding landscape. 

Section 12 



  
Fort Hills Oils Sands Project 

Volume 1 Integrated Plan Amendment 
 February 2022 
 

17 | Page 

 

Table B-3: Government of Alberta – Specified Enactment Direction 003: Direction for Conservation 
and Reclamation Submissions under an Environmental Protection and Enhancement Act 
Approval for Mineable Oil Sands Sites 

SED 
Section 
Number 

Item Requirement Application Section(s) 

2.5.2 

62 

Provide a summary of reclamation performance evaluation completed. 
Discuss how reclamation performance evaluations are demonstrating 
that the reclaimed areas are progressing in the appropriate trajectories 
to achieve the targeted reclamation outcomes and end land use 
objectives. 

Section 12.1 

63 

Identify new practices or approaches that are being applied in the 
current plan and that result from analysis of monitoring results. 
Descriptions must be discipline-specific and must align with the 
summary of reclamation performance evaluation. 

Section 12 
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Table B-4: Guide to Content 

Guide to Content for Energy project 
Applications Section Fort Hills Oil Sands Project Document Section  

Section 17 (Confirm Applicant 
Identification) Volume 1, Appendix B (Concordance Information) 

Section 18 (Confirm Plant or Facility 
Identification) 

Volume 1, Appendix B (Concordance Information) Section 1 
(Introduction) Figure 1-1, Volume 2 Section 1 (Environmental 
Assessment For The Fort Hills Oil Sands Project Integrated Plan 
Amendment Application – Overview And Linkage Analysis),  
Figure 1-1 and Figure 1-2 

Section 19 (Project Background for the 
Proposed Changes) 

Volume 1, Appendix A (Updated Life of Mine Closure Plan), 
Section 1 (Introduction) 

Section 20 (Updated Applicable Elements 
of the Current Setting and its 
Environmental Condition) 

Volume 2, Section 1 (Environmental Assessment For The Fort Hills 
Oil Sands Project Integrated Plan Amendment Application – 
Overview And Linkage Analysis), Section 2 (Air Quality), Section 3 
(Noise Assessment), Section 4 (Aquatic Resources), Section 5 
(Terrestrial Resources), Volume 1, Appendix A (Updated Life of 
Mine Closure Plan) 

Section 21 (Proposed Changes to Design 
and Operation) 

Volume 1, Section 2 (Mine Design and Planning), Section 3 
(Tailings Management), Section 4 (Water Management), 
Volume 2 Section 2 (Air Quality); Appendix D (Mine Status and 
Tailings Advance Maps) 

Section 22 (Amended or Final Reclamation 
Plan) Volume 1, Appendix A (Updated Life of Mine Closure Plan) 

 

Table B-5: Application Information 
Company Name & BA Code Fort Hills Energy Corporation 
Company BA Code 0XP9 

Contact Name Michael Robinson, Manager, Regulatory Approvals and Central 
Project Services 

Telephone 403 296 6120 
E-mail mrobinson@suncor.com 

Mailing Address Michael Robinson, Suncor Energy, 150- 6 Avenue SW, Calgary, 
Alberta, T2P 3E3 

Project Name Fort Hills Operations Integrated Plan Amendment 
Application Type Oil Sands - Amendment Application 

Application Description 

Application to amend OSCA Approval No. 9241I, EPEA Approval 
No 151469-01-00 (as amended), and Water Act Approval No. 
151636-01-00 (as amended) to reflect updated mine and tailings 
plan, saline basal water management strategy, and updated 
closure and reclamation plan.  

Project Location No change to project location - Section 1 (Introduction) Figure 1-1 
Target Oil Sands Deposit Athabasca Oil Sands Area - Wabiskaw-McMurray 
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1.0 INTRODUCTION

Aquanty Inc. (Aquanty) was commissioned by Fort Hills Energy Corporation (FHEC) to build an 
integrated surface-subsurface hydrologic model to support the design of a proposed design features to 
sustain the hydrologic functioning of the McClelland Lake Wetland Complex (MLWC) during mine 
operations and through closure of the Fort Hills Project. The area of the MLWC and the Fort Hills Lease 
are illustrated in Figure 1-1. Hydrologic modelling was conducted using the fully-integrated surface-
subsurface hydrologic model, HydroGeoSphere (HGS) to simulate pre-development, operations and 
closure hydrological conditions within the Fort Hills Lease and the MLWC watershed. Since 2017, the 
HGS model has undergone regular annual updates to include newly collected site data and to reflect the 
latest conceptual understanding of the hydrologic system. Previous applications of HGS at Fort Hills 
focused primarily on hydrological processes within the MLWC watershed. In the current work to support 
the 2021 Fort Hills Integrated Plan Amendment (IPA), application of the model has been extended to 
the entire Fort Hills Lease, shown in Figure 1-1; however, results and processes including the MLWC 
watershed will be commonly referred to throughout this document. 

This report documents the current state of the MLWC HGS Model in 2020 (herein referred to as the 2020 
MLWC HGS model) and its application for supporting the 2021 Fort Hills IPA assessment.  

1.1 Objectives 
The primary objectives of the development and application of the 2020 MLWC HGS model in supporting 
the 2021 Fort Hills IPA assessment were: 

 To simulate baseline (pre-development) hydrological conditions across the Fort Hills Lease, 
including the MLWC watershed; 

 To simulate hydrological conditions during operations across the Fort Hills Lease, including the 
MLWC watershed using the 2020 mine plan; 

 To simulate hydrological conditions during operations across the Fort Hills Lease, including the 
MLWC watershed using the 2017 mine plan; 

 To simulate hydrological conditions during active closure and far future periods across the Fort 
Hills Lease using the 2021 closure plan, including the MLWC watershed; 

 To conduct a climate change analysis in terms of hydrological conditions shortly into the active 
closure period (approximately mid-century) and again at a far future period (approximately the 
end of the 21st century); and, 

 To conduct an assessment of potential effects of industrial wastewater (IWW) impacts on the 
receiving waterbodies within and adjacent to the Fort Hills Lease during operations (2020 mine 
plan), in the active closure period (approximately mid-century) and at a far future period 
(approximately the end of the 21st century), including climate change analysis. 

Accomplishing the above objectives required building a series of models from a common foundation. 
Flux and water levels tracking was added to these models to facilitate IWW seepage and source-
pathway-receptor analyses. This document describes the 2020 MLWC HGS model construction, 
calibration, validation, and application to support the 2021 Fort Hills IPA assessment. 
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Figure 1-1. General location of the Fort Hills Oil Sands Project (source: FHEC 2021). 
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2.0 CONCEPTUAL MODEL IMPLEMENTATION

The purpose of this section is to outline the conceptual understanding of the site’s hydrologic system 
that was used to guide the construction of the integrated surface-subsurface hydrological model using 
the HydroGeoSphere (HGS) software program (Aquanty, 2021).   Please note that the conceptual 
descriptions given below are a summary of a more comprehensive conceptual description developed for 
the MLWC watershed by FHEC. 

The general workflow for the HGS model construction is a bottom-up approach. A strong foundation 
using regionally relevant geomodel(s) and hydrological boundary conditions was first required before 
incorporating the local details of the surface and shallow subsurface flow systems. This concept of a 
bottom-up model design also facilitates incorporating system understanding into the HGS model 
construction process. 

The conceptual understanding of the Fort Hills Lease was developed using the five hydrologic response 
factors outlined in Devito et al. (2005) and land usage that predominantly control the landscape’s 
hydrologic response within the Western Boreal Forest (WBF) setting (which includes the Fort Hills 
Lease): 

 Climate;  

 Bedrock geology; 

 Surficial geology; 

 Soil type and depth; and, 

 Topography. 

Sections 2.1 to 2.4 below summarize some of the considerations made regarding these five key factors 
for their inclusion in the design and construction of the 2020 MLWC HGS model.  

2.1 Climate 
The Fort Hills Project is located within a sub-humid climate setting characterized by long-term average 
potential evapotranspiration (PET) exceeding precipitation. This relatively high evapotranspiration 
demand results in a correspondingly large degree of interannual variability in shallow water availability, 
with dry years experiencing declining stores of soil water and groundwater (GW). The short-term, multi-
year wet and dry cycles occur superimposed upon longer-term decadal cycles of wet and dry 
precipitation periods (Figure 2-1).  

The mid-1940’s through the mid-1950’s were relatively low in precipitation compared to the wetter 
climate of the mid-1950’s to the mid-1970’s. The recent period (the mid 1990’s onwards), wherein most 
of the existing site monitoring data resides, can be characterized as relatively dry in terms of annual 
precipitation coupled with a documented century-long temporal trend of increasing mean annual air 
temperature, which compounds the drying effect by concomitantly also increasing annual PET rates 
(Figure 2-1). The source of climate data used in this study was Environment and Climate Change 
Canada’s (ECCC) Fort McMurray Airport meteorological station (1945 to 2019), located approximately 
90 km south of the project area. 
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Figure 2-1. Historical record of annual precipitation and potential evapotranspiration recorded at the Fort 
McMurray airport climate station.
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2.2 Geology
The following general hydrostratigraphic units were defined for the Fort Hills Lease and surrounding 
area, based on: (1) regional geologic data; (2) the geomodel of the Fort Hills Lease provided by FHEC 
and surrounding region (version FH19a); and, (3) recent drilling data collected during the 2019-2020 
winter field program (Matrix, 2020): 

 Muskeg; 

 Surficial Sand Aquifer (North Outwash Plains [NOP] and Fort Hills Upland Complex [FHUC]); 

 Clay Till 1 Aquitard; 

 Intermixed sands and silty sands Aquifers/Aquitards (FHUC); 
 Clay Till 2 Aquitard; 

 Rafted McMurray Formation Till Aquitard (PGKM); 

 Clearwater Formation Aquitard; 

 Upper/Middle McMurray Oil Sands Aquitard; 

 Lower McMurray (Basal) Sand Aquifers and Mud Aquitards: 
 Weathered Beaverhill Lake Formation Aquifer: 

 Intact Beaverhill Lake Formation Aquitard: 

 Upper Prairie Evaporite Aquitard: 

 Lower Prairie Evaporite Aquifer: and 

 Keg River Aquifer. 

The regional and local geological information from the three aforementioned data sets was used to 
generate a 3D hydrostratigraphic framework using the hydrostratigraphic units listed above (refer to 
Section 3.2 for details). This 3D hydrostratigraphic framework is designated as the 2020 Unified 
Geomodel and was used to help define the system conceptually. The vertical and lateral extents of the 
2020 Unified Geomodel covers those of 2020 MLWC HGS model, and the hydrostratigraphy defined in 
the former guided the model layering definition in the latter (Figure 2-2). 
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Figure 2-2. 3D Perspective view of the 2020 Unified Geomodel. Note: shown vertical exaggeration is 80:1. 

2.2.1 Bedrock Geology 

The majority of the shallow GW flow system in the Fort Hills Lease (i.e., the Quaternary aquifers) is 
underlain by a nearly continuous aquitard designated Clay Till 2. A younger clay till unit (designated Clay 
Till 1) covers most of the northern portion of the model domain (shown in Figure 2-3). The presence of 
these continuous tills is conceptualized to hydraulically isolate the local (Quaternary) GW flow system 
from the deeper intermediate (Cretaceous) and regional (Devonian) flow systems. As such, the 
hydrostratigraphic units below these clay till aquitards are implicitly assumed to play little role in the pre-
development local GW flow system in the MLWC watershed. However, proposed mine operations in the 
Fort Hills Lease (e.g., pit excavation) will remove these Quaternary tills, along with the bitumen-saturated 
ore, and create potential hydraulic pathways which facilitate hydraulic connection between the shallow 
local GW flow system and the deeper intermediate (Cretaceous) and regional (Devonian) ones which 
could have an influence on the shallow hydrologic system. Additionally, Basal McMurray Aquifer 
depressurization activities directly affect the intermediate (Cretaceous) flow system. 

In terms of the Devito et al. (2005) characterization framework, the orientation of the bedrock geology is 
assessed to determine its influence on GW flow directions. The bedrock surface under the Fort Hills 
Lease (the top of the Devonian) is overlain by an erosional unconformity. Moreover, there is a second 
erosional unconformity between the structural top of the Cretaceous deposits and the base of the 
overlying Quaternary sequence. Consequently, a composite surface of the clay till aquitards underlying 
the majority of the local GW flow system was instead used as a proxy for the assessment of the influence 
of bedrock orientation on local GW flows in and around the Fort Hills Lease. 

The clay till aquitards can be considered a low-permeability surface that limits vertical hydrologic 
connectivity between deeper aquifers (Cretaceous) below and the shallow aquifers (Quaternary) above. 
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The northerly dip of the top surface of Clay Till 1 in the FHUC (Fort Hills Upland Complex) directs GW 
flow through thin surficial sands north towards the MLWC (shown in Figure 2-4).  

 
Figure 2-3. Composite Clay Till 1 and 2 structural tops. 
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Figure 2-4. Cross-section through the Quaternary and Cretaceous hydrostratigraphy of the north outwash plain 
(NOP), McClelland Lake Wetland Complex (MLWC), and Fort Hills Upland Complex (FHUC). Note: cross-section 

location given in Figure 3-5.

2.2.2 Surficial Geology

Surficial geology is the third hydrologic response factor in the Devito et al. (2005) characterization 
framework. For the majority of the Fort Hills Lease (Figure 2-4) the near surface geology is comprised 
of surficial sands aquifers. The surficial sands are highly permeable units and are capable of rapidly 
delivering GW down gradient. The thick surficial sand underlying the NOP is of sufficiently high 
permeability that perennial surface drainage features are largely absent.

Draping the north slope of the FHUC is a discontinuous silt clay layer (Clay Till 1) that may be responsible 
for localized ponding evident along the northern toe of the FHUC in air photos taken in spring. These 
areas of ponded water could also serve as source areas for saturation excess overland flow generation 
during spring freshet and large precipitation events. Muskeg deposits are also present within the MLWC 
watershed and in southern portions of the Fort Hills Lease boundaries.

2.2.3 Soils

The soils in the upland areas of the lease, including the FHUC and NOP, are generally sandy and well 
drained resulting in relatively rapid infiltration of rain and snowmelt. Leaf litter and topsoil are very thin 
or absent in the NOP, which is observed as being locally bare medium-grained sand in field photos. The 
FHUC has a more well-developed soil profile (62 to 139 cm thick) and a litter, fermenting/rotting, humus 
(LFH) layer (2 to 23 cm thick) (Golder, 2018).

NOP MLWC

FHUC
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2.3 Topography 
Typical catchment-based hydrological analysis relies on the watershed being defined by a topographic 
high (i.e., the surface water [SW] divide). It is often assumed that the GW divide coincides with the SW 
divide and that neither divide will shift over time; however, this is not always the case (Winter et al., 
2003). Within the MLWC watershed, the SW divide is conceptualized to coincide with the watershed 
boundary and is essentially static with respect to time. Similarly, the southeastern GW divide is also 
coincident with the watershed boundary and essentially static with respect to time. However, the GW 
divide in the NOP, given its relatively flat topography and water table, is dynamic and shifts its position 
as a function of GW storage; as storage is added to the GW system, the divide shifts westward; as 
storage is consumed it shifts eastward. A conceptualized typical position of the GW divide in late winter 
is shown in Figure 2-5.  

The surficial sand in the NOP is of sufficiently high permeability and the water table is sufficiently deep 
that neither infiltration excess nor saturation excess overland flow are conceptualized to occur with any 
regularity. Therefore, understanding the nature of the GW divide becomes relatively important in the 
NOP since such a large proportion of the flow in the NOP (nearly all of it) occurs as GW flow and not 
SW flow. As a consequence of the GW divide lying to the east of the SW divide, a portion of precipitation 
falling on the NOP leaves the MLWC watershed as GW flow draining W-NW towards the Athabasca 
River (or N-NE towards the Firebag River) and not towards the MLWC.  
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Figure 2-5. Conceptualized typical location of the average GW divide in late winter within the MLWC watershed 

(the red line). The remainder of the GW divide coincides with the southern watershed boundary (shown in blue in 
the figure). 
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2.4 Land Cover
Land cover physical properties are required as input for the HGS model to parameterize the overland 
flow and evapotranspiration (ET) characteristics which affect hydrologic response. Land cover across 
the Fort Hills Lease is relatively varied, ranging from forested upland areas such as the FHUC and NOP, 
to the sparsely treed non-patterned and patterned fen areas. The land cover map for the HGS model 
domain was produced as an aggregate of two land cover datasets, one for within the surface watershed 
(Hatfield, 2018) and a second outside the surface watershed (Chowdhury and Chao, 2019). The land 
cover aggregation scheme is given in Table 2-1. 

The land cover of the FHUC is comprised of conifers in the swampy areas at the toe of the north slopes 
(black and white spruce), aspen dominant in the western FHUC and along the north slopes and 
interspersed with mixedwood by the watershed divide. In the eastern FHUC, aspen occurs on the north 
slopes, with shrubland and mixedwood interspersed at higher elevations (Figure 2-6). 

Prior to the Richardson Fire in 2011 the NOP was predominantly forested. Following the fire, and up to 
present day, the land cover is shrubby and presumed to be recovering vegetation, although the exact 
composition is unknown. 

The fen is described as graminoid (sedges) in its westernmost area, with the non-patterned and 
patterned fen being primarily a mix of peat mosses and larch. In the patterned fen, the strings are 
dominated by bog birch in the western fen and larch in the eastern fen (D. Vitt, pers. comm.). McClelland 
Lake comprises an area of 30 km2 and represents a large source of evaporation from the system. With 
an average depth of ~2m and a maximum depth of ~5.5m, it can be characterized as a shallow lake for 
evaporation estimates. 
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Figure 2-6. The merged land cover for the 2020 MLWC HGS model domain which was reclassified using Hatfield 
(2018). Classes described in Table 2-1.  
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Table 2-1: Land cover classes in the Fort Hills Lease. 

Data Source HGS 
Zone 

Classification Hatfield Class (Zone) 

Hatfield 
2018

1 B/Wc Bog Wooded Coniferous - 
2 B/S Bog Shrubby -
3 F/Wc Fen Wooded Coniferous -
4 F/S Fen Shrubby - 
5 F/G Fen Graminoid -
6 M/G Marsh Graminoid -
7 W/A Shallow Open Water Aquatic vegetation - 
8 W/B Shallow Open Water Bare -
9 S/Wc Swamp Wooded Coniferous -
10 S/Wm Swamp Wooded Mixedwood - 
11 S/Wd Swamp Wooded Deciduous -
12 S/S Swamp Shrubby -
13 U/Wc Upland/not wetland Wooded Coniferous - 
14 U/Wm Upland/not wetland Wooded 

Mixedwood 
- 

15 U/Wd Upland/not wetland Wooded Deciduous - 
16 U/S Upland/not wetland Shrubby - 
17 U/G Upland/not wetland Graminoid - 
18 U/B Upland/Bare - 

Chowdhury 
and Chao 
(2019); 1985 
land usage 

20 Coniferous - Closed Jack Pine U/Wc (13) 
21 Coniferous - White Spruce U/Wc (13) 
22 Broadleaf - Closed Deciduous U/Wd (15)
23 Coniferous Leading Mixedwood - Closed U/Wc (13) 
24 Mixedwood - Closed U/Wm (14) 
25 Shrub - Closed Upland U/S (16)
26 Wetlands - Graminoid M/G (6) 
27 Wetlands - Shrubby S/S (12) 
28 Coniferous - Black Spruce Bog B/Wc (1)
29 Wetland - Undifferentiated S/S (12) 
30 Water W/B (8) 
31 Exposed - Barren Land U/B (18)
32 Bare - Open Pine U/Wc (13)
33 Developed Footprints U/B (18)
34 Burned Areas - Little Biomass U/B (18)

Chowdhury 
and Chao 
(2019); 2011 
Richardson 
wildfire land 
usage 

35 Burned Coniferous - Closed Jack Pine Burned U/Wc (new 19)
36 Burned Bare - Open Pine Burned U/Wc (new 19) 
37 Burned Coniferous - White Spruce Burned U/Wc (new 19) 
38 Burned Wetlands - Shrubby Burned S/S (new 20)
39 Burned Coniferous Leading Mixedwood - Closed Burned U/Wc (new 19) 
40 Burned Mixedwood - Closed Burned U/Wm (new 21)
41 Burned Wetland - Undifferentiated Burned S/S (new 20)
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2.5 Key Hydrological Processes for Integrated Surface-Subsurface 
Hydrologic Modelling 

Key hydrological processes and system features from the conceptual model were implemented within a 
fully-integrated modelling framework using the HGS software package. HydroGeoSphere uses a 
physics-based approach to solving tightly-coupled flow equations for surface flow (2D St. Venant 
equation, diffusive wave formulation) and variably saturated subsurface flow (3D Richards’ equation). 
The tight coupling between surface and subsurface flow and water exchange between the surface and 
subsurface domains is a defining characteristic of the limited group of integrated hydrologic models to 
which HGS belongs (namely HGS and Parflow as detailed by Barthel and Banzhaf, 2016). Details of the 
numerical representation of the surface and subsurface flow equations and additional explanation of the 
conceptual basis for the HGS software package is included in Attachment A.  

2.5.1 Climate Inputs 

The implications of using a tightly-coupled integrated hydrologic model, such as HGS, from an 
application perspective, is the simplification of the modelling approach into a single model for both SW 
and GW modelling. The main water flux typically applied to a lease-scale HGS model is precipitation at 
the model surface. This is conceptually similar to rainfall being applied to traditional surface hydrological 
models, such as rainfall-runoff models, and very different from GW flow-only models that are driven with 
a user-specified recharge boundary condition. An HGS model therefore avoids subjective user input as 
to the distribution of recharge to GW, as all fluxes between atmosphere, SW, soil water, and GW are 
calculated internally to the model based on the physical state of the system at any given point in time. 

Over the long term, ET is the second largest component of the water balance in the lease relative to 
precipitation, and in many years, ET exceeds rainfall. HydroGeoSphere calculates Actual ET (AET) from 
Potential ET (PET). The AET calculation is accomplished by accounting for many feedbacks between 
the hydrologic state of the model and ET (e.g., soil saturation, SW ponding, leaf area index [LAI]) for 
varying land covers (e.g., deciduous, or coniferous forest, shrubland, grassland, wetlands, open water, 
etc.) and for soils of varying physical properties (e.g., sandy, silty, clayey, peaty, etc.). The details of how 
HGS accounts for water available for ET and details of partitioning between evaporation and 
transpiration are contained in Attachment A. 

2.5.2 Surface Flow 

Surface flow generated within the MLWC watershed is marked by a high degree of seasonality. Freshet 
during the spring months is marked by high SW flows along the fen margins, within the fen and into 
McClelland Lake. Saturation excess overland flow occurs over generally saturated subsurface conditions 
in the fen and along the northern toe of the FHUC. Following freshet, the SW levels in the fen drop 
through the summer and below the surface of the peat to depths on the order of 0.1 to 0.2 m below 
ground surface by late summer (Aug. to Sep). As PET wanes in the fall, GW continues to feed the fen 
through winter, raising water levels so that the fen is primed to generate runoff again in the following 
spring.  

Summer rains can generate saturation excess overland flow when rain falls on the saturated fen in early 
summer. Early spring rain that falls on frozen ground can generate infiltration excess runoff, 
hypothesized to occur along the toe of the FHUC. Later in the summer, when there exists surface and 
subsurface storage capacity in the fen, long periods of rain or particularly intense rain events can fill the 
storage capacity and then generate runoff.  
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The FHUC generates surface flow in the vicinity of numerous ephemeral channels along the north slope 
of the FHUC flowing towards the fen, where locally saturated conditions can generate saturation excess 
overland flow, as a result of snowmelt. Following the freshet period, the streams likely dry substantially, 
although no streamflow data is available. 

The broad sandy areas of the NOP do not exhibit substantial evidence of overland flow. Channelization 
is largely absent, and rapid infiltration into the sandy soil surface results in little surface flow generation. 

In HGS, the partitioning of rainfall into infiltration and runoff is handled via the physical state of the surface 
and subsurface (e.g., the degree of soil saturation and surface depression storage levels), rather than 
through more traditional hydrologic modelling approaches using empirical runoff coefficients. In HGS, 
there is no prior assumptions regarding the runoff mechanism required (e.g., infiltration excess or 
saturation excess). Water begins to pool on the model surface when the infiltration capacity of the model 
surface is exceeded. The infiltration capacity is determined internally to the model using the input 
saturated hydraulic conductivity and soil water retention characteristics. Depending on the current soil 
moisture state of the model at any point in time and space, the 3D Richards’ equation is used to calculate 
the infiltration capacity of the model surface. If the surface becomes saturated, then excess water pools 
on the surface in the model. 

Runoff generation occurs when the water pooled on the model surface exceeds the small-scale storage 
capacity of the surface, called rill storage. Two-dimensional (depth averaged) overland flow is governed 
by a solution of the 2D St. Venant shallow water equations with the diffusive wave approximation. 
Surface water flow is additionally affected by obstruction storage effects (e.g., flow around vegetation) 
and the roughness friction of the model surface.  

Winter processes were incorporated in the model through calculation of snow accumulation, snowmelt, 
and sublimation, as well as the freezing of the surface and shallow subsurface of the model during winter. 
The fen is not conceptualized to freeze deeply in winter (on the order of 20 cm) due to the observed 
upward GW seepage and resultant heat flux present throughout winter. GW that seeps to surface in 
Boreal fens during winter has been observed to freeze in situ (Price and Fitzgibbon, 1987). The timing 
of SW freezing was controlled in the model by recorded air temperature. The freezing effect was 
modelled through decreased mobility of SW during the winter period by increasing the friction coefficient 
to reduce lateral flow conductance. 

2.5.3 Subsurface Flow 

Subsurface flow in the HGS model comprises not only saturated GW flow, but also includes variably 
saturated flow within the vadose zone. The 3D Richards’ equation for variably saturated flow is used, 
which collapses to the 3D GW flow equation under saturated conditions. Processes such as GW 
recharge, and discharge are handled implicitly in the model without explicit definition being required. The 
rigorous 3D implementation does not require partitioning of water into separate user-defined fluxes. This 
implementation avoids arbitrary assignment of fluxes that are essentially unknown. HydroGeoSphere 
calculates these fluxes subject to the physics of flow and the water balance of the site conditions. 
Groundwater recharge is an important process in the surface sands covering much of the lease with a 
high infiltration capacity and a thick vadose zone.  In HGS, GW recharge zones are not user-specified. 
Recharge occurs implicitly in the model as the net drainage to a dynamic water table as determined by 
internally calculated infiltration, soil evaporation, and plant transpiration.  
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Similarly, GW discharge zones do not require prior definition in HGS but occur implicitly in the model 
where the physics of flow defines the locations of discharge to occur. Numerically within the model, GW 
discharge to surface occurs where subsurface heads exceed surface heads (i.e., an upward hydraulic 
gradient to surface occurs). The rate of discharge is primarily governed by the hydraulic conductivity of 
the subsurface. Positive subsurface-surface exchange in HGS represents GW discharge to surface, 
while negative subsurface-surface water exchange represents infiltration. The resulting model output of 
subsurface to SW exchange output can be visualized as a 2D map.  

Freezing of the shallow subsurface during winter occurs to varying depths within the lease.  
HydroGeoSphere has multiple methods for calculating subsurface freezing and thawing. Heat 
conduction (1D vertical) coupled with pore water-ice partitioning is included in HGS; however, the high 
computational effort for this option limits its application to soil column and field-scale simulations. For the 
2020 MLWC HGS model build, soil freezing and thawing was implemented through a reduction in soil 
hydraulic conductivity tied to observed air temperature with a site-derived time lag. The freezing and 
thawing hydraulic conductivity reduction also incorporates an impedance factor to account for the effect 
of soil water saturation. Soils with higher soil water saturation at the onset of freezing experience a higher 
degree of reduction in hydraulic conductivity, which is reflected in the model. Sandy soil in the FHUC 
and NOP forested uplands will generally have low soil water saturations in fall prior to freeze-up relative 
to lowland soils at the toes of the slopes along the fen margin. Therefore, the areas with higher soil water 
saturation at the toes of the slopes are modelled to experience a greater decrease in hydraulic 
conductivity associated with the onset of freezing and generate more rapid snowmelt runoff during 
spring, compared to drier sandy upland soils. 

High variability in annual precipitation results in large fluctuation in water available for runoff generation. 
Relatively permeable sediments in both the FHUC and NOP experience high infiltration rates that 
replenish GW. Changes in soil water storage affects the seasonal variability of runoff generation. 
Drawdown of water levels within the peat in the patterned fen are replenished by GW discharge over 
winter, priming the fen system for rapid runoff generation during spring freshet. Dynamic storage of soil 
water and GW in an HGS model is governed by the 3D Richards’ equation for flow, the soil water 
characteristic curve for the relation between soil matric potential (or pressure head) and saturation, and 
variably saturated hydraulic conductivity. 

The continuous physics-based formulation for soil water flow and storage across the water table in HGS 
allows the model to simulate the water table depth in a rigorous fashion and as a side benefit non-
coincident with SW and GW divides are handled implicitly without user intervention. The phenomenon 
of non-coincident SW and GW divides occurs in the area of the NOP and is conceptualized to be a sink 
of GW from the MLWC surface watershed towards the Athabasca River and Firebag River.  

Groundwater in the deeper intermediate (Cretaceous aquifers) and regional (Devonian aquifers) across 
the model domain generally flow east to west, with the Athabasca River acting as a regional drain, in 
locations where the Upper Devonian is hydraulically connected to the Athabasca River.  
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3.0 MODEL CONSTRUCTION

To simulate the hydrological processes in the Fort Hills Lease during different time periods and 
operational stages (baseline, operations, active closure, and far future) several HGS models were 
constructed. These models were built from a common foundation which ensured consistent construction 
and parameterization across all model scenarios. 

The model list includes: 

 Calibration Model: Observed historical data were used as calibration targets and the model 
parameters of the physical system controlling GW and SW regimes were calibrated.  

 Baseline Model: Based on the Calibration Model and used to simulate the historical period 
from 1945-2019. 

 Operations Model: Simulates the mine operations period (2014-2063) and was used to assess 
the impact of mining and design features within the Fort Hills Lease for the current 2020 mine 
plan and the preceding 2017 mine plan. 

 Active Closure and Far Future Models: Simulates the active closure period and far future 
landscape post-closure, and to evaluate the 2021 IPA closure plan for water quantity and to 
support water quality modelling. 

3.1 Model Domain and 2D mesh 
Depending on the scale and the objectives of the problem, two different strategies are commonly 
employed when selecting outer boundary extents for fully-integrated models: watershed divides 
(i.e., topographic highs), or SW features (i.e., topographic lows). For the Fort Hills Lease, the surrounding 
SW features provide appropriate boundary conditions given that it’s location in the landscape is almost 
completely surrounded by SW features that form natural SW divides. As such, the outer boundary of the 
HGS model is defined by the Athabasca River to the west, the Firebag River to the north, and Muskeg 
River to the southeast. The lowlands between the MLWC and forested uplands to the east are also used 
as a boundary extent to the east of the MLWC. The model domain, as shown in Figure 3-1, covers 
978 km2. 

The different MLWC HGS models have differing 2D numerical meshes, depending on the model 
application purpose. The 2D triangular prism finite element meshes (FEMs) were built using the multi-
level optimisation algorithm implemented in the AlgoMesh software program (HydroAlgorithmics, 2016), 
which has been shown to produce triangular elements of higher quality than traditional Delaunay 
refinement alone (Merrick and Merrick, 2015). For the modelling work at MLWC, three 2D FEMs were 
built as follows: 

1. Calibration Model: 8,857 nodes and 17,508 elements. 
2. Baseline and Operations Models: 11,816 nodes and 23,407 elements. 
3. Active Closure and Far Future Models: 11,897 nodes and 23,565 elements. 

More details on each 2D FEM including their constraints, node spacings, and their final mesh will be 
discussed in the upcoming sections, where the details of each model are explained.  
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Figure 3-1. Lateral model domain for the 2020 MLWC HGS model.
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3.2 3D Model Construction and Subsurface Parameterization
For the 2020 MLWC HGS model builds, the 2020 Unified Geomodel was used, as detailed in Section 
2.2. The hydrostratigraphy (i.e., deposit depth and lateral extent) defined in the 2020 Unified Geomodel 
(Figure 3-2) also defined the subsurface material zonation employed to initially parametrize and then 
calibrate the 2020 MLWC HGS model. In turn, each of these defined subsurface material zones were 
initially parameterized with a unique set of hydrogeological properties (Table 3-1 and Table 3-2), based 
largely on the calibrated results of the 2019 version of the MLWC HGS model. Within HGS, water 
retention and unsaturated flow relations (Table 3-2) are defined for each subsurface material zone but 
are only used by the model if the zone becomes unsaturated during a model run. In the current models, 
the deeper subsurface material zones in the model (below the base of the Quaternary sequence) remain 
saturated and were therefore assigned default water retention and unsaturated flow properties. Because 
these deeper units remain saturated, their assigned water retention and unsaturated flow relations are 
irrelevant in terms of the model output.  

Figure 3-3 presents the subsurface material zonation in plan view and Figure 3-4 gives the 
corresponding isopachs of each subsurface material zone/hydrostratigraphic unit. Cross-sections of 
the zonation/hydrostratigraphy are shown in Figure 3-6 and locations of the cross-sections are given in 
Figure 3-5. Four additional model layers were added to represent soil horizons: LFH, A, B and C, in 
areas with mineral soils present. The depths assigned to the soil horizons for the various soils are 
given in Table 3-3. Soil zonation and thicknesses in the 2020 MLWC HGS model were based on 
mapped soil units from Golder (2018) within the MLWC watershed combined with the data in AESRD 
(2018) for the remainder of the model domain (Figure 3-7). Hydraulic conductivity for each layer of 
each soil unit was determined from soil texture results reported in Golder (2018) input into the Rosetta 
software program (Schaap et al., 2001). The saturated hydraulic conductivity distributions for each of 
the four soil layers are shown in Figure 3-8. The assigned properties of the soils are presented in 
Table 3-4. The unsaturated hydraulic conductivity curves and soil water characteristic curves of the 
surficial soil units are illustrated in Figure 3-9. Within the MLWC fen boundary, the four surface soil 
layers represented peat soil layers with different degrees of decomposition in which the hydraulic 
conductivity decreased with depth.  

Initial zone parameterization has evolved over four generations of MLWC HGS model and the initial 
values are tabulated in Table 3-1. Unsaturated soil water characteristic and hydraulic conductivity curves 
were assigned to the model based on soil classification using the Rosetta software program (Schaap et 
al., 2001) for near surface materials, which are expected to be variably saturated during simulation. 
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Figure 3-2. Legend of subsurface zonation and hydrostratigraphic definition for Figure 3-3.
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Figure 3-3a. The distribution of zonation/hydrostratigraphy within layers 1 (top left), 2 (top right), 3 (bottom left), 
and 4 (bottom right) in the 2020 Unified Geomodel. Definitions of the displayed zonation/hydrostratigraphy are 

given in Figure 3-2. 
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Figure 3-3b. The distribution of zonation/hydrostratigraphy in layers 5 (top left), 6 (top right), 7 (bottom left), and 8 
(bottom right) in the 2020 Unified Geomodel. Definitions of the displayed zonation/hydrostratigraphy are given in 

Figure 3-2.
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Figure 3-3c. The distribution of the zonation/hydrostratigraphy in layers 9 (top left), 10 (top right), 11 (bottom left), 
and 12 (bottom right) in the 2020 Unified Geomodel. Definitions of the displayed zonation/hydrostratigraphy are 

given in Figure 3-2.
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Figure 3-3d. The distribution of the zonation/hydrostratigraphy of layers 13 (top left), 14 (top right), 15 (bottom left), 
and 16 (bottom right) in the 2020 Unified Geomodel. Definitions of the displayed zonation/hydrostratigraphy are 

given in Figure 3-2.
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Figure 3-3e. The distribution of zonation/hydrostratigraphy in layers 17 (top left), 18 (top right), 19 (bottom left), 
and 20 (bottom right) in the 2020 Unified Geomodel. Definitions of the displayed zonation/hydrostratigraphy are 

given in Figure 3-2.
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Figure 3-3f. The distribution of zonation/hydrostratigraphy of layers 21 (top left), 22 (top right), 23 (bottom left), and 
24 (bottom right) in the 2020 Unified Geomodel. Definitions of the displayed zonation/hydrostratigraphy are given 

in Figure 3-2.
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Figure 3-4a. Isopach (thickness) of the Muskeg (zone 1; top left), Silt Clay (zone 2; top right), Surface Sand North 

(zone 3; bottom left), and Surface Sand South (zone 30; bottom right) in the 2020 Unified Geomodel.  



42 
 

 
 

 
Figure 3-4b. Isopach (thickness) of Clay Till 1 (zone 4; top left), Silty Sand AQ1-AQ2 (zone 5; top right), Silty Sand 

AT1 (zone 6; bottom left), and Silty Sand AQ3 (zone 7; bottom right) in the 2020 Unified Geomodel. 
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Figure 3-4c. Isopach (thickness) of Silty Sand AT2 (zone 8; top left), Silty Sand AQ4 (zone 9; top right), PGKM 

(zone 109; bottom left), and Clay Till 2 (zone 10; bottom right) in the 2020 Unified Geomodel. 
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Figure 3-4d. Isopach (thickness) of Clearwater (zone 11; top left), McMurray (zone 12; top right), UW60 Basal 

McMurray Aquifer 1 (zone 13; bottom left), and UW60 Basal McMurray Aquifer 2 (zone 103; bottom right) in the 
2020 Unified Geomodel. 
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Figure 3-4e. Isopach (thickness) of UW60 Basal McMurray Aquifer 3 (zone 104; top left), CM40 CA40 Mud Oil 

Sand (zone 14; top right), CW40 Basal McMurray Aquifer (zone 15; bottom left), and CM50 CA50 Mud Oil Sand 
(zone 16; bottom right) in the 2020 Unified Geomodel. 
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Figure 3-4f. Isopach (thickness) of CW50 Basal McMurray Aquifer 1 (zone 17; top left), CW50 Basal McMurray 

Aquifer 2 (zone 105; top right), CW50 Basal McMurray Aquifer 3 (zone 106; bottom left), and CM60 CA60 Mud Oil 
Sand (zone 18; bottom right) in the 2020 Unified Geomodel. 
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Figure 3-4g. Isopach (thickness) of CW60 Basal McMurray Aquifer 1 (zone 19; top left), CW60 Basal McMurray 
Aquifer 2 (zone 107; top right), CW60 Basal McMurray Aquifer 3 (zone 108; bottom left), and Weathered 

Beaverhill (zone 20; bottom right) in the 2020 Unified Geomodel. 
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Figure 3-4h. Isopach (thickness) of Beaverhill Group (zone 21; top left), Upper Prairie Aquitard (zone 22; top 
right), Lower Prairie Aquifer (zone 23; bottom left), and Keg River (zone 24; bottom right) in the 2020 Unified 

Geomodel. 
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Figure 3-5. Locations of cross-sections taken through the 2020 Unified Geomodel. 
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Figure 3-6a. Cross-sections A-B and C-D as shown in Figure 3-5 
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Figure 3-6b. Cross-sections E-F and G-H as shown in Figure 3-5 
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Figure 3-6c. Cross-section I-J as shown in Figure 3-5 
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Table 3-1: Zonation and initial parameterization of the subsurface in the 2020 MLWC HGS model. 

Hydrostratigraphy Aquifer/ 
Aquitard 

Model 
Zone 

Geomodel 
Layer 

Kh

(m/s) 
Kv

(m/s) 

Aniso. 
Ratio 

(Kh:Kv) 
Ss (1/m) 

Soil layer 1 - 31-48 n/a 9.2E-06 ~ 2.1E-04 1 -

Soil layer 2 - 49-66 n/a 9.2E-06 ~ 4.7E-05 1 -

Soil layer 3 - 67-84 n/a 7.3E-07 ~ 4.9E-05 1 -

Soil layer 4 - 85-102 n/a 7.5E-07 ~ 5.4E-05 1 -

Muskeg AQ 1 1 1.1E-05 1.0E-06 10.3 1.00E-07 

Silt Clay AT 2 2 3.9E-08 7.4E-10 51.8 1.00E-07 

Surface Sand North AQ 3 3 4.2E-04 3.8E-05 10.8 1.00E-06 

Surface Sand South AQ 30 3 1.7E-04 8.5E-05 2.0 1.00E-06 

Clay Till 1 AT 4 4 1.3E-07 3.3E-08 4.0 1.00E-07 

Silty Sand AQ1-
AQ2

AQ 5 5 1.7E-06 1.0E-07 16.8 1.00E-06 

Silty Sand AT1 AT 6 6 1.5E-06 1.5E-08 98.8 1.00E-07 

Silty Sand AQ3 AQ 7 7 9.3E-05 1.7E-06 54.8 1.00E-06 

Silty Sand AT2 AT 8 8 3.3E-07 4.5E-09 72.9 1.00E-07 

Silty Sand AQ4 AQ 9 9 1.8E-05 1.8E-06 9.6 1.00E-06 

PGKM AT 109 9 1.3E-07 1.3E-09 98.2 1.00E-06 

Clay Till 2 AT 10 10 2.9E-07 2.9E-08 10.0 1.00E-07 

Clearwater AT 11 11 4.6E-09 4.6E-10 10.0 1.00E-07 

McMurray AT 12 12 6.0E-09 6.0E-10 10.0 1.00E-07 

UW60 Basal 
Aquifer 1

AQ 13 13 7.5E-05 7.5E-06 10.0 1.00E-07 

UW60 Basal 
Aquifer 2

AQ 103 13 9.4E-05 9.4E-06 10.0 1.00E-07 

UW60 Basal 
Aquifer 3

AQ 104 13 1.3E-04 1.3E-05 10.0 1.00E-07 

CM40 CA40 Mud 
Oil Sand

AT 14 14 9.0E-10 3.0E-10 3.0 1.00E-07 

CW40 Basal 
Aquifer

AQ 15 15 7.5E-05 7.5E-06 10.0 1.00E-07 

CM50 CA50 Mud 
Oil Sand

AT 16 16 2.3E-10 7.5E-11 3.0 1.00E-07 

CW50 Basal 
Aquifer

AQ 17 17 1.3E-04 1.3E-05 10.0 1.00E-07 

CW50 Basal 
Aquifer 2

AQ 105 17 5.0E-05 5.0E-06 10.0 1.00E-07 

CW50 Basal 
Aquifer 3

AQ 106 17 2.1E-04 2.1E-05 10.0 1.00E-07 

CM60 CA60 Mud 
Oil Sand

AT 18 18 2.3E-10 7.5E-11 3.0 1.00E-07 
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Hydrostratigraphy Aquifer/ 
Aquitard

Model 
Zone

Geomodel 
Layer

Kh

(m/s)
Kv

(m/s)

Aniso. 
Ratio 

(Kh:Kv) 
Ss (1/m) 

CW60 Basal 
Aquifer 1

AQ 19 19 3.0E-05 3.0E-06 10.0 1.00E-07 

CW60 Basal 
Aquifer 2

AQ 107 19 3.8E-05 3.8E-06 10.0 1.00E-07 

CW60 Basal 
Aquifer 3

AQ 108 19 1.3E-04 1.3E-05 10.0 1.00E-07 

Weathered 
Beaverhill

AQ 20 20 5.0E-06 5.0E-07 10.0 1.00E-07

Beaverhill Group AT 21 21 3.0E-07 3.0E-08 10.0 1.00E-07

Upper Prairie 
Aquitard

AT 22 22 1.1E-09 1.1E-10 10.0 1.00E-07

Lower Prairie 
Aquifer

AQ 23 23 7.3E-05 7.3E-06 10.0 1.00E-07 

Keg River AQ 24 24 9.5E-06 9.5E-07 10.0 1.00E-07 

Notes:  Kv is vertical hydraulic conductivity; Kh is horizontal hydraulic conductivity and Ss is specific storage.  
The Kh:Kv anisotropy ratios were derived in consultation with FHEC. 

Table 3-2: Unsaturated parameters of the subsurface zones. 

Hydrostratigraphy s n Sr Reference

Soil layer 1
 

Table 3-4
Soil layer 2
Soil layer 3
Soil layer 4

Muskeg 0.7 
 

Table 3-4 
Price et al., (2010)

Silt Clay 0.33 0.13 1.34 0.05 Gerke and Köhne (2004)

Surface Sand North 0.37 3.53 3.18 0.14 Schaap et al., (2001)

Surface Sand South 0.37 3.53 3.18 0.14 Schaap et al., (2001)

Clay Till 1 0.33 0.13 1.34 0.05 Gerke and Köhne (2004)

Silty Sand AQ1-AQ2 0.37 3.53 3.18 0.14 Schaap et al., (2001)

Silty Sand AT1 0.33 0.13 1.34 0.05 Gerke and Köhne (2004)

Silty Sand AQ3 0.37 3.53 3.18 0.14 Schaap et al., (2001)

Silty Sand AT2 0.33 0.13 1.34 0.05 Gerke and Köhne (2004)

Silty Sand AQ4 0.37 3.53 3.18 0.14 Schaap et al., (2001)

PGKM 0.37 3.53 3.18 0.14 Schaap et al., (2001)

Clay Till 2 0.33 0.13 1.34 0.05 Gerke and Köhne (2004)

Clearwater 0.1 N.A. 

McMurray 0.1 N.A. 

UW60 Basal Aquifer 1 0.1 3.53 3.18 0.14 Schaap et al., (2001)



55 
 

Hydrostratigraphy s n Sr Reference
UW60 Basal Aquifer 2 0.1 3.53 3.18 0.14 Schaap et al., (2001)

UW60 Basal Aquifer 3 0.1 3.53 3.18 0.14 Schaap et al., (2001)

CM40 CA40 Mud Oil 
Sand

0.1 N.A.

CW40 Basal Aquifer 0.1 3.53 3.18 0.14 Schaap et al., (2001)

CM50 CA50 Mud Oil 
Sand

0.1 N.A.

CW50 Basal Aquifer 0.1 3.53 3.18 0.14 Schaap et al., (2001)

CW50 Basal Aquifer 2 0.1 3.53 3.18 0.14 Schaap et al., (2001)

CW50 Basal Aquifer 3 0.1 3.53 3.18 0.14 Schaap et al., (2001)

CM60 CA60 Mud Oil 
Sand

0.1 N.A.

CW60 Basal Aquifer 1 0.1 3.53 3.18 0.14 Schaap et al., (2001)

CW60 Basal Aquifer 2 0.1 3.53 3.18 0.14 Schaap et al., (2001)

CW60 Basal Aquifer 3 0.1 3.53 3.18 0.14 Schaap et al., (2001)

Weathered Beaverhill 0.1 N.A. 

Beaverhill Group 0.2 N.A. 

Upper Prairie Aquitard 0.2 N.A. 

Lower Prairie Aquifer 0.2 N.A. 

Keg River 0.2 N.A. 

Notes: s – saturated volumetric water content, the same as porosity 
 – van Genuchten parameter related to the inverse of air entry pressure  

n – van Genuchten parameter related to pore size distribution  
Sr – residual saturation 
N.A. – not applicable to fully saturated units. 
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Figure 3-7: Soil zonation for 2020 MLWC HGS model based on Golder (2018) within the MLWC watershed and 
Turchenek and Lindsay (1982) outside of the watershed. 
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Figure 3-8: The hydraulic conductivities assigned to the surface soil layers in the 2020 MLWC HGS model. 
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Table 3-3: Soil unit names and corresponding horizon thicknesses. 

ID Soil Unit Name
Layer 1
(cm) 

Layer 2 
(cm) 

Layer 3 
(cm) 

Layer 4 
(cm) 

1 ALG ALGAR 23 25 35 65
2 BMT BITUMONT 12 16 39 79
3 FIR FIREBAG 7 13 39 60 
4 HRT HEART 7 13 39 60 
5 KNS KINOSIS 7 14 41 62 
6 KNZ KENZIE 10 20 30 80 
7 KRL KEARL 8 10 26 83 
8 LVK LIVOCK 8 18 41 62 
9 MIL MILDRED 4 12 43 61
10 MKW MIKKWA 10 20 30 80
11 MLD MCLELLAND 10 20 30 80
12 MMY MCMURRAY 7 28 <1 94
13 MUS MUSKEG 10 20 20 61 

14 RB
ROUGH 
BROKEN

7 13 39 60

15 RUT RUTH LAKE 2 2 26 34 
16 STP STEEPBANK 8 18 33 88 
17 ZDL DEVELOPED 7 13 39 60 
18 LB LAKE BED 10 20 30 80 
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Table 3-4: Assigned soil units properties in the 2020 MLWC HGS model. 

Soil Layer
Soil 
Unit

HGS 
Zone 

K (m/s) Porosity Unsaturated Functions 

1 

ALG 31 1.64E-05 0.44 unsat_table_sandy_loam 

BMT 32 1.60E-05 0.44 unsat_table_sandy_loam 

FIR 33 1.70E-05 0.42 unsat_table_sandy_loam

HRT 34 1.70E-05 0.42 unsat_table_sandy_loam 

KNS 35 9.20E-06 0.43 unsat_table_sandy_loam 

KNZ 36 2.11E-04 0.85 unsat_table_peat

KRL 37 2.11E-04 0.85 unsat_table_peat 

LVK 38 9.20E-06 0.43 unsat_table_sandy_loam 

MIL 39 4.75E-05 0.43 unsat_table_fine_sand

MKW 40 2.11E-04 0.85 unsat_table_peat 

MLD 41 2.11E-04 0.85 unsat_table_peat 

MMY 42 1.70E-05 0.42 unsat_table_sandy_loam 

MUS 43 2.11E-04 0.85 unsat_table_peat 

RB 44 1.70E-05 0.42 unsat_table_sandy_loam 

RUT 45 1.70E-05 0.42 unsat_table_sandy_loam 

STP 46 1.60E-05 0.44 unsat_table_sandy_loam 

ZDL 47 1.70E-05 0.42 unsat_table_sandy_loam 

LB 48 1.16E-04 - - 

2 

ALG 49 1.64E-05 0.44 unsat_table_sandy_loam 

BMT 50 1.60E-05 0.44 unsat_table_sandy_loam 

FIR 51 1.70E-05 0.42 unsat_table_sandy_loam 

HRT 52 1.70E-05 0.42 unsat_table_sandy_loam 

KNS 53 9.20E-06 0.43 unsat_table_sandy_loam 

KNZ 54 4.22E-05 0.85 unsat_table_peat 

KRL 55 4.22E-05 0.85 unsat_table_peat 

LVK 56 9.20E-06 0.43 unsat_table_sandy_loam 

MIL 57 4.75E-05 0.43 unsat_table_fine_sand 

MKW 58 4.22E-05 0.85 unsat_table_peat

MLD 59 4.22E-05 0.85 unsat_table_peat 

MMY 60 1.70E-05 0.42 unsat_table_sandy_loam 

MUS 61 4.22E-05 0.85 unsat_table_peat 

RB 62 1.70E-05 0.42 unsat_table_sandy_loam 

RUT 63 1.70E-05 0.42 unsat_table_sandy_loam 

STP 64 1.60E-05 0.44 unsat_table_sandy_loam 

ZDL 65 1.70E-05 0.42 unsat_table_sandy_loam 

LB 66 1.16E-04 - - 

3 

ALG 67 1.28E-05 0.37 unsat_table_loamy_sand 

BMT 68 1.28E-05 0.37 unsat_table_loamy_sand 

FIR 69 7.75E-06 0.39 unsat_table_sandy_loam 

HRT 70 7.75E-06 0.39 unsat_table_sandy_loam 

KNS 71 7.29E-07 0.41 unsat_table_clay_loam 

KNZ 72 4.22E-05 0.85 unsat_table_peat 
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Soil Layer
Soil 
Unit

HGS 
Zone 

K (m/s) Porosity Unsaturated Functions 

KRL 73 4.22E-05 0.85 unsat_table_peat

LVK 74 7.29E-07 0.41 unsat_table_clay_loam

MIL 75 4.86E-05 0.40 unsat_table_fine_sand 

MKW 76 4.22E-05 0.85 unsat_table_peat

MLD 77 4.22E-05 0.85 unsat_table_peat 

MMY 78 7.75E-06 0.39 unsat_table_sandy_loam 

MUS 79 4.22E-05 0.85 unsat_table_peat

RB 80 7.75E-06 0.39 unsat_table_sandy_loam 

RUT 81 7.75E-06 0.39 unsat_table_sandy_loam 

STP 82 1.28E-05 0.37 unsat_table_loamy_sand

ZDL 83 7.75E-06 0.39 unsat_table_sandy_loam 

LB 84 1.16E-06 - - 

4 

ALG 85 1.37E-06 0.39 unsat_table_sandy_clay_loam 

BMT 86 1.37E-06 0.39 unsat_table_sandy_clay_loam 

FIR 87 2.97E-06 0.39 unsat_table_sandy_loam 

HRT 88 2.97E-06 0.39 unsat_table_sandy_loam 

KNS 89 7.45E-07 0.42 unsat_table_clay_loam 

KNZ 90 1.05E-05 0.85 unsat_table_peat 

KRL 91 1.37E-05 0.38 unsat_table_loamy_fine_sand 

LVK 92 7.45E-07 0.42 unsat_table_clay_loam 

MIL 93 5.36E-05 0.40 unsat_table_fine_sand 

MKW 94 1.05E-05 0.85 unsat_table_peat 

MLD 95 1.05E-05 0.85 unsat_table_peat 

MMY 96 2.97E-06 0.39 unsat_table_sandy_loam 

MUS 97 7.62E-07 0.42 unsat_table_clay_loam 

RB 98 2.97E-06 0.39 unsat_table_sandy_loam 

RUT 99 2.97E-06 0.39 unsat_table_sandy_loam 

STP 100 1.37E-06 0.39 unsat_table_sandy_clay_loam 

ZDL 101 2.97E-06 0.39 unsat_table_sandy_loam 

LB 102 1.16E-06 - - 
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Figure 3-9: Unsaturated hydraulic conductivity curves (left) and soil water characteristic curves (right) for the 
surficial soils.
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Figure 3-9: Unsaturated hydraulic conductivity curves (left) and soil water characteristic curves (right) for the 
surficial soils. (cont.’d)



63 
 

3.3 Surface Parameterization
Overland flow properties in the 2020 MLCW HGS model were assigned based on land cover; Hatfield 
(2018) within the MLWC watershed and Chowdhury and Chao (2019) outside of the watershed. The 
data from these previous studies were merged and reclassified using the Hatfield (2018) land 
coverage schema as guidance (Table 2-1). A map of the merged land coverage is shown in Figure 2-6 
which was used to define surface zonation in the 2020 MLWC HGS model. Literature values including 
Chow (1959), McCuen (2004), and Arcement and Schneider (1989) were used to parameterize the 
overland flow properties within the zones, given in Table 3-5. 

Table 3-5: Overland flow properties for the 2020 HGS MLWC model. 

Land Cover HGS 
Zone

Prototype Manning’s n OSH (m) RSH (m) CL 
(m)

Shallow open water, 
water

7, 8, 30 Water 0.030 0.001 0.001 0.01

Swamp-wooded, 
upland-wooded, 
closed-white spruce, 
closed-deciduous, 
closed-coniferous 
leading mixedwood 

13, 14, 15, 
20, 21, 22, 
23, 24, 28, 
35, 37, 39, 
40 

Forest 0.150 0.01 0.1 0.01

Swamp-shrubby, 
upland-shrubby, 
closed-upland shrub 

16, 17, 25 Shrubland 0.100 0.01 0.1 0.01

Patterned fen 5 Patterned 
wetland 

0.022 0.001 0.02 0.001 

Bog, fen, marsh, 
graminoid, shrubby 
wetlands, black spruce 
bog, undifferentiated 
wetland

1, 2, 3, 4, 
6, 9, 10, 
11, 12, 26, 
27, 29, 38, 
41

Non-
patterned 
wetland 

0.022 0.001 0.038 0.001 

Bare, commercial, new 
burn, ice and snow, 
exposed soil 

18, 19, 31, 
32, 33, 34, 
36 

Barren 0.040 0.01 0.1 0.01

Notes: Manning’s n: Manning`s Roughness Coefficient (m-1/3s) 
OSH: Obstruction Storage Height 
RSH: Rill Storage Height 
CL: Surface-subsurface coupling length 
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3.4 Evapotranspiration Parameterization 
Six surface vegetation categories were defined (Table 3-6) based on ET properties and the land cover 
shown in Figure 2-6. The assigned ET properties were derived from a combination of remotely sensed 
LAI values in the MLWC watershed (Myeni et al, 2015 and Hatfield, 2019) and the technical literature 
(Leskiw, 2004; Panday and Huyakorn, 2004; Novak and Havrila, 2006; and CEMA, 2006). Vegetation 
canopy evaporation is assumed to be lumped with the land surface evaporation term.  

Remotely sensed time varying LAI were obtained from a MODIS dataset MCD15A3H V006 (Myneni et 
al., 2015) for 10 samples of each land cover type for 2002-2020 period. The monthly mean LAI time 
series were calculated from the raw data (Figure 3-10, left panel). For 2019, ground-truthed LAI data for 
the MLWC watershed was available from May to October (Hatfield 2019). The calculated monthly mean 
LAI values from MODIS were compared to those of Hatfield for each land cover type and scaled to obtain 
a visual match to the Hatfield data (Figure 3-10, right panel). The adjustment factor was then propagated 
back to the monthly MODIS LAI time series for each land cover type back to 2002. The monthly mean 
LAI from 2000 to 2018 was calculated for each land cover type and was applied for the period prior to 
the MODIS remotely sensed data coverage (1945-1999). Note: the effect of the Richardson wildfire in 
2011 is captured in this dataset and reflected in the LAI timeseries values.  
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Table 3-6: Evapotranspiration properties for the 2020 MLWC HGS model. 

Land Class HGS zone LAI RD 
(m) 

E/T 
C1 

E/T 
C2 

C3 WP 
(m) 

FC 
(m) 

OL 
(m) 

AL 
(m) 

ED 
(m) 

EP1 
(m) 

EP2 
(m) 

Open-water 7, 8, 30 0 NA 0 0.02 2 NA NA NA NA 0.50 NA NA

Deciduous 
Forest

15, 22 time-
varying 

2.0 0.09 0.05 2 150.0 3.78 0 0 0.50 1.50 0.42

Mixed-
woodland 

14, 24, 40 time-
varying 

2.0 0.09 0.05 2 150.0 3.78 0 0 0.50 1.50 0.42

Shrubland 16, 17, 25  time-
varying 

0.6 0.27 0.11 2 150 4.4 0 0 0.50 1.43 0.67

Wetland  1, 2, 3, 4, 
5, 6, 9, 10, 
11, 12, 26, 
27, 29, 38, 
41

0 0.3 0 0.05 2 5.3 0.56 0.15 0.01 0.23 0.22 0

Exposed 18, 31, 32, 
33, 34, 36  

0 NA 0 0 2 150 3.3 0 0 0.5 0.82 0.64

Coniferous 
Forest

13, 20, 21, 
23, 28, 35, 
37, 39 

time-
varying 

2.5 0.09 0.05 2 150.0 3.78 0 0 0.50 1.50 0.42

Notes:  LAI: Leaf Area Index (average) 
RD: Rooting depth 
E/T C1-C2: Evaporation/Transpiration partitioning coefficients 
WP: Wilting point pressure, FC: Field capacity pressure, OL/AL: Oxic and anoxic limit pressures 
ED: Evaporation depth 
EP1 and EP2: Evaporation limiting pressure heads 

 
Figure 3-10. An example of resampled LAI extracted from satellite data for a land cover type and the calculated 

monthly mean (left); and adjusting the extracted monthly mean for 2019 to conform to the locally observed LAIs in 
Hatfield (2018). 
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3.5 Winter Processes - Surface and Subsurface
Snow accumulation and snowmelt were calculated external to HGS using a temperature-index approach 
processed from total precipitation. The resulting adjusted climate data was then used to force the 2020 
MLWC HGS model with a combined rainfall plus snowmelt time series (liquid input). Sublimation of the 
snowpack and snowmelt rates during the winter season was accounted for by assuming a uniform 
sublimation rate of 15.5 %, using literature-derived values for sublimation for jack pine, black spruce, 
regenerating pine, mixedwood (all from Pomeroy et al. 1997) and open land cover (Gelfan et al., 2004). 
Sublimation was subtracted from the accumulated snowpack each winter season. 

Ground and surface freeze-thaw processes were also accounted for in the 2020 MLWC HGS model. 
Surface and subsurface freezing and thawing times were derived from observed air and soil temperature 
time series provided by FHEC. During the frozen period each year, the surface Manning’s friction 
coefficient was increased by a factor of 30 to mimic SW freezing, thereby resulting reduced surface 
runoff. In the subsurface, the hydraulic conductivity of the two uppermost layers in the model was 
reduced via an impedance factor for the non-waterbody elements.   

 

3.6 Boundary Condition Assignment 

3.6.1 Climatology 

Daily climate data (liquid water as rain plus snowmelt and PET) were used as climate forcing for the 
2020 MLWC HGS model. Total precipitation was partitioned into rain and snowfall using a temperature-
index approach. The source of climate data was Environment and Climate Change Canada’s Fort 
McMurray Airport meteorological station (1945 to 2019), located approximately 90 km south of the 
project area. Daily PET was calculated using the Hamon (1963) temperature-based method using air 
temperature recorded at Fort McMurray and was bias corrected on a monthly interval using Morton’s 
long term average shallow lake evaporation rates (AB Gov., 2013). Details of the PET methodology 
used, and the monthly adjustment factors are provided in Attachment B. 

Figure 3-11 shows annual precipitation rates from 1945 to 2019 with a maximum annual value of 
721.4 mm in 1973 and a minimum of 244.6 mm in 1998. The average annual precipitation for this period 
is 442.5 mm shown with horizontal red line in the figure. Figure 3-12 shows the annual PET for the same 
period with a maximum annual PET of 658.0 mm in 1998 and a minimum annual PET of 487.9 mm in 
1945. The average annual PET for this period is 577.7 mm which is indicated with the horizontal red line 
in the figure.  

Depending on the model build and its purpose, climate data from the entire 1945-2019 period or a subset 
of it was used as climate forcing for the models. Details on climate forcing for each model are explained 
in the following sections, where the details of each model build are discussed.  
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Figure 3-11. Annual precipitation rates from 1945 to 2019 at the Fort McMurray airport meteorological station.

Figure 3-12. Annual PET rates from 1945 to 2019 at the Fort McMurray airport meteorological station.
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3.6.2 Surface and Subsurface 

The outer perimeter of the 2020 MLWC HGS model was assigned a specified head boundary condition 
equal to either SW elevation or the land surface elevation, as applicable. Specified water levels along 
the western perimeter of the model domain were subsequently modified using the 2019 results from a 
1D HEC-RAS hydraulic model of the Athabasca River, provided by FHEC, to reflect a 0.02% average 
slope along this reach of the river. These boundary conditions were applied downward to the base of 
the Quaternary hydrostratigraphy along the outer perimeter of the model. Groundwater levels at the 
model boundaries for the deeper Cretaceous and Devonian aquifers were determined using the 
regionally compiled GW data presented in WorleyParsons (2012). The WorleyParsons (2012) data were 
originally used to define specified head boundary conditions in a Fort Hills FEFLOW model with a similar 
model domain as the 2020 MLWC HGS model (but also extending to the west side of the Athabasca). 
The specified head boundary conditions applied to the Cretaceous and Devonian aquifers from the Fort 
Hills FEFLOW model were extracted and mapped onto the corresponding units in the 2020 MLWC HGS 
model. Figure 3-13 illustrates the applied boundary conditions in the surface and subsurface domains.  
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Figure 3-13. Lateral boundary condition definition in the 2020 MLWC HGS model. 
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3.6.3 McClelland Lake stage-discharge boundary condition

A combination of a coarse-resolution DEM (25 m) and a poorly defined, ephemeral outflow channel 
(McClelland Creek) through the muskeg at the eastern end of McClelland Lake make it challenging to 
accurately simulate channelized outflow from the watershed. To overcome this challenge, a prescribed 
boundary condition was incorporated to define lake outflow via a stage-discharge rating curve. The 
coefficients for the stage-discharge rating curve were considered during model calibration (Section 4.0), 
thus improving the fit between simulated and observed lake levels. The stage discharge relation was 
computed as follows: 

=  × ( )

in which Q is discharge rate [L3T-1], C is a multiplying constant [L3T-1], h0 is the minimum water depth[L] 
required to induce discharge from the lake, h is the simulated lake level at a given time [L], and n [-] is 
the power constant. C, h0 and n are the stage-discharge parameters calibrated during calibration.  

3.6.4 Other internal boundary conditions 

Additional internal boundary conditions were also used in some of the model builds. Most of these 
additional boundary conditions were related to mine development activities such as overburden 
dewatering, mining progression, Basal McMurray Aquifer depressurization, or SW routing. Where 
applicable, these additional boundary conditions are discussed in the model build sub-sections below.   

3.7 2020 MLWC HGS Calibration Model Build Details 
The 2020 MLWC HGS Calibration Model (Calibration Model) was built from the common model basis 
detailed in Sections 3.1 to 3.6. A climate forcing period from 1991 to 2017 was chosen because it 
overlapped with the bulk of the monitoring data available for calibration. Since most of the calibration 
targets were located within the Quaternary units or shallower (i.e., GW levels, ET rates, McClelland Lake 
levels); and given that the Quaternary is presumed to be hydraulically separated from the deeper units 
by the Clay Till (1 and 2) and Oil Sands aquitards, the Calibration Model was truncated at the bottom of 
the Quaternary units to reduce calibration model run times. The model had two extra node sheets in the 
surface sand layer to vertically refine this geological layer and to represent the unsaturated zone more 
accurately in the forested uplands. As a result, the Calibration Model contained 17 node sheets and 16 
layers starting from surface topsoil LFH layer down to Clay Till 2, the deepest Quaternary unit.  

Truncating the Calibration Model at the base of Quaternary substantially reduced model run time, which 
facilitated the automated calibration via coupling PEST and HGS. The calibration process is discussed 
in more detail in Section 4. It should be noted that the calibrated parameter set (e.g., hydraulic 
conductivity of the Quaternary units) obtained from automated calibration were used to parameterize the 
other of the MLWC models (e.g., Baseline, Operations, Active Closure, and Far Future). 

The number of nodes per 2D nodal sheet was 8,857 and the number of elements in each layer was 
17,508. Lateral nodal spacing varied from 100 to 800 m. 
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Table 3-7 presents the AlgoMesh parameters used for generating and optimizing the Calibration Model 
mesh. Figure 3-14 and Figure 3-15 respectively show the mesh constraints and refinement zones used 
in building the 2D mesh. Figure 3-16 illustrates the 2D mesh built via AlgoMesh. 

Initial heads in the Calibration Model were defined by importing the heads produced in a previous 
iteration of the MLWC HGS model. Subsequently, the Calibration Model was spun up using historical 
climate forcing data (1945-1990). The final head distribution from the spin-up run was then used as the 
initial condition for automated calibration.   

The remainder of the model set up including its boundary conditions, subsurface, surface, and ET zones 
and parameter values were defined as discussed in Sections 3.1 to 3.6. 
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Figure 3-14. Mesh constraints for the Calibration Model’s 2D mesh. 



73 
 

Figure 3-15. Mesh refinement control for the Calibration Model’s 2D mesh. 
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Figure 3-16. The 2D mesh for the Calibration Model. 
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Table 3-7: AlgoMesh settings to generate and optimize the Calibration Model’s 2D mesh. 

Distance (grading) factor 0.4 

Boundary resampling factor 2

Min. resampling interval 100 

Global max. edge length 1040 m 

Sizing ratio reduction factor 0.95 

max. refine iterations no limit 

max. Lloyd iterations (refine) no limit 

max. Lloyd iterations (final relax) no limit 

run Delaunay refinement after 
completion of optimization

yes

Min. angle in degree 25 

3.8 2020 MLWC HGS Baseline Model Build Details 
The 2020 MLWC HGS Baseline model (Baseline Model) was parameterized using the calibrated model 
parameters detailed in Section 3.7. A climate forcing period from 1945 to 2019 was used. The vertical 
extent of the Baseline Model extended from the land surface to the middle of the Keg River Formation. 
Two extra sheets were added in the surface sand layer to vertically refine this geological layer and to 
represent the unsaturated zone more accurately in the sandy uplands. The Baseline Model and the 2020 
MLWC Mine Plan Operations Model (Section 3.1.9) were constructed using identical 3D meshes to ease 
the comparison of the results. Therefore, to match the vertical discretization used in the MLWC 2020 
Mine Plan Operations Model to represent mining, two additional node sheets were added in the 
McMurray Oil Sands unit in the Baseline Model. As a result, the Baseline Model contains 33 node sheets 
and 32 layers.  

The number of nodes per 2D nodal sheet was 11,816 and number of elements in each layer was 23,407. 
Lateral nodal spacing varied from 200 m to 800 m. Table 3-8 presents the AlgoMesh parameters used 
for generating and optimizing the Baseline Model mesh. Figure 3-17 and Figure 3-18 respectively show 
the mesh constraints and refinement zones used to build the 2D mesh. Figure 3-19 illustrates the 2D 
mesh built using AlgoMesh. 

The initial (1945) condition for the Baseline Model was defined using results from a previous iteration of 
the model and was then run for the 1945 to 2019 period. It is assumed that 1945 was a very dry year for 
the region (Carrera-Hernández et al. 2011) and the initial condition used in the first run did not reflect 
this upon examination of the results. Pre-1945 climate data collected at the Fort McMurray airport station 
are considered less reliable; 1945 was the year the station was moved to its current location from an 
older location situated at a lower elevation. As such, the pre-1945 climate data were not used for model 
spin up. Instead, model output from 2008 (also a very dry year) was used as a proxy for the actual 1945 
initial condition. The use of the relatively dry 2008 helped mitigate temporal boundary condition effects 
in the early portion of the simulation and provided a more representative initial condition for the Baseline 
Model simulations.   

The remainder of the model set up, including boundary conditions, subsurface, surface, and ET zones 
and parameter values was as discussed in sections 3.1 to 3.6. 
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Figure 3-17. Mesh constraints for the Baseline Model’s 2D mesh. Note that the Baseline Model mesh contains 
features identical to the Operations Model to ease differencing of model results during analysis. 
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Figure 3-18. Mesh refinement control for Baseline Model’s 2D mesh. 
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Figure 3-19. The 2D mesh for the Baseline Model. 
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Table 3-8: AlgoMesh settings to generate and optimize the Baseline Model’s 2D mesh. 

Distance (grading) factor 0.5 

Boundary resampling factor 5

Min. resampling interval 500 

Global max. edge length 1040 m 

Sizing ratio reduction factor 0.95 

max. refine iterations no limit 

max. Lloyd iterations (refine) 50 

max. Lloyd iterations (final relax) no limit 

run Delaunay refinement after 
completion of optimization

yes

Min. angle in degree 23 

3.9 MLWC 2020 Mine Plan Operations Model Build Details 
The MLWC 2020 Mine Plan Operations Model (2020 Mine Operations Model) shared the same 2D mesh, 
3D mesh, material distributions and outer boundary condition definitions as the Baseline Model 
(described in Section 3.3.8). 

The 2020 Mine Operations Model was developed to simulate the period 2014-2064 during which active 
mining operations in the Fort Hills Lease occur, including: dewatering, depressurization, excavation, 
backfilling, and mitigating design features in the MLWC watershed. As such, the 2020 Mine Operations 
Model contains substantially more internal boundary conditions and model settings than the Baseline 
Model.  

The planned evolution of the landscape from 2014 to 2063 was provided to Aquanty as a series of digital 
elevation models (DEMs) delineating mining progression over time. These DEMs included annual 
landscape DEMs from 2021 to 2030, 5-yr-interval landscape DEMs from 2030 to 2045, and a landscape 
DEM for 2055 and again for 2063. To allow for a more continuous evolution of the mine within the model, 
annual DEMs were created to infill gaps from the provided DEMs. Pre-2021 annual DEMs were created 
using satellite imagery to determine the extent of face advance and to replace the pit extents with pit 
shell elevation. Representation of this changing landscape is accomplished in the model using a 
combination of time varying parameterizations and boundary conditions to simulate the effects of the 
evolving landscape. This approach avoids mass balance and continuity issues because the simulation 
is run continuously without restarting to incorporate changes to the landscape.  

Mine operations within the model incorporated water management strategies in addition to the features 
from the evolving landscape:  

 Quaternary and Muskeg dewatering (i.e. Overburden dewatering) (Figure 3-20) 
o The dewatering occurs during the excavation period and while the mine panel is active 

to simulate Quaternary dewatering of the pit face. Dewatering is turned off in the model 
when backfilling occurs. The dewatering process is represented in the HGS model 
through drain node boundary conditions turned on one to two years (for Quaternary and 
Muskeg dewatering, respectively) before excavation and turned off when backfilling 
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starts (Figure 3-20). Excavation and backfill timings were determined from the annual 
time-varying DEMs. 

 Pit evolution (Figure 3-20) 
o To simulate mine pit face advance, the hydraulic conductivity of the excavated volume 

was increased in the model to a very high value (~0.01 m/s) (Figure 3-20), causing the 
system to behave as though the material were absent.  

o To simulate backfill material placement in the pit after mining is complete (Figure 3-20), 
the hydraulic conductivity in the area of the backfill is decreased to represent the lower 
hydraulic conductivity of backfill material. 

 Out-of-Pit Tailings Area (OPTA) (Figure 3-21) 
o OPTA and OPTA-East structures were simulated using a specified head boundary 

condition equal to the designed pond level as provided by FHEC, with a low hydraulic 
conductivity layer below the base of OPTA and OPTA-East to simulate an effective 
sealing with mature fine tailings (MFT). The height of OPTA increases over time as 
specified by mine plans and was represented as a time varying specified head boundary 
condition. The hydraulic conductivity of the base of OPTA and OPTA-East was 
calibrated to produce seepage approximately equal to projections of seepage rates 
provided by FHEC (Figure 3-22). Neither precipitation nor ET was simulated within the 
footprint of these structures because their effects have been accounted for by the on-
site IWW water balance. 

o The OPTA and OPTA-East seepage management system (SMS) was included in the 
model as time-varying flux boundary conditions. Individual wells were not included due 
to their spacing being at a sub-element scale in the finite element mesh. The SMS 
pumping wells were simulated using a series of nodal flux boundary conditions defined 
along the perimeter of OPTA. Similar to the field implementation, the depth of extraction 
was limited to the Quaternary aquifers underlying OPTA. Designed extraction rates 
provided by FHEC for the wells were used to guide the relative magnitude of the flux 
boundary conditions, which was controlled by a pressure head cutoff to limit drawdown 
to the top of the Clay Till 2.   

 Stockpiles and Dumps (Figure 3-21) 
o The North External Dump (NED), South External Dump (SED), and Syncrude Aurora 

North Dump are above ground features and are expected to produce reduced recharge 
due to material compaction. It is expected that runoff from the dumps will be captured 
by surface collection ditches, and the dumps will release negligible runoff to the natural 
environment. To represent this behaviour in the model, the overland flow friction 
coefficient (Manning’s n) was increased to an artificially high value to prevent overland 
flow across the footprint of the feature. Additionally, the hydraulic conductivity of the 
upper 1.2 m (equal to the top four soil layers in the model) underlying the feature was 
set to a low value representative of an effective hydraulic conductivity of random 
compacted material. Rain plus snowmelt and PET are applied to the dumps in a similar 
fashion to elsewhere in the model. 

o In-Pit Tailings Storage Facilities (TSFs) including South Pit Dedicated Disposal Area 
(SPDDA), South Pit Tailing Area (SPTA) Centre Pit Tailings Areas (CPTA) 1 and 2, and 
Centre Pit DDA, North Pit Tailings Areas (NPTA) 1 and 2 were modelled individually, 
using specified head boundary conditions equal to the designed pond elevation 
provided by FHEC.  
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 Basal McMurray Aquifer depressurization 
o Fort Hills Basal depressurization takes place one year ahead of excavating a mine 

panel; the aim is to reduce the head in the underlying Basal units and to prevent Basal 
water breakthrough across the pit floor. Basal depressurization continues during 
excavation and turns off when the region being depressurized is backfilled. In the HGS 
model (Figure 3-20), Basal depressurization is represented with drain node boundary 
conditions defined below the mining panel in the top of Basal unit. The boundary 
condition turns on one year prior to excavation and turns off when backfilled.  

o Syncrude Aurora North Basal depressurization started in 2000 and was projected to 
continue until the end of 2025. Given the relatively short distance between Syncrude 
Aurora North pits to the south of the FHUC, the pressure head decline induced by 
Syncrude Aurora North Basal depressurization impacts the Basal pumping volumes 
within the Fort Hills Lease. The initial head in 2014 (the first year of the 2020 Mine 
Operations Model run) in the Basal units was impacted by Syncrude Aurora North Basal 
depressurization. Thus, Syncrude Aurora North Basal Pumping was represented 
through flux nodes in the Basal units around the Syncrude Aurora North pits with time 
varying rates. The coordinates of the pumping wells and approximate rates were 
received from FHEC (Figure 3-23). 
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Figure 3-20. Conceptualization of mine pit evolution and mine pit backfill in the 2020 Mine Operations Model.
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Figure 3-21. Conceptualization of dumps and tailings storage facilities in the 2017 and 2020 Mine Operation 
Models, respectively.
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Figure 3-22. Rates of seepage out of OPTA (black line) and seepage collection via the seepage management 

system (red line). 

 
Figure 3-23. Syncrude Aurora North Basal McMurray Aquifer depressurization volumes estimate (2000-2025). 
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The 2020 Mine Operations Model was initialized in 2014 using an initial head condition mapped from 
the Baseline Model for 2014. Syncrude Aurora North Basal McMurray Aquifer Pumping was present in 
the Baseline Model starting in 2000, and its effect on the Basal heads was present in the head data used 
to map heads into the Mine Operations Model. This means the initial condition used in the 2020 Mine 
Operations Model also includes the influence of Basal depressurization at the Syncrude Aurora North 
Mine. The 2020 Mine Operations Model had additional internal boundary conditions to represent design 
features to mitigate the mining operations impact on non-mined portion of the MLWC. 

o The engineered solution includes a cutoff wall which was incorporated into the FEM 
construction (Figure 3-24). The cutoff wall was simulated in the model by reducing the 
hydraulic conductivity of the elements representing the wall to a low value starting in 
2037, approximately 6 years before the effects of mining are simulated to cause GW to 
begin flowing from the fen and towards the advancing pit (if left unmitigated). 
Implementing this feature earlier than needed was done to conservatively account for 
model uncertainty and/or subsequent changes to the mine progression. The wall 
elements of the model are thicker than the presumed designed wall thickness of 1 m; 
as such, the hydraulic conductivity assigned to these elements was lowered to produce 
the same effective Darcy flux through the wall that would have been produced by a 
cutoff wall 1 m thick and an intended hydraulic conductivity of 1x10-9 m/s (refer to the 
cut off wall sensitivity analysis presented in Section 6.1 for more information). 

o The fen SW resupply starts in 2025 and continues until the end of the simulation period 
(2063). The objective of the SW resupply is to provide the non-mined portion of the 
MLWC a similar volume and timing of water it would have received in the absence of 
development. The rate of resupply was determined as the difference of water discharge 
rates (sum of SW and GW) passing the proposed cutoff wall location in the fen with no 
mine operations (i.e. baseline) and with operations but with no mitigation (i.e. no SW 
resupply) (see Section 5.2.1); and  

o Supplemental GW injection takes place in the North Outwash Plain (NOP) starting in 
2028 and continues until 2037, when the cutoff wall is constructed near the watershed 
boundary and the deficit of GW flow becomes minimal. The rate of injection was 
determined as the difference between GW discharge rates through the NOP with no 
mine operations (i.e. baseline) and with operations but with no mitigation (i.e. no GW 
injection). The aim of the GW injection was to replace the water that is being lost from 
the MLWC watershed through NOP surficial sands into the advancing North Pit.  

 

It should be noted that historical climate forcing data was used to compute the required volumes and 
timing for the 2020 Mine Operations Model and this allows perfect knowledge of the needed resupply 
requirements within the modelling framework. When the water resupply system within the MLWC is 
operated in the field, the climate forcing will not be perfectly known, and some level of resupply 
forecasting (in addition to field data and possibly modelling) will be required to determine the resupply 
volumes and timings. 
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Figure 3-24. Location of design features in 2020 Mine Plan Operations Model. 
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Figure 3-25 illustrates the footprints of in-pit and out-of-pit mine features for the 2021 IPA mine plan as 
well as the MLWC watershed boundary and the Fort Hills Lease boundary. For representation in the 
model these features were classified as either in pit tailings areas (i.e., CPTA1, CPTA2, NPTA1, NPTA2, 
SPTA, and North Pit NE), out of pit tailings areas (i.e., OPTA and OPTA-East), in pit dedicated disposal 
areas (South Pit DDA, Centre Pit DDA), or External Dumps (NED, SED). Each of these mine features is 
represented differently within the numerical model as shown in Figure 3-20 and Figure 3-21. Figure 3-26 
shows the pit advances map for the 2021 IPA mine plan. The map illustrates when excavation takes 
place in the model domain, and when the subsections of each in-pit feature appear in the 2020 Mine 
Operations Model.  
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Figure 3-25. Mine features in the 2020 Mine Operations Model mesh. 
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Figure 3-26. Fort Hills annual mining panels for the 2020 mine plan. 
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3.10 2017 Mine Plan Operations Model Build Details
A number of changes have taken place or are being proposed at the Fort Hills Lease since the 2017 
mine plan was approved, including: the extent and progression of the mining footprint, the geological 
characterization of the lease (primarily updates within the Quaternary units), proposed mitigations 
(design features) within the MLWC watershed and the numerical platform used to simulate the hydrology 
of the system (HGS in 2021 versus FEFLOW and HSPF in 2017 for GW and SW, respectively).  The 
purpose of the 2017 Mine Plan Operations Model is to simulate the 2017 mine plan using HGS and to 
consider the geological characterization updates since that time. The results can be used to compare 
the hydrological changes to the landscape due to the 2017 mine plan to the changes due to the proposed 
in the 2021 IPA mine plan (mining extent and progression, mitigations in the MLWC watershed).    

The number of 2D nodes per nodal sheet was 8,940 and number of elements in each layer was 17,622. 
Nodal spacing varied from 200m to 800m. Table 3-9 shows the AlgoMesh parameter setup for optimizing 
the MLWC 2017 Mine Operations Model mesh. Figure 3-27 and Figure 3-28 respectively show the mesh 
constraints and refinement zones used in in building the 2D mesh. Figure 3-29 illustrates the 2D mesh 
built using AlgoMesh. 
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Figure 3-27. Mesh constraints for the 2017 Mine Operations Model’s 2D mesh. 
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Figure 3-28. Mesh refinement control for the 2017 Mine Operations Model’s 2D mesh. 
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Figure 3-29. 2D mesh for the 2017 Mine Operations Model. 
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Table 3-9: AlgoMesh settings to generate and optimize the 2017 Mine Operations Model’s 2D mesh.

Distance (grading) factor 0.5

Boundary resampling factor 3

Min. resampling interval 500

Global max. edge length 1040 m

Sizing ratio reduction factor 0.5774

max. refine iterations 25

max. Lloyd iterations (refine) 10

max. Lloyd iterations (final relax) 20

run Delaunay refinement after 
completion of optimization Yes 

Min. angle in degree 23  

Mine operations within the model utilized three distinct evolving landscape features:  

 Pit evolution and depressurization (Figure 3-30) 
o As the mine pit progresses, the hydraulic conductivity of the excavated material is 

increased to a high value (~0.01 m/s), causing the system to behave as though the 
material were absent. Drain nodes were placed 2 m below the base of the pit to 
represent depressurization activities.  

o Backfilling of the excavation (Figure 3-31) is represented in the model by adjusting the 
hydraulic conductivity in the backfilled area to represent the backfilled material instead 
of the open pit. 

 OPTA and OPTA-East are defined as described for the 2020 Mine Plan Operations Model in 
Section 3.9 

 Stockpiles and Dumps are also defined as described for the 2020 Mine Plan Operations Model 
in Section 3.9 

The 2017 Mine Operations Model was initialized in 2014 using an initial condition mapped from the 
Baseline Model for 2014. The MLWC 2017 Mine Operations Model had additional internal boundary 
conditions to represent design features to mitigate the mining operations impact on the MLWC. The 
engineered solution includes a cutoff wall which was included in the FEM construction (Figure 3-29) 
and which was turned on in the model by reducing the hydraulic conductivity of the elements 
representing the wall to a low value in 2025. Note that the location and extent of the cutoff wall within 
the MLWC watershed in the 2017 mine plan (Figure 3-32) differs with that of the 2021 IPA mine plan 
(Figure 3-24). Moreover, the cutoff wall was assumed to be constructed and in place by 2025 in the 
2017 mine plan, whereas the 2021 IPA mine plan assumes the wall is not required until 2037. 
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Figure 3-30. Schematics for mine implementation in 2017 Mine Operations Model where pit remains open (e.g.,
South Pit).
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Figure 3-31. Schematics for mine implementation in 2017 Mine Operations Model where the pit is backfilled.
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Figure 3-32. Location and extent of the cutoff wall in the 2017 Mine Operations Model. 

 

Figure 3-33 illustrates the footprints of in-pit and out-of-pit mine features of the 2017 mine plan as well 
as the MLWC watershed boundary and the 2017 EPEA lease boundary. For representation in the model 
these features were classified as either, in pit tailings areas (i.e., CPTA1, CPTA2, NPTA1, NPTA2) or 
out of pit tailings areas (i.e., OPTA, OPTA-East1, OPTA-East2), or in pit dedicated disposal areas (i.e., 
South Pit DDA), or External Dumps (i.e., NED). Each of these mine features is represented differently 
within the numerical model as shown in Figure 3-20 and Figure 3-21. Figure 3-34 shows the pit advances 
map of the 2017 mine plan. This map determines when the excavation of in-pit features takes place in 
the model domain and when each in-pit feature appears in the 2017 Mine Operations Model. The mine 
advance panels in the 2017 mine plan were staged at a 5-year increments in the 2017 mine plan 
compared to 1-year increments in the 2020 mine plan. The difference in staging of the mine advance 
panels in the 2017 mine plan and differences in the cutoff wall configuration compared to the 2020 mine 
plan introduce a degree of uncertainty when inter-comparing the two models’ results. 
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Figure 3-33. Mine features in the 2017 Mine Operations Model mesh. 
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Figure 3-34. Fort Hills mining panels in the 2017 mine plan. 
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3.11 2020 MLWC HGS Closure Model Build Details 
The 2020 MLWC HGS Closure model (Closure Model) was used to simulate the closure landscape 
(results discussed in the main report of which this document is an appendix) and to conduct the active 
closure period (approximately mid-century) and far-future (approximately end-century) climate change 
analyses presented in Sections 5.3 and 5.4, respectively. The Closure Model contains hydrostratigraphic 
units from the middle of the Keg River Formation to the uppermost soil layer. The closure landscape, 
and the prescribed soil placement within that landscape, was defined using the 2021 IPA closure plan 
provided to Aquanty by FHEC. Additional model layers were added to accommodate the merging of 
placed materials with undisturbed portions of native materials. The Closure Model has 37 nodal sheets 
and 36 element layers.  

The number of nodes per 2D nodal sheet was 11,897 and number of elements in each layer was 23,565. 
Lateral nodal spacing varied from 200 m to 800 m. Table 3-10 shows the AlgoMesh parameters used to 
generate and optimize the Closure Model mesh. Figure 3-35 and Figure 3-36, respectively, show the 
mesh constraints and refinement zones used to build the 2D mesh. Figure 3-37 illustrates the Closure 
Model’s 2D mesh. Closure material hydraulic properties are given in Table 3-11. 

The remainder of model setup including its boundary conditions, subsurface, surface, and ET zones and 
parameter values were defined as discussed in Sections 3.1 to 3.6. 
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Figure 3-35. Mesh constraints for the Closure Model’s 2D mesh. 
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Figure 3-36. Mesh refinement control for the Closure Model’s 2D mesh (200 m refinement within the non-mined 
portion of the MLWC fen). 



103 
 

Figure 3-37. The 2D mesh for the Closure Model. 
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Table 3-10: AlgoMesh settings used to generate and optimize the Closure Model’s 2D mesh. 

Distance (grading) factor 0.55 

Boundary resampling factor 4 

Min. resampling interval 500 

Global max. edge length 1040 m 

Sizing ratio reduction factor 0.95 

max. refine iterations no limit 

max. Lloyd iterations (refine) no limit 

max. Lloyd iterations (final relax) no limit 

run Delaunay refinement after completion 
of optimization

No 

Min. angle in degree n/a 

Table 3-11: Closure material hydraulic properties.  

Material Name Kh (m/s) Kv (m/s) 
Porosity 

(%) 
Explanation 

Cl
os

ur
e 

m
at

er
ia

l b
el

ow
 s

ur
fa

ce
 la

ye
r

MSM B-Spec 5.00E-09 5.00E-10 0.35 
Source: "Compacted Fill (B/KSpec)" from 
FHEC 

MSM Random OB 5.00E-09 5.00E-10 0.35 Source: "Compacted Fill (B/KSpec)" from 
FHEC 

Tailings Sand 2.00E-05 1.00E-06 0.41 Source: "Tailings Sand (capping)' from 
FHEC 

Overburden 
Dump (Random 

Uncompacted OB)
7.00E-07 2.00E-07 0.46 Source: "Un-compacted Fill (GSpec)" 

from FHEC 

Clean Sand 8.25E-05 8.25E-06* 0.43 
Source: "Sand" from Carsel and Parrish 
(1988)**

Compacted OB 
(clay liner under 

Clean Sand)
5.00E-09 5.00E-10* 0.35 

Source: "Compacted Fill (B/KSpec)" from 
FHEC 

Suitable OB 
Capping

2.00E-07 1.00E-07 0.5 Source: "Cap Soil" from FHEC 

Treated FT 5.00E-09 1.00E-09 0.5 
Source: "Mature Fine Tailings MFT" from 
FHEC.  

   

Cl
os

ur
e 

so
il 

m
at

er
ia

l w
ith

in
 

su
rf

ac
e 

la
ye

r Upland Surface 
Soil Coarse (SSC) 

1.23E-05 1.23E-06* 0.41 
SSC is coarse sandy soil (e.g. sandy loam). 
Source: "Sandy loam" from Carsel and 
Parrish (1988) 

Upland Surface 
Soil Fine (SSF) 7.22E-07 7.22E-08* 0.41 

SSF is fine soil; source: "Clay loam" from 
Carsel and Parrish (1988) 

Peat-Mineral Mix 
(PMM) 

5.00E-07 5.00E-07 0.55 Source: Ketcheson and Price (2016) 

Note: Kh and Kv represent the horizontal and vertical saturated hydraulic conductivity, respectively. 
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4.0 INTEGRATED HYDROLOGIC MODEL CALIBRATION 
AND VALIDATION 

The workflow for the calibration and validation of the 2020 MLWC HGS model is overviewed below and 
then discussed in more detail later in this section. Calibration and validation of the 2020 MLWC HGS 
model was a multi-step process. Initial steps involved identifying the available calibration and validation 
data and screening the monitoring points/data that could be affected by active mining. For the subsurface 
data, emphasis was placed on calibrating the hydraulic parameters of the Quaternary units. This 
separation of shallow and deep model calibration was undertaken due to the computational burden the 
full thickness model places on the automated calibration process.  

The available calibration and validation data was categorized by type and screened for anomalous 
values or indications that the data had been influenced by development or mine operations. For the 
Quaternary GW data, calibration targets were determined by temporally averaging manual and time 
series level data at the targeted locations. The calibration period spanned 1991-2017 (the first 5 years 
are a spin up period for the model in every calibration run). As such, the definition of the calibration 
targets emphasized, to the degree feasible, data collected before the end of 2017. However, the bulk of 
the available GW data was collected since 2017. Consequently, some GW data collected post-2017 was 
also included in the definition of the GW calibration targets after being screened for any obvious 
development impacts. This procedure defined 497 shallow GW targets for use during automated 
calibration.  

Initial parameterization of the 2020 MLWC HGS model was taken from calibrated values from previous 
generations of the model. The model was truncated at the base of the Quaternary sequence during this 
automated calibration step. After the initial automated calibration, a manual transient calibration was 
performed to reproduce the drawdown responses of Quaternary pumping tests conducted within and 
adjacent to the Fort Hills Lease. Based on the results of those simulated Quaternary pumping tests, a 
zone delineating the extent of glacially-rafted McMurray (estimated from textural data) was added to the 
hydrostratigraphy in the 2020 MLWC HGS model (the PGKM unit in Figure 3-2, shown in plan-view in 
the top left panel of Figure 3-3c), and it was assigned a lower initial hydraulic conductivity than the 
surrounding silty sands. Prior to this model modification, the PGKM unit was lumped in as part of the Silt 
Sand Aquifer 4 unit at the base of the FHUC (which overlies the Clay Till 2 Aquitard). Once this 
modification was implemented, the model was subjected to a second round of automated calibration.  

Following calibration, the hydrostratigraphy below the Quaternary sequence was added back into the 
model and those deeper units were subsequently parameterized using the previously calibrated 
hydraulic conductivity and storativity parameters extracted from the Fort Hills FEFLOW model, discussed 
in Section 3.6.2 The full model was run and the simulated heads for the calibration targets established 
for the deeper GW units were then checked against the levels simulated by the 2020 MLWC HGS model 
containing the entire hydrostratigraphic sequence down the Keg River unit (the Quaternary heads and 
other targets were also re-examined and found to remain relatively unchanged). The imported calibrated 
parameterization of the deeper units was also tested against available Basal McMurray Aquifer pumping 
test data near or within the MLWC watershed.  
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4.1 Calibration and Validation Data Types
Several historical observation types within the model boundaries were used either in the calibration or 
in the validation of the 2020 MLWC HGS models. The first data group is historical GW levels monitored 
by FHEC at wells and piezometers across the Fort Hills Lease. These monitoring points span from the 
near surface units (e.g., < 1 m depth) down to the Devonian units, with the majority of the data considered 
in the analysis screened in the Quaternary units.  

The second data group is the McClelland Lake stage data which has been monitored since 1997. Outflow 
rates from McClelland Lake’s outlet into McClelland Creek are also available from 1996 to 2006. 
However, the overall quality of the outflow data has been questioned in previous studies (e.g., Golder, 
2018). Given this uncertainty, the McClelland Lake outflow observations were not used as model 
calibration targets but were instead retained to validate simulated lake outflow timing and, to a lesser 
degree, the outflow rates. Even when considering the uncertainties in the McClelland Lake outflow data, 
it was still judged valid enough to be combined with the overlapping lake stage data to validate the stage-
discharge relationship at the lake outflow in the 2020 MLWC HGS models.  

The third data group is the flow data for the SD-8 station (2018-2019), located near where South Creek 
discharges into the south side of McClelland Lake (Figure 4-1). This flow data is of a short (two-year) 
duration and therefore was of limited use for calibrating the simulated channel flows in South Creek. As 
such, the South Creek discharge data was not used during model calibration but was used in model 
validation.  

The fourth data group are AET rates measured between 2018 and 2019 at two eddy covariance flux 
towers within the MLWC watershed for the fen and NOP forested upland (Figure 4-1). The reported 
annual AET rates were used as calibration targets for the corresponding land types in the models, while 
the seasonal trends served as a validation dataset.  

The fifth data group are representative annual evaporation and AET rates determined for a range of land 
covers using eddy covariance tower data compiled from a number of sites in the Athabasca Oils Sands 
region. 
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Figure 4-1. ET flux tower and gauging station locations in the HGS model domain. 
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4.2 Transient Automated Calibration and Well Testing

4.2.1 Manual Quaternary Well Testing Calibration 

Well testing simulation included manually calibrating the HGS model to 13 individual pumping tests 
and two injection tests (locations shown on Figure 4-2). This separate, manual calibration exercise 
consisted of six tests (four pumping and two injection tests) conducted in the Surface Sand North unit, 
four in the AQ4-Silty Sand unit, seven in the AQ3- Silty Sand unit, and one in the Clay Till 2. Among 
these tests, four tests (two pumping and two injection) were in the vicinity of the NOP, two in the 
vicinity of the MLWC, seven in the vicinity of OPTA and OPTA-East, one at the McClelland Lake outlet, 
and one on the north slope of the FHUC. Table 4-1 presents the summary of each Quaternary well 
tests considered in the manual calibration. 

 
Figure 4-2. Quaternary well testing locations. 
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Table 4-1: Summary of well tests evaluated in manual calibration of the 2020 MLWC HGS model. 

Pumping Well ID

Pumping 
well 

Diameter 
(in.)

Observation well ID
Date of the 

test 
Duration

Pumping 
Rate

(m3/day) 

FH18-ES419-DR1a 8 
ES444-SN1 VWP-C
ES419-SN1 VWP-B

17-Jan 2019
to 

2-Feb-2019 
15 days 

1000 

FH18-ES426-DR1 8 FH18-ES426-SN1
8-Mar-2018 8.2 hours 5.8-14.4

 

FH18-ES436-DR1b 8
FH18-ES436-SN1
FH19-ES672-SN2

12-Feb-2019
to

27-Feb-2019

15 days 700

 
FH19-ES672-SN1
FH19-ES668-SN1

 

FH18-ES631-DR1-PW 10 FH17-ES631-SN1-MW
FH17-ES632-SN1-MW
FH17-ES633-SN1-MW 
FH17-ES634-SN1-MW 
FH17-ES635-SN1-MW 
FH17-ES636-SN1-MW 
FH17-ES636-SN2-MW 
FH17-ES637-SN1-MW 
FH17-ES638-SN1-MW 
FH17-ES638-SN2-MW 
FH17-ES638-SN3-MW 
FH17-ES639-SN1-MW 
FH17-ES640-SN1-MW 
FH17-ES641-SN1-MW 
FH17-ES642-SN1-MW 
FH17-ES643-SN1-MW

1-Aug-2018 
to 

8-Aug-2018 
7 days 

396 
FH18-ES632-DR1-PW 144 
FH18-ES633-DR1-PW 151.2 
FH18-ES634-DR1-PW  43.2 

 
 
 
 
 
 
 
 
 
 
 
 

FH17-WR517-DR1 8 

FH17-WR513-SN1
FH17-WR514-SN1 
FH17-WR515-SN1 
FH17-WR516-SN1 
FH17-WR516-SN2 
FH17-WR518-SN1

20-Sep-2017 
to 

23-Sep-2017 
3 days 500 

FH-DR16-NETA-PW-01 8

FH-SO16-NETA-OW-01
FH-SO16-NETA-OW-02 

FH-SO16-NETA-OW-03A 
FH-SO16-NETA-OW-10 

A-25-AQ1 
A-25-AQ3 

11-Aug-2016 
to 

14-Aug-2016 
3 days 518.4 

FH-DR16-NETA-PW-02 8 

FH-SO15-DDA1-OW-04
FH-SO16-NETA-OW-05 
FH-SO16-NETA-OW-06 
FH-SO16-NETA-OW-11 

A-26-AQ1 
A-26-AQ3 

1-Aug-2016 
to 

4-Aug-2016 
3 days 86.4 

FH-DR16-NETA-PW-03 8 
FH-SO16-NETA-OW-07
FH-SO16-NETA-OW-08 
FH-SO15-DDA1-OW-09

6-Aug-2016
to 

9-Aug-2016
3 days 230.4 

FH20-WR617-DR1-PWc 8 
FH20-617-SN1-VW
FH20-616-SN1-VW 
FH20-619-SN1-VW

24-Feb-2020
to 

15-Mar-2020
20 days 300 

FH20-WR624-DR1-PWc 8 
FH20-624-SN1-VW
FH20-623-SN1-VW 
FH20-622-SN1-VW

18-Mar-2020
to 

28-Mar-2020
10 days 800 

FH17-WR441-DR1 8 FH17-WR441-SN1
13-Mar-2017

to 
3 days 180 



110 
 

Pumping Well ID

Pumping 
well 

Diameter 
(in.) 

Observation well ID
Date of the 

test 
Duration

Pumping 
Rate

(m3/day)

17-Mar-2017

FH19-ES605-DR1-PW 8 FH18-ES412-SN1
1-Mar-2019

To
4-Mar-2019

3 days 1,000

FH19-ES612-DR1-PW 8 
FH19-GL612-SN1

FH19-ES614-SN1-MW 
FH19-ES616-SN1-MW

25-Feb-2019
To 

2-Mar-2019
5 days 400 

FH19-WR806-DR1-PW 10 
FH19-WR806-SN1-VW1
FH19-WR806-SN1-VW2 

21-Sept-
2019 
To 

24-Sept-
2019

3 days 748 

FH19-WR812-DR1-PW 10
FH19-WR812-SN1-VW1 
FH19-WR812-SN1-VW2 

10-Mar-2019
To

13-Marc-
2019

3 days 1,656 

Notes: 
a. Initially well FH18-ES419-DR1 was pumped at a rate of 500 m3/day for 3 days in March 2018; however, it was retested in 

2019 and re-assessed in 2020 as presented in the table. 
b. Initially well FH18-ES436-DR1 was pumped at a rate of 500 m3/day for 5 days in March 2018; however, it was retested in 

2019 and re-assessed in 2020 as presented in the table. 
c. Injection tests 

The regional scale of the 2020 MLWC HGS model is large relative to the scale of the radius of influence 
of the pumping tests; therefore, it was necessary to build a new 2D mesh with refinement appropriate 
for representing the pumping and observation wells (Figure 4-3). Quaternary well testing locations are 
shown in Figure 4-4 and cross sections are shown in Figure 4-5. It should be noted that despite 
refinement in the finite element mesh around the pumping tests, no attempts were made to refine the 
hydrostratigraphy to match the drawdown observations. This is because any local refinement would 
likely be below the resolution of the 2020 MLWC HGS model. In a process of manual calibration (through 
trial-and-error), the 2020 MLWC HGS model was used to determine the hydraulic conductivity and 
specific storage values to provide a best-fit for each of the pumping/injection tests. Plots showing the 
observed (points) versus simulated (lines) fits obtained during the manual calibration of the Quaternary 
well tests are presented in Attachment F. 
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Figure 4-3a. Pumping (red) and observation wells (dark blue) in the locally refined 2D mesh of the transient 
calibration model. 
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Figure 4-3b. Pumping (red) and observation wells (dark blue) in the locally refined 2D mesh of the transient 
calibration model. 
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Figure 4-3c. Injection (light blue) and observation wells (dark blue) in the locally refined 2D mesh of the transient 
calibration model. 
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Figure 4-4: Location of the OPTA and Fen Quaternary well tests.

A

B

C
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Figure 4-5: Cross-section of the OPTA (top panel) and Fen (bottom panel) well testing locations. 
 

B C 
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Table 4-2: Summary of Quaternary well testing calibration results. 

Test Area Pumping Well Screened 
Hydrostratigraphic 

Unit

No. of 
Obs. 
Wells

Manually 
Calibrated 

K (m/s)

Manually 
Calibrated 

Ss (1/m)

NOP FH18-ES419-DR1 Quaternary- Surface 
Sand North

2 1.30E-04 1.00E-03 

FEN FH18-ES426-DR1 Quaternary Silty Sand-
AQ4

1 3.47E-07 1.00E-06 

Fort Hills 
N. Slope

FH18-ES436-DR1 Quaternary Silty Sand-
AQ4

1 7.79E-06 1.00E-05 

OPTA FH18-ES631-DR1-PW
FH18-ES632-DR1-PW
FH18-ES633-DR1-PW 
FH18-ES634-DR1-PW

Quaternary Silty Sand-
AQ3

16 1.74E-05 4.00E-04 

OPTA FH17-WR517-DR1 Quaternary Silty Sand-
AQ4

6 2.31E-05 9.00e-05

OPTA FHDR16-NETA-PW-01 Quaternary Silty Sand-
AQ3

6 3.40E-05 5.00E-05 

OPTA FHDR16-NETA-PW-02 Quaternary Silty Sand-
AQ3

4 2.96E-05 5.00E-05 

OPTA FHDR16-NETA-PW-03 Quaternary Silty Sand-
AQ3

3 7.87E-06 2.50E-05 

NOP FH20-WR617-DR1-PW Quaternary - Surface 
Sand North 

 

3 5.21E-05 1.00E-05 

NOP FH20-WR624-DR1-PW Quaternary- Surface 
Sand North 

 

3 5.79E-05 1.00E-06 

Fen FH17-WR441-DR1 Quaternary- Surface 
Sand North

1 2.78E-05 5.00E-05 

Lake 
Outlet

FH19-ES605-DR1-PW Quaternary- Surface 
Sand North

1 1.39E-04 5.00E-04 

NOP FH19-ES612-DR1-PW Quaternary- Surface 
Sand North

3 5.21E-05 1.00E-05 

OPTA-
East SMS 

FH19-WR806-DR1-PW Quaternary - Clay Till 
2

2 1.97E-05 5.00E-08 

OPTA-
East SMS 

FH19-WR812-DR1-PW Quaternary Silty Sand-
AQ4

2 1.04E-04 4.00E-05 
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Textural data for these FHUC deposits were obtained from FHEC and analyzed in terms of their sand, 
silt and clay content across the FHUC. Figure 4-6 demonstrates the sand content in AQ4 unit. The results 
from the analysis were plotted and interpreted to indicate that the deeper silty sand units in the FHUC 
contain a region of lower permeability material that was later identified as glacially-rafted McMurray 
Formation (designated the PGKM unit). In the original conceptualization of the 2020 MLWC HGS model, 
this rafted McMurray deposit was combined with the surrounding silty sands as one unit. However, based 
on the well testing versus automated calibration results and the subsequent textural analysis, the 
model’s hydrostratigraphy was modified and the relatively lower hydraulic conductivity PGKM material 
was added in as a distinct and separate hydrostratigraphic unit located at the base of the FHUC, above 
Clay Till 2. Once the modifications were completed, the 2020 MLWC HGS model was subjected to a 
second and final round of automated calibration. All subsequent automated calibration results presented 
in this report refer to the results achieved in this second and final round of automated calibration of the 
2020 MLWC HGS model.

Figure 4-6. Plan view illustrating the sand fraction in borehole logs in the Fort Hills with silty sand PGKM unit sub-
divided from the sandy AQ4 unit.

4.2.2 Automated transient calibration

4.2.2.1 Automated calibration targets
The available historical GW head data were initially screened to exclude wells near mine operations, 
leaving 612 monitoring wells/piezometers for potential use in model calibration. Of those, 534 were 
screened within Muskeg and Quaternary units, with the remaining 78 screened below the Quaternary 
and excluded from the automated calibration dataset. The remaining GW calibration data were screened 
for mining impacts and 37 out of 534 wells/piezometers contained anomalously low heads, indicating 
the heads were likely influenced by mine operations. These 37 wells were excluded from the calibration 

K=1.04x10-4 m/s K=2.96x10-5 m/s

K=2.31x10-5 m/s

K=7.79x10-6 m/s

K=3.47x10-7 m/s

K=7.87x10-6 m/s

AQ4

PGKM
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dataset. The remaining 497 observation points, consisting of manual GW measurements and time series 
data, were included in the automatic calibration process. The long-term mean head at each of the 497
points were used to define the first set of calibration targets. 

A second set of calibration targets consisted of the observed McClelland Lake levels from 1997 to 2017. 
Note that lake levels are not recorded during the winter. To reduce the number of lake level targets to a 
tractable number, inter- and intra-annual highs and lows within the dataset from 1997-2017 were chosen 
as targets (Figure 4-7). The post-2017 lake level data was excluded from the calibration data and was 
instead used for model validation. 

Figure 4-7. Inter and intra-annual highs and lows of McClelland Lake levels used in the long-term automatic 
calibration. 

The third and final set of calibration targets were long term annual evaporation and AET rate targets for 
McClelland Lake, the fen, the NOP and the FHUC. Figure 4-8 shows the extent of each MLWC AET 
target zone and the associated annual AET rate target used during automated calibration. Long-term 
evaporation rates from Morton’s shallow lake evaporation for Fort McMurray were used as the 
evaporation target for McClelland Lake (ABGOV, 2013). 2018 AET rates recorded at the eddy 
covariance flux tower located in the NOP were used for the AET target for the NOP West and NOP North
regions shown in Figure 4-8. The 2018 AET rates observed at the fen eddy covariance flux tower were 
used as the AET target for the fen zone (Figure 4-8). FHEC provided long term statistics on the annual 
AET rates of different land covers within the Athabasca Oil Sands region. The mean AET of the land
covers was combined with the weighted areal distribution of those landcovers within the MLWC 
watershed to determine the annual AET target rates for the Fort Hills and Unnamed Lake regions shown 
in Figure 4-8.
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Figure 4-8. Actual Evapotranspiration (AET) zones and calibration targets. 
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4.2.2.2 Automated calibration setup  
As was done in the initial round of automated calibration, the results of 3 previous calibrations performed 
on earlier generation MLWC HGS models (Aquanty, 2018; 2019; 2020a) were used to inform which 
specific model parameters were to be included in the automated calibration (i.e., based on the most 
sensitive parameters as indicated from previous calibrations), their initial values, and potential value 
ranges. 

The automated calibration involved running the model in a transient state with daily climate forcing for 
25 years (1991-2017). The results were then compared to the calibration targets set for GW levels, AET, 
and McClelland Lake level over this period. Each individual calibration run includes a run-in period of 5 
years prior to the calibration period (1996-2017) to allow for the effect of changes in parameter values 
made by the calibration software to stabilize. In total, 497 average GW head levels, 56 extremums (highs 
and lows) in McClelland Lake levels, and 6 long-term AET values were included as targets in the 
objective function for the automatic calibration. Automated calibration was performed using the 
parameter estimation code, PEST_HP (WNC, 2017). PEST_HP is a version of PEST (Doherty, 2005) 
that has been optimized for parameter estimation in highly parallelized environments. Additional details 
on the PEST calibration approach are presented in Attachment D. PEST_HP was coupled with HGS to 
run the Calibration Model iteratively and to calibrate the model parameters by minimizing PEST_HP’s 
computed objective function. Each observation group (GW level, lake level, and AET) had a different 
number of entries (as mentioned above). The calibration weights for the members of each observation 
group were adjusted so that the objective functions of the calibration target groups lay within a similar 
range. 

Three parameter groups were also included in the calibration process; 1) horizontal saturated hydraulic 
conductivity and anisotropy ratio for 11 key subsurface material zones (22 parameters in total); 2) 
McClelland Lake’s stage-discharge rating curve parameters discussed in Section 3.6.3 (3 parameters 
in total); 3) ET parameters including evaporation depth, transpiration depth, and their limiting pressure 
heads in the wetland and forested upland land covers (15 parameters total), and 4) overland flow 
parameters including rill storage height and Manning’s friction coefficient for the patterned and non-
patterned fens (4 parameters total). Table 4-3 shows the model parameters considered during the 
automated calibration process. 
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Table 4-3: Model input parameters in the automated calibration.

Parameter Group Description Scope of Calibration Units 

C2_Peat etparams 
Transpiration fitting parameter 
C2 for Peat 

AET in the wetland-lowland 
surface zone (fen)

- 

E_d_Peat etparams Evaporation depth interval
AET in the wetland-lowland 
surface zone (fen)

-

HminPeat etparams
Minimum evaporation limiting 
pressure head for Peat

AET in the wetland-lowland 
surface zone (fen)

m

HmaxPeat etparams 
Maximum evaporation limiting 
pressure head for Peat

AET in the wetland-lowland 
surface zone (fen)

m 

Hol_Peat etparams 
Oxic limiting pressure head for 
transpiration for Peat

AET in the wetland-lowland 
surface zone (fen)

m 

Hal_Peat etparams 
Anoxic limiting pressure head for 
transpiration for Peat

AET in the wetland-lowland 
surface zone (fen)

m 

C1_Shrb etparams 
Transpiration fitting parameter 
C1 for Shrubland 

AET in the land cover 
“shrubland” 

- 

C2_Shrb etparams 
Transpiration fitting parameter 
C2 for Shrubland 

AET in the land cover 
“shrubland” 

- 

HminShrb etparams 
Minimum evaporation limiting 
pressure head for Shrubland

AET in the land cover 
“shrubland” 

m 

HmaxShrb etparams 
Maximum evaporation limiting 
pressure head for Shrubland

AET in the land cover 
“shrubland” 

m 

C1_Frst etparams 
Transpiration fitting parameter 
C1 for Forest

AET in the upland forest land 
covers 

- 

C2_Frst etparams 
Transpiration fitting parameter 
C2 for Forest

AET in the upland forest land 
covers 

- 

HminFrst etparams 
Minimum evaporation limiting 
pressure head for Forest

AET in the upland forest land 
covers 

m 

HmaxFrst etparams 
Maximum evaporation limiting 
pressure head for Forest

AET in the upland forest land 
covers 

m 

C2_Water etparams 
Transpiration fitting parameter 
C2 for Water

AET in the open water surface 
zone (lake) 

- 

KhPeatU k_scaling Kh for Peat (upper) GW flow in the muskeg peat m/s

AR_Peat k_scaling Anisotropy ratio for Peat (upper) GW flow in the muskeg peat - 

KhSSN k_scaling Kh for Surficial Sand North 
GW flow in the surface sand 
aquifer (NOP)

m/s 

AR_SSN k_scaling 
Anisotropy ratio for Surficial 
Sand North 

GW flow in the surface sand 
aquifer (NOP)

- 

KhSSS k_scaling Kh for Surficial Sand South 
GW flow in the surface sand 
aquifer (Fort Hills) 

m/s 

AR_SSS k_scaling 
Anisotropy ratio for Surficial 
Sand South 

GW flow in the surface sand 
aquifer (Fort Hills) 

- 

KhTill k_scaling Kh for ClayTill1 and ClayTill2 GW flow in the clay till 1 layer m/s

AR_Till k_scaling 
Anisotropy ratio for ClayTill1 and 
ClayTill2

GW flow in the clay till 1 layer - 

KhSiC k_scaling Kh for Silty Clay GW flow in the silty clay layer m/s

AR_SiC k_scaling Anisotropy ratio for Silty Clay GW flow in the silty clay layer - 

KhSiS k_scaling Kh for Silty Sand (AQ1+AQ2) GW flow in the silty sand layer m/s

AR_SiS k_scaling Anisotropy ratio for Silty Sand GW flow in the silty sand layer - 

KhSiS_AQ4 k_scaling Kh for Silty Sand AQ4 GW flow in the AQ4 layer m/s

AR_SiS_AQ4 k_scaling 
Anisotropy ratio for Silty Sand 
AQ4 

GW flow in the AQ4 layer - 
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Parameter Group Description Scope of Calibration Units

Kh_PGKM k_scaling Kh for PGKM GW flow in the PGKM zone m/s 

AR_PGKM k_scaling Anisotropy ratio for PGKM GW flow in the PGKM zone - 

KhSiS_AQ3 k_scaling Kh for Silty Sand AQ3 GW flow in the AQ3 layer m/s

AR_SiS_AQ3 k_scaling 
Anisotropy ratio for Silty Sand 
AQ3

GW flow in the AQ3 layer - 

KhSiS_AT1 k_scaling Kh for Silty Sand AT1 
GW flow in the AT1 aquitard 
layer

m/s 

AR_SiS_AT1 k_scaling
Anisotropy ratio for Silty Sand 
AT1

GW flow in the AT1 aquitard 
layer

-

KhSiS_AT2 k_scaling Kh for Silty Sand AT2
GW flow in the AT2 aquitard 
layer

m/s

AR_SiS_AT2 k_scaling 
Anisotropy ratio for Silty Sand 
AT2

GW flow in the AT2 aquitard 
layer

- 

Frc_Pat surface
Manning's friction coefficient for 
the patterned fen 

Overland flow in the patterned 
wetland surface zone 

s/m1/3

Ril_Pat surface
Surface rill storage for the 
patterned fen 

Overland flow in the patterned 
wetland surface zone 

m 

Frc_Non_Pat surface
Manning's friction coefficient for 
the non-patterned fen 

Overland flow in the non-
patterned wetland surface zone 

s/m1/3

Ril_Non_Pat surface
Surface rill storage for the non-
patterned fen 

Overland flow in the non-
patterned wetland surface zone 

m 

stg_dis_cnst stage_disch 
Stage-discharge constant for 
McClelland Lake outlet 

Discharge from McClelland Lake m3/s 

min_flw_dpth stage_disch 
Minimum flow depth for the 
stage-discharge for McClelland 
Lake outlet 

Lake outlet elevation adjustment m 

stg_dis_pwer stage_disch 
Stage discharge power 
coefficient for McClelland Lake 
outlet 

Discharge from McClelland Lake - 

Note: Kh is the horizontal saturated hydraulic conductivity and AR is the anisotropy ratio, which is defined as ratio of vertical 
saturated hydraulic conductivity to horizontal saturated hydraulic conductivity. 

4.2.2.3 Automated calibration results 
Figure 4-9 shows a scatterplot and diagnostic sub-plots of simulated and measured GW heads in all 
Quaternary units. The figure shows a strong grouping of data points about the 1:1 line between the 
observed and the simulated data points and reasonable overall fit. The results in Figure 4-9 exhibit a 
minor overprediction bias in that more data points are falling above the 1:1 line than below it. This minor 
bias in the simulated GW levels results is attributed to two possible causes:  

1. The simulated scatterplot fit within the surficial, relatively shallower, unconfined 
Quaternary units (e.g., Surface Sand South) show little predictive bias. However, the 
confined/semi-confined silty sand deposits in the FHUC, a significant fraction of which 
lie beneath Clay Till 1, do exhibit a degree of overprediction bias. This behavior could 
be due to the presence of unmapped hydraulic windows in Clay Till 1, which are 
therefore not currently represented in the model; GW in the underlying silty units is 
conceptualized to be slightly over pressured because GW is attempting to discharge 
upwards through these unmapped hydraulic windows and cannot. Future work to further 
improve these results could involve additional characterization of Clay Till 1, additional 
characterization of the PGKM and silty sand deposits making up the core of the FHUC, 
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or manually creating additional hydraulic windows in the Clay Till 1 aquitard within the 
model to relieve the simulated pressure buildup in the underlying units (a trial-and-error 
process); and, 

2. The 2020 MLWC HGS model is a regional-scale simulator that was designed and 
parameterized using a zoned hydrostratigraphic approach. Each defined (subsurface) 
zone in the model corresponds to a specific hydrostratigraphic unit in the model and 
each of those zones were parametrized using uniform sets of hydraulic properties. This 
procedure implicitly assumes that the hydrogeological properties in each 
hydrostratigraphic unit are homogeneous, whereas it is certain these units contain a 
degree of heterogeneity not currently represented in the model. A potential avenue of 
exploration would be to introduce a higher degree of heterogeneity into the model to 
see whether an appreciable improvement in simulated heads could be gained. 
However, there exists a trade off between added resolution of heterogeneity (including 
increased FEM refinement) and maintaining a tractable model run time. Therefore, it 
may not be a practical solution for a regional scale HGS model, such as the 2020 MLWC 
HGS model. 

A plan view map of the spatial distribution of the calibration residuals is illustrated in Figure 4-10. More 
details on the observed versus simulated GW levels are available in Attachment C and Attachment E.  
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Figure 4-9. Composite scatterplot of the computed versus observed long-term GW levels used in the calibration of 
the model.
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Figure 4-9. Composite scatterplot of the computed versus observed long-term GW levels used in the calibration of 
the model.
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Figure 4-9. Composite scatterplot of the computed versus observed long-term GW levels used in the calibration of 
the model.
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Figure 4-9. Composite scatterplot of the computed versus observed long-term GW levels used in the calibration of 
the model.
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Figure 4-9. Composite scatterplot of the computed versus observed long-term GW levels used in the calibration of 
the model.
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Figure 4-9. Composite scatterplot of the computed versus observed long-term GW levels used in the calibration of 
the model.
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Figure 4-10. Plan view of the average GW level calibration residuals. 

Table 4-4 presents the simulated and observed McClelland Lake levels and residual of each targeted 
lake level obtained from the automated calibration. Figure 4-11 presents simulated lake level time series 
and compares it to the observed time series. The results show a good match between the simulated and 
observed values.  
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Table 4-4: McClelland Lake’s simulated and observed levels from the automated calibration. 

Date Observed Level (mASL) Simulated Level (mASL) Residual (m) 

1-Jul-1997 294.68 294.74 -0.06 
20-Oct-1997 294.77 294.76 0.01 
23-May-1998 294.71 294.70 0.01
19-Oct-1998 294.31 294.40 -0.09 
23-May-1999 294.43 294.50 -0.07 
11-Oct-1999 294.22 294.32 -0.10
7-Jul-2000 294.49 294.45 0.04 
5-Nov-2000 294.51 294.55 -0.04 
20-Jul-2001 294.54 294.51 0.03
18-Oct-2001 294.38 294.45 -0.07 
30-Apr-2002 294.43 294.51 -0.08 
2-Jul-2002 294.33 294.55 -0.22

30-Aug-2002 294.43 294.57 -0.14 
4-Jun-2003 294.61 294.69 -0.08 

20-Sep-2003 294.43 294.56 -0.13 
6-May-2004 294.58 294.81 -0.23 
4-Sep-2004 294.33 294.50 -0.17 
23-Jun-2005 294.58 294.54 0.04 
12-Sep-2005 294.60 294.55 0.05 
16-Nov-2005 294.55 294.55 0.00 
3-May-2006 294.64 294.64 0.00 
3-Jul-2006 294.52 294.47 0.05 

11-Aug-2006 294.60 294.43 0.17 
5-Apr-2007 294.56 294.39 0.17 

22-Mar-2008 294.59 294.21 0.38 
13-May-2008 294.68 294.31 0.37 
1-Aug-2008 294.54 294.10 0.44 
30-Apr-2009 294.64 294.55 0.09 
6-Jul-2009 294.70 294.48 0.22 

14-Oct-2009 294.57 294.48 0.09 
24-Apr-2010 294.65 294.61 0.04 
22-Aug-2010 294.45 294.35 0.10 
10-Nov-2010 294.47 294.40 0.07 
28-Dec-2010 294.48 294.41 0.07
13-May-2011 294.57 294.52 0.05 
30-Sep-2011 294.32 294.27 0.05 
18-Feb-2012 294.32 294.30 0.02 
25-Apr-2012 294.39 294.42 -0.03 
23-Aug-2012 294.14 294.24 -0.10 
15-Dec-2012 294.29 294.47 -0.17 
22-May-2013 294.44 294.62 -0.18 
4-Jul-2013 294.58 294.63 -0.05 

19-Sep-2013 294.48 294.47 0.01 
28-Oct-2013 294.53 294.52 0.01 
31-Jan-2014 294.60 294.55 0.05 
1-Apr-2014 294.61 294.56 0.05 
8-Jun-2014 294.78 294.70 0.08 

17-Sep-2014 294.59 294.49 0.10 

3-Jan-2016 294.43 294.42 0.01 
1-Apr-2016 294.49 294.43 0.06 
5-Jul-2016 294.55 294.37 0.18 
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Date Observed Level (mASL) Simulated Level (mASL) Residual (m) 

23-Aug-2016 294.43 294.35 0.08 
8-Oct-2016 294.47 294.52 -0.05

24-Mar-2017 294.57 294.64 -0.07 
20-May-2017 294.63 294.62 0.01 
14-Sep-2017 294.32 294.30 0.02

 
Figure 4-11. Computed McClelland Lake levels versus observed levels in the calibration period. Note: See Figure 

6-8 for simulated lake level results produced using Bitumont precipitation data for the 2004-2010 period. 

 

The simulated lake level deviates from the observed lake level to a larger degree between approximately 
2006 to 2009. This discrepancy is attributed to the recorded precipitation at Environment Canada’s 
(ECCC) Fort McMurray Airport meteorological station not capturing one or more local storms (e.g., 
localized convective storms) which occurred in the vicinity the Fort Hills Lease and McClelland Lake but 
not at the Fort McMurray airport meteorological station. A future improvement to the model could look at 
correcting this mismatch by spinning up the model using historical Fort McMurray airport meteorological 
data (to imbue the system with hydrologic memory) and then switching over to local meteorological data 
during the last several years of the simulation (at the point in time where complete/reliable local 
meteorological data are available). Further details on this issue are discussed in Section 6.2 regarding 
model uncertainty.  

Table 4-5 presents the simulated and targeted AET rates of the selected ET zones in the MLWC model, 
which shows a good match between simulated values and targeted AETs. The largest error is in the 
Unnamed Lake zone, which is ~4%. AET of the lowlands in MLWC including the fen and McClelland 
Lake are nearly matched identically with ~0.5% difference.  
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Table 4-5: Simulated AET versus targeted AET.

AET zone
Targeted AET 

(mm/y)
Simulated AET 

(mm/y)
Residual 
(mm/y)

Fen 412 410 2 

McClelland 
Lake 

591 588 3

FHUC 321 309 12 

Unnamed 
Lake

321 308 13 

NOP West 197 207 -10 

NOP North 197 200 -3 

Summary statistics of the subsurface automated calibration results were produced using the following 
standard statistical metrics: 

o  = | |

o  = | |  

o = ( )

o = | | 

o = ( )
.

o =
( )( )

( ) ( )

where N is the total number of observations, C is the calculated value,  is the mean of the calculated 
values, O is the observed (target) value,  is the mean of the observed values, Max E is the maximum 
residual error, Min E is the minimum residual error, MRE is the mean residual error, MARE is the mean 
absolute residual error, RMSE is the root mean squared residual error; and R2 is the goodness-of-fit.
The summary statistics for the Quaternary GW level targets are presented in  

Table 4-6. Units of Max E, Min E, MRE, MARE, and RMSE for the GW levels are in meters. R2 is 
dimensionless.  
 
The Max E between simulated GW levels and targeted ones in Quaternary units is 25.44 m with an 
MARE of 2.01 m. The MRE is 1.56 m, which shows the model to be very slightly overpredicting the 
observed GW levels. R2 of the GW heads are 0.97, showing a good correlation between simulated and 
observed GW levels.  
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Table 4-6: Summary calibration statistics for Quaternary GW. 

Assessment 
criteria

Quaternary GW 
level targets

Max E 25.44 
Min E 0.00
MRE 1.56 

MARE 2.01 
RMSE 3.20

R2 0.97 

Figure 4-7 presents the initial and calibrated values of each parameter considered during the 
automated calibration process, along with the normalized composite sensitivity for each parameter. 
Descriptions of each of the parameters is given in Table 4-3. The results in Table 4-7 indicate that the 
HmaxPeat (maximum evaporative limiting pressure head for the peat) is the most sensitive parameter 
in the model. Other relatively sensitive parameters in the model are primarily related to ET parameters 
assigned to the peat and forested landcovers (e.g., C1_Frst) and the horizontal hydraulic conductivity 
of Surface Sands North hydrostratigraphic unit (KhSSN). The results also indicate that the final 
calibrated parameter values all fall within defined ranges set for each of the calibrated model 
parameters.   
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Table 4-7: Starting and calibrated values, lower and upper bounds, and normalized composite sensitivity values of 
the calibration parameters.  

Parameter Initial Estimate Lower bound Upper Bound Final Value Units
Normalized 
Composite 
Sensitivity

C2_Peat 5.24E-02 5.00E-02 3.00E-01 5.24E-02 - 1.4E-02
E_d_Peat 5.10E-02 1.60E-01 5.10E-01 1.70E-01 - 4.0E-03
HminPeat 2.27E-01 -8.00E-01 -2.00E-01 -2.10E-01 m 3.6E-03
HmaxPeat 6.33E-03 -1.90E-01 -1.00E-03 -3.86E-03 m 6.2E-01
Hol_Peat 9.38E-02 -3.50E-01 -1.50E-01 -1.60E-01 m 3.7E-03
Hal_Peat 2.42E-01 -1.40E-01 -1.00E-03 -2.51E-03 m 6.4E-02
C1_Shrb 1.70E-01 1.00E-02 4.00E-01 2.42E-01 - 7.4E-03
C2_Shrb 2.10E-01 5.00E-02 4.00E-01 2.27E-01 - 5.6E-03

HminShrb 3.86E-03 -1.50E+00 -7.00E-01 -1.43E+00 m 4.7E-04
HmaxShrb 1.60E-01 -6.90E-01 -1.00E-02 -6.80E-01 m 1.7E-03

C1_Frst 2.51E-03 1.00E-02 2.50E-01 9.38E-02 - 5.6E-02
C2_Frst 1.49E+00 5.00E-02 3.00E-01 5.10E-02 - 2.8E-02

HminFrst 5.24E-01 -1.50E+00 -7.00E-01 -1.49E+00 m 2.1E-03
HmaxFrst 1.43E+00 -6.90E-01 -1.00E-02 -5.24E-01 m 1.1E-02
C2_Water 6.80E-01 1.00E-04 3.00E-01 6.33E-03 - 6.1E-02
KhPeatU 3.47E-04 1.16E-04 1.16E-03 2.31E-04 m/s 1.9E-03
AR_Peat 1.06E-01 5.00E-02 5.00E-01 1.00E-01 - 1.8E-03
KhSSN 2.00E-04 5.00E-06 5.00E-04 3.47E-04 m/s 1.6E-02

AR_SSN 5.55E-01 1.00E-02 1.00E+00 1.06E-01 - 1.5E-03
KhSSS 2.31E-04 5.00E-06 5.00E-04 2.00E-04 m/s 2.5E-03

AR_SSS 1.00E-01 1.00E-02 1.00E+00 5.55E-01 - 1.2E-03
KhTill 1.35E-07 1.00E-08 1.00E-06 1.35E-07 m/s 1.7E-03

AR_Till 2.58E-01 1.00E-02 1.00E+00 2.58E-01 - 1.6E-03
KhSiC 4.24E-08 1.00E-08 1.00E-06 4.24E-08 m/s 1.5E-03

AR_SiC 2.28E-02 1.00E-02 1.00E+00 2.28E-02 - 2.2E-03
KhSiS 1.73E-06 1.00E-07 1.00E-05 1.73E-06 m/s 1.6E-03

AR_SiS 6.48E-02 1.00E-02 1.00E+00 6.48E-02 - 1.8E-03
Kh_PGKM 1.53E-07 1.00E-07 1.00E-05 1.53E-07 m/s 1.9E-03
AR_PGKM 1.10E-02 1.00E-02 1.00E+00 1.10E-02 - 1.8E-03

KhSiS_AQ4  2.00E-05 9.95E-08 1.00E-04 2.00E-05 m/s 1.7E-03
AR_SiS_AQ4 1.00E-01 1.00E-02 1.00E+00 1.00E-01 - 1.4E-03
KhSiS_AQ3 1.05E-04 1.00E-06 5.00E-04 1.05E-04 m/s 2.5E-03

AR_SiS_AQ3 1.89E-02 1.00E-02 1.00E+00 1.89E-02 - 1.8E-03
KhSiS_AT1 1.65E-06 1.00E-08 1.00E-05 1.65E-06 m/s 1.9E-03

AR_SiS_AT1 1.10E-02 1.00E-02 1.00E+00 1.10E-02 - 1.6E-03
KhSiS_AT2 3.56E-07 1.00E-08 1.00E-05 3.56E-07 m/s 1.4E-03

AR_SiS_AT2 1.38E-02 1.00E-02 1.00E+00 1.38E-02 - 1.8E-03
Frc_Pat 2.25E-02 2.20E-02 1.50E-01 2.25E-02 s/m1/3 1.7E-03
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Parameter Initial Estimate Lower bound Upper Bound Final Value Units
Normalized 
Composite 
Sensitivity

Ril_Pat 3.00E-02 2.00E-02 1.00E-01 3.00E-02 m 2.9E-02
Frc_Non_Pat 2.25E-02 2.20E-02 1.50E-01 2.25E-02 s/m1/3 1.9E-03
Ril_Non_Pat 1.00E-02 5.00E-03 1.00E-01 1.00E-02 m 2.8E-02
stg_dis_cnst 2.04E+03 1.16E+01 1.16E+04 2.04E+03 m3/s 2.0E-03
min_flw_dpth 3.32E-02 1.00E-03 1.00E+00 3.32E-02 m 1.5E-03
stg_dis_pwer 4.83E+00 1.00E+00 1.00E+01 4.83E+00 - 7.6E-04

4.3 Testing Basal targets and Basal pumping tests 
Based on the automated calibration results presented in Section 4.2, the overall simulated versus 
calibration-target fit achieved with the 2020 MLWC HGS model was judged satisfactory in the truncated 
Calibration Model. To investigate the effect of the deeper hydrostratigraphy, below the Quaternary, on 
the model results, the deeper hydrostratigraphic units were added back into the Calibration Model. The 
deeper units (Cretaceous and Devonian) were subsequently parameterized using the previously 
calibrated hydraulic conductivity and storage properties extracted from the Fort Hills FEFLOW model 
discussed in Section 3.6.2. The full model was then spun up and run once again with 1945-2019 climate 
forcing. The 79 GW heads for the calibration targets established for the deeper GW units were then 
checked against the head simulated by the 2020 MLWC HGS model containing the entire 
hydrostratigraphic sequence down the Keg River Formation. As can be seen in Figure 4-12, the 
Cretaceous and Devonian GW levels simulated by the 2020 MLWC HGS model using the imported 
calibrated hydraulic conductivities of the FEFLOW model discussed in Section 3.6.2 were able to 
achieve a modest fit. The remaining calibration targets were checked as well, and the achieved fits were 
very comparable to those achieved with the truncated model. A table providing details regarding the 
computed versus observed GW levels achieved during this process using the full 2020 MLWC HGS 
model is given in Attachment C. 
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Figure 4-12. A cross-plot (top) and residual map (bottom) of the 2020 MLWC HGS model computed GW level data 

versus observed for the Cretaceous and Devonian Formations.  
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Table 4-8: Summary calibration statistics for the Basal and Devonian GW levels. 

Assessment 
criteria

GW levels 

Max E 32.03
Min E 0.16 
MRE 2.99

MARE 5.87
RMSE 8.06 

R2 0.83

The imported parameterization of the deeper units was also tested by manually calibrating the model to 
three Basal McMurray Aquifer well tests (pumping). For the Basal pumping tests, one test (FH17-
WR421-MR2) was done in the basal units below MLWC fen, one test (FH19-ES565-MR2-PW) was in 
the vicinity of NOP, and one test (FH17-WR351-MR1) in the Centre Pit area (Table 4-9 and Table 4-10). 
Plots showing the observed versus simulated drawdowns obtained for Basal well tests are presented in 
Attachment G. 

 
Figure 4-13. The location of Basal McMurray Aquifer well testing locations. 
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Table 4-9: Summary of well tests used to evaluate the 2020 MLWC HGS model in the Basal McMurray Aquifer.

Pumping Well ID 

Pumping 
well 

Diameter 
(in.)

Observation well ID
Date of the 

test 
Duration 

Pumping 
Rate 

(m3/day) 

   

FH17-WR421-MR2 8 

FH17-WR421-MR1-VWP-B 
FH17-WR421-MR1-VWP-C 
FH17-WR421-MR1-VWP-D 
FH17-WR421-SN1-VWP-A
FH17-WR421-SN1-VWP-D

15-Feb-2018
to

25-Feb-2018
10 days 2,400 

FH19-ES565-MR2-PW 8 FH19-GL565-MR1-VW
10-Mar-2019

to
13-Mar-2019 

3 days 1,990

FH17-WR351-MR1 8 

FH17-GL337-MR1
FH17-GL347-MR1 
FH17-GL331-MR1 
FH17-GL318-MR1 
FH17-GL329-MR1 

3-Mar-2017
to

6-Mar-2017 
3 days 400 

Table 4-10: Comparison of Basal McMurray Aquifer well testing calibration results. 

Test Area Pumping Well Screened 
Hydrostratigraphic 

Unit 

No. of 
Obs. 
Wells

Manually 
Calibrated 

K (m/s) 

Manually 
Calibrated 

Ss (1/m)

Fen FH17-WR421-MR2 Basal- CW 40 5 1.21E-04 1.00E-07 

NOP FH19-ES565-MR2-PW Basal - CW 40 1 1.30E-04 8.00E-05 

Centre
Pit

FH17-WR351-MR1 Basal - UW 60 5 3.7E-05 1.00E-06 
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Figure 4-14. A cross-section along the Basal McMurray Aquifer well testing locations. 
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4.4 Quantitative Model Validation 
Historical observations that were not used in the automatic calibration were used as part of model 
validation to evaluate the performance of the full thickness 2020 MLWC HGS model that contains all 
previously discussed Quaternary, Cretaceous and Devonian layers.  

Vertical hydraulic gradients between the Quaternary aquifers and the Basal aquifers determined from 
field data were compared to simulated vertical gradients computed by the 2020 MLWC HGS model. 
Vertical gradient data was not considered during the automated calibration process due to the exclusion 
of the deeper hydrostratigraphy from that process. The simulated vertical gradients were evaluated using 
the Baseline Model, which contains the deeper units (Cretaceous and Devonian), and therefore, could 
be used to evaluate the vertical gradients between Quaternary and Basal units. Figure 4-15 shows the 
comparison between the observed and simulated vertical gradients for 22 nested wells (nested vibrating 
wire piezometers) and shows that the 2020 MLWC HGS model captured the direction and magnitude of 
the gradients moderately well. Table 4-11 presents the pairs of the monitoring wells in the Basal and 
Quaternary units that were used to compute the vertical gradients illustrated in Figure 4-15. 
 
 

Table 4-11: Pairs of Basal and Quaternary wells used to compute the vertical gradient. 

 Quaternary Well Name Basal Well Name

 FH17-WR401-SN1 FH17-WR401-MR1
 FH17-WR402-SN2 FH17-WR402-MR1
 FH17-WR403-SN1 FH17-WR403-MR1
 FH17-WR404-SN2 FH17-WR404-MR1
 FH17-WR405-SN1 FH17-WR405-MR1
 FH17-WR406-SN1 FH17-WR406-MR1
 FH17-WR409-SN1 FH17-WR409-MR1

FH17-WR421-SN1 FH17-WR421-MR1
FH17-WR441-SN1 FH17-WR441-MR1
FH17-WR445-SN1 FH17-WR445-MR1

 FH17-WR446-SN1 FH17-WR446-MR1
 FH17-WR450-SN1 FH17-WR450-MR1
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Figure 4-15. Simulated vs observed vertical gradients between the surface sands and the Basal McMurray Aquifer
in the 2020 MLWC HGS model.

McClelland Lake level data was available for the 1997-2019 period; however, model calibration used a 
subset of 20 years, up to mid 2017, leaving slightly more than two years of observed lake data for use 
in model validation. Figure 4-16 demonstrates the comparison between the modelled lake level and the 
observed data and exhibits a good visual match between them from 2017 to 2019, indicating the model 
can continue to simulate lake levels reasonably well beyond the calibration period (provided 
representative climate forcing data is driving the simulation). 
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Figure 4-16. Computed McClelland Lake levels versus observed levels using the 2020 MLWC HGS model. Note: 

See Figure 6-8 for simulated lake level results produced using Bitumont precipitation data for the 2004-2010 
period. 

Figure 4-17 shows the computed versus observed stage-discharge data at the outlet of McClelland Lake. 
Note that stage-discharge data were not considered during calibration. The observed data (blue circles 
in Figure 4-17) were used to validate the success of the calibration of the stage-discharge relation for 
McClelland Lake generated through automatic calibration. Figure 4-17 shows a very similar pattern 
between the observed stage discharge data and that obtained from calibration of the 2020 MLWC HGS 
model.  
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Figure 4-17. Simulated stage-discharge values using the 2020 MLWC HGS model versus the observed, for the 
open water season.

Gauged SW flows are a common calibration target used in hydrological modelling. For the Fort Hills 
Lease and surrounding area, the outlet from McClelland Lake represents a logical SW outflow monitoring 
point. Indeed, the outlet from McClelland Lake was monitored on a semi-regular basis between 1997 
and 2005 by the Regional Aquatics Monitoring Program (RAMP) at the L1 gauge station location shown 
in Figure 4-1. Following 2006, McClelland Lake outflow monitoring was discontinued until 2018, when
monitoring was re-initiated by FHEC in the McClelland Creek outlet channel (discharging from the lake), 
approximately 4 km downstream from the RAMP monitoring point (monitoring station STN6 shown in 
Figure 4-1). The lake outlet monitored by RAMP at the L1 station is a poorly defined channel through 
muskeg with known seepage bypassing the monitoring point, and previous hydrological assessments 
have deemed the gauged flow rates to be of questionable quality (Golder, 2018). Given the relatively 
small proportion of outflow from McClelland Lake (representing approximately 2% of the total incoming 
annual precipitation in the watershed) and the known uncertainty in the gauged flow rates from 1997-
2005, the lake discharge data were not used during model calibration. However, these data can be used 
to qualitatively validate the model in terms of lake discharge rates and seasonal timing of those 
discharges. 

As can be seen in Figure 4-18, the model is matching observed peak/trough discharge timing reasonably 
well but is also predicting a flashier rainfall-lake discharge response than is apparent in the observed 
data. This overprediction of the modelled discharge rates primarily coincides with spring freshet to early 
summer period and is thought, in part, to be related to the model settings dictating how hard and how 
long the ground freezes in the MLWC watershed. Updating these ground freezing settings in the model 
is a targeted future model improvement. Known uncertainty in the simulated lake outflow introduced by 
the regional versus local differences in climate forcing is also likely contributing factor to the peaks 
exhibited in the simulated discharge response. This latter topic is covered further in Section 6.2 in the 
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discussion on model uncertainty. With respect to the observed data quality, it is worth noting that the 
data was generally recorded during the open water season and therefore large data gaps exist. 
Therefore, modelled flows that occur during data gaps in the observations cannot be validated or refuted. 
The observed flows are known to underestimate the true flows due to the inability of the flow gauging to 
capture diffuse outflow through the muskeg surrounding the outlet (Golder, 2018). Therefore, some 
degree of computed versus observed mismatch is expected. Overall, however the modelled lake 
discharge rates shown in Figure 4-18 demonstrate that the model generally captures the timing of flow 
events as well as no flow periods and is in general agreement with the magnitude of outflows from the 
lake outside of the freshet period. The observed discharge data in Figure 4-18 indicate an intermittent 
rainfall-runoff response at the lake outlet (consistent with the regional understanding of this setting as 
discussed in Devito et al., 2012) and the simulated response exhibits this behavior as well. 

 

 

 

Figure 4-18. Measured and modelled outflowing rates of the McClelland Lake.

A limited amount of gauged streamflow data was also available for South Creek (STN 8, location shown 
in Figure 4-1). South Creek drains the eastern portion of the FHUC uplands into a wetland south of 
McClelland Lake (and subsequently discharges into the lake itself). The simulated versus observed 
streamflow at STN 8 are shown in Figure 4-19. The monitoring period covers 2018-2019 and the 
previously discussed uncertainties between the regional meteorological data driving the model and the 
local meteorological data precluded its use during calibration. As indicated on Figure 4-19, timings of 
the simulated peak flow events at STN 8 are in general agreement with the recorded data. However, the 
magnitude and duration of the simulated flow peaks are higher and shorter, respectively, than those 
observed. Moderate flow periods appear to be fit relatively well, although baseflow recession rates for 
the simulated hydrograph are too rapid and result in large periods of zero baseflow that are not as 
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frequent or as prolonged in the observed data. However, a similar strategy to that described above for 
future improvements to modelled lake discharge data (spinning the model up with regional meteorology 
and calibrating with local) could also potentially be used to calibrate the model to the STN 8 stream 
gauge data in a future iteration of the MLWC HGS model (especially after more data have been 
collected). Similarly, improvements to the duration and degree of ground freezing in the model (affecting 
runoff) will likely also improve the simulated versus observed fit. 

Figure 4-19. Measured and modelled discharge of the South Creek.

AET data were also used for model validation. The AET time series data recorded at two ET flux tower 
( Figure 4-1) were recorded in 2018 and 2019, respectively. Stacks of intra-annual variations of simulated 
AET in the fen and NOP West are shown in comparison to observed ET time series in Figure 4-20. 
Observed ET was available for the growing season only, and started in each April for the two years. 
Figure 4-20 indicates the 2020 MLWC HGS model was able to capture the seasonality, timing and 
magnitude of the observed AET data at these two locations quite well. The 2020 MLWC HGS model is 
driven with spatially uniform PET and through parameterization of the surface and subsurface and the 
internal soil moisture regime, the model is able to simulate the much lower observed AET at the NOP 
flux tower location, which is approximately half of that observed at the fen tower location in the fen. The 
physical basis for the lower AET in the NOP is relatively low SW availability (negligible) coupled with low 
soil moisture availability in the thick unsaturated surface sands. In contrast the fen contains appreciable 
standing water and a very shallow water table depth, on the order of 10’s of cm during dry periods and 
at or above surface during wet periods.
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Figure 4-20. Observed AET from the ET flux towers compared to the modelled AET in forested upland and fen 
areas. 
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A more direct comparison of the 2018-2019 time period, between simulated and observed AET at the 
fen and NOP eddy covariance flux tower locations (Figure 4-21) confirms the quality of the match 
between the measured and the modelled data in timing and magnitude of daily AET values.  

 
Figure 4-21. Observed AET from the eddy covariance flux towers versus modelled AET in the fen (top) and 

forested upland (bottom) during 2018 and 2019. 
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5.0 INTEGRATED HYDROLOGIC MODEL APPLICATION 
AND RESULTS 

5.1 Baseline Period Results 

5.1.1 Description of Scenario Considered 

One scenario was simulated using the 2020 MLWC HGS Baseline Model (model build described in 
Section 3.8): the historical period from 1945 to 2019, which was simulated using historical climate data 
from the ECCC Fort McMurray airport meteorological station. From 2000-2019, Basal McMurray Aquifer 
depressurization was being conducted at the Syncrude Aurora North Mine and was incorporated into 
the simulation as an internal boundary condition to account for impacts of depressurization activity within 
the Fort Hills Lease.  

The primary objective in the application of the Baseline Model was to provide benchmark values for the 
GW and SW levels and fluxes across the Fort Hills Lease and surrounding area. These benchmark 
values can be used as reference values in the assessment of hydrologic changes in other scenarios 
(e.g., during Operations or the Active Closure and Far Future time periods).  

5.1.2 2020 MLWC HGS Baseline Model Results 

Modelled water table elevation contours for the Baseline period within the Quaternary hydrostratigraphic 
units are shown in Figure 5-1. The contours represent the water table elevation at the end of the Baseline 
period (1 Jan. 2014) prior to the onset of mining operations. This water table elevation map forms a base 
on which to compare potential drawdown during mine operations and closure scenarios.    
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Figure 5-1. Simulated water table elevation contours in the Quaternary hydrostratigraphic units at the end of the 
Baseline period (1 Jan. 2014).  
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Simulated flow rates and levels for the non-mined portion of the MLWC fen area and the lake are 
presented in Figure 5-2, which summarizes the computed average GW fluxes through the Quaternary 
units into the edges of the non-mined portion of the fen. The figure indicates that the largest GW flux into 
the non-mined portion of the fen area occurs through the west side, where the NOP area delivers an 
average of approximately 2,890 m3/d during the 75-year simulation. 

Figure 5-2. Simulated GW fluxes through the Quaternary units and into the non-mined portion of the MLWC using 
the Baseline Model.

Figure 5-3 shows the corresponding computed average surface runoff rates into or out of the non-mined
portion of the fen through its boundaries. The largest inflows occur through the upgradient fen area into 
the non-mined portion of MLWC fen, at an average rate of approximately 12,000 m3/d over the simulation 
period. SW leaves the non-mined portion of the fen into the lake at an average daily rate of approximately 
20,000 m3/d. These data computed using the Baseline Model were subsequently used as benchmark 
values to help assess the hydrologic conditions of the Operations, Active Closure, and Far Future
scenarios. 
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Figure 5-3. Simulated SW flows into and out of the non-mined portion of the fen using the Baseline Model.

The GW table in the non-mined portion of the MLWC fen area was monitored through a network of 
synthetic monitoring points in the HGS model. These synthetic monitoring points were added to the 
simulation to provide the average water table depth across the non-mined portion of the fen. Figure 5-4
shows the locations of these synthetic monitoring points, and their associated average water table 
depths for the period of the simulation. The results show that for most of the fen area, the average water 
table depth was either at or slightly above surface, or was 0 to 10 cm below ground surface, a typical
range found in fen-type peatlands. The results shown in Figure 5-4 illustrate that the Baseline Model can 
represent long-term water table depths accurately within the non-mined portion of the fen and can 
produce water table depths consistent with the expected conditions of a fen. Shallow water table depths 
are needed to sustain the non-mined portion of the fen’s peat layer and to maintain anoxic conditions. 
Maintenance of a shallow water table in this area will also be required during the operations, active 
closure and far future periods to ensure the viability of the non-mined portion of the fen. 
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Figure 5-4. Simulated average depth to water table in the non-mined portion of the MLWC fen using the Baseline 
Model. Note: Negative values are below ground surface.

5.2 Operational Period Results

5.2.1 Description of Scenarios Considered

A common model base was used for all of the 2020 Mine Operations Model scenarios that were 
generated, as detailed in Section 3.9. The historical climate record (1945 to 2019) was used to generate 
the climate forcing and input files for 75 HGS runs. Each simulation was 50-years long to match the 
operational period (2014-2063). The model setup for each simulation was identical except for the climate
data which was shifted by one year for each simulation. This methodology was used to characterize the 
influence of climate variability on the operational results. Shifting by one year ensures that the temporal 
hydrological/climatological connection and correlation between adjacent years ahead is preserved. In 
total, the climate record from 1945 to 2019 was shifted 75 times with years at the end of the time series 
becoming years at the beginning of the time series. This ensures that each operational year in the model 
experiences each year of the climate record once. The following shows how each climate realization 
(called a “shift”) was generated:
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 Shift1= 2014 to 2019 plus 1945 to 1988= 50 years total (1989 to 2019 unused); 

 Shift2= 2014 to 2019 plus 2019 and 1945 to 1987= 50 years total (1988 to 2018 unused); 

 Shift3= 2014-2019 plus 2018 to 2019 and 1945 to 1986= 50 years total (1987 to 2017 unused); 

 … 

 Shift73= 2014 to 2019 plus 1948 to 1991= 50 years total (1992 to 2019 and 1945 to 1947 unused); 
 Shift74= 2014 to 2019 plus 1947 to 1990= 50 years total (1991 to 2019 and 1945 to 1946 unused); 

and,  

 Shift75= 2014 to 2019 plus 1946 to 1989= 50 years total (1990 to 2019 and 1945 unused). 

Through this methodology, historical precipitation and potential evapotranspiration time series were 
shuffled 75 times to generate 75 climate forcing realizations. Given that the freezing and thawing in the 
HGS model are based on surface temperature, the shuffling was also performed on the temperature 
record and reflected in the simulated freezing-thawing times. This ensured that the relative timing of 
freshet, subsurface thawing, and subsequent precipitation and ET values were consistent with the 
forcing data.  

The 2020 Mine Operations Model has a SW resupply system just downgradient of the proposed cutoff 
wall location. The rate of SW resupply was determined as the difference of water discharge rates (sum 
of SW and GW) passing the proposed cutoff wall location in the fen under no operations and operations 
with no mitigation scenarios. Since the resupply rates vary inter-annually and depend on the precipitation 
rate and pattern each year, and given that precipitation rates are shuffled 75 times, the water resupply 
rates are also shuffled accordingly for the 2020 Mine Operations Model runs. This ensured that the 
variability in precipitation rates and SW resupply rates over the 50 year simulation period was preserved 
for all 75 realizations.  

In summary, shuffling of the historical precipitation, PET, soil freezing/thawing timing, surface 
freezing/thawing timing, and SW resupply time series was performed to generate input for 75 realizations 
of the 2020 Mine Operations Model.   

In the 2017 Mine Operations Model, the same abovementioned 75 shifts were used to generate the 
climate forcing used to run the model. The mitigation plan in the 2017 Mine Plan did not include a SW 
resupply system; thus, no SW resupply was included in the 2017 Mine Operations Model.  

 

5.2.2 Water flux tracking and monitoring in the 2020 Mine Operations Model 

To assess potential seepage of IWW-affected water from tailings storage facilities into the mine pits and 
surface waterbodies a series of flux tracking and monitoring features were added to the 2020 Mine 
Operations Model. These tracking features included:  

 A series of water flux tracking polygons (areas) covering tailings storage facilities (e.g., CPTA1, 
CPTA2, NPTA1, NPTA2, SPTA), dedicated disposal areas (DDAs), and the non-mined portion 
of the MLWC. This tracking quantifies the precipitation, areal average AET, SW, and GW fluxes 
into and out of an area of interest that is defined by a polygon. This helps quantifying water 
balance for different natural and reclaimed features. Figure 5-5 demonstrates the polygon 
extents defined in the MLWC 2020 Mine Operations Model to quantify water fluxes.  
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 A series of SW and GW flux tracking cross sections (flux panels) in the operations area and 
non-mined portion of the MLWC. This tracking quantifies SW and GW discharge rates passing 
through each defined cross-section. Figure 5-6 demonstrates the footprints of the added cross 
sections in the 2020 Mine Operations Model.  

In addition to these tracking features, GW and SW heads were observed in a series of monitoring wells 
placed in the MLWC 2020 Mine Operations Model to record the simulated hydraulic heads in undisturbed 
areas such as McClelland Lake, and the non-mined portion of the MLWC fen. These data together were 
used to assess the water balance and process-affected water seepage in the MLWC system.   

 

 
Figure 5-5. Water flux polygons in the 2020 Mine Operations Model. 
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Figure 5-6. Footprints of GW and SW flux tracking cross sections in the 2020 Mine Operations Model. 

5.2.3 2020 Mine Operations Model Results 

Modelled water table elevation contours in the Quaternary hydrostratigraphic units in Year 2055 for the 
2020 Mine Operations Model are shown in Figure 5-7. This snapshot of the water table elevation in Year 
2055 represents the approximate timing of peak drawdown within the remnant fen area of the MLWC 
watershed resulting from the encroachment of North Pit towards the fen area. Given the dynamic nature 
of the mine plan evolving on an annual basis to simulate excavation and backfilling, the drawdown is 
likewise highly dynamic in the simulation results. Water table elevation at the end of mining is shown in 
Figure 5-8 for comparison. 
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Figure 5-7. Simulated water table elevation contours in the Quaternary hydrostratigraphic units in Year 2055 in the 
2020 Mine Operations Model. 
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Figure 5-8. Simulated water table elevation contours in the Quaternary hydrostratigraphic units in Year 2064 (end 
of mining) in the 2020 Mine Operations Model. 
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Figure 5-9 shows the maximum, minimum and median McClelland Lake Levels between the 75 
realizations of 2020 Mine Operations Model. Given that the first few years (till end of 2019) of all 75 shifts 
have the same climate forcing and freeze/thaw timing, the simulated McClelland Lake level is the same 
among them and contains no uncertainty range. After 2020 where the difference in climate forcing 
occurs, the scenarios show a range in lake levels, shown using the grey uncertainty band. The maximum 
and minimum simulated lake levels show a range nominally limited between 294 and 295 m above sea 
level (mASL). Additionally, the median simulated lake level does not exhibit an obvious trend and 
remains relatively constant after 2020. This indicates that the mitigation measures (cutoff wall, SW 
resupply, and NOP injection) are sufficient to maintain the McClelland Lake level under a wide variety of 
historical climate forcing. 
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Figure 5-9: Maximum, minimum, and median simulated McClelland Lake Levels in 75 runs during operations 
years in the 2020 Mine Operations Model.
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Simulated fen water levels in the non-mined portion of the MLWC were generated at three monitoring 
well locations that form a transect from east of the cutoff wall towards McClelland Lake, shown in Figure 
5-10. The simulated fen water levels at each of the three monitoring locations are shown in Figure 5-11 
to Figure 5-13. Across all three monitoring locations, the long-term trend of fen water levels is stable and 
does not show any evident declining trend. Some effect from the timing of SW resupply is evident in the 
maximum and median fen water levels increasing towards the end of mining. For the location nearest 
the cutoff wall (GT-07-93C), the maximum, minimum and median water levels show a consistent pattern 
of near coincident peaks and troughs from 2020 to approximately 2035, in Figure 5-11. Post-2035, the 
maximum peak levels increase, while the median peak levels decrease, and the minimum and median 
trough levels remain similar to the pre-2035 period. This change in the nature of the fluctuation of the 
fen water levels is interpreted to reflect a change from a natural runoff generated seasonal cycle pre-
2035 to one increasing reliant on the biweekly SW-resupply rates. This change in the nature of the fen 
water levels post-2035 is also evident in the two additional well levels shown in Figure 5-12 and Figure 
5-13.  

 
Figure 5-10. Locations of fen GW monitoring wells used to evaluate the operations scenarios. 
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Figure 5-11. The maximum, minimum, and median levels simulated at the GT-07-093C monitoring well in the MLWC 
fen over the 75 climate shifts considered during the operational period in the 2020 Mine Operations Model.

Figure 5-12. The maximum, minimum, and median levels simulated at the MW-08-308C monitoring well in the
MLWC fen over the 75 climate shifts considered during the operational period in the 2020 Mine Operations Model.
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Figure 5-13. The maximum, minimum, and median levels simulated at the MLWC1-P100 monitoring well in the 
MLWC fen over the 75 runs during the operational period in the 2020 Mine Operations Model.

5.2.4 2020 Mine Operations IWW Seepage Analysis Results

The 2020 Mine Operations Model was used to evaluate potential seepage to receiving waterbodies
during the operational period. Particle tracking of GW flow was used in HGS to determine areas of GW
seepage originating from tailings storage facilities (TSF). Particles were released within the footprint of 
the TSFs and tracked for the life of the mine (2017 to 2064). The particle tracking results (not shown)
indicated no particles reached aquatic receptors through either Quaternary or Basal McMurray Aquifer
GW pathways during the life of the mine (2017 to 2064); therefore, no IWW-affected seepage analysis 
was conducted for the operational period. For OPTA and OPTA-East TSFs, it was assumed that IWW-
affected seepage will be captured by the SMS system.

5.2.5 2017 Mine Operations Model Results

Modelled water table elevation contours in the Quaternary hydrostratigraphic units in Year 2055 for the 
2017 Mine Operations Model are shown in Figure 5-14. This snapshot of the water table elevation in 
Year 2055 represents the approximate timing of peak drawdown within the remnant fen area of the
MLWC watershed resulting from the encroachment of North Pit on the fen area. Given the dynamic 
nature of the mine plan evolution (using five year mine advance increments), the drawdown is likewise 
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highly dynamic in the simulated results. Water table elevation at the end of mining is shown in Figure 
5-15 for comparison. 

 
Figure 5-14. Simulated water table elevation contours in the Quaternary hydrostratigraphic units in Year 2055 in 

the 2017 Mine Operations Model. 
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Figure 5-15. Simulated water table elevation contours in the Quaternary hydrostratigraphic units in Year 2064 (end 
of mining) in the 2017 Mine Operations Model. 
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5.3 2020 MLWC HGS Active Closure Model Results (mid-century) 

5.3.1 Scenario Description 

The Active Closure scenario work assesses the hydrologic performance of the Fort Hills Lease system 
shortly after mine operations end (2064) and while the landscape is being reclaimed. The first objective 
was to assess hydrologic performance of the system under different projected climate conditions in the 
active closure period (approximately mid-century) and which are discussed below. An additional far-
future climate change analysis (approximately end-century), the Far-Future Model, is presented in 
Section 5.4. The second objective was to assess potential IWW-seepage impacts to aquatic receptors 
within and adjacent to the Fort Hills Lease during the active closure period and at a far future period, 
discussed in Section 5.4.6. 

Early testing of the closure landscape using the Active Closure Model indicated that the northwest 
extension (NOP portion) of the cutoff wall (Figure 3-24) would need to remain in place in perpetuity to 
prevent GW losses from this region of the non-mined portion of the MLWC fen to the surrounding Fort 
Hills Lease landscape. The Active Closure Model results discussed below explicitly assume this 
northwest extension of the cutoff wall remains in place. Tests conducted with the Active Closure Model 
also indicated that the remainder of the cutoff wall (fen portion) can be removed or perforated as soon 
as the reclaimed landscape is ready to be hydraulically reconnected to the surrounding landscape. 

 

5.3.1.1 Discussion of Climate Projection Scenarios 
The projected changes in the climate of western Canada due to anthropogenic greenhouse gas 
emissions, based on two Weather Research and Forecasting (WRF) model initial condition ensembles, 
are detailed in Erler and Peltier (2017). Figure 5-16 illustrates the change in the precipitation in western 
Canada by the end of century in these two WRF ensembles.  
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Figure 5-16. Ensemble average precipitation changes (percent) at the end of the 21st century in summer (top row) 
and winter (bottom row), based on two regional WRF ensembles. Relative changes with respect to the 

corresponding historical ensemble are shown. Outlines of the Fraser and Athabasca River basins as well as coast 
lines and major lakes are illustrated with solid black lines (Aquanty, 2020b).
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The projected increase in temperature in western Canada at end-century under the RCP8.5 scenario is 
nearly 4.8 °C for the WRF ensembles (Aquanty, 2020b)). Warming in mid-century in two WRF ensembles 
is 2.6 to 2.8 °C. Projected changes in annual total precipitation in the 1st WRF and Alt. WRF ensembles 
are respectively 9% and 7% at mid-century, and 17% and 14% at end-century.

Figure 5-17 demonstrates the monthly average PET and precipitation of bias-corrected projected 
scenarios in two WRF ensembles for historical, mid-century, and end-century conditions. 

Figure 5-17. Monthly average climate forcing after bias correction in the members of 1sT WRF and Alt. WRF 
ensembles compared to the historical period (i.e., Baseline). 

From the two WRF ensembles, five different realizations were selected representing warm-wet, warm-
dry, median, cold-wet, and cold-dry scenarios for mid-century and end-century. The realizations for these 
categories were determined by assessing changes in precipitation compared to the changes in air 
temperature and changes in estimated AET. Figure 5-18 illustrates the change in precipitation versus 
change in air temperature for the 1st WRF (scenarios with “max” in their title) and Alt. WRF (scenarios 
with “ctrl” in their title) for mid-century and end-century conditions. Earlier testing with the Closure Model 
indicated an AET/PET ratio of ~55%. This ratio was used to estimate AET values from the projected 
average PET of the ensemble members and to plot precipitation versus AET (Figure 5-19). The 1:1 line 
in this plot helps in selecting the wet and dry scenarios; for example, if a projection scenario is above 
the 1:1 line in Figure 5-19, the increase in its precipitation is higher than the increase in ET, and thus the 
model is wetter compared to the historical period. Conversely, if a projected climate scenario is below 
the 1:1 line, the increase in its ET is greater than the increase in precipitation and the scenario is drier 
compared to the historical benchmark. These analyses using Figure 5-19 and the change in air 
temperature from Figure 5-18 allowed for the selection of warm-wet, warm-dry, median, cold-wet, and 
cold-dry scenarios for mid-century and end-century conditions as shown with green labels in these two 
figures. Figure 5-20 shows the precipitation versus PET of the ensembles’ members and the selected 
scenarios for both mid-century and end-century conditions (end-century results discussed in Section 
5.4). Table 5-1 presents the five projected climate scenarios that were selected from two WRF 
ensembles for mid-century and end-century conditions. 
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Figure 5-18. Change in air temperature vs. change in precipitation in the ensemble mid-century and end-century 
climate projection scenarios and the selected HGS scenarios in each ensemble.

Figure 5-19. Change in estimated AET vs. change in precipitation in the ensemble mid-century and end-century 
climate projection scenarios and the selected HGS scenarios in each ensemble.

Change in Air Temperature ( C)
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Figure 5-20. PET vs. precipitation in the ensemble mid-century and end-century climate projection scenarios and 
the selected HGS scenarios in each ensemble.

Table 5-1: Selected projected climate scenarios for mid-century and end-century conditions.

Climate scenario Mid-Century End-Century

cold-wet max-ens-B-2050 max-ens-C-2100
cold-dry max-ens-A-2050 ctrl-ens-A-2100
median max-ens-C-2050 ctrl-ens-C-2100

warm-wet max-ctrl-2050 max-ens-B-2100
warm-dry ctrl-2050 ctrl-2100

5.3.2 Initial Condition Spin-up Strategy

The Active Closure Model represents conditions in the early post-mining period when the site is being 
reclaimed and pit lakes are either empty or partially filled. Since the different pit lakes shown in Figure 
5-22 are generally reclaimed near mid-century, climate projection scenarios from the mid-century were 
used as forcing data to drive the (mid-century) Active Closure Model. The initial conditions were assumed
to include the South Pit Lake and Centre Pit Lake being partially filled, and the North Pit Lake being
empty.

Outside of the reclaimed area, initial SW and GW hydraulic heads were defined in the Active Closure 
Model by importing those heads from the Baseline Model. Within the reclaimed area, the native, 
undisturbed soil materials were also initialized with heads from the Baseline Model. In addition, the 
reclaimed (placed) materials within this area (except within the pit lakes) were given initial head (water 
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level) values equal to the ground surface elevation. This latter step was taken to provide enough water 
in the reclaimed material pore space for gravity drainage to establish physically meaningful water tables 
and surface flows within the reclaimed materials during the spin up period.  

Once initialized, the Active Closure Model was spun up for 25 years. The climate forcing that was used 
for this spin up period was obtained through averaging the daily forcing (1945-2019) for each Julian day 
over 75 years. For example, the 75 historical precipitation data contains 75 values for 1st January; those 
75 values were averaged to provide the precipitation on 1st January in the spin up climate forcing data. 
This was done for all the days of a year providing the precipitation and PET for 365 days. Subsequently, 
this data set was looped 25 times to provide a 25-year spin-up period. During this 25-year spin-up period, 
the reclaimed area hydraulically re-equilibrated with the surrounding landscape within the model. The 
results of this spin-up run were then used as the initial conditions for the final Active Closure Model runs, 
including: 1) a 25-year run with the same climate forcing of the spin up run, and 2) an ensemble of five 
projected climate scenarios for mid-century climate projections, discussed in Section 5.3.1.1, Table 5-1, 
and Figure 5-18 to Figure 5-20.  

Each of the five selected climate projections for mid-century were used to drive the Active Closure Model 
for 15 years. Because of the hydrological memory of the system, the first few years of the results of 
these runs could be impacted by the initial condition (Note: the initial condition was identical for all five 
runs). Therefore, to remove the effect of the initial condition, the final head distribution in each of the five 
runs was looped back and used as its initial condition (for areas outside of the pit lakes). Within the pit 
lakes the head was defined as described earlier. Each model was subsequently run for a second 15-
year period with the same climate projection forcing. The results of the second 15-year runs are analyzed 
in the remainder of this section.  

 

5.3.3 Water flux tracking and monitoring in the model 

To assess the seepage of IWW from TSFs into the pit lakes, a series of flux tracking and monitoring 
features were added to the HGS model for the historical or projected climate scenarios simulations. 
These tracking features include:  

 A series of SW–GW exchange node tracking along the engineered and natural streams within 
or adjacent to the reclamation area. This tracking quantifies and reports the surface-subsurface 
water exchange rates along the defined set of model nodes. Given that the IWW-affected GW 
discharges to the surface along the designed steam locations (local depressions), these nodal 
exchange fluxes quantify the rate of GW discharge to the surface streams that are constructed 
within or adjacent to TSFs. Figure 5-21 illustrates the location of SW-GW exchange tracking 
node sets in the reclaimed area.  

 A series of water flux tracking polygons (areas) covering TSFs, pit lakes, engineered wetlands, 
and the non-mined portion of the MLWC. This tracking quantifies the precipitation, average 
AET, SW, and GW flux terms into and out of an area of interest that is defined by a polygon. 
This quantifies the water balance components for different natural and reclaimed features. 
Figure 5-22 demonstrates the polygon extents defined in the Active Closure Model to quantify 
water fluxes.  

 A series of SW and GW flux tracking cross-sections in the reclaimed and undisturbed 
landscape. This tracking quantifies SW and GW discharge rates passing through each defined 
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cross-section. Figure 5-23 demonstrates the footprints of the added cross-sections in the Active 
Closure Model.  

In addition to these tracking features, GW and SW heads were observed in a series of synthetic 
monitoring points placed in the model to report the simulated hydraulic heads in natural and reclaimed 
features, such as McClelland Lake, constructed wetlands, and pit lakes. These data together were used 
to assess the water balance and IWW seepage in the Fort Hills Lease.   

 

 
Figure 5-21. SW-GW exchange tracking locations along the designed streams of reclaimed area in the Closure 

Models (Active Closure and Far Future). 
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Figure 5-22. Water flux tracking polygons in the Closure Models (Active Closure and Far Future). 

Figure 5-23. Footprint of GW and SW flux tracking cross sections in the Closure Models (Active Closure and Far 
Future). 
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5.3.4 Active Closure Model Results with Historical and Projected Climate

Figure 5-24 presents the mean monthly rainfall plus snowmelt rates (liquid forcing) applied over the 
historical 25-year period (average year) as well as the five 15-year climate simulations. As indicated in 
Figure 5-24, the liquid forcing rates for the climate scenarios are generally projected to be higher during 
the freshet than have been observed historically, even when compared to the dry climate scenarios. 

Figure 5-24. Average monthly average precipitation rates used in the Active Closure Model for the 25-year 
average historical run and as well as five projected 15-year mid-century climate scenarios.

Figure 5-25 presents a comparable plot for AET for the climate scenarios. The results in Figure 5-25
indicate that AET increases more rapidly after freshet (approximately March and April) at mid-century 
for the climate change scenarios than is the case for the historical (Average Year) scenario. 
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Figure 5-25. Simulated average monthly average AET of the Active Closure Model for the 25-year average 
historical run and runs as well as five projected 15-year mid-century climate scenarios. Note: AET is given as a 

negative flux out of the HGS model.

Projected average monthly lake levels for McClelland Lake are shown in Figure 5-26 for the historical
(Average Year) and the mid-century climate projection scenarios. The cold-dry, cold-wet and warm-wet
results in Figure 5-26 predict lake levels comparable to, or greater than, the historical (Average Year) 
results, while the median and warm-dry results predict lower lake levels. The range of variation across 
the results is ~0.3 m between all the runs, which is within the historical temporal variability of the 
observed McClelland Lake levels. Peak lake level during freshet generally occurs one month earlier in 
the projected climate scenarios compared to the historical run result.
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Figure 5-26. Simulated average monthly levels of McClelland Lake in the Active Closure Model with the 25-year 
historical average daily forcing as well as five projected 15-year mid-century climate scenarios.

Figure 5-27, Figure 5-28, and Figure 5-29 present lake level exceedance curves for South Pit Lake, 
Centre Pit Lake, and North Pit Lake, respectively. The exceedance curves for South Pit Lake (Figure 
5-27) and Centre Pit Lake (Figure 5-28) do not exhibit a wide range of lake level variations for the 
historical or climate scenarios. These model results indicate that the pit lakes will likely not experience 
large declines in their respective levels, provided the mid-century climate stays within the bounds of the 
ensemble of projected climate scenarios. In contrast, the exceedance curve of the North Pit Lake (Figure 
5-29) exhibits a wide range of projected lake levels; however, this range is due to North Pit Lake being
empty at the beginning of the simulations and not that climate change is causing the levels to fluctuate 
or drop precipitously. 
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Figure 5-27. Exceedance curves of lake levels in South Pit Lake in the Active Closure Model for the historical 
climate and mid-century projected climate.

Figure 5-28. Exceedance curves of lake levels in Centre Pit Lake in the Active Closure Model for the historical 
climate and mid-century projected climate.
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Figure 5-29. Exceedance curves of lake levels in North Pit Lake in the Active Closure Model for the historical 
climate and mid-century projected climate.

Water table elevation maps for the five climate change scenarios (cold-dry, cold-wet, median, warm-dry, 
and warm-wet) for the Active Closure Model are shown in Figure 5-30 and illustrate relatively minor 
differences between the five scenarios. The water table elevation for the Cold-Dry scenario is the lowest 
on average (the most noticeable difference is in the NOP north of McClelland Lake), and the Cold-Wet 
scenario is the highest, while the water table elevations for the remaining three scenarios are very similar 
and lie between the two aforementioned end members. For comparison, the simulated water table 
elevation in the Active Closure Model under historical climate conditions (Average Year) is lower than 
for the mid-century climate projections, shown in Figure 5-30. For comparison to the end of mining water 
table elevation contours in the 2020 Mine Operations Model, refer to Figure 5-8.
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Figure 5-30. Simulated water table elevation contours in the Quaternary hydrostratigraphic units at the end of the
15-year simulations for the Active Closure Model for the climate change scenarios: a. cold-dry, b. cold-wet, c. 

median, d. warm-dry, e. warm-wet, and f. historical average year.

a. Cold-Dry c. Median

f. Warm-Dry d. Warm-Wet

b. Cold-Wet

e. Historic Average 
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5.3.5 Active Closure Model Water Balance Results

Table 5-2 and Table 5-3 show the water balances of the pit lakes with average historical and mid-century 
projected climates. The results show that the relative fractions of the major water balance components 
of the pit lakes at mid-century are comparable under the climate projections and with the historical 
climate forcing.

Table 5-2: Summary of water balance in the pit lakes during the active closure period using historical climate 
forcing.

Note: NPL = North Pit Lake; CPL = Centre Pit Lake; and SPL = South Pit Lake.

Table 5-3: Summary of water balance in the pit lakes during the active closure period under different mid-century 
projected climate scenarios.

Note: NPL = North Pit Lake; CPL = Centre Pit Lake; and SPL = South Pit Lake.

As shown in Table 5-2 and Table 5-3, ET is generally the largest water sink for both the historical and
projected mid-century climate scenarios for Centre Pit Lake and South Pit Lake. The tables also show 
that the water budget components in North Pit Lake are significantly different than Centre Pit Lake and 
South Pit Lake. The SW inflow to the North Pit Lake is the largest inflow component of its water balance, 
which is several times larger than the other components such as precipitation and ET. This difference in 
the water balance components is primarily attributed to the North Pit Lake having a larger basin to lake 
ratio compared to the other pit lakes. As well, the North Pit Lake also receives surface discharge from 
the Centre Pit Lake as a portion of its inflows, which is a secondary cause of the relatively higher 
proportions of runoff into the North Pit Lake. 
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In addition, Table 5-2 and Table 5-3 indicate that the applied climate forcing (precipitation and ET) has 
a substantial impact on the SW runoff inflow terms in the Active Closure Model, whereas the GW 
seepage terms are less sensitive to the forcing data applied.  

5.3.6 Active Closure IWW Seepage Analysis Results (Mid-Century) 

The IWW seepage analysis for the Active Closure period was aided by particle tracking of GW flow to 
determine areas of GW seepage originating from TSFs. Particles were released within the footprint of 
the TSFs and tracked for a period of 1000 years. The particle tracking results shown in Figure 5-31 were 
used to track Quaternary GW and Basal McMurray Aquifer GW pathways that contributed GW to aquatic 
receptors. IWW-affected GW seepage contribution to receptors was calculated as an aggregate of direct 
GW seepage and GW discharging to overland channels within and adjacent to the TSFs. Direct IWW 
GW seepage was calculated using the GW flux tracking cross sections shown in Figure 5-23, guided by 
the particle track pathlines in Figure 5-31. GW discharging to the channels was calculated using the SW-
GW exchange flux tracking locations along the designed streams of the reclaimed area, shown in Figure 
5-21. IWW seepage values from tailings storage facilities to aquatic receptors are given in Table 5-4 and 
Table 5-5, and the schema for aggregating contributions from GW flux tracking cross sections and SW-
GW exchange flux tracking locations is given in Attachment H. 
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Figure 5-31. Map of Post-Closure particle track pathlines, 1000 years post-release, simulated using the Active 
Closure Model. 
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Table 5-4 and Table 5-5 shows the aggregated IWW-affected GW seepage rages for the Active Closure 
Model using Historical and Mid-Century climate projection scenarios, respectively.

Table 5-4: Active Closure: IWW-Affected GW Seepage Rates from Sources [L/s] - Historical.

Table 5-5: Active Closure: IWW-Affected GW Seepage Rates from Sources [L/s] – Mid-Century Climate Projection
Scenarios.
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5.4 2020 MLWC HGS Far-Future Model Results (End-century)

5.4.1 Scenario Description 

The far-future period represents a time period for the closure landscape wherein the pit lakes are filled, 
the flow regimes around them have fully established, and the reclaimed area has reached a hydrological 
and hydrodynamical equilibrium. This far-future closure period is represented by a time snapshot at the 
end of the 21st century (end-century). 

The (end-century) Far-Future Model results include: 1) a 75-year historical run that uses the same 
historical climate forcing used in the Baseline Model (1945-2019) but applied to the far-future, post-
closure landscape, and 2) an ensemble of five projected climate scenarios (warm-wet, warm-dry, 
median, cold-wet and cold-dry, respectively) for end-century conditions discussed in Section 5.3.1.1, 
Table 5-1, and Figure 5-18 to Figure 5-20.  

 

5.4.2 Initial Condition Spin-up Strategy 

The initial head distribution for these models was mapped from the Active Closure Model, which used 
average daily forcing for 25 years (as discussed in Section 5.3.2). Next, a reference run for the (end-
century) Far-Future Model was conducted using 1945-2019 historical forcing. Fifteen-years of end-
century climate data for each ensemble member was then used in the (end-century) Far Future Model 
to generate the end-century climate projection simulations. For each climate projection simulation, the 
end-century climate data was looped over the Far-Future Model twice. The intended purpose of the first 
15-year loop is to dissipate the initial condition effects in the model. The results from the second 15-year 
loop for each climate projection simulation were then compared to those of the aforementioned reference 
run (See Section 5.4.4). 

 

5.4.3 Flux tracking and monitoring in the model 

Identical flux tracking was used in both the (mid-century) Active Closure Model and the (end-century) 
Far-Future Model as discussed in Section 5.3.3. 

 

5.4.4 Far Future Model Results with Historical and Projected Climate 

The monthly summary results of the rainfall plus snowmelt (liquid forcing) for the end-century historical 
climate run (75 year) and for the 15-year end-century climate projection runs are presented in Figure 
5-32. Similar to the results shown in Figure 5-24 for the mid-century, the end-century climate projection 
results indicate a general increase in liquid forcing when compared to the historical climate run. Also, 
precipitation in the summer months (with the exception of the cold-dry scenario) are higher in the end-
century results compared to the historical reference run values.  
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Figure 5-32. Simulated average monthly liquid water forcing (rain+snowmelt) in the Far-Future models for the 75 
years historical run with daily forcing as well as five projected 15-year end-century climate scenarios.

Comparison of AET results reveal that the AET after freshet in March and April rises in magnitude more 
sharply in the end-century climate projection scenarios compared to the historical reference run (Figure 
5-33). The AET in summer months is also of greater magnitude. 
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Figure 5-33. Simulated average monthly AET in the Far-Future Model in the 25-year average run and in five
projected 15-year end-century climate scenarios. Note: AET is given as a negative flux out of the HGS model.

Figure 5-34 shows the monthly average McClelland Lake levels in the historical climate (75 year) run
and the end-century climate projections. The results indicate that show that McClelland Lake levels at 
the end of the 21st century could be ~5-10 cm lower than the levels being simulated using the historical
reference run. 
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Figure 5-34: Simulated average monthly levels of McClelland Lake in the Far-Future Model with 75 years historical
daily forcing and five projected 15-year end-century climate scenarios.

Figure 5-35, Figure 5-36, and Figure 5-37 show the exceedance curves of lake levels in South Pit Lake, 
Centre Pit Lake, and North Pit Lake in (end-century) Far-Future Model simulations, respectively. The 
exceedance curve of all pit lakes exhibit relatively narrow ranges for both the historical reference run 
and the climate projection simulations. These model results suggest that the pit lakes will likely not 
experience large declines in their respective levels, provided the end-century climate stays within the 
bounds of the ensemble of projected climate scenarios. 
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Figure 5-35. Exceedance curves of lake levels in South Pit Lake in the Far-Future Model for historical climate and 
end-century projected climate.

Figure 5-36. Exceedance curves of lake levels in Centre Pit Lake in the Far-Future Model for historical climate and 
end-century projected climate.
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Figure 5-37. Exceedance curves of lake levels in North Pit Lake in the Far-Future Model for historical climate and 
end-century projected climate.

Water table elevation maps for the five climate projection scenarios (cold-dry, cold-wet, median, warm-
dry, and warm-wet) for the Far Future Model are shown in Figure 5-38 and illustrate relatively minor 
differences between the five scenarios, with the degree of variability being generally less than for the 
Active Closure Model. Modelled water table elevation contours in the Quaternary hydrostratigraphic units 
at the end of the 75-year (historical climate) simulation for the Far Future Model are shown in Figure 
5-38. This snapshot of the water table elevation represents the water table elevation at the end of the 
Far Future period. The simulated water table elevations for the five climate projection scenarios (end-
century) compare closely to the historical 75-year climate result. For comparison to the end of mining 
water table elevation contours in the 2020 Mine Operations Model and the Active Closure Model, refer 
to Figure 5-8 and Figure 5-30, respectively.
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Figure 5-38. Simulated water table elevation contours in the Quaternary hydrostratigraphic units at the end of the
15-year simulations for the Far Future Model for the climate change scenarios: a. cold-dry, b. cold-wet, c. median, 

d. warm-dry, e. warm-wet, and f. historical 75 years.

a. Cold-Dry b. Cold-Wet c. Median

d. Warm-Dry f. Warm-Wet e. Historic 75 yrs
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5.4.5 Far-Future Pit Lakes Water Balance Results

Table 5-6 and Table 5-7 show the water balance of the pit lakes from the Far-Future Model for historical
climate and end-century projected climate. The results show that the overall balance of the pit lakes in 
end-century conditions (Table 5-7) is similar to the historical conditions and the projected mid-century 
condition presented in Table 5-2. For instance, GW inflow and outflow terms are consistently the smallest 
terms in the pit lakes’ long term water balance, relative to precipitation, evaporation and surface water 
inflow. 

Table 5-6: Summary of water balance in pit lakes during the Far Future period using historical climate forcing.

Table 5-7: Summary of water balance in pit lakes during the far future period under different end-century projected 
climate scenarios.

Table 5-6 and Table 5-7 also show that although surface runoff inflow and outflow terms vary
substantially in response to the climate forcing chosen as input to the model, the GW discharge terms 
vary much less. These results indicate that changes in climate at the end of the 21st century might have 
a larger effect on surficial hydrological processes feeding the pit lakes on the Fort Hills Lease than 
subsurface hydrological processes.
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5.4.6 Far Future IWW Seepage Analysis Results (End-Century)

The IWW seepage analysis for the far future period utilized the same particle tracking methodology for 
GW flow to determine areas of GW seepage originating from TSFs as was used for the active closure 
period in Section 5.3.6. IWW-affected GW seepage contribution to receptors was calculated as an 
aggregate of direct GW seepage and GW discharging to overland channels within and adjacent to the 
TSFs. Direct IWW-affected GW seepage was calculated using the GW flux tracking cross-sections 
shown in Figure 5-23, guided by the particle track pathlines in Figure 5-31. GW discharging to the 
channels was calculated using the SW-GW exchange flux tracking locations along the designed streams 
of the reclaimed area, shown in Figure 5-21. IWW-affected seepage values from tailings storage facilities 
to aquatic receptors are given in Table 5-8 and Table 5-9, and the schema for aggregating contributions 
from GW flux tracking cross sections and SW-GW exchange flux tracking locations is given in 
Attachment H. 

Table 5-8: Far-Future: IWW-Affected GW Seepage Rates from Sources [L/s] – Historical Climate.
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Table 5-9: Far-Future: IWW-Affected GW Seepage Rates from Sources [L/s] – End Century Climate Projection
Scenarios.
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6.0 MODEL VERACITY

The 2020 MLWC HGS model is a series of hydrological models developed to simulate a complex natural 
hydrological system in addition to anthropogenic modifications made to that system due to the proposed 
development of the Fort Hills Lease. All models are simplified representations of the system or features 
that they are used to simulate. All models, including numerical models of hydrological processes, require 
some degree of simplifying assumptions pertaining to the system they are simulating and the underlying 
physical processes. These necessary simplifications and assumptions inevitably introduce a degree of 
uncertainty into the results of the model. Qualitatively and quantitatively assessing modelling uncertainty 
provides information that can be used to gauge the level of confidence to be placed in the results during 
decision making.  

In the following sub-sections, information is provided to gauge the level of confidence to be placed in the 
results of the 2020 MLWC HGS model (the model veracity). This is accomplished by means presenting 
additional model sensitivity, model uncertainty and model validation testing work performed using the 
2020 MLWC HGS model but not discussed in previous sections of this document. These additional 
model results also provide more insight into some of the model parameter values used and the basis for 
some of the assumptions made in building, calibrating, and applying the 2020 MLWC HGS model. 

 

6.1 Model Sensitivity 
A sensitivity analysis was conducted on the cutoff wall implemented in the operations scenario 
conducted using the Operations Model. Preliminary work commissioned by FHEC by others and 
conducted for the engineered solution design indicated that the hydraulic conductivity of the proposed 
cutoff wall at the MLWC, consisting of mixed soil/grout bentonite, would have a targeted operational 
hydraulic conductivity of 1x10-9 m/s and 1-metre thick. Cutoff walls are made of low permeability 
materials but are not impermeable, some degree of GW flow through the cutoff wall is to be expected. 
The purpose of the sensitivity analysis was to better understand how much GW flow can be expected 
through the cutoff wall as a function of its hydraulic conductivity. This was done to better understand 
how much GW might seep through the cutoff wall, if its hydraulic conductivity target is not achieved 
during construction or if a different type of cutoff with a higher targeted hydraulic conductivity were 
constructed instead. The section of the cutoff wall considered (cutoff wall location shown in Figure 6-1) 
is the portion crossing the MLWC fen. The simulation period in all three cases described below was 
2014-2063. 

A 1-m thick cutoff wall is beneath the resolution of the Operation Model’s numerical mesh (element size 
along the cutoff in the mesh was on the order of 50 m) and this had to be accounted for in the sensitivity 
analysis. Effective hydraulic conductivities, that yield the same Darcy flux as would be derived with a 1-
m thick cutoff wall and the targeted hydraulic conductivity, were assigned to the wall elements in the 
model to account for the difference in targeted versus simulated cutoff wall thickness. Three separate 
sensitivity runs were conducted to determine the GW flux through a cutoff wall with targeted hydraulic 
conductivities of 1x10-9 m/s, 1x10-8 m/s, and 1x10-7 m/s.  

Groundwater fluxes simulated using the three hydraulic conductivities are shown in Figure 6-1. The 
results for a cutoff wall with a hydraulic conductivity of 1x10-9 m/s indicate that near negligible GW will 
pass through the wall, even as North Pit begins to approach this part of the wall in late 2043, causing 
the GW gradient to flip and inducing GW flow from the fen towards North Pit. The results for a cutoff wall 
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with a hydraulic conductivity of 1x10-8 m/s, shown in Figure 6-1, indicate that after 2043 GW flow rates 
from the fen, across the wall and into North Pit could peak at rates of approximately 200-300 m3/d along 
the fen section of the cutoff wall. A cutoff wall with a hydraulic conductivity of 1x10-7 m/s could allow as 
much as 2000 m3/d to drain from the fen into North Pit post-2043.  

  

 
Figure 6-1. GW flux (bottom panel) through the cutoff wall in the fen area (i.e., D_E segment in the top panel).  
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A sensitivity analysis was also conducted to investigate the relationship between the peat hydraulic 
conductivity and the corresponding degree to which the model predicts the propagation of mining 
impacts (reductions in GW levels) into the non-mined portion of the MLWC fen. The mining impacts as 
a function of peat hydraulic conductivity were assessed with mine operations but no mitigation measures 
(no cutoff wall, no SW resupply, and no NOP GW injection). A comparable no mining simulation was
also conducted to establish the non-disturbance GW levels used to produce the drawdown maps shown 
in Figure 6-2. Two peat hydraulic conductivity profiles were tested: 1) the calibrated peat hydraulic 
conductivity profile (which was based on laboratory measurements from MLWC peat cores and field 
hydraulic conductivity tests); and, 2) a second profile that assumed the peat hydraulic conductivity is two 
orders of magnitude higher. The peat hydraulic conductivity profiles are shown in Figure 6-3. The 
simulated impacts from mining in the absence of mitigation are shown in Figure 6-2. The results indicate 
that increasing the peat hydraulic conductivity by two orders of magnitude above its calibrated value will 
cause an additional (but relatively moderate) 8 cm drop in the water table along the margins of the non-
mined portion of the MLWC fen, and the simulated drawdown would extend slightly further into the non-
mined portion of the MLWC.

Figure 6-2: Simulated water table drawdown within the fen peat hydraulic conductivity for the calibrated peat 
hydraulic conductivity scenario (left panel) and the peat hydraulic conductivity increased by two-orders-of-

magnitude scenario.
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Figure 6-3: Measured peat hydraulic conductivity (black markers) versus the calibrated hydraulic conductivity
profile (red curve) and increased peat hydraulic conductivity profile used in peat hydraulic conductivity sensitivity 

runs (green curve).

A sensitivity analysis was conducted with respect to the degree of physical rigour required for simulating 
winter processes in the model and the influence on the simulated results. Previous generations of the 
MLWC HGS model implemented simpler representations of winter processes and this was identified as 
an area of model improvement in 2019, particularly the addition of the freeze-thaw process (Aquanty, 
2019). As discussed in Section 3.5, the freeze-thaw process was added to the 2020 MLWC HGS model 
by adjusting the surface domain conductivity and near surface soil hydraulic conductivity over the winter 
to mimic the reduced hydraulic conductivity due to freezing. Figure 6-4 presents modelled vs. observed 
head levels in the fen (in well GT07-97C), illustrating one case where the freeze-thaw process was 
implemented and a second where it was not. The observed data (the red line) in Figure 6-4 illustrate 
how GW levels at this location in the fen increase during winter and then drop again with the onset of 
the freshet. This behavior is thought to be consistent with the white ice buildup during winter observed 
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at a different patterned fen in the WBF and reported in Price and Fitzgibbons (1987). Similarly, the 
simulated GW heads in the scenario that included the freeze-thaw process also predict a buildup in GW 
head over winter and a decline after the freshet, and with similar magnitudes as the observed data. 
Conversely, the scenario that does not consider the freeze-thaw process does not predict the observed 
GW head build up during winter. The results shown in Figure 6-4 were used, in part, to justify the 
inclusion of freeze-thaw processes in the 2020 MLWC HGS model. 

Figure 6-4: Simulated and observed hydraulic head levels in GT07-0-93C well in the fen when surface/near 
surface freezing over the winter is included/excluded in the 2020 MLWC HGS model. Note: A vertical datum offset 
error of 0.2 m was present in the observations prior to 2018 is adjusted for by plotting the pre-2018 levels on the 

righthand y-axis.   

6.2 Model Assumptions and Limitations
Uncertainty in model results, especially models that simulate complex hydrological settings, can come
in many forms, all of which have the potential to influence the predictive veracity of the model and 
therefore the interpretation of its results both by the modeller and the end users of the work. In this 
section, different sources of uncertainty in the 2020 MLWC HGS model are identified, along with the 
steps that were taken taken to mitigate that uncertainty.

6.2.1 Numerical Model Accuracy 

HydroGeoSphere uses numerical schemes to solve the non-linear partial differential equations for 
surface (2D St. Venant equation, diffusive wave approximation) and subsurface water levels (3D 
Richards’ equation for variably saturated flow). The solution of the numerical approximations of these 
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flow equations is completed to a user-specified tolerance. Post-simulation, the accuracy of the results 
can be evaluated by calculating the water balance error that is introduced by the numerical solution. In 
HGS, the water balance error is calculated as the ratio of the net water flux of all model boundaries 
relative to the net change of water storage of the model. The water balance error for the family of 2020 
MLWC HGS models is summarized in Table 6-1 below. A water balance closure error of <1% was 
considered adequate based on the recommended threshold for acceptable model error by Anderson et 
al. (2015).  

 

Table 6-1: Summary of numerical water balance errors for the suite of 2020 MLWC HGS models. 

Model Build Name Water Balance 
Error (%) 

Baseline 0.02%
Operations 0.4% 

Closure 0.2% 

6.2.2 Mesh Resolution 

Finer mesh resolution increases model realism by enabling capture of more detail in surface or 
subsurface features. However, integrated surface-subsurface models such as HGS are computationally 
expensive and can require a prohibitively long model run time, if the number of computational nodes in 
the model are too high due to a high degree of spatial refinement of the mesh. Therefore, a trade-off 
must be made between the total number of computational nodes that can be included in a model and an 
acceptable model run time. For the 2020 MLWC HGS model, a nominal model run time of 1 to 2 weeks, 
for simulations spanning up to 75 years, was considered acceptable. Process complexity that contributed 
to model run time included: surface and subsurface freezing and thawing processes as well as mine 
operations (excavation, dewatering and depressurization).  

It is important to note that the 2020 MLWC HGS models for the Fort Hills Lease were designed to address 
large scale water balance questions under different conditions/periods (i.e., historical, operations, 
closure). Since the model is ~ 1,000 km2, the mesh resolution is relatively coarse in some areas; for 
instance, the horizontal mesh resolution varied between 100 to 1200 m with the finer resolution being 
applied in the fen and coarser resolution applied to areas distal to the MLWC watershed; as such, the 
model should be interpreted as a high-level water balance model to provide insights on how water is 
moving through the system.  

In addition, it was not practical from a computational runtime point of view to have a large number of 
vertical layers to allow the inclusion of finer scale heterogeneities within individual hydrostratigraphic 
units. Such heterogeneities, which are likely present in the field, were instead implicitly lumped by 
assigning each hydrostratigraphic unit a unique but uniform set of hydrogeological properties. As a 
result, the calibrated hydraulic properties for individual hydrostratigraphic units should be considered 
effective properties, lumping the influence of localized heterogeneity into their respective calibrated 
values. This is a standard simplification common to three-dimensional physics-based environmental 
models, regardless of the chosen numerical code used to perform the work.  
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6.2.3 Geological Heterogeneity 

Structural uncertainty relates to the conceptual model and represents uncertainty in the 
conceptualization of the system itself. For example, what is the impact of an aquitard not being present 
in the model, or a fault that is unaccounted for. In some cases, the inability to calibrate a certain portion 
of the model may indicate that there is a structural problem with the model conceptualization. 

One example of the geologic heterogeneity within the FHUC involves the presence of low and high 
hydraulic conductivity zones within the Silty Sand AQ4 hydrostratigraphic unit. The initial interpretation 
of this unit was based solely on field data consisting of borehole logs and well testing data which 
suggested that Silty Sand AQ4 should be conceptualized as consisting of a moderately low hydraulic 
conductivity silty sand matrix with local pockets of higher hydraulic conductivity sand (See Figure 6-5). 

Silty Sand AQ4 proved challenging to calibrate because it was relatively insensitive during the initial 
long-term automated calibration. Moreover, when the well testing results were used to manually calibrate 
the Silty Sand AQ4 as a check on the automated calibration value assigned to AQ4, it was discovered 
that the manually calibrated Silty Sand AQ4 conductivities required much higher hydraulic conductivities 
to successfully replicate the well testing results. It should be noted however, that the well testing results 
were conducted at locations in Silty Sand AQ4 that specifically targeted high hydraulic conductivity 
pockets of materials within this hydrostratigraphic unit.     

To update the conceptualization of Silty Sand AQ4’s hydrostratigraphy, the sand fraction at each 
borehole was used to define zones of high conductivity and low conductivity material within the Silty 
Sand AQ4 (see Figure 4-6). These distinct zones within Silty Sand AQ4 could now be parameterized 
independently, allowing the model to reproduce the pumping tests in the high conductivity zone (AQ4) 
while maintaining the mapped low conductivity zone in the siltier regions (PGKM). The approach taken 
to subdivide the original Silty Sand AQ4 unit was relatively simplistic and additional pumping tests and 
drilling in the region may yield an improved delineation of these high and low hydraulic conductivity 
zones.  

The best available data and conceptual understanding of the system were used at the time of model 
construction and calibration. Associated with the degree of geologic heterogeneity present in naturally 
deposited materials, in particular in glaciated landforms, there exists some uncertainty in the calibrated 
hydraulic conductivity of the subsurface units. Figure 6-6 shows the relative sensitivity of the calibration 
targets to the calibration parameters and indicates that the sensitivity corresponding to the subsurface 
hydraulic conductivity parameters is relatively less in comparison to the other parameters controlling 
surface ET or runoff processes. These sensitivity results make intuitive sense given that a large portion 
of the calibration targets incorporate near-surface or surficial hydrologic processes and inevitably the 
objective function will be more sensitive to the parameters controlling those phenomena (e.g., AET and 
McClelland Lake Level). 
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Figure 6-5. Cross-sections: illustrating the degree of heterogeneity in borehole logs (top panel) relative to the 

interpreted hydrostratigraphy in the 2020 Unified Geomodel (bottom panel). Also note the modification of the Silt 
Sand AQ4 hydrostratigraphy to include a separate low hydraulic conductivity PGKM zone. 
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Figure 6-6: Composite normalized sensitivity of the calibration parameters in the automated calibration with PEST. 
Individual parameter descriptions are given in Table 4-3.
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6.2.4 Role of Climate Data 

Climate has the biggest relative effect on the modelled levels and flows as it is both the largest water 
source (precipitation) and water sink (evapotranspiration) in the Fort Hills Lease. As such, climate drives 
the overall water balance of the system. As with any form of measured data, the climate forcing data 
used in this study contains uncertainties. Specific to the 2020 MLWC HGS model, the major uncertainties 
include: 

 Potential differences between the regional climate data (Fort MacMurray in Figure 6-7) used in 
the 2020 MLWC HGS model and local climate experienced at the Fort Hills Lease. As an 
example, annual precipitation rates recorded at the Bitumont station (located near the MLWC) 
were compared to those recorded at the Fort McMurray airport meteorological station (Figure 
6-7). Differences in the annual precipitation rates recorded at the two stations are apparent 
during the overlapping time period spanned by the data. For instance, from 2005-2009 more 
precipitation was recorded at the Bitumont station compared to that recorded at the Fort 
McMurray station, and this difference was reflected in the simulated McClelland Lake levels 
during this period (Figure 4-16).  

 The process of snow redistribution was not represented in the 2020 MLWC HGS model work, 
and relative importance of its exclusion in the final simulated results is currently unknown. 
Rigorous representation of winter processes in hydrological models is an ongoing challenge in 
general, especially for complex codes like HGS. Snow depths and densities before the freshet 
and thus the corresponding snowmelt rates and runoff volumes during the freshet were assumed 
to be uniform over the model domain. These simplifying assumption regarding winter processes 
introduce uncertainty into the simulation results in that snow does redistribute during the winter 
and snow depths on different landforms likely varies widely.   

 Snow sublimation rates were included based on literature values for the WBF; however, to the 
best of our knowledge, sublimation measurements have never been performed in the Fort Hills 
Lease. As such, there is uncertainty in the assumed sublimation rates used.  

 The net effect of the simplifying assumptions made for these winter processes is a degree of 
additional uncertainty in the computed timing and magnitude of snowmelt runoff during the 
freshet. 
 

To assess and to confirm that the difference in precipitation shown in Figure 6-7 is the source of the 
mismatch between simulated and observed McClelland Lake level for the 2005-2009 period (Figure 4-11 
and Figure 4-16) the calibrated model was run with a new precipitation time series which contained the 
Fort McMurray ECCC meterological station (90 km from the model center) precipitation up to the end of 
2003 and for 2011-2019, and precipitation from Bitumont ECCC station (13 km from the model center) 
for the 2004-2010 period. The simulated McClelland Lake level for this specific model run is compared 
to the observed data in Figure 6-8 showing a closer agreement between observed and simulated lake 
levels for the 2005-2009 period. These results confirm the that it is the difference between the 
precipitation at the Fort McMurray ECCC station and that of MLWC that has caused the mismatch for 
this period in the calibrated model. The motivation behind using the Fort McMurray climate data as model 
input was to have a relatively long and continuous historical dataset that is less susceptible to statistical 
variations that can complicate interpretation of model results.   
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Figure 6-7: Comparisons between annual average precipitation from the Fort McMurray Airport and Bitumont 

ECCC climate stations. 

 

Figure 6-8: Computed McClelland Lake levels versus observed levels using the 2020 MLWC HGS model and 
Bitumont precipitation for 2004-2010 period with Fort McMurray precipitation outside of this period. 
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6.2.5 Data Available for Model Calibration 

The models were calibrated to field observed data. This included 497 average GW head levels, 56 
extremums (highs and lows) in McClelland Lake levels, and 6 long-term annual average AET values that 
were used as targets in the objective function for the transient automated calibration. All of these 
calibration targets rely on field measurements which have their own sources of uncertainty. Some of the 
key sources of uncertainty that could affect the 2020 MLWC HGS model calibration include: 

 Of the available calibration targets, AET is one of the most difficult to reliably measure; leading 
to some uncertainty in the calibration targets. Despite this uncertainty, it represents one of the 
largest water sinks in the system and was included in the calibration to ensure that the relative 
AET for different hydrological response areas agreed with the conceptual understanding of the 
system. 

 Uncertainty in the GW levels used for model calibration may arise from logger datum errors 
relative to manual measurements. The QA/QC process attempted to remove or reduce the 
obvious errors; however, it may not have been possible to identify and correct all of them.  

 Since the surface of the fen moves up and down over the period of a year due to peat swelling 
and shrinkage, this adds another level of uncertainty to the observed GW levels as the reference 
datum for the loggers may not be consistent during the recording period. 

 Gauged SW flows are a common calibration target used in hydrological modelling. For the 
MLWC watershed, the outlet from McClelland Lake represents a logical SW outflow monitoring 
point. Indeed, the outlet from McClelland Lake was monitored on a semi-regular basis between 
1997 and 2005 by RAMP. Following 2006, McClelland Lake outflow monitoring was 
discontinued until 2018, when monitoring was re-initiated by FHEC in the McClelland Lake outlet 
channel approximately 4 km downstream from the original RAMP L1 monitoring point. The lake 
outlet monitored by RAMP is a poorly defined channel through muskeg with known seepage 
bypassing the monitoring point, and hydrological assessments have deemed the gauged flow 
rates to be unreliable (Golder, 2018). Given the relatively small outflow from McClelland Lake 
(representing approximately 2% of the total precipitation falling on the watershed) and the known 
uncertainty in the gauged flow rates, it was decided to not use the data as model calibration 
targets. 

 Due to computational constraints, model calibration was performed using a zonal approach, 
whereby all material properties are uniform within a given zone. A calibrated value for a zone 
should be interpreted as an effective value and should not be viewed as meaning that the entire 
zone is uniform in reality. As such, there is uncertainty in the exact distribution of material 
properties within the system. 

6.2.6 Mine Plan Evolution 

The representation of mine plan evolution within the 2020 MLWC HGS Model required simplifications 
and assumptions which will necessarily introduce uncertainty into the simulations. For the operational 
models presented in this report, a continuous mine evolution approach was represented by changing 
material properties and boundary condition values over time. While being able to run a continuous 
simulation of the mine is a significant improvement relative to classical snap-shot approach, it also 
means that not every surface feature is explicitly built into the model (e.g., roads or small stockpiles). 
Some of the uncertainties associated with the representation of the mine plan include: 
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 While the advance of the mine face and backfilling are continuous processes, the mine plan 
itself must be discretized in time to allow it to be represented within the numerical model. Initially 
the 5-year panels for the later years in the mine plan provided by FHEC were directly 
incorporated into the model; however, these 5-year steps were found to be too coarse and 
unable to accurately capture the maximum pit extents sequentially over time. To overcome this 
limitation, annual mine panel were interpolated from the provided 5-year status maps, potentially 
introducing a minor amount of predictive uncertainty in terms of simulated mine progression. 

 Above ground features are not explicitly represented within the mesh, but rather represented 
using boundary conditions and material property changes. 

 Laboratory or field-measured hydrogeological properties of tailings and backfill material were 
not available and were parameterized based on best available estimates. 

 

6.3 Qualitative Model Validation 
In addition to the quantitative model validation results presented in Section 4.4, a number of comparisons 
to secondary datasets are presented here as further evidence of the adequacy of the model 
performance.  

6.3.1 Groundwater head levels in 2020 and 2021 

2020 and 2021 GW head data from the Fort Hills Lease were used to perform a qualitative validation of 
the subsurface calibration of the model. None of the GW level data considered in this qualitative 
validation were used during the previous calibration work. Figure 6-9 illustrates the comparison between 
the average observed and average simulated hydraulic heads at each of the monitoring points for 2020 
to 2021 period. The results show a good agreement between the observed and simulated heads, which 
confirms that the 2020 MLWC HGS Model is performing adequately out of its calibration period.  
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Figure 6-9: Observed vs simulated heads in the MLWC in 2020 and 2021 years.

6.3.1 Flow Patterns and Source Areas

Figure 6-10 shows the direction of surface flow streamlines in the fen and the lake. The directions of the 
streamlines in the fen clearly agree with the conceptualized understanding of these flow directions 
(Figure 6-11). Also, the SW flow directions are, as expected, perpendicular to the orientation of the 
patterned fen strings in the MLWC, indicating the model accurately captures the salient surface flows 
required to help preserve the strings. 
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Figure 6-10: Simulated overland flow streamlines in the fen and the lake. 

Figure 6-11: Conceptual SW and GW flow directions. The red arrows in the figure represent SW flows, the blue 
arrows represent GW flows and the purple ovals are areas of GW exfiltration to surface. The areas outlined in 

green are the MLWC HRAs and the areas outlined in white are mapped hydraulic windows. Image source: Google 
Earth/Maxar Technologies. 



209 
 

Another model validation criterion is the exchange flux rate between surface and subsurface domains in 
the model, shown in Figure 6-12. The exchange flux is positive (exfiltration) in the margins of the lake, 
indicating the lake receives GW along its edges, which agrees with physical expectations and the 
conceptual understanding. Moreover, positive exchange fluxes are simulated to occur along the western 
margins of the patterned fens within the MLWC. This location is where GW flowing from the NOP surface 
sand deposits daylights at the margin of the MLWC fen, discharging to surface. This location is consistent 
with the conceptual understanding of flow processes in that location.   

 
Figure 6-12: Surface-GW exchange in the fen and lake and along the natural steams in MLWC. 

6.3.2 Fen Hydrology 

The water table in fen peatlands is generally shallow and does not typically drop substantially below the 
ground surface. Based on the Canadian Wetlands Classification, water tables in fen peatlands lie at or 
near surface. The average simulated water table position shown in Figure 5-4 for the non-mined portion 
of the MLWC fen confirms that the average water table is at and near surface. An exceedance curve of 
the water table position was developed using the same synthetic monitoring points shown in Figure 5-4. 
This exceedance curve (Figure 6-13) was developed for the baseline period (1945-2019) and shows 
that the water table, on average, was simulated to remain near or above surface during this entire period. 
The exceedance curve results indicate the model is properly representing and simulating water table 
variations in the non-mined portion of the MLWC.  
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Figure 6-13: Exceedance curve of average water table position in the non-mined portion of the MLWC fen
(positive values are above ground surface and negative values below ground surface).

Another qualitative validation of the fen hydrology is the effect of antecedent moisture contents within 
the peat in terms of runoff generation (Figure 6-14). Figure 6-14 illustrates the upper soil saturation and 
also the SW depth (in meters) above ground surface before and after two rainfall events in September 
2012 (of similar magnitudes and which are shown in the bottom panel of the the figure). Before the first 
rainfall event (September 2nd and 3rd, 2012) the upper soil is partially saturated (top left) and there is no 
water ponding at the surface (top right). After the first rain event, the top soil in the fen is mostly saturated 
with water and the nearby uplands also show increases in their moisture content (middle left); however, 
surface runoff does not happen in the fen (middle right panel). In contrast, once the second rain event 
takes place (September 10th and 11th, 2012), considering that the upper soil was now nearly fully
saturated before the event, its saturation rises very little (bottom left), and substantial saturation excess 
overland flow is generated (bottom right). The sequence of snapshots in the figure show the impact of 
antecdent moisture content on runoff generation in the fen and confirm that this phenomenon has been 
captured in the 2020 MLWC HGS model. 
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Figure 6-14: Effect of antecedent moisture content of the soil in the fen on runoff generation; panels on the left 

show upper soil saturation before (top panel) and after two rainfall events (middle and bottom panels).
Hyetographs of the two rain events are shown in the bottommost panel. The panels on the right show the depth of 

water accumulation at the surface and plots of surface flow vectors (representing runoff) before and after these 
events.  
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6.3.3 Seasonality of Flows and Levels 

Historical observed and simulated levels of the McClelland Lake are illustrated in annually stacked form 
in Figure 6-15. This form of presenting the data compares the seasonality of the McClelland Lake levels 
between the observed and simulated data. The results show that the lake level over late fall, winter, and 
early spring months (October to March) rise very smoothly in both the observed and simulated data. 
Next, the lake level rises at a relative sharp rate during the freshet in both the observed and simulated 
data, and then begin to decrease until September. The figure clearly shows that the rate of increase in 
the lake level over the winter and the rate of the decline in the lake level over the summer months are 
similarly captured in both the observed data and simulated data, indicating the 2020 MLWC HGS model 
has properly captured the seasonality in the McClelland Lake levels.  

 
Figure 6-15: Seasonality in the observed (markers) and the simulated (lines) McClelland Lake levels between 

1997-2019. 

Seasonality of surface runoff rate within the fen in the 2020 MLWC HGS model is demonstrated at the 
location of proposed cutoff wall in the Baseline Model; Figure 6-16 illustrates the simulated runoff rate 
between 1990-2019 in a stacked form.  The results in Figure 6-16 indicate that large runoff rates will 
occur during freshet, and the simulated timing of the freshet is also consistent with the conceptual 
understanding of peak flows in patterned fens located at this latitude in the WBF. Figure 6-16 also shows 
that the model predicts a reduction in SW runoff after the freshet with additional peaks during the summer 
months due to rain events.  
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Figure 6-16: SW flow through the fen at the proposed cutoff wall location over the 1990-2019 period in the 

Baseline Model.  

6.3.4 Groundwater divide versus surface water divide 

The GW divide and its location relative to the MLWC watershed boundary are conceptualized to vary 
with time as a function of GW storage capacity. Section 2.3 discusses how the western GW divide within 
the MLWC watershed shifts with time; when storage is added to the GW system it moves westward, and 
when the storage is consumed it shifts eastward. Figure 6-17 presents the simulated GW divide during 
three fall time periods and highlights how the 2020 MLWC HGS model captures this dynamic 
hydrological feature of the system for a wet fall period (1970), a median fall period (1986) and a dry fall 
period (2007). 
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Figure 6-17: Examples of western GW divide (purple line) in the NOP relative to the SW divide (red line) in a wet 
period (top left), a normal period (top right) and a relatively dry period (bottom). 
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7.0 CONCLUSIONS

The 2020 MLWC HGS Model includes individual model builds and simulations of baseline, mine 
operations (2020 and 2017 mine plans), active closure and post-closure far future conditions. 
Additionally, active closure and far future simulations were conducted with an ensemble of climate 
projections, both mid and end-century. The preceding report sections: 6.0 (Model Veracity), 6.1 (Model 
Sensitivity), 6.2 (Model Assumptions and Limitations), and 6.3 (Qualitative Validation), provide a detailed 
justification that the 2020 MLWC HGS Model is capable of representing highly dynamic hydrological and 
mine plan evolution interactions within the Fort Hills Lease and surrounding areas, including the MLWC 
and McClelland Lake. The demonstrated hydrologic rigour of the 2020 MLWC HGS Model increases the 
level of confidence of estimates of surface and subsurface flows to receiving waterbodies within and 
outside the lease, including IWW-affected seepages. The 2020 MLWC HGS Model is therefore 
considered an appropriate simulation tool for supporting the Fort Hills IPA assessment. 

It is recognized that all models are simplified representations of reality. Therefore, the modelling results 
presented in this report have been interpreted with an understanding of the limitations associated with 
data quality/availability, resolution, process representation, and other sources of uncertainty. The 
following discussion highlights some of the known limitations of the 2020 MLWC HGS Model that have 
been considered in the Fort Hills IPA assessment. Sources of uncertainty were discussed in Section 6.2.  

1. Model Resolution: The 2020 MLWC HGS Model was designed to address large scale water 
balance questions under different conditions (i.e., historical, operations). Since the model domain 
covers an area of approximately 1,000 km2, the mesh resolution is relatively coarse in some areas, 
and as such the modelling results have been interpreted with this in mind. 

2. Winter Processes: The current implementation of winter processes in the models uses simplified 
methods designed to capture the primary effects of winter on hydrologic processes (i.e., soil/surface 
freeze thaw and snow accumulation/melt). Specifically: 

 Surface and subsurface freezing turn on and off instantaneously without a smooth transition; 

 Snowmelt is modelled using the degree-day method and does not explicitly account for the 
energy balance; and, 

 Snow redistribution by wind is not included. 
3. Equifinality: This is a limitation of all environmental models where more than one parameter set 

may provide acceptable calibration performance. Mitigation of equifinality was undertaken by using 
a multi-target objective function that accounted for SW, GW, and ET targets. Additionally, many 
quantitative and qualitative post-calibration verification data sets were assessed to ensure that the 
calibrated model agreed with the conceptual understanding of the system (Section 6.3).  

4. Limited SW data available for calibration: There is a small amount of SW flow data available for 
model calibration: 1) the outflow from McClelland Lake is through a poorly defined channel in 
muskeg with known seepage bypassing the monitoring point and was previously deemed unreliable; 
and, 2) the only other SW flow data is for South Creek, but it is of very limited duration (two years). 
As such, SW flow data was not included as a calibration target, but rather it was used as a qualitative 
verification metric. 

5. Homogeneous hydrostratigraphic units: Due to computational constraints, model calibration was 
performed using a zonal approach whereby all material properties are uniform within a given zone 
or hydrostratigraphic unit. This means that intra-unit heterogeneity is not included in the model. It is 
also worth noting that in some cases, the regionally calibrated hydraulic conductivity values are 
higher than measured values or values from calibrated pumping tests. This is a well-known 
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phenomenon called the “scale-effect” and is due to the fact that each method samples a different 
volume of material. Additionally, the amount of hydrostratigraphic detail that can be included is 
limited by the mesh resolution of the model.  

6. Parametric uncertainty: Formal quantification of parametric uncertainty has not been performed. 
The best available data and interpretations were used at the time of model construction and 
calibration. However, subsurface data is inherently uncertain. The large number of runs necessary 
to do a formal parametric uncertainty quantification such as Monte Carlo, Latin Hypercube, or 
Polynomial Chaos Expansion, may preclude its use with the current model runtimes. 

7. Refinement of Hydrostratigraphic Unit AQ4: Simulated pumping tests were used to improve the 
initial hydrostratigraphic zonation of the AQ4 unit (the addition of a PGKM unit). It is understood that 
further characterization of these units will likely result in improved model performance.  
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9.0 SCOPE OF REPORT

This report has been prepared by Aquanty Inc., for the exclusive use of Fort Hills Energy Corporation, 
and its authorized agents (collectively, “FHEC”) in connection with certain professional hydrogeological 
modelling services. FHEC acknowledges that the information contained in this report, including, without 
limitation, the factual information, descriptions, interpretations, plans, specifications, calculations, notes, 
electronic files and similar material, comments, conclusions and recommendations contained herein with 
respect to the hydrogeological model are based on the hydrogeological investigations specific to the 
project described in this report and do not apply to any other project or site.  

The professional hydrogeological modelling services performed as described in this report were 
conducted in a manner consistent with the level of care and skill normally exercised by members of the 
engineering and science professions currently practicing under similar conditions, subject to the quantity 
and quality of available data, the time limits and financial and physical constraints applicable to the 
services. Unless otherwise specified, the results of previous or simultaneous work provided by sources 
other than Aquanty Inc. and quoted and/or used herein are considered as having been obtained 
according to recognized and accepted professional rules and practices, and therefore deemed valid. 
This model provides a predictive scientific tool to evaluate the impacts on a real hydrogeological system 
of specified hydrological stresses and/or to compare various scenarios in a decision-making process.   

This report must be read in its entirety as some sections could be falsely interpreted when taken 
individually or out-of-context. As well, the final version of this report and its content supersedes any other 
text, opinion or preliminary version produced by Aquanty Inc. 

LIMITATIONS OF LIABILITY 

Aquanty Inc. does not guarantee or warrant the accuracy, reliability, completeness or consistency of this 
report as hydrogeological investigations and hydrogeological modelling are inexact sciences, and 
therefore, errors and omissions are excepted.  Actual results may vary at any time and from time to time 
due to continual development of new techniques to evaluate these items, constantly fluctuating or 
unknown surface and subsurface conditions and lack of complete information both spatially and 
temporally about the geological and hydrogeological conditions, the amount of data available relative to 
the degree of complexity of the geologic formations, the site hydrogeology, and on the quality and degree 
of accuracy of the data entered. Therefore, every hydrogeological model is a simplification of reality and 
the model described in this report is not an exception. If additional information is discovered in future 
assessments or investigations, or Aquanty Inc. has been notified of any occurrence, activity, information 
or discovery, past or future, susceptible of modifying the conditions described herein, Aquanty Inc. shall 
have had the opportunity of revising its interpretations, comments and recommendations, and will not 
be held responsible for the conclusions presented in the findings.  

THIS REPORT IS PROVIDED “AS IS” WITHOUT ANY REPRESENTATIONS, WARRANTIES, OR 
CONDITIONS OF ANY KIND, EXPRESS OR IMPLIED.  IN NO EVENT SHALL AQUANTY INC. BE 
RESPONSIBLE TO FHELP OR ANY OTHER PERSON OR ENTITY, BE IT GOVERNMENT, 
CORPORATE, STAKEHOLDER OR OTHER, FOR ANY DIRECT, SPECIAL, CONSEQUENTIAL, 
INCIDENTAL, OR INDIRECT DAMAGES, LIABILITIES, LOSSES (INCLUDING LOST PROFITS), 
COSTS (INCLUDING LEGAL FEES AND DISBURSEMENTS), EXPENSES, CLAIMS, FINES, 
PENALTIES, DEMANDS, SUITS, ACTIONS, PROCEEDINGS OR JUDGEMENTS, HOWEVER 
CAUSED.  
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Integrated Hydrologic Approaches and HydroGeoSphere (HGS)

A diverse group of problems exists that requires quantification of the entire hydrologic cycle by 
integrated simulation of water flow and contaminant migration in the surface and subsurface regimes. 
Increased demand on limited resources for potable water and other purposes has driven the development 
of innovative management practices including water recycling, drainage water reuse for salt-tolerant 
crops, conjunctive use of surface and subsurface water resources, and artificial recharge of subsurface 
aquifers during wet periods. A quantification of available water within the hydrologic system and the 
impacts of withdrawals is essential for addressing these complex water supply issues. The complex cycle 
of irrigation; evaporation; infiltration; discharge to nearby lakes, rivers, and streams, and pumping needs 
to be quantified in these cases to resolve supply and demand issues. Concerns over drying and restoration 
of wetlands or the effects of subsurface water withdrawals on surface water features (which may fluctuate 
across land surface or layering features in an unsaturated zone) also require an integrated, fully-coupled 
analysis of the various flow regimes. Ecosystems of lakes, rivers, and bays depend on certain minimum 
flows as do hydropower generation, recreational use, and downstream water districts, states, and 
countries for their water needs. Regulating water use in hydraulically connected watershed and surficial 
aquifer systems necessitates an understanding of surface/subsurface water interactions and overall 
seasonal hydrologic cycle behavior. 

Since the early 1970s, there has been an evolution of hydrologic models for single-event and 
continuous simulations of rainfall-runoff processes. Earlier models quantify various hydrologic 
components using simplified procedures (including a unit hydrograph method, empirical formulas, system 
lumping, and analytical equations) that are incapable of describing flow physics and contaminant 
transport in any detail. In the past, numerical models based on complex multi-dimensional governing 
equations have not received much attention because of their computational, distributed input and 
parameter estimation requirements. Today, with the availability of powerful personal computers, efficient 
computational methods, and sophisticated GIS, remote sensing and advanced visualization tools, the 
hydrologic community is realizing the tremendous potential and utility of physically-based numerical 
simulators.  

The HydroGeoSphere (HGS) model (Aquanty, Inc., 2015) is a three-dimensional control volume finite 
element simulator which is designed to simulate the entire terrestrial portion of the hydrologic cycle. It 
uses a globally-implicit approach to simultaneously solve the 2D diffusion wave equation and 3D form of 

evaporation from bare soil and water bodies, vegetation-dependent transpiration with root uptake, 
snowmelt and soil freeze/thaw. As with the solution of the coupled water flow equations, HGS solves the 
contaminant transport and energy transport equations over the land surface and in the subsurface, thus 
allowing for surface/subsurface interactions. The HGS platform uses a robust and efficient nonlinear 
solver, and has been parallelized to utilize high performance computing facilities to address large-scale 
problems. 
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2. Key Features and Formulations

Overland Flow 

In the HGS model, areal overland flow is represented by a two-dimensional depth-integrated flow 
equation which is the diffusion-wave approximation of the Saint Venant equation for surface water flow:  
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Surface Water and Groundwater Interaction 

Separate surface and subsurface flow models can be combined by explicitly coupling the variably-
saturated flow and the surface flow equations. In HGS, it is assumed that the two domains are separated 
by a thin boundary layer. Thus,  in the governing flow equation represents a first-order exchange 
between subsurface and surface domains as follows:  

( ) ( ) /o r exch exch o exchk K h h l  

interf
interfoV A

dV dA  

 indicates movement from the subsurface to the surface domain 
).

 

Canopy Interception and Evapotranspiration 

The HGS model simulates interception and evapotranspiration as mechanistic processes governed by 
plant and climate conditions as noted by Kristensen and Jensen (1975) and Wigmosta et al. (1994). 
Interception is the process involving retention of a certain amount of precipitation on the leaves, 
branches, and stems of vegetation or on buildings and structures in urban areas. The interception process 
is simulated by the bucket model, wherein precipitation in excess of interception storage and evaporation 

from interception reaches the ground surface. The interception storage varies between zero and int
MaxS , 

the interception storage capacity such that  

int int
MaxS c LAI  

where LAI is the dimensionless leaf area index and intc  is the canopy storage parameter. Note that LAI 

represents the cover of leaves over a unit area of ground surface, and may be prescribed in a time-
dependent manner.  

Evapotranspiration is rigorously modeled as a combination of plant transpiration and evaporation, 
and affects both surface and subsurface flow domains. Transpiration from vegetation occurs within the 

root zone of the subsurface which may be above or below the watertable. The rate of transpiration ( pT ) 

is estimated using the following relationship that distributes the net capacity for transpiration among 
various factors (Kristensen and Jensen, 1975). 
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1 2( ) ( ) [ ]p p canT f LAI f RDF E E  

where 1( )f LAI  is a function of leaf area index, 2( )f  is a function of nodal water content, RDF is the 

root distribution function, pE  is the potential evapotranspiration, and canE  is the canopy evaporation. 

The vegetation term is expressed as 

1 2 1( ) max{0,min[1,( )]}f LAI C C LAI  

and the moisture content dependence term is expressed as 
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where 1C , 2C , and 3 / pC E  are dimensionless fitting parameters, fc  is the moisture content at field 

capacity, wp  is the moisture content at the wilting point, o  is the moisture content at the oxic limit, an  

is the moisture content at the anoxic. 

The evaporation mode used in HGS assumes that evaporation occurs along with transpiration, 
resulting from energy that penetrates the vegetation cover and is expressed as 

*
1( )[1 ( )]s p canE E E f LAI EDF  

where *  is a wetness factor given by 
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where 1e  is the moisture content at the end of the energy limiting stage (above which full evaporation 

can occur) and 2e  is the limiting moisture content below unity which evaporation is zero. The equation 

expresses the moisture availability term for the subsurface domain. For the overland flow domain, *  is 
calculated as varying between unity when the elevation of flow is at or above depression storage and zero 
for a flow elevation at the land surface, thus representing the reduced evaporative area of available water 
in the overland flow domain within the depressions. The term EDF is the evaporation distribution function 
that includes the overland and subsurface flow domains. It is assumed that the capacity for evaporation 
decreases with depth below the surface due to the reduction of energy penetration in the soil.  

Snowmelt and Porewater Freezing and Thawing 

In order to consider both solid and liquid phases of water in the surface flow domain, the governing 
overland flow equation needs to be expanded to include both water and snow mass ( w wd  and snow snowd

). The solid phase snow is assumed to be immobile and the mass balance of the total water is formulated 
as the following: 

( ) ( )o o
w w snow snow w m w ox w m w oy w ex w o snow snow

h h
d d k d K k d K Q Q

t x x y y
 

where snowQ  and  represent the rates of snow precipitation and sublimation per unit surface area. The 

depth of snow is determined by the rates of snow precipitation, sublimation, and melting (always sink) 
which is caused by temperature change. 

( ) ( )snow snow snow snow air thresholdd Q T T
t

 

where the depth of snow is always positive and the rate of melting is assumed to be proportional to a 
melting constant ( ) and the difference between air temperature ( airT ) and threshold temperature (

thresholdT ) when air thresholdT T . 

By combining the total water balance equation with the snow balance equation, HGS solves the 
balance equation for the liquid phase water. 

( ) o o
w w w m w ox w m w oy w ex w o snow melt

h h
d k d K k d K Q Q

t x x y y
 

When the liquid phase of porewater can be transformed into the solid phase ice (freezing) or vice 
versa (melting), the total mass of water in the subsurface system is w s w ice s iceS S  where the 

subscript ice  represents the solid phase ice. The ice is assumed to be immobile and thus, the balance of 
the total water mass can be described by the following equation: 
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( )w s w ice s ice w w wS S Q
t

q  

The partitioning of water between solid and liquid phases is assumed to be determined by the 
temperature (which is a function of time at a given point) such that 

f pmice ice

w w ice ice f m

T TS

S S T T
 when m pm fT T T  

where mT  and fT  are the melting and freezing temperatures. A simple one-dimensional analytical model 

is employed in HGS to determine the vertical temperature distribution of bulk porous medium 

( )
( ) pm pm b

pm b
pm

k T T
T T

t z c z
 

where pmk  and pmc  are the bulk thermal conductivity and heat capacity, respectively and it is assumed 

that the temperature at depth is given as bT  and the surface temperature is same as the atmospheric 

temperature ( atmT ). The analytical solution of the equation is given as follows: 

0

( )
( , ) [ ]

4 4 ( )

t
atm

pm b

Tz z
T z t T erfc d

t
 

where the thermal diffusivity of bulk porous medium  is defined as /pm pmk c . 

Solute Transport  

In HGS, three-dimensional transport of solutes in a variably-saturated porous matrix is described by 
the following advection-dispersion equation: 

( ) [ ] ( )m o w m o w par ex c m o w o ww C S C w S R C Q w S RC S R C
t

q D  

where C is the solute concentration of the current species amongst possibly multiple species and  is a 
first-order decay constant. The subscript par designates parent species for the case of a decay chain. For 
the case of a straight decay chain, there is only one parent species, as might be the case for a radioactive 
decay chain; however, for degrading organic species, a particular species may have several parent sources 
through a complex degradation process. Solute exchange with the outside of the simulation domain, as 
specified from boundary conditions, is represented by Qc  which represents a source (positive) or a sink 
(negative) to the system. The dimensionless retardation factor, R, is given as: 



 

A-8 
 

1 b

s w

R K
S

 

where b  is the bulk density of the porous medium and K' is the equilibrium distribution coefficient 

describing a linear Freundlich adsorption isotherm. Note that for variably-saturated conditions, the water 

saturation appears in the definition of R. ex  represents the mass exchange rate of solutes per unit 

volume between the subsurface domain and all other types of domains supported by the model. 
Currently, these additional domains are surface, wells, tile drains, discrete fractures, immobile second 
continuum and mobile dual continuum.  

The equation for two-dimensional transport of solutes along the surface domain is written as 

( ) [ ] ( )o o o o o o o o o o par o o o o o o o o o o oC d C d R C d d R C d R C
t

q D  

where oC  is the concentration in water on the surface domain, oD  is the hydrodynamic dispersion tensor 

of the surface flow domain and  is the vertically integrated two-dimensional gradient operator. An 
expression similar to the equation used for a two-dimensional fracture is used to represent the dispersion 

coefficient oD  and the retardation factor oR . 

Solute exchange between surface and subsurface o od  is calculated by advective-dispersive 

equation: 

o o o o o ototal adv disp
d d d  

Advective solute exchange flux is computed from fluid exchange flux and upstream concentration and 
dispersive flux is accounted for by one-dimensional mechanical dispersion and diffusion. 

o o o o upadv
d d C  

where: 

for 

for 
o o

up
o

C h h
C

C h h
 and ( ) ( )free ex ex

o o o o ex odisp
ex

D S
d d C C

l
 

where ex  is the exchange dispersivity, ex  and exS  are the geometric mean for surface and subsurface 

porosities and saturations, respectively,  is the subsurface tortuosity, and exl  is the effective mass 

transfer scale which represents the dimension of an interface layer. In HGS, dispersive flux can be 
optionally neglected if it is considered to be much smaller than advective flux. 
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Thermal Energy Transport

The equation describing thermal energy transport in the unsaturated zone is similar to that for the 
saturated zone, with the inclusion of a saturation term in the bulk transport parameters. The general 
equation for variably-saturated subsurface thermal energy transport following Molson et al. [1992] is 
given by: 

 

subsurface, kb is the bulk thermal conductivity term, D is the dispersion term, QT o is 
the surface/subsurface interaction term, which will be discussed in a following section. The subscript b 
denotes a bulk term, whereas w represents the aqueous phase.  

The surface water thermal energy transport equation is similar to the surface water contaminant 
transport equation.  The equation used for surface water thermal transport is given by: 

 

where h is the elevation of the surface water, d is the depth of flow, and the subscript o denotes overland 
flow. The inclusion of atmospheric thermal inputs ( ) is necessary to properly simulate the surface 
and subsurface thermal regimes. Currently the atmospheric inputs from CLASS (Verseghy, 1991) are used 
to determine the surface heat fluxes in HydroGeoSphere. The atmospheric input included in 
HydroGeoSphere has four components, shortwave radiation (K*), longwave radiation (L*), sensible heat 
flux (QH) and latent heat flux (QE).  The sum of these components represents the atmospheric input to 
the surface thermal energy system.  

 

The coupling of the surface and subsurface thermal continua is similar to that used for advective-
dispersive contaminant transport in HydroGeoSphere. There are two methods of coupling the surface and 
subsurface continua, the common node and the dual node approach. The common node approach is 
based on superposition where continuity of thermal energy is assumed between the two domains 
concerned, which correspond to instantaneous equilibrium between the two domains. The dual node 
approach does not assume continuity of thermal energy between two domains but uses a first-order flux 
relation to transfer heat from one domain to the other. The equation for the dual-node coupling of the 
surface and subsurface thermal equations is given by: 
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3. Numerical Methods

Control Volume Finite Element Method  

The final form of 
discretized equation for surface and subsurface flow is as follows: 

1/2( )   
oi

t t t t t t t t t t t t toi
oi oi oioj oioj o j oi oi oi

oj

a
h h h h Q

t
 

1/ 2

( )
( ) ( )   

i

t t
t t t t t t t t t t t t t t t ti w i s i s
i i w i w i ij ij j i i i

j

v S S v
h h S S h h Q

t t
 

where the control area and control volume associated with surface node oi and subsurface node i is 
defined as  

oi oia N dA and i iv N dv  

and 1/2( )   t t t t t t
oioj oioj o j oih h  and 1 1 1

1/2( ) ( )L L L
ij ij j ih h  represent the surface and subsurface 

flux from node oj to oi and from j to i, respectively. T
 

 

where the dual nodes oi and i represent surface and subsurface nodes, respectively.  
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Newton-Raphson Successive Linearization

ne of the challenges of simulating integrated surface-subsurface flow is to solve the nonlinear 
discrete equations. Specifically, the 

nonlinear functions of the dependent variables and , respectively. To linearize the 
discrete equations, the HGS model applies the Newton-Raphson (NR) iterative method. In the NR 
procedure for subsurface flow, the residual value at each NR iteration level can be defined as:

,
, , , ,

,

, , , ,
1/2

( )
( , ) ( ) ( )

                              (  )  ( , )

i

i

t t L
L t t L t t L t t L t t t L ti w i s i s
i i j oi i i w i w i

t t L t t L t t L L t t L t t L
ij ij j i i i i oi

j

v S S v
R h h h h S S

t t

h h Q h h

, , , ,
, ,

, , , ,
, ,, , , ,

, ,, ,
,

( , )

( , ) ( , )
( , ) 0

i i

i i

i i

i

L t t L t t L t t L t t L
i i j i j oi oi

L t t L t t L L t t L t t L
i i j oi i i j oiL t t L t t L t t L t t L

i i j oi i j oit t L t t L
i j oi

R h h h h

R h h R h h
R h h h h

h h

HGS uses numerical differentiation to construct the Jacobian matrix (Forsyth and Simpson 1991). 

, ,
, ,( )

i i

L L t t L t t L
ij i i j i jJ R h h , , ,

,( , )
i

L L t t L t t L t t L
ioi i i j oi oiJ R h h h

, ,
, i

L t t L L t t L L
ij i j ioi oi iJ h J h R

, , 1 ,
, , ,i i i

t t L t t L t t L
i j i j i jh h h , , 1 ,t t L t t L t t L

oi oi oih h h

, , ,
,

, ,
1/2

( , )

                             (( )  )  

oi

oi

L t t L t t L t t L toi
oi oi oj i oi oi

t t L t t L t t L L
oioj oioj o j oi oi oi

oj

a
R h h h h

t

h h Q

1max L
i

i
R ,max t t L

i
i

h
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Adaptive Time Stepping/Sub-Time Stepping

For transient integrated surface and subsurface simulations, HGS uses an adaptive time stepping 
strategy to optimize the computational cost for a given tolerance controlling the simulation accuracy. In 
this adaptive time stepping approach, the time step size is determined by the maximum nodal change in 
the hydraulic head, saturation, water depth, and/or concentration from the previous time step such that 

1

max( )
L Lallowed

L
j

j

h
t t

h
 

where Lt  and 1Lt  are the time step sizes used in the previous and current time marching levels, 

allowedt  is a given tolerance in head (saturation, depth,  concentration, or the number of NR iterations), 

and max( )L
j

j
h  is the maximum nodal change in the previous time step with given Lt . 

Sub-time stepping in HGS is a fully-implicit numerical strategy that applies different time step sizes to 
one or more sub-domains with each having different accuracy requirements. By applying smaller sub-time 
steps to the sub-domains with relatively rapid responses and utilizing larger time steps in the remainder 
of the domain, the accuracy requirement is satisfied in the entire domain with minimal temporal over-
discretization. This approach is most suitable for problems where the system response is high in only a 
small portion of the computational domain such as in integrated surface and subsurface simulations. In 
an implicit sub-time stepping procedure, the global time step size ( 1Lt ), the number of sub-timed 

nodes ( sn ), and the number of sub-time steps ( M ) can be determined from the previous time step results 

such that 

z 1

max( )

t
L Lallowed

L
j

j

h
t t

h
 

max

max( )
min ,

s

L
j

j

t
allowed

h
M M

h
 and  max

s st t
allowed allowedh M h  

where 
t

allowedh  and st
allowedh  are prescribed accuracy tolerance that are defined as the maximum allowed 

nodal change during a global time step t  and sub-time step st , maxM  is the maximum number of 

sub-time steps, and a node j is sub-timed when st
j allowedh h . Sub-time stepping becomes most efficient 

when ( 1)sn M  is small compared to the number of nodes and thus a larger maxM  does not necessarily 

guarantee higher efficiency. 

Parallel High Performance Computing using OpenMP 
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The main numerical tasks for the integrated surface-subsurface flow and transport simulators can be 
divided into initialization, simulation time looping, and finalization. For initialization, it reads the 
discretization information and the initial and boundary conditions and initializes the simulation variables 
and time loops. During time looping, the model repeatedly solves water flow, solute and heat transport 
at each current time step based on the results from the previous time step until it reaches the final target 
time. Analysis of computational cost in integrated hydrologic simulations indicates that more than 90 % 
of the total computing time is consumed by the tasks that deal with a system of linear equations (matrix 
assembly and matrix solution) for most of the cases.  

When the Jacobian matrix is assembled in parallel, communications among threads are not required 
and each thread can work independently. However, an appropriate scheduling is necessary because the 
parallel matrix assembly can cause data racing conditions. Specifically, the racing conditions in matrix 
assembly occur when values computed by threads are simultaneously updated to one matrix entry that 
is shared by two or more threads. Thus, a static scheduling that avoids the conditions is applied to HGS.  

The matrix solver used in HGS (BiCGSTAB) consists of four operational components: forward and 
backward substitutions (or LUs), dot products (DPs), and matrix-vector (MVs) and scalar-vector (SVs) 
multiplications: LU solve takes more than 50 % of total solver computing time and thus the efficiency of 
parallel matrix solver is highly dependent on the efficiency of parallel LU solution and the other 
operations (DPs, MVs, and SVs) are straightforward to be parallelized due to the data independency. The 
parallelization of preconditioned BiCGSTAB uses two schemes: a multiblocking scheme with coordinate 
nested dissection and a privatization scheme. For the multiblocking scheme, nodes consisting of a 
simulation domain are reordered for dissecting a simulation domain with the number of CPUs applied. 
In the multiblocking method, each of the computing processors can perform computational tasks for 
each of the smaller sub-domains. The privatization scheme was implemented for reducing competitions 
among CPUs when CPUs access to shared memory locations. The process of privatization scheme is to 
chop the matrix and arrays used in the matrix solving to fit with the computing for each CPU and to 
designate all the variables as private in the parallel loop. 
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Attachment B

Description of the Potential Evapotranspiration Methodology

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Memorandum Date Wednesday, July 7, 2021 

To Aquanty Inc.  

From Ranjeet Nagare, Ph.D., P.Eng.; Ali Kiyani, P.Eng.; Rob Wirtz, P.Eng. 

Copy to 

Project Name Fort Hills Mine Closure Modelling Support 

Project Number 20-028

File No. 20-028-CE-MEM-0001-REVA

Aquanty Inc. (Aquanty) retained ARKK Engineering Corporation (ARKK) to provide technical support and 

review of surface water and groundwater modelling for Fort Hills Mine Closure ).

The modelling is being conducted using HydroGeoSphere (Aquanty 2015), a fully coupled surface water and 

groundwater, solute and heat transport code. HydroGeoSphere uses potential evapotranspiration (PET)

based formulation to calculate actual evapotranspiration.

information on methodology used to estimate potential evapotranspiration (PET) time series used in the 

closure water modelling. This memorandum briefly describes the methodology used to calculate PET time 

series used in the modelling.

PET can be estimated using energy balance or empirical methods. The energy balance methods (e.g.,

Penman-Monteith) need comprehensive meteorological data and their application is limited when required 

climate data are not available. Empirical approaches (e.g., Hamon, Thornthwaite) use most readily available 

meteorological variables (e.g., air temperature) for PET calculation. Empirical PET methods typically require

development of location specific equations and calibration to be reliable. Long-term time series of required 

meteorological data (e.g., net radiation, wind speed, and humidity) are not available for the Fort McMurray 

region. Therefore, estimating PET with Penman-Monteith method with high confidence is not possible. 

For closure water modelling, Hamon (1963) method was used to calculate PET based on air temperature 

measured n. Hamon  (1963) PET equation 
(Dingman 2002) is stated as: 

where  is the saturation vapor pressure (kPa) at the mean daily temperature  (°C), and  is day length 
(hours). Published monthly PET and shallow lake evaporation data

areal evapotranspiration relationship for different locations in Alberta (Alberta Government 2013) are

available for 1972-2009 period. These monthly PET and shallow lake evaporation data from 1972-2009 were

used to calculate adjustment factors to correct the PET values calculated (1963) method. The 

monthly adjustment factors were used to correct the daily PET values for each month. The adjustment 
factors for different months are given in Table 1.  



   
 

 

 

 

Month Adjustment Factor 

Jan 1 

Feb 1 

Mar 2.2 

Apr 1.8 

May 1.5 

Jun 1.4 

Jul 1.3 

Aug 1.2 

Sep 0.9 

Oct 0.7 

Nov 0.1 

Dec 1 
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Attachment C

Groundwater Levels Calibration Targets and Results 
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No. Well label 
Easting 

(m) 
Northing 

(m) 

Monitoring 
elevation 

(masl) 

Observed 
head 

(masl) 

Simulated 
head 

(masl) 
Residual (m) 

Included in 
or Excluded 

from 
Automatic 
Calibration 

1 AA-01-20-97-10-L 464919 6365159 292.845 288.61 293.088 4.478 included 
2 AA-11-32-97-09-L 474275.6 6368800 288.67 292.97 295.809 2.839 included 
3 FH08-OB-004-L 463271.4 6355452 289.42 291.77 292.074 0.304 included 
4 FH08-OB-006-L 463240 6356208 286.42 288.53 290.636 2.106 included 
5 FH08-OB-010-L 463757.8 6355816 291.73 289.46 294.248 4.788 included 
6 FH08-OB-013-L 464216.3 6356509 287.39 287.9 290.067 2.167 included 
7 FH08-OB-014-L 463656.2 6356508 289.81 288.89 292.246 3.356 included 
8 FH08-OB-016-L 464737.4 6357176 285.445 285.13 287.916 2.786 included 
9 FH11-MW-001-L 468185.6 6366346 290.745 298.71 299.397 0.687 included 
10 FH11-MW-002-L 466360.4 6365301 286.765 296.58 298.89 2.31 included 
11 FH11-MW-003-L 466542.6 6367206 285.975 293.08 294.414 1.334 included 
12 FH11-MW-004-L 476012.1 6364497 310.065 324.95 325.101 0.151 included 
13 FH11-MW-005-L 464930 6364396 278.42 298.34 298.923 0.583 included 
14 FH11-MW-006-L 474228.1 6363441 322.455 321.21 324.66 3.45 included 
15 FH11-MW-007-L 477028.1 6373638 274.895 294.43 294.967 0.537 included 
16 FH11-MW-008-L 470992.3 6368298 291.685 298.98 298.586 -0.394 included 
17 FH11-MW-009-L 469104.3 6367599 292.935 299.5 298.409 -1.091 included 
18 FH11-MW-010-L 468217.5 6369223 290.905 290.92 294.312 3.392 included 
19 FH11-MW-012-L 469215.7 6371389 277.41 285.15 290.732 5.582 included 
20 FH11-MW-015-L 469644.5 6373456 272.44 280.78 285.353 4.573 included 
21 FH17-WR414-SN2-L 478160.4 6367061 298.57 305.67 306.967 1.297 included 
22 FH17-WR416-SN1-L 475549.5 6368393 285.75 294.83 295.027 0.197 included 
23 FH17-WR418-SN2-L 474990.9 6369347 281.395 295.06 295.147 0.087 included 
24 FH17-WR420-SN1-L 476197.2 6367509 287.92 295.08 295.234 0.154 included 
25 FH17-WR440-SN1-L 473794.1 6367187 287.92 296.8 296.873 0.073 included 
26 FH17-WR451-SN2-L 475028.3 6367135 285.89 295.7 295.842 0.142 included 
27 FH18-ES412-SN1-L 483674.1 6372381 278.66 294.01 294.288 0.278 included 
28 FH19-ES647-SN1-MW-L 475072.9 6365477 287.17 309.3 310.723 1.423 included 
29 FH19-ES656-SN1-MW-L 475006.1 6365188 274.69 312.81 315.999 3.189 included 
30 FH19-ES663-SN2-MW-L 474943.8 6364892 293.92 314.1 318.002 3.902 included 
31 FH19-GL612-SN1-MW-L 472127.3 6367688 281.23 298.59 298.539 -0.051 included 
32 FH19-GL667-SN1-VW-L 474650 6364771 299.81 312.64 316.738 4.098 included 
33 FH-MW14-06-SS-L 461134 6357212 278.6 281.32 283.634 2.314 included 
34 FH-MW14-20-SS-L 462935.9 6357927 284.16 287.94 289.313 1.373 included 
35 FH-MW14-21-SS-L 462838.8 6357685 256.49 258.54 288.742 30.202 excluded 
36 GT07-090A-L 469399.8 6365600 291.395 299.73 300.038 0.308 included 
37 GT-07-090B-L 469401.4 6365600 295.835 299.86 300.038 0.178 included 
38 GT07-091A-L 471608.9 6365900 288.215 299.64 299.498 -0.142 included 
39 GT-07-091B-L 471607.3 6365899 292.765 299.6 299.498 -0.102 included 
40 GT07-091C-L 471605.8 6365899 296.195 299.54 299.487 -0.053 included 
41 GT07-092A-L 473606.3 6366800 285.185 297.43 297.399 -0.031 included 
42 GT-07-092B-L 473604.7 6366800 287.99 297.39 297.399 0.009 included 
43 GT-07-092C-L 473603.2 6366800 291.675 297.32 297.398 0.078 included 
44 GT-07-093A-L 474607.6 6367800 288.26 295.85 295.748 -0.102 included 
45 GT07-093B-L 474606.2 6367800 292.03 295.84 295.748 -0.092 included 
46 GT-07-093C-L 474604.5 6367800 294.36 295.91 295.751 -0.159 included 
47 GT07-094A-L 471041.6 6367517 284.615 298.53 299.189 0.659 included 
48 GT07-094B-L 471039 6367516 298.645 298.55 299.19 0.64 included 
49 GT-07-095A-L 471259 6367060 285.405 299.44 299.357 -0.083 included 
50 GT-07-095B-L 471256 6367058 297.145 299.53 299.359 -0.171 included 
51 GT07-096A-L 472642.9 6364137 294.49 307.44 308.655 1.215 included 
52 GT-07-097B-L 473003.6 6363503 299.835 310.92 316.559 5.639 included 
53 GT07-097C-L 473006.3 6363506 311.085 312.96 317.294 4.334 included 
54 GT07-098A-L 472962.2 6368342 283.74 298.73 297.605 -1.125 included 
55 GT07-098B-L 472960 6368342 298.015 298.36 297.746 -0.614 included 
56 GT07-099A-L 473106.7 6368002 283.61 298.59 297.622 -0.968 included 
57 GT07-099B-L 473105.2 6368001 297.635 298.3 297.98 -0.32 included 
58 GT-07-100A-L 474807.6 6365745 282.885 304.07 305.072 1.002 included 
59 GT-07-101A-L 474927.3 6365372 283.535 312 311.501 -0.499 included 
60 GT-07-101B-L 474925.9 6365371 304.03 312.12 311.569 -0.551 included 
61 MW06-046A-L 469559.3 6358894 291.395 334.79 330.248 -4.542 included 
62 MW-06-074-A-L 469358 6361541 287.495 329.03 329.751 0.721 included 
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No. Well label 
Easting 

(m) 
Northing 

(m) 

Monitoring 
elevation 

(masl) 

Observed 
head 

(masl) 

Simulated 
head 

(masl) 
Residual (m) 

Included in 
or Excluded 

from 
Automatic 
Calibration 

63 MW-06-074-B-L 469355.7 6361541 314.985 328.3 330.408 2.108 included 
64 MW-06-085-B-L 472817.6 6359500 314.345 327.01 330.416 3.406 included 
65 MW-06-096-A-L 473009.5 6357300 286.45 328.65 325.186 -3.464 included 
66 MW-08-01-L 473750.4 6378239 272.595 281.69 281.157 -0.533 included 
67 MW-08-02-L 471306.4 6375883 271.775 280.89 279.974 -0.916 included 
68 MW-08-05-L 474539.5 6375833 270.055 290.84 290.305 -0.535 included 
69 MW-08-06-L 470059.4 6373036 275.26 283.15 287.211 4.061 included 
70 MW-08-07-L 472933.4 6373405 273.02 290.6 292.162 1.562 included 
71 MW08-09-L 472198.6 6371869 271.255 292.73 294.057 1.327 included 
72 MW08-10-L 473675.4 6371749 261.475 294.42 295.18 0.76 included 
73 MW08-11-L 470888.4 6369775 280.585 295.17 296.532 1.362 included 
74 MW08-12-L 473358.1 6369816 271.355 296.16 296.453 0.293 included 
75 MW-08-13-L 473783.6 6370133 273.1 296.61 296.113 -0.497 included 
76 A-18-M 465656 6364454 296.36 298.18 300.442 2.262 included 
77 A-20-AQ1-M 473425.5 6360863 331.32 331.88 336.63 4.75 included 
78 A-20-AQ2-M 473424 6360861 323.85 331.9 333.55 1.65 included 
79 A-20-AQ3-M 473422.7 6360863 318.5 331.99 333.55 1.56 included 
80 A-21-AQ2-M 473401.7 6360240 329.07 331.28 333.873 2.593 included 
81 A-21-AQ3-M 473401.6 6360242 320.72 331.4 332.871 1.471 included 
82 A-22-AQ1-M 473397.9 6359502 324.44 326.51 334.499 7.989 included 
83 A-22-AQ2-M 473396.8 6359502 316.83 326.65 330.188 3.538 included 
84 A-22-AQ3-M 473398.7 6359503 312.4 326.62 330.188 3.568 included 
85 A-27-AQ2-M 466966.6 6361994 318.17 323.77 326.843 3.073 included 
86 A-27-AQ3-M 466967.2 6361997 284.83 326.92 318.328 -8.592 included 
87 A-28-AQ1-M 467513.4 6361497 326.66 330.77 333.039 2.269 included 
88 A-28-AQ2-M 467512.4 6361500 289.07 330.52 327.623 -2.897 included 
89 A-28-AQ3-M 467510 6361497 290.09 329.78 327.623 -2.157 included 
90 A-29-AQ2-M 468200.4 6361489 325.95 328.9 331.594 2.694 included 
91 AA-06-10-98-10A-M 467534.7 6371806 281.46 280.65 282.306 1.656 included 
92 AA-06-19-096-10-M 462771.5 6355879 156.62 239.16 240.142 0.982 excluded 
93 AA-10-20-97-10-M 464887.3 6365893 279.495 287.97 289.529 1.559 included 
94 AA-10-35-97-10B-M 469701.7 6369122 303.745 301.46 302.751 1.291 included 
95 AA-11-03-98-10A-M 467408.1 6370828 284.54 281.82 286.647 4.827 included 
96 AA-11-03-98-10B-M 467419.8 6370822 273.115 281.15 286.604 5.454 included 
97 AA-11-28-97-10-M 465783.3 6367585 282.93 291.01 288.682 -2.328 included 
98 AA-12-11-97-10-M 468753.7 6362676 311.335 313.78 317.12 3.34 included 
99 AA-12-30-97-09-M 472022 6367164 293.21 298.85 298.995 0.145 included 

100 AA-12-36-97-10-M 470460.7 6369166 191.67 271.37 269.704 -1.666 excluded 
101 FH08-OB-015-M 465121 6357173 282.92 288.55 294.624 6.074 included 
102 FH11-MW-005-M 464930 6364396 278.42 298.17 298.923 0.753 included 
103 FH11-MW-006-M 474228.1 6363441 322.455 321.21 324.66 3.45 included 
104 FH11-MW-007-M 477028.1 6373638 274.895 294.15 294.967 0.817 included 
105 FH11-MW-008-M 470992.3 6368298 291.685 298.83 298.586 -0.244 included 
106 FH11-MW-010-M 468217.5 6369223 290.905 290.69 294.312 3.622 included 
107 FH11-MW-012-M 469215.7 6371389 277.41 284.77 290.732 5.962 included 
108 FH11-MW-015-M 469644.5 6373456 272.44 280.68 285.353 4.673 included 
109 FH16-A-2-M 460871.6 6355572 282.955 283.03 281.917 -1.113 included 
110 FH16-A-7-M 464931.6 6364401 298.06 298.17 298.931 0.761 included 
111 FH16-B-4-M 460789.9 6355135 272.78 283 283.057 0.057 included 
112 FH17-GL318-MR1-M 463627.9 6364281 201.73 266.38 261.638 -4.742 excluded 
113 FH17-GL329-MR1-M 463203.7 6363723 202.1 265.11 261.171 -3.939 excluded 
114 FH17-GL331-MR1-M 463868.6 6363766 203.76 265.4 261.876 -3.524 excluded 
115 FH17-GL340-MR1-M 461923 6363036 184.83 230.59 233.501 2.911 excluded 
116 FH17-GL350-MR1-M 464831 6362596 212.08 272.47 268.206 -4.264 excluded 
117 FH17-GL368-SN1-MW-M 462605.9 6361552 264.805 275.59 282.025 6.435 included 
118 FH17-WR366-SN2-M 465120.4 6361761 342.125 338.78 340.711 1.931 included 
119 FH17-WR402-SN2-M 472732.8 6365129 293.025 300.2 300.633 0.433 included 
120 FH17-WR404-SN1-M 471721.5 6365334 265.67 297.55 299.692 2.142 included 
121 FH17-WR404-SN2-M 471722 6365339 291.8609 299.82 299.801 -0.019 included 
122 FH17-WR406-SN1-M 470037.8 6365498 292.5841 299.78 300.014 0.234 included 
123 FH17-WR407-SN1-M 477728.3 6373039 286.5472 296.37 295.102 -1.268 included 
124 FH17-WR412-SN1-M 480774.1 6375911 244.555 282.89 294.215 11.325 excluded 
125 FH17-WR412-SN2-M 480774.1 6375911 277.545 294.92 294.267 -0.653 included 
126 FH17-WR414-SN1-M 478165.6 6367061 271.69 305.34 305.229 -0.111 included 
127 FH17-WR418-SN1-M 474995.5 6369344 253.77 285.38 295.022 9.642 included 
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128 FH17-WR425-SN1-M 470645.5 6364153 293.6588 301.03 303.078 2.048 included 
129 FH17-WR427-SN1-M 472185.6 6366509 280.4312 297.83 298.988 1.158 included 
130 FH17-WR428-SN1-M 473804.4 6368888 279.1214 296.45 296.394 -0.056 included 
131 FH17-WR441-SN1-M 473369.5 6367617 285.03 297.57 297.359 -0.211 included 
132 FH17-WR443-SN1-M 472498.9 6368484 291.4182 298.68 297.865 -0.815 included 
133 FH17-WR446-SN1-M 473616.5 6366541 286.892 297.7 297.554 -0.146 included 
134 FH17-WR449-SN1-M 473171.9 6365743 291.8126 298.81 298.814 0.004 included 
135 FH17-WR451-SN1-M 475031.6 6367138 262.4874 294.09 295.839 1.749 included 
136 FH17-WR452-SN1-M 469463.4 6367468 293.2248 297.89 298.826 0.936 included 
137 FH17-WR491-SN1-MW-M 465587.8 6362630 315.87 319.98 315.535 -4.445 included 
138 FH18-ES403-SN1-M 481599.9 6377441 226.9535 274.74 293.236 18.496 excluded 
139 FH18-ES405-SN1-M 484006.3 6376073 279.895 293.21 294.4 1.19 included 
140 FH18-ES407-SN1-M 474106.2 6374695 281.3629 291.18 291.495 0.315 included 
141 FH18-ES426-SN1-M 474457 6366578 276.55 296.62 296.854 0.234 included 
142 FH18-ES426-SN2-M 474456.6 6366576 291.89 296.84 296.903 0.063 included 
143 FH18-ES427-SN1-M 478638.9 6366060 297.67 307.71 311.608 3.898 included 
144 FH18-ES430-SN1-M 476461.4 6365994 284.765 304.5 309.166 4.666 included 
145 FH18-ES437-SN1-M 477591.3 6363134 278.475 324.31 325.779 1.469 included 
146 FH19-ES534-SN2-MW-M 468690.4 6368181 291.535 295.46 297.491 2.031 included 
147 FH19-ES562-SN2-MW-M 467554 6367384 295.57 295.02 297.042 2.022 included 
148 FH19-ES603-SN1-MW-M 477143.7 6375844 269.44 294.65 293.192 -1.458 included 
149 FH19-ES603-SN2-MW-M 477144.6 6375849 287.78 294.72 293.194 -1.526 included 
150 FH19-ES604-SN1-MW-M 485700.9 6372965 262.6 291.89 292.857 0.967 included 
151 FH19-ES604-SN2-MW-M 485695.2 6372963 275.3 292.02 292.856 0.836 included 
152 FH19-ES606-SN1-MW-M 471732.5 6371083 237.79 268.4 294.418 26.018 excluded 
153 FH19-ES606-SN2-MW-M 471732.6 6371079 280.89 293.5 295.323 1.823 excluded 
154 FH19-ES607-SN1-MW-M 472627.3 6369877 260.09 296.89 296.733 -0.157 included 
155 FH19-ES607-SN2-MW-M 472628.7 6369873 281.81 296.77 296.733 -0.037 included 
156 FH19-ES609-DR1-PW-M 472440.5 6368858 278.66 298.21 297.569 -0.641 included 
157 FH19-ES610-SN2-MW-M 471973.9 6368832 300.92 298.57 303.865 5.295 included 
158 FH19-ES621-SN1-MW-M 480357.9 6366954 278.035 304.29 305.464 1.174 included 
159 FH19-ES623-SN1-MW-M 473932.2 6366721 269.01 297.26 296.922 -0.338 included 
160 FH19-ES623-SN2-MW-M 473928.6 6366723 284.59 297.4 297.014 -0.386 included 
161 FH19-ES631-SN1-MW-M 474251.1 6366273 263.9 297 296.715 -0.285 included 
162 FH19-ES631-SN2-MW-M 474257.6 6366272 291.51 297.1 297.436 0.336 included 
163 FH19-ES634-SN1-MW-M 474704.8 6366230 282.5 297.23 297.896 0.666 included 
164 FH19-ES634-SN2-MW-M 474702.4 6366227 287.58 297.03 297.893 0.863 included 
165 FH19-ES640-SN1-MW-M 482489.6 6367076 269.915 295.68 297.384 1.704 included 
166 FH19-ES640-SN2-MW-M 482489.9 6367080 292.33 295.57 296.131 0.561 included 
167 FH19-ES644-SN1-MW-M 466963.2 6365578 264.52 275.91 298.863 22.953 excluded 
168 FH19-ES644-SN2-MW-M 466961.7 6365573 290.81 297.1 299.017 1.917 included 
169 FH19-ES651-SN1-MW-M 475442.7 6365338 278.08 316.4 315.33 -1.07 included 
170 FH19-ES651-SN2-MW-M 475438.1 6365338 300.61 311.12 315.376 4.256 included 
171 FH19-ES659-SN1-MW-M 475799.7 6365067 267.41 317.38 318.028 0.648 included 
172 FH19-ES659-SN2-MW-M 475794.9 6365067 279.6 317.38 318.022 0.642 included 
173 FH19-ES670-SN1-MW-M 476181.9 6364490 269.75 326.69 322.861 -3.829 included 
174 FH19-ES670-SN2-MW-M 476185.1 6364493 318.25 326.01 325.101 -0.909 included 
175 FH19-ES676-SN1-MW-M 473375.3 6364593 272.66 306.43 305.492 -0.938 included 
176 FH19-ES676-SN2-MW-M 473379.9 6364593 289.685 303.76 305.471 1.711 included 
177 FH19-ES682-SN1-MW-M 466891.1 6364132 268.84 294.33 302.369 8.039 included 
178 FH19-ES682-SN2-MW-M 466896 6364132 298.13 301.74 302.622 0.882 included 
179 FH19-ES700-SN2-MW-M 472168 6363134 306.765 313.67 320.656 6.986 included 
180 FH19-ES702-SN1-MW-M 467847.8 6362713 285.71 309.78 311.846 2.066 included 
181 FH19-ES702-SN2-MW-M 467843.3 6362714 303.19 309.69 312.679 2.989 included 
182 FH19-ES706-SN1-MW-M 471787.9 6362222 280.55 324.82 328.985 4.165 included 
183 FH19-ES706-SN2-MW-M 471792.9 6362224 319.12 322.11 330.371 8.261 included 
184 FH19-ES709-SN1-MW-M 470220.3 6361602 309.061 328.32 329.791 1.471 included 
185 FH19-ES709-SN2-MW-M 470220.9 6361600 321.412 327.66 329.85 2.19 included 
186 FH19-GL534-SN1-MW-M 468690.4 6368181 259.08 278.54 297.148 18.608 excluded 
187 FH19-GL551-SN1-MW-M 470370.5 6367589 288.79 298.4 299.181 0.781 included 
188 FH19-GL562-SN1-MW-M 467557.3 6367381 288.785 295.01 297.041 2.031 included 
189 FH19-GL570-SN1-MW-M 470181.5 6366809 288.47 299.19 299.577 0.387 included 
190 FH19-GL612-SN1-MW-M 472127.3 6367688 281.23 298.76 298.539 -0.221 included 
191 FH19-GL700-SN3-MW-M 472167.5 6363141 275.805 312.59 314.467 1.877 included 
192 FHA00012-M 469967.9 6361600 307.2 327.26 330.49 3.23 included 
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193 FHA99031-M 467747 6358369 333.58 339.24 335.577 -3.663 included 
194 FHA99033-M 467728 6359158 324.68 339.12 339.403 0.283 included 
195 FHALG227-M 461861.9 6360043 281.03 281.46 283.293 1.833 included 
196 FHALG228-M 461621.9 6359642 268.58 280.3 282.206 1.906 included 
197 FHALG229-M 461619.4 6359642 278.18 279.82 282.433 2.613 included 
198 FHALG231-M 461210.7 6358956 279.68 280.05 278.945 -1.105 excluded 
199 FHALG233-M 462853 6358057 286.3766 288.48 288.187 -0.293 included 
200 FHALG234-M 462982.9 6357692 287.985 288.98 290.168 1.188 included 
201 FHALG235-M 462732.2 6356543 285.12 288.1 287.349 -0.751 included 
202 FHALG236-M 462008.1 6356573 283.76 285.51 287.807 2.297 included 
203 FHALG237-M 461657.5 6356902 282.28 284.28 284.584 0.304 included 
204 FHALG238-M 462244.8 6357420 286.545 287.98 287.575 -0.405 included 
205 FHALG239-M 462271.2 6357864 287.16 287.67 287.728 0.058 included 
206 FHALG240-M 462271.7 6358321 285.485 286.86 286.529 -0.331 included 
207 FHALG241-M 462696.7 6357618 290.625 289.62 288.974 -0.646 excluded 
208 FHALG242-M 461401.6 6357630 281.62 283.25 281.518 -1.732 included 
209 FHALG243-M 461189.2 6357848 280.07 280.73 281.514 0.784 excluded 
210 FHALG245-M 463046.7 6356843 289.2969 289.63 294.613 4.983 included 
211 FHC01238-M 468605.8 6371616 178.6 235.46 247.892 12.432 excluded 
212 FHC02032-M 462585.5 6355872 173.32 237.11 240.14 3.03 excluded 
213 FHC98019-M 462804.7 6357469 276.25 289.44 288.857 -0.583 included 
214 FHC98034-M 463581.4 6355871 291.64 290.89 294.477 3.587 included 
215 FHC98042-M 464040.8 6356274 283.39 290.32 291.719 1.399 included 
216 FHC98044-M 464041.3 6358707 146.317 238.05 241.543 3.493 excluded 
217 FHC99107-M 465470 6356522 291.59 295.06 298.009 2.949 included 
218 FHC99141-M 465580.2 6362627 320.5 320.74 318.859 -1.881 included 
219 FHC99165-M 467308.8 6368207 203.85 256.39 258.969 2.579 excluded 
220 FHC99190-M 467534.7 6371806 204.27 231.17 241.885 10.715 excluded 
221 FHC99192-M 469348.4 6375094 195.6 255.42 241.035 -14.385 excluded 
222 FH-MW14-06-SS-M 461134 6357212 278.6 281.39 283.634 2.244 included 
223 FHSO16NETA-OW01-M 470632 6359118 287.4 337.26 336.297 -0.963 included 
224 FHSP-08-003-M 464700 6355103 290.315 290.32 289.979 -0.341 included 
225 FHSP-08-004-M 465539.7 6354802 292.88 292.46 293.838 1.378 included 
226 FHSP-08-005-M 465541.4 6354981 292.895 292.77 292.511 -0.259 included 
227 FHSP-08-006-M 465542.2 6355200 292.29 291.47 291.704 0.234 included 
228 FHSP-08-007-M 465001.8 6354701 292.18 291.29 290.533 -0.757 excluded 
229 FHSP-08-008-M 464249.2 6354745 292.81 284.38 297.229 12.849 excluded 
230 GT07-090C-M 469403.1 6365600 298.6 299.57 300.038 0.468 included 
231 GT07-097A-M 473002.1 6363501 281.07 310.24 310.922 0.682 included 
232 MLWC1-P100-M 476225.3 6368672 293.19 294.59 294.802 0.212 included 
233 MLWC1-P250-M 476225.7 6368672 291.736 294.65 294.802 0.152 included 
234 MLWC1-P460-M 476226.6 6368671 288.81 294.58 294.801 0.221 included 
235 MLWC1-P530-M 476227.5 6368670 291.77 294.57 294.802 0.232 included 
236 MLWC2-P100-M 457000 6352000 295.057 296.42 229.903 -66.517 excluded 
237 MLWC2-P250-M 474073.6 6367174 293.572 296.38 296.58 0.2 included 
238 MLWC2-P560-M 474074.9 6367175 290.672 296.35 296.6 0.25 included 
239 MLWC3-P100-M 469401.7 6365600 273.49 299.56 299.79 0.23 included 
240 MLWC3-P50-M 469035.3 6365085 264.02 299.62 299.779 0.159 excluded 
241 MLWC4-P100-M 475660.5 6371206 268.28 295.31 295.476 0.166 included 
242 MLWC4-P250-M 475662.5 6371207 254.58 295.26 295.086 -0.174 included 
243 MLWC4-P360-M 475664.4 6371205 291.26 295.33 295.45 0.12 included 
244 MLWC5-P100-M 475237.9 6366535 294.62 295.97 296.82 0.85 included 
245 MLWC5-P200-M 475238.2 6366537 293.73 296.12 296.821 0.701 included 
246 MW06-014A-M 466137.9 6359599 295.475 313.98 332.522 18.542 excluded 
247 MW06-014B-M 466137.9 6359601 306.135 313.99 332.522 18.532 included 
248 MW06-018A-M 466109.4 6360594 297.465 324.69 337.605 12.915 included 
249 MW06-022C-M 466144.4 6361509 307.93 335.88 330.436 -5.444 included 
250 MW06-022D-M 466144.2 6361510 329.18 336.21 336.12 -0.09 included 
251 MW-06-028-B-M 467193.6 6361516 320.245 334.57 332.188 -2.382 included 
252 MW-06-031-A-M 468080.4 6361175 289.715 331.82 334.942 3.122 included 
253 MW-06-031-B-M 468083 6361175 317.67 332.08 334.391 2.311 included 
254 MW06-032A-M 468753.3 6359497 292.475 340 332.955 -7.045 included 
255 MW06-032B-M 468753.3 6359501 317.89 339.71 340.169 0.459 included 
256 MW06-043A-M 469548.9 6359885 291.655 339.01 327.782 -11.228 included 
257 MW06-044A-M 469969 6359234 299.66 337.49 332.398 -5.092 included 
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258 MW06-044B-M 469966.7 6359233 325.325 337.28 338.038 0.758 included 
259 MW06-046B-M 469559.6 6358890 321.645 336.02 338.344 2.324 included 
260 MW06-047A-M 469978.7 6358865 290.105 334.62 330.274 -4.346 included 
261 MW06-047B-M 469982.6 6358865 327.33 335.08 336.879 1.799 included 
262 MW06-048A-M 470239.2 6358870 290.505 334.51 336.809 2.299 included 
263 MW06-048B-M 470242.6 6358870 315.305 334.59 336.881 2.291 included 
264 MW06-049A-M 469508 6358469 292.935 334.81 329.174 -5.636 included 
265 MW06-049B-M 469507.7 6358471 313.675 334.82 336.725 1.905 included 
266 MW06-051B-M 469536.1 6358155 315.545 332.88 334.883 2.003 included 
267 MW06-053A-M 469415.5 6356846 252.61 311.28 279.249 -32.031 excluded 
268 MW06-053B-M 469415.3 6356844 272.53 312.4 327.487 15.087 excluded 
269 MW06-053C-M 469415.3 6356843 302.09 326.1 327.953 1.853 included 
270 MW06-055A-M 468928 6356737 302.14 326.62 328.612 1.992 included 
271 MW06-057B-M 468542.8 6356702 318.93 326.78 329.741 2.961 included 
272 MW06-069A-M 467934.2 6359469 303.79 339.89 333.337 -6.553 included 
273 MW06-070B-M 467306.6 6358698 327.505 339.38 334.403 -4.977 included 
274 MW06-070C-M 467309.7 6358698 338.535 339.41 341.907 2.497 included 
275 MW06-072A-M 467323.4 6357948 300.41 336.71 331.721 -4.989 included 
276 MW06-072B-M 467325.3 6357948 321.55 336.78 331.72 -5.06 included 
277 MW06-075C-M 470568.3 6361193 287.67 332.42 329.54 -2.88 included 
278 MW06-075D-M 470570.6 6361194 309.11 332.32 332.659 0.339 included 
279 MW-06-076-A-M 471013.3 6361612 284.8 327.15 329.492 2.342 included 
280 MW-06-076-B-M 471016 6361614 302.945 328.97 330.494 1.524 included 
281 MW-06-077-A-M 472635.7 6361412 281.45 330.27 331.896 1.626 included 
282 MW-06-077-B-M 472638.1 6361414 296.5 330.71 331.896 1.186 included 
283 MW-06-078-B-M 472822.4 6362027 300.57 327.6 330.299 2.699 included 
284 MW06-079A-M 470383.6 6360508 306.225 335.11 336.335 1.225 included 
285 MW06-079B-M 470384.2 6360505 312.81 335.18 336.335 1.155 included 
286 MW06-080A-M 471365.8 6360512 297.525 335.3 335.682 0.382 included 
287 MW-06-085-A-M 472816.9 6359497 293.07 326.83 330.704 3.874 included 
288 MW06-087A-M 470548.5 6358784 312.55 334.3 335.962 1.662 included 
289 MW06-096B-M 473013 6357300 323.19 327.82 325.26 -2.56 included 
290 MW-07-113-M 461647.9 6356676 153.31 236.87 236.117 -0.753 excluded 
291 MW-07-114-M 460771.5 6355135 92.2 226.81 235.703 8.893 excluded 
292 MW-07-115-M 462418.5 6357539 138.43 233.75 237.206 3.456 excluded 
293 MW-07-117-M 463949.7 6357906 150.23 235.41 240.327 4.917 excluded 
294 MW-07-119-M 467102 6359493 166.8 244.31 264.324 20.014 excluded 
295 MW-07-121-M 466454.1 6356647 153.42 239.38 257.563 18.183 excluded 
296 MW-07-122-M 467347.7 6364011 160.8936 255.57 266.326 10.756 excluded 
297 MW-07-123-M 469164.6 6358673 152.97 244.14 264.002 19.862 excluded 
298 MW-08-01-M 473750.4 6378239 272.595 282.58 281.157 -1.423 included 
299 MW08-03-M 472902.9 6375844 269.99 284.56 285.836 1.276 included 
300 MW08-04-M 473852.8 6375794 268.185 289.86 288.593 -1.267 included 
301 MW08-08-M 474711.3 6373419 272.11 292.43 294.295 1.865 included 
302 MW-08-13BA-M 473769.6 6370132 216.82 270.71 276.279 5.569 excluded 
303 MW-08-15BA-M 469079.4 6374052 193.26 255.69 238.769 -16.921 excluded 
304 MW08-301A-M 474613.5 6366167 297.53 296.81 297.442 0.632 included 
305 MW08-301B-M 474613.3 6366166 297.39 296.98 297.442 0.462 included 
306 MW08-302A-M 474638 6366143 294.96 296.64 297.469 0.829 included 
307 MW08-302B-M 474637.7 6366142 295.88 297.08 297.468 0.388 included 
308 MW08-302C-M 474638.2 6366141 296.63 297.04 298.55 1.51 included 
309 MW08-303A-M 472644.5 6364140 304.94 306.12 308.66 2.54 included 
310 MW08-303B-M 472644.5 6364140 306.52 306.25 308.68 2.43 included 
311 MW08-304A-M 476260.7 6367266 295.185 295.19 295.479 0.289 included 
312 MW08-304B-M 476254.1 6367271 294.765 295.29 295.479 0.189 included 
313 MW08-305A-M 476271.9 6369577 288.21 294.5 294.872 0.372 included 
314 MW08-305B-M 476271.7 6369578 292.11 294.53 294.624 0.094 included 
315 MW08-305C-M 476272.4 6369576 294.32 294.55 294.623 0.073 included 
316 MW08-306A-M 472613.2 6364373 301.59 302.9 303.632 0.732 included 
317 MW08-306B-M 472614 6364372 301.2 302.92 303.632 0.712 included 
318 MW08-307A-M 474826.9 6368247 292.13 295.38 295.359 -0.021 included 
319 MW08-308A-M 475796.2 6367952 289.19 294.83 295.041 0.211 included 
320 MW08-308B-M 475796.5 6367951 292.51 294.89 295.034 0.144 included 
321 MW-08-308C-M 475797 6367951 294.24 294.93 295.033 0.103 included 
322 MW08-309A-M 474441.1 6367403 291.33 296.12 296.228 0.108 included 
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323 MW08-309B-M 474441.3 6367402 295.32 295.8 296.228 0.428 included 
324 PW-08-02-M 473768.2 6370123 282.115 295.63 296.113 0.483 included 
325 SP06-1-20-M 474506.9 6374205 222.19 265.54 288.699 23.159 excluded 
326 FH17-WR401-MR1-VW-A 473071.8 6366365 183.37 269.08 275.092 6.012 excluded 
327 FH17-WR401-MR1-VW-C 473071.8 6366365 208.37 270.27 275.091 4.821 excluded 
328 FH17-WR401-SN1-VW-A 473066.4 6366365 262.58 297.32 298.007 0.687 excluded 
329 FH17-WR401-SN1-VW-B 473066.4 6366365 275.58 298.06 298.176 0.116 included 
330 FH17-WR401-SN1-VW-C 473066.4 6366365 289.08 298.23 298.176 -0.054 included 
331 FH17-WR403-MR1-VW-A 473975.9 6365366 182.97 271.34 276.005 4.665 excluded 
332 FH17-WR403-MR1-VW-B 473975.9 6365366 195.97 271.55 275.994 4.444 excluded 
333 FH17-WR403-MR1-VW-C 473975.9 6365366 205.97 271.79 275.989 4.199 excluded 
334 FH17-WR403-SN1-VW-A 473979.7 6365364 265.14 301.34 301.354 0.014 included 
335 FH17-WR403-SN1-VW-B 473979.7 6365364 274.94 301.61 301.399 -0.211 included 
336 FH17-WR403-SN1-VW-D 473979.7 6365364 294.94 301.15 300.886 -0.264 included 
337 FH17-WR405-MR1-VW-A 472003.3 6363549 171.35 268.91 272.718 3.808 excluded 
338 FH17-WR405-MR1-VW-B 472003.3 6363549 181.35 268.67 272.718 4.048 excluded 
339 FH17-WR405-MR1-VW-C 472003.3 6363549 191.35 268.5 273.238 4.738 excluded 
340 FH17-WR405-MR1-VW-D 472003.3 6363549 202.35 269.2 273.238 4.038 excluded 
341 FH17-WR405-SN1-VW-A 471998.4 6363550 271.51 309.2 313.274 4.074 included 
342 FH17-WR405-SN1-VW-B 471998.4 6363550 281.21 309.57 313.38 3.81 included 
343 FH17-WR405-SN1-VW-C 471998.4 6363550 309.21 309.45 313.382 3.932 included 
344 FH17-WR406-MR1-VW-A 470042.6 6365498 227.02 271.96 271.524 -0.436 excluded 
345 FH17-WR406-MR1-VW-C 470042.6 6365498 268.52 297.03 299.838 2.808 excluded 
346 FH17-WR409-MR1-VW-B 481293.5 6368858 215.12 293.36 286.933 -6.427 excluded 
347 FH17-WR409-MR1-VW-C 481293.5 6368858 222.12 294.2 286.933 -7.267 excluded 
348 FH17-WR409-MR1-VW-D 481293.5 6368858 235.12 293.87 286.933 -6.937 excluded 
349 FH17-WR409-SN1-VW-A 481298.4 6368858 255.13 291.64 294.944 3.304 excluded 
350 FH17-WR409-SN1-VW-B 481298.4 6368858 266.33 292.63 294.949 2.319 included 
351 FH17-WR409-SN1-VW-C 481298.4 6368858 278.83 292.77 294.977 2.207 included 
352 FH17-WR409-SN1-VW-D 481298.4 6368858 288.53 293.16 294.983 1.823 included 
353 FH17-WR421-SN1-VW-A 474246.2 6366767 278.49 296.27 296.681 0.411 included 
354 FH17-WR421-SN1-VW-B 474246.2 6366767 281.49 296.22 296.681 0.461 included 
355 FH17-WR421-SN1-VW-C 474246.2 6366767 287.49 296.41 296.856 0.446 included 
356 FH17-WR421-SN1-VW-D 474246.2 6366767 291.49 296.49 296.856 0.366 included 
357 FH17-WR422-SN1-VW-A 472998.5 6364693 264.94 300.75 303.649 2.899 excluded 
358 FH17-WR422-SN1-VW-B 472998.5 6364693 274.64 302.02 303.696 1.676 included 
359 FH17-WR422-SN1-VW-C 472998.5 6364693 283.44 301.92 303.679 1.759 included 
360 FH17-WR422-SN1-VW-D 472998.5 6364693 300.24 302.07 302.086 0.016 included 
361 FH17-WR423-SN1-VW-A 472080.5 6364334 284.98 301.39 304.112 2.722 included 
362 FH17-WR423-SN1-VW-B 472080.5 6364334 298.58 301.32 304.048 2.728 included 
363 FH17-WR423-SN1-VW-C 472080.5 6364334 299.58 301.27 304.048 2.778 included 
364 FH17-WR424-SN1-VW-A 471425.2 6364217 295.55 301.81 303.936 2.126 included 
365 FH17-WR424-SN1-VW-B 471425.2 6364217 298.55 302.77 303.892 1.122 included 
366 FH17-WR424-SN1-VW-C 471425.2 6364217 300.55 301.86 303.892 2.032 included 
367 FH17-WR426-SN1-VW-A 469267.7 6364082 281.63 299.54 302.413 2.873 included 
368 FH17-WR426-SN1-VW-B 469267.7 6364082 290.78 299.8 302.536 2.736 included 
369 FH17-WR426-SN1-VW-C 469267.7 6364082 296.88 299.72 301.876 2.156 included 
370 FH17-WR429-SN1-VW-A 473260 6368363 269.15 296.59 297.141 0.551 included 
371 FH17-WR429-SN1-VW-B 473260 6368363 283.15 297.04 297.225 0.185 included 
372 FH17-WR429-SN1-VW-C 473260 6368363 298.15 300.61 297.226 -3.384 included 
373 FH17-WR430-SN1-VW-A 472167 6367672 269.68 297.86 298.539 0.679 included 
374 FH17-WR430-SN1-VW-B 472167 6367672 280.08 298.11 298.539 0.429 included 
375 FH17-WR430-SN1-VW-C 472167 6367672 291.68 297.43 298.54 1.11 included 
376 FH17-WR431-SN1-VW-A 470890.8 6366931 268.42 297.67 299.322 1.652 included 
377 FH17-WR431-SN1-VW-B 470890.8 6366931 285.42 299.62 299.477 -0.143 included 
378 FH17-WR431-SN1-VW-C 470890.8 6366931 292.92 299.24 299.478 0.238 included 
379 FH17-WR432-SN1-VW-A 469858 6366880 267.87 287.41 299.11 11.7 excluded 
380 FH17-WR432-SN1-VW-B 469858 6366880 286.87 298.39 299.567 1.177 included 
381 FH17-WR432-SN1-VW-C 469858 6366880 292.87 298.33 299.567 1.237 included 
382 FH17-WR434-SN1-VW-A 476279.6 6364497 269.56 318.23 323.487 5.257 included 
383 FH17-WR434-SN1-VW-B 476279.6 6364497 295.26 319.17 323.535 4.365 included 
384 FH17-WR434-SN1-VW-C 476279.6 6364497 319.96 323.62 323.535 -0.085 included 
385 FH17-WR434-SN1-VW-D 476279.6 6364497 341.26 341.43 338.22 -3.21 included 
386 FH17-WR435-SN1-VW-A 475955.6 6364926 262.9 314.14 319.458 5.318 included 
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387 FH17-WR435-SN1-VW-B 475955.6 6364926 272.9 317.1 319.623 2.523 included 

388 FH17-WR435-SN1-VW-C 475955.6 6364926 304.9 318.02 319.47 1.45 included 
389 FH17-WR435-SN1-VW-D 475955.6 6364926 319.4 319.15 319.283 0.133 included 
390 FH17-WR436-SN1-VW-A 475647.6 6365234 278.23 316.08 316.565 0.485 included 
391 FH17-WR436-SN1-VW-B 475647.6 6365234 290.83 313.55 316.565 3.015 included 
392 FH17-WR436-SN1-VW-C 475647.6 6365234 296.43 318.05 315.473 -2.577 included 
393 FH17-WR436-SN1-VW-D 475647.6 6365234 305.63 313.4 315.2 1.8 included 
394 FH17-WR437-SN1-VW-A 475329.8 6365604 264.63 305.52 310.52 5 included 
395 FH17-WR437-SN1-VW-B 475329.8 6365604 275.63 305.78 310.577 4.797 included 
396 FH17-WR437-SN1-VW-C 475329.8 6365604 291.63 305.53 307.503 1.973 included 
397 FH17-WR437-SN1-VW-D 475329.8 6365604 299.63 306.29 306.241 -0.049 included 
398 FH17-WR438-MR1-VW-A 474933.4 6365925 199.21 271.94 277.108 5.168 excluded 
399 FH17-WR438-MR1-VW-B 474933.4 6365925 213.21 271.75 277.109 5.359 excluded 
400 FH17-WR438-MR1-VW-D 474933.4 6365925 262.51 301.42 301.522 0.102 included 
401 FH17-WR439-SN1-VW-A 474566.9 6366384 277.95 296.52 296.34 -0.18 included 
402 FH17-WR439-SN1-VW-B 474566.9 6366384 288.45 297.22 296.917 -0.303 included 
403 FH17-WR439-SN1-VW-C 474566.9 6366384 290.95 294.95 296.888 1.938 included 
404 FH17-WR441-MR1-VW-A 473366.7 6367621 192.56 270.28 275.348 5.068 excluded 
405 FH17-WR441-MR1-VW-B 473366.7 6367621 204.56 270.62 275.348 4.728 excluded 
406 FH17-WR441-MR1-VW-C 473366.7 6367621 231.56 291.3 291.023 -0.277 excluded 
407 FH17-WR442-SN1-VW-A 472897.9 6368095 261.73 298.16 297.714 -0.446 included 
408 FH17-WR442-SN1-VW-B 472897.9 6368095 271.23 298.35 297.844 -0.506 included 
409 FH17-WR442-SN1-VW-C 472897.9 6368095 285.23 298.49 297.844 -0.646 included 
410 FH17-WR442-SN1-VW-D 472897.9 6368095 297.23 298.52 297.845 -0.675 included 
411 FH17-WR444-SN1-VW-A 472123.4 6368823 255.94 294.11 297.65 3.54 included 
412 FH17-WR444-SN1-VW-B 472123.4 6368823 263.94 295.67 297.653 1.983 included 
413 FH17-WR444-SN1-VW-C 472123.4 6368823 273.94 298.1 297.77 -0.33 included 
414 FH17-WR444-SN1-VW-D 472123.4 6368823 292.94 298.02 297.772 -0.248 included 
415 FH17-WR445-MR1-VW-A 473288.3 6366970 189.76 268.93 275.257 6.327 excluded 
416 FH17-WR445-MR1-VW-B 473288.3 6366970 197.76 270.68 275.257 4.577 excluded 
417 FH17-WR445-MR1-VW-C 473288.3 6366970 212.76 270.35 275.257 4.907 excluded 
418 FH17-WR445-MR1-VW-D 473288.3 6366970 229.26 288.43 290.911 2.481 excluded 
419 FH17-WR445-SN1-VW-A 473293 6366971 258.87 296.78 297.535 0.755 excluded 
420 FH17-WR445-SN1-VW-B 473293 6366971 263.67 296.64 297.563 0.923 included 
421 FH17-WR445-SN1-VW-C 473293 6366971 277.87 299.9 297.697 -2.203 included 
422 FH17-WR445-SN1-VW-D 473293 6366971 289.87 300.81 297.697 -3.113 included 
423 FH17-WR447-SN1-VW-A 473894.1 6366138 282.93 296.59 297.966 1.376 included 
424 FH17-WR447-SN1-VW-B 473894.1 6366138 287.43 297.32 298.013 0.693 included 
425 FH17-WR447-SN1-VW-C 473894.1 6366138 290.93 296.21 298.014 1.804 included 
426 FH17-WR448-SN1-VW-A 474325.8 6365706 287.31 297.71 300.369 2.659 included 
427 FH17-WR448-SN1-VW-B 474325.8 6365706 290.81 297.86 300.074 2.214 included 
428 FH17-WR448-SN1-VW-C 474325.8 6365706 294.31 297.78 299.706 1.926 included 
429 FH18-ES401-SN1-VW-A 481469.4 6378931 216.53 267.32 291.393 24.073 excluded 
430 FH18-ES401-SN1-VW-B 481469.4 6378931 235.03 277.55 291.394 13.844 excluded 
431 FH18-ES401-SN1-VW-C 481469.4 6378931 275.53 293.16 291.483 -1.677 included 
432 FH18-ES401-SN1-VW-D 481469.4 6378931 294.03 285.39 291.485 6.095 excluded 
433 FH18-ES404-SN1-VW-B 479299.9 6377453 223.66 257.25 292.18 34.93 excluded 
434 FH18-ES404-SN1-VW-C 479299.9 6377453 241.66 284.34 292.184 7.844 excluded 
435 FH18-ES404-SN1-VW-D 479299.9 6377453 273.66 294.4 292.277 -2.123 included 
436 FH18-ES408-SN1-VW-A 482988.8 6374419 237.71 258.4 294.588 36.188 excluded 
437 FH18-ES408-SN1-VW-B 482988.8 6374419 270.21 293.36 294.625 1.265 included 
438 FH18-ES408-SN1-VW-C 482988.8 6374419 284.21 309.6 294.627 -14.973 excluded 
439 FH18-ES411-SN1-VW-A 475837.6 6372267 272.8 296.26 295.444 -0.816 included 
440 FH18-ES411-SN1-VW-B 475837.6 6372267 280.3 296.01 295.444 -0.566 included 
441 FH18-ES411-SN1-VW-C 475837.6 6372267 292.8 296.24 295.445 -0.795 included 
442 FH18-ES415-SN1-VW-A 474540 6370073 281.5 294.87 295.566 0.696 included 
443 FH18-ES415-SN1-VW-B 474540 6370073 286.6 295 295.566 0.566 included 
444 FH18-ES415-SN1-VW-C 474540 6370073 293.4 294.74 295.566 0.826 included 
445 FH18-ES417-SN1-VW-A 483905.6 6369485 254.2 295 297.533 2.533 included 
446 FH18-ES417-SN1-VW-B 483905.6 6369485 284.1 295.4 297.735 2.335 included 
447 FH18-ES417-SN1-VW-C 483905.6 6369485 292 295.34 297.978 2.638 included 
448 FH18-ES417-SN1-VW-D 483905.6 6369485 296.3 295.89 297.978 2.088 included 
449 FH18-ES419-MR1-VW-A 472121.1 6368816 185.77 265.25 273.427 8.177 excluded 
450 FH18-ES419-MR1-VW-B 472121.1 6368816 197.77 269.66 273.427 3.767 excluded 
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451 FH18-ES419-MR1-VW-C 472121.1 6368816 206.77 270.22 273.428 3.208 excluded 
452 FH18-ES419-SN1-VW-A 472126.2 6368816 255.73 294.52 297.649 3.129 included 

453 FH18-ES419-SN1-VW-B 472126.2 6368816 268.33 296.78 297.77 0.99 included 
454 FH18-ES419-SN1-VW-C 472126.2 6368816 294.83 297.23 297.772 0.542 included 
455 FH18-ES421-SN1-VW-A 482330.2 6368408 259.78 294.98 295.402 0.422 included 
456 FH18-ES421-SN1-VW-B 482330.2 6368408 287.98 295.24 295.412 0.172 included 
457 FH18-ES421-SN1-VW-C 482330.2 6368408 291.18 295 295.412 0.412 included 
458 FH18-ES424-MR1-VW-A 471421 6365878 173.81 270.69 272.373 1.683 excluded 
459 FH18-ES424-MR1-VW-B 471421 6365878 180.31 270.85 272.373 1.523 excluded 
460 FH18-ES424-MR1-VW-C 471421 6365878 193.81 264.65 273.066 8.416 excluded 
461 FH18-ES424-SN1-VW-A 471420.6 6365884 270.52 299.76 299.518 -0.242 included 
462 FH18-ES424-SN1-VW-B 471420.6 6365884 284.32 299.94 299.614 -0.326 included 
463 FH18-ES424-SN1-VW-C 471420.6 6365884 296.12 299.85 299.615 -0.235 included 
464 FH18-ES424-SN1-VW-D 471420.6 6365884 297.32 299.43 299.617 0.187 included 
465 FH18-ES431-MR1-VW-A 471164.3 6364367 170.46 264.99 272.677 7.687 excluded 
466 FH18-ES431-MR1-VW-B 471164.3 6364367 180.46 265 272.678 7.678 excluded 
467 FH18-ES431-MR1-VW-C 471164.3 6364367 188.46 265.74 272.678 6.938 excluded 
468 FH18-ES431-SN1-VW-A 471164.1 6364372 279.98 299.57 301.746 2.176 included 
469 FH18-ES431-SN1-VW-B 471164.1 6364372 290.28 299.77 301.668 1.898 included 
470 FH18-ES431-SN1-VW-C 471164.1 6364372 297.98 299.68 300.795 1.115 included 
471 FH18-ES440-MR1-VW-A 478796.2 6362011 191.29 279.72 277.876 -1.844 excluded 
472 FH18-ES440-MR1-VW-B 478796.2 6362011 201.29 280.53 277.876 -2.654 excluded 
473 FH18-ES440-MR1-VW-C 478796.2 6362011 209.29 280.09 277.876 -2.214 excluded 
474 FH18-ES440-SN1-VW-A 478790.4 6362012 278.09 306.29 323.086 16.796 excluded 
475 FH18-ES440-SN1-VW-B 478790.4 6362012 302.39 308.87 323.197 14.327 excluded 
476 FH18-ES440-SN1-VW-C 478790.4 6362012 331.89 330.71 326.036 -4.674 included 
477 FH19-ES512-SN2-VW-A 469059 6369805 257.1 275.12 294.174 19.054 excluded 
478 FH19-ES512-SN2-VW-B 469059 6369805 280.8 291.66 294.268 2.608 included 
479 FH19-ES512-SN2-VW-C 469059 6369805 289.6 290.52 294.269 3.749 included 

480
FH19-ES565-MR2-PW-VW-

A 470363.2 6367157 205.68 264.98 271.668 6.688 excluded 
481 FH19-ES602-SN1-VW-A 484832.1 6378775 242.8 288.64 292.028 3.388 included 
482 FH19-ES602-SN1-VW-B 484832.1 6378775 266.91 292.58 292.052 -0.528 included 
483 FH19-ES602-SN1-VW-C 484832.1 6378775 286.16 292.5 292.053 -0.447 included 
484 FH19-ES602-SN1-VW-D 484832.1 6378775 303.25 303.59 305.034 1.444 included 
485 FH19-ES608-SN1-VW-B 475682.4 6369568 266.13 295.3 294.922 -0.378 included 
486 FH19-ES608-SN1-VW-D 475682.4 6369568 287.13 294.89 294.92 0.03 included 
487 FH19-ES609-SN1-VW-A 472431.3 6368848 255.16 294.84 297.487 2.647 included 
488 FH19-ES609-SN1-VW-B 472431.3 6368848 278.16 297.85 297.617 -0.233 included 
489 FH19-ES609-SN1-VW-C 472431.3 6368848 296.16 297.92 297.619 -0.301 included 
490 FH19-ES615-SN1-VW-A 473599.7 6367450 259.26 296.52 296.868 0.348 included 
491 FH19-ES615-SN1-VW-B 473599.7 6367450 272.56 297.51 296.984 -0.526 included 
492 FH19-ES615-SN1-VW-C 473599.7 6367450 288.06 296.86 296.984 0.124 included 
493 FH19-ES620-SN1-VW-A 473976.6 6367024 266.11 293.51 296.76 3.25 included 
494 FH19-ES620-SN1-VW-B 473976.6 6367024 287.61 295.68 296.849 1.169 included 
495 FH19-ES625-SN1-VW-A 473610.3 6366528 286.91 296.69 297.554 0.864 included 
496 FH19-ES625-SN1-VW-B 473610.3 6366528 292.41 297.9 297.553 -0.347 included 
497 FH19-ES627-SN1-VW-A 474117.6 6366501 264.79 297.02 297.204 0.184 included 
498 FH19-ES627-SN1-VW-B 474117.6 6366501 269.79 297.15 297.303 0.153 included 
499 FH19-ES627-SN1-VW-C 474117.6 6366501 289.79 296.3 297.392 1.092 included 
500 FH19-ES652-SN1-VW-A 474529 6365222 265.44 308.3 309.555 1.255 included 
501 FH19-ES652-SN1-VW-B 474529 6365222 271.94 309.56 309.555 -0.005 included 
502 FH19-ES652-SN1-VW-C 474529 6365222 286.94 307.7 309.555 1.855 included 
503 FH19-ES652-SN1-VW-D 474529 6365222 298.94 307.63 309.467 1.837 included 
504 FH19-ES691-SN1-VW-A 467346.7 6363573 271.34 303.06 302.779 -0.281 included 
505 FH19-ES691-SN1-VW-B 467346.7 6363573 283.21 321.57 302.887 -18.683 excluded 
506 FH19-ES691-SN1-VW-C 467346.7 6363573 290.21 303.58 303.653 0.073 included 
507 FH19-ES696-SN1-VW-A 475260.4 6363278 272.63 328.37 328.989 0.619 included 
508 FH19-ES696-SN1-VW-B 475260.4 6363278 302.63 328.47 329.138 0.668 included 
509 FH19-ES696-SN1-VW-C 475260.4 6363278 327.73 328.17 329.138 0.968 included 
510 FH19-ES707-SN1-VW-A 468804.1 6361700 278.59 303.54 328.265 24.725 excluded 
511 FH19-ES707-SN1-VW-B 468804.1 6361700 289.59 324.33 328.502 4.172 included 
512 FH19-ES707-SN1-VW-C 468804.1 6361700 309.09 316.73 328.673 11.943 included 
513 FH19-ES708-SN1-VW-A 471326.2 6361672 281.69 331.19 331.361 0.171 included 
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514 FH19-ES708-SN1-VW-B 471326.2 6361672 301.69 330.94 331.374 0.434 included 

515 FH19-ES708-SN1-VW-C 471326.2 6361672 325.69 330.46 331.661 1.201 included 
516 FH19-GL504-SN2-VW-A 469323.6 6371487 273.39 285.07 290.209 5.139 included 

517 FH19-GL504-SN2-VW-B 469323.6 6371487 283.29 284.59 290.209 5.619 included 
518 FH19-GL547-SN1-VW-A 468966.8 6367584 285.1 296.94 298.408 1.468 included 
519 FH19-GL547-SN1-VW-B 468966.8 6367584 291.7 317.46 298.408 -19.052 excluded 
520 FH19-GL550-SN1-VW-A 471294.2 6367584 282.25 299.27 299.105 -0.165 included 
521 FH19-GL550-SN1-VW-B 471294.2 6367584 293.95 298.46 299.106 0.646 included 
522 FH19-GL553-SN1-VW-A 469783.2 6367580 259.05 283.01 298.367 15.357 excluded 
523 FH19-GL553-SN1-VW-B 469783.2 6367580 266.45 289.19 298.367 9.177 excluded 
524 FH19-GL553-SN1-VW-C 469783.2 6367580 285.85 297.92 298.946 1.026 included 
525 FH19-GL553-SN1-VW-D 469783.2 6367580 295.05 298.48 298.947 0.467 included 
526 FH19-GL570-MR1-VW-A 470176.4 6366810 167.04 264.5 271.694 7.194 excluded 
527 FH19-GL570-MR1-VW-B 470176.4 6366810 178.24 264.76 271.694 6.934 excluded 
528 FH19-GL570-MR1-VW-C 470176.4 6366810 190.94 264.29 271.695 7.405 excluded 
529 FH19-GL570-MR1-VW-D 470176.4 6366810 212.14 264.48 271.547 7.067 excluded 
530 FH19-GL667-SN1-VW-A 474650 6364771 277.47 313.59 315.101 1.511 included 
531 FH19-GL667-SN1-VW-B 474650 6364771 287.47 313.36 316.738 3.378 included 
532 FH19-GL667-SN1-VW-C 474650 6364771 299.97 313.02 316.738 3.718 included 
533 FH20-WR602-MR1-VW-A 484992.6 6378711 226.23 288.76 292.253 3.493 excluded 
534 FH20-WR606-MR1-VW-A 484012 6376077 229.01 290.78 293.877 3.097 excluded 
535 FH20-WR610-MR1-VW-B 474110.7 6374699 234.41 271.4 290.156 18.756 excluded 
536 FH20-WR613-SN1-VW-A 473791.4 6372141 278.12 293.92 294.867 0.947 included 
537 FH20-WR614-SN1-VW-A 473853.4 6372063 238.13 291.02 294.35 3.33 included 
538 FH20-WR614-SN1-VW-B 473853.4 6372063 264.13 294.8 294.992 0.192 included 
539 FH20-WR614-SN1-VW-C 473853.4 6372063 282.13 304.18 294.994 -9.186 included 
540 FH20-WR615-SN1-VW-A 473922.5 6371991 238.37 290.64 294.338 3.698 included 
541 FH20-WR615-SN1-VW-B 473922.5 6371991 269.37 294.58 295.019 0.439 included 
542 FH20-WR615-SN1-VW-C 473922.5 6371991 282.37 294.64 295.021 0.381 included 
543 FH20-WR616-SN1-VW-A 473588.9 6371400 268.7 295.99 295.387 -0.603 included 
544 FH20-WR616-SN1-VW-B 473588.9 6371400 278.2 295.94 295.387 -0.553 included 
545 FH20-WR616-SN1-VW-C 473588.9 6371400 290.2 296.24 295.388 -0.852 included 
546 FH20-WR617-SN1-VW-A 473558.4 6371314 269.15 295.56 295.441 -0.119 included 
547 FH20-WR617-SN1-VW-B 473558.4 6371314 284.15 295.97 295.442 -0.528 included 
548 FH20-WR617-SN1-VW-C 473558.4 6371314 294.15 296.22 295.443 -0.777 included 
549 FH20-WR618-SN1-VW-A 482233.4 6371267 276.517 294.2 294.449 0.249 included 
550 FH20-WR618-SN1-VW-B 482233.4 6371267 276.517 294.32 294.449 0.129 included 
551 FH20-WR618-SN1-VW-C 482233.4 6371267 284.32 299.48 294.449 -5.031 included 
552 FH20-WR618-SN1-VW-D 482233.4 6371267 279.22 294.37 294.449 0.079 included 
553 FH20-WR618-SN1-VW-E 482233.4 6371267 279.22 289.67 294.449 4.779 included 
554 FH20-WR618-SN1-VW-F 482233.4 6371267 284.32 294.58 294.449 -0.131 included 
555 FH20-WR619-SN1-VW-A 473540.1 6371200 263.9 295.93 295.498 -0.432 included 
556 FH20-WR619-SN1-VW-B 473540.1 6371200 276.9 295.91 295.499 -0.411 included 
557 FH20-WR619-SN1-VW-C 473540.1 6371200 292.9 295.24 295.5 0.26 included 
558 FH20-WR620-MR1-VW-A 471680.2 6370754 170.92 268.8 267.803 -0.997 excluded 
559 FH20-WR620-MR1-VW-B 471680.2 6370754 186.92 268.14 267.803 -0.337 excluded 
560 FH20-WR620-MR1-VW-C 471680.2 6370754 213.92 271.24 270.438 -0.802 excluded 
561 FH20-WR622-SN1-VW-A 472795.7 6370698 267.47 295.9 296.013 0.113 included 
562 FH20-WR622-SN1-VW-B 472795.7 6370698 278.97 296.31 296.014 -0.296 included 
563 FH20-WR622-SN1-VW-C 472795.7 6370698 290.97 296.57 296.015 -0.555 included 
564 FH20-WR623-SN1-VW-A 472893 6370687 253.93 292.39 295.888 3.498 included 
565 FH20-WR623-SN1-VW-B 472893 6370687 295.43 296.74 296.022 -0.718 included 
566 FH20-WR624-SN1-VW-A 472984.4 6370697 265.9 296.99 295.978 -1.012 included 
567 FH20-WR625-SN1-VW-A 480986.4 6370201 277.975 292.57 294.579 2.009 included 
568 FH20-WR625-SN1-VW-B 480986.4 6370201 277.975 292.62 294.579 1.959 included 
569 FH20-WR625-SN1-VW-C 480986.4 6370201 282.775 295.86 294.579 -1.281 included 
570 FH20-WR625-SN1-VW-D 480986.4 6370201 282.775 296.73 294.579 -2.151 included 
571 FH20-WR625-SN1-VW-E 480986.4 6370201 286.58 295.6 294.579 -1.021 included 
572 FH20-WR625-SN1-VW-F 480986.4 6370201 286.58 295.34 294.579 -0.761 included 
573 FH20-WR626-SN1-VW-A 472265.9 6369828 270.86 295.1 296.875 1.775 included 
574 FH20-WR626-SN1-VW-B 472265.9 6369828 280.86 295.79 296.875 1.085 included 
575 FH20-WR626-SN1-VW-C 472265.9 6369828 290.86 296.32 296.876 0.556 included 
576 FH20-WR627-SN1-VW-A 472364.2 6369845 266.4 290.66 296.849 6.189 included 
577 FH20-WR627-SN1-VW-B 472364.2 6369845 276.4 281.91 296.849 14.939 excluded 
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No. Well label 
Easting 

(m) 
Northing 

(m) 

Monitoring 
elevation 

(masl) 

Observed 
head 

(masl) 

Simulated 
head 

(masl) 
Residual (m) 

Included in 
or Excluded 

from 
Automatic 
Calibration 

578 FH20-WR627-SN1-VW-C 472364.2 6369845 286.4 286.49 296.849 10.359 excluded 
579 FH20-WR630-SN1-VW-A 469741.3 6368135 255.48 272.01 297.756 25.746 excluded 

580 FH20-WR630-SN1-VW-B 469741.3 6368135 284.08 297.32 298.452 1.132 included 
581 FH20-WR630-SN1-VW-C 469741.3 6368135 293.58 297.37 298.453 1.083 included 
582 FH20-WR634-SN1-VW-B 471340.5 6368095 293.44 323.01 298.709 -24.301 excluded 

583 FH20-WR636-SN1-VW-A 472140.8 6368093 277.74 299.24 298.321 -0.919 included 

584 FH20-WR636-SN1-VW-B 472140.8 6368093 290.24 298.74 298.321 -0.419 included 

585 FH20-WR638-SN1-VW-A 473349.4 6368053 257.7 297.17 297.174 0.004 included 
586 FH20-WR638-SN1-VW-B 473349.4 6368053 282.9 307.63 297.306 -10.324 included 

587 FH20-WR638-SN1-VW-C 473349.4 6368053 293 297.78 297.307 -0.473 included 

588 FH20-WR642-SN1-VW-A 472434.2 6367650 259.05 298.84 298.179 -0.661 included 

589 FH20-WR642-SN1-VW-B 472434.2 6367650 277.15 298.14 298.344 0.204 included 
590 FH20-WR642-SN1-VW-C 472434.2 6367650 287.65 298.92 298.344 -0.576 included 

591 FH20-WR645-SN1-VW-A 473018.3 6367624 257.79 297.03 297.569 0.539 included 

592 FH20-WR645-SN1-VW-B 473018.3 6367624 286.89 298.13 297.78 -0.35 included 

593 FH20-WR657-SN1-VW-A 473907.4 6367537 283.71 296.63 296.539 -0.091 included 
594 FH20-WR657-SN1-VW-B 473907.4 6367537 289.71 296.51 296.538 0.028 included 

595 FH20-WR664-SN1-VW-A 474457.7 6366956 267.68 295.69 296.435 0.745 included 

596 FH20-WR664-SN1-VW-B 474457.7 6366956 288.18 296.73 296.505 -0.225 included 

597 FH20-WR674-SN1-VW-A 475013.6 6365603 264.1 301.65 307.966 6.316 included 
598 FH20-WR674-SN1-VW-B 475013.6 6365603 278.3 299.21 307.966 8.756 included 

599 FH20-WR680-SN1-VW-A 473365.3 6364772 268.3 295.86 304.681 8.821 included 

600 FH20-WR680-SN1-VW-B 473365.3 6364772 277.8 297.31 304.697 7.387 included 

601 FH20-WR680-SN1-VW-C 473365.3 6364772 283.8 297 303.971 6.971 included 
602 FH20-WR681-SN1-VW-A 473794.4 6364817 267 305.77 303.841 -1.929 included 

603 FH20-WR681-SN1-VW-B 473794.4 6364817 276.6 308.3 303.916 -4.384 included 

604 FH20-WR681-SN1-VW-C 473794.4 6364817 289.6 306.11 305.501 -0.609 included 

605 FH20-WR684-SN1-VW-A 474494.6 6364811 278.7 311.26 311.272 0.012 included 
606 FH20-WR684-SN1-VW-B 474494.6 6364811 301.7 312.34 313.029 0.689 included 

607 FH20-WR697-SN1-VW-A 472303.7 6363144 272.9 311.34 314.467 3.127 included 

608 FH20-WR697-SN1-VW-B 472303.7 6363144 291.9 312.19 314.467 2.277 included 

609 FH20-WR697-SN1-VW-C 472303.7 6363144 307.4 311.34 320.656 9.316 included 
610 FHEC20-WR700-MR1-VW-A 474760.7 6365020 185.1 272.06 276.452 4.392 excluded 

611 FHEC20-WR700-MR1-VW-B 474760.7 6365020 196.1 271.97 276.521 4.551 excluded 

612 FHEC20-WR700-MR1-VW-C 474760.7 6365020 214.1 271.59 276.521 4.931 excluded 
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Parameter estimation model (PEST) 

In this investigation, we used a model-independent parameter estimation package, PEST (Parameter 
ESTimation). PEST has been used for various fields to estimate (or calibrate) numerical models [Doherty, 
2005]. The theory of the inverse algorithm implemented into the PEST model is summarized based on the 
PEST manual [Doherty, 2005]. For a linear model,  denotes the model matrix, which acts on parameters 
encapsulated in the vector  to generate a set of outputs .  has a size of m x n, where m represents the 
number of observations in the calibration dataset and n corresponds to the number of parameters to be 
calibrated in .  

                                       

During the calibration process, the model outputs are fitted to the observation dataset encapsulated in 
an m-dimensional vector  with a noise ( ) associated with the observation. The true measurement set 
of the model parameters are represented by , the following relationship therefore holds for a model 
without structural defects, 

 

The best fits of parameters related to the model are obtained by minimizing the weighted residual sum 
of squares (RSS): 

 

where  is the number of observations,  is the weighting factor that is proportional to the uncertainty 
in the measured dataset. Alternatively, the fitness of the model calibration can be characterized by a 
weighted sum-of-squared residuals objective function ( ), 

 

where the superscript t denotes matrix transpose and  represents a m × m weight matrix which is 
chosen depending on the data quality. Through the model calibration the objective function  
decreases with increasing the number of iterations. In the weighted Levenberg Marquardt (LM) 
method, a simple update form of parameters to be estimated can be expressed as: 

                                                       

where  is the vector of n parameters at iteration level  and  is the update vector computed 
from the weighted LM method.  in non-linear models can be obtained from:  

 

T  
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At each iteration, the calculated step  is essentially an interpolation between a Gauss-Newton step 
and a gradient descent step. Finally, the LM method may only converge to a local minimum or a saddle 
point. In other words, it is not guaranteed to find a global minimum. The iteration will stop when an 
acceptable residual is achieved.  
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Simulated vs. Observed Groundwater Level Time Series 
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Simulated vs. Observed Drawdown in the Quaternary Aquifer Well Tests
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Pumping well ID was FH18-ES419-DR1 

 
 

Pumping well ID was FH18-ES426-DR1 

  
: Quaternary well testing transient calibration results  
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Pumping well ID was FH18-ES436-DR 

.  
 

Pumping well ID was FH17-WR517-DR1 

 
Quaternary well testing transient calibration results 
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Pumping well IDs were FH18-ES631-DR1-PW, FH18-ES632-DR1-PW, FH18-ES633-DR1-PW, FH18-ES634-
DR1-PW 

  
 

FH-DR16-NETA-PW-01 

 
: Quaternary well testing transient calibration results 



 

F-5 
 

Pumping well ID was FH-DR16-NETA-PW-02

 
 

Pumping well ID was FH-DR16-NETA-PW-03 

 
 Quaternary well testing transient calibration results 
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Injection well ID was FH20-WR617-DR1-PW 

 
 

Injecting well ID was FH20-WR624-DR1-PW 

 
 Quaternary well testing transient calibration results 

 



 

F-7 
 

Pumping well ID was FH17-WR441-DR1

 
 
 

Pumping well ID was FH19-ES605-DR1-PW 

 
Quaternary well testing transient calibration results 
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Pumping well ID was FH19-ES612-DR1-PW 

 
 

Pumping well ID was FH19-WR806-DR1-PW 

 
Quaternary well testing transient calibration results 
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Pumping well ID was FH19-WR812-DR1-PW 

 
Quaternary well testing transient calibration results 
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Simulated vs. Observed Drawdown in the Basal McMurray Aquifer Well Tests
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Pumping well ID was FH19-ES565-MR2-PW 

 
 

Pumping well ID was FH17-WR351-MR1 
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Pumping well ID was FH17-WR421-MR2 
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Closure Model IWW Seepage Analysis Aggregation Schema for Tracking 
GW Flux to Receptors 
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APPENDIX E – Water Act Licence Amendment Application 

  











Application for Water Act Licences 

Please specify 

Statement of Confirmation: 
The information given on this form is true to the best of my knowledge. 

If you wish to sign the form with an electronic signature you are bound with the same force as though you had 

a fixed signature on paper. 

Signature Date of Signing Company Name 

Email the completed form to the EPEA and Water Act application centre at EPEA.WA.Applications@aer.ca. 

PERSONAL INFORMATION COLLECTION AND USE NOTIFICATION 

Personal information on this form is collected under the authority of section 33(c) of the Freedom of Information and Protection of Privacy 

Act and will be used to administer the Water Act and its associated regulations. This form is a public record and is available to anyone. All 
information contained on this form (including personal information) is disclosed to anyone requesting a copy in accordance with section 15(1)(a) of the 
Water (Ministerial) Regulation. For further information about the collection and use of this information, please contact the Alberta Energy Regulator's 
Customer Contact Centre by sending an email to inquiries@aer.ca or calling 403-297-8311 or 1-855-297-8311 (toll free). 

WATER (MINISTERIAL) REGULA T/ON - REQUEST FOR CONFIDENTIALITY

As identified in Section 15(4) of the Water (Ministerial) Regulation, If the applicant wishes that a trade secret, process or technical information in the 
application be kept confidential, the applicant may make a written request to the Director within 30 days after the information is submitted, identifying 
the information, and requesting that the information be kept confidential and not be disclosed. The written request must identify the specifics of the 
information to be kept confidential and not to be disdosed. Ultimately, it is the Director who makes the decision regarding the confidentiality of the 
identified information. 

If you are submitting a request to assure confidentiality of certain information such as a trade secret, process or technical information for the Directors 

consideration, submit this information in a separate attachment to the application form. 

I Protect Fields I 

F045 - September 2018 

Alberta Energy Regulator Suite 1000, 250 - 5 Street SW, Calgary, Alberta T2P 0R4 Page 5 of 5 

Michael Robinson, M.Sc., P.Biol.

Printed Name 

Suncor Energy Inc.9 February 2022



Waterbody (e.g., lake, 
stream, or name of 
source, if known)

Section Township Range Meridian Is Construction 
Required? 

Annual Volume of 
Water Required (cubic 

metres)

Maximum 
Pumping Rate 
(show units)

Purpose

Watersheds included in the 
Fence Line Boundary 13 96 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 18 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 24 96 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 23 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 21 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 22 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 26 96 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 28 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 32 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 6 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 5 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 16 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 24 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 25 96 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 30 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 26 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 36 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 35 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 1 97 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 4 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 24 97 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 22 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 18 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 17 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 30 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 26 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 36 96 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 33 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 1 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 19 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 20 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project



Waterbody (e.g., lake, 
stream, or name of 
source, if known)

Section Township Range Meridian Is Construction 
Required? 

Annual Volume of 
Water Required (cubic 

metres)

Maximum 
Pumping Rate 
(show units)

Purpose

Watersheds included in the 
Fence Line Boundary 20 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 21 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 21 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 33 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 1 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 16 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 13 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 16 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 24 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 25 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 29 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 28 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 31 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 8 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 12 97 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 7 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 11 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 8 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 9 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 10 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 9 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 13 97 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 18 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 17 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 16 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 30 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 27 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 7 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 9 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 4 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 7 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project



Waterbody (e.g., lake, 
stream, or name of 
source, if known)

Section Township Range Meridian Is Construction 
Required? 

Annual Volume of 
Water Required (cubic 

metres)

Maximum 
Pumping Rate 
(show units)

Purpose

Watersheds included in the 
Fence Line Boundary 12 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 8 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 11 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 26 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 34 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 32 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 32 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 2 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 3 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 4 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 6 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 13 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 18 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 14 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 20 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 17 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 15 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 19 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 21 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 22 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 23 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 19 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 29 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 31 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 31 96 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 34 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 32 96 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 6 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 2 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 3 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 23 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project



Waterbody (e.g., lake, 
stream, or name of 
source, if known)

Section Township Range Meridian Is Construction 
Required? 

Annual Volume of 
Water Required (cubic 

metres)

Maximum 
Pumping Rate 
(show units)

Purpose

Watersheds included in the 
Fence Line Boundary 19 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 14 96 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 23 96 11 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 20 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 14 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 15 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 29 97 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 28 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 12 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 25 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 27 96 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 10 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 9 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 36 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 35 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 33 97 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 5 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 5 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 17 98 9 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 15 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 24 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project

Watersheds included in the 
Fence Line Boundary 27 98 10 4 Yes 9,360,000 n/a Portion of makeup water for processing use by Fort Hills Oil 

Sands Project
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Abbreviation/Unit Definition 

% percent 

> greater than 

< less than 

<= less than or equal to 

ºC Degrees Celsius 

µg/m3 micrograms per cubic metre 

µm Micrometres 

ACO Aboriginal Consultation Office 

AENV Alberta Environment 

AER Alberta Energy Regulator 

AITF Alberta Innovates Technology Futures 

Al2(SO4)3.14.3H2O alum 

Al-Pac Alberta-Pacific Forest Industries Inc. 

Basal Cretaceous Basal McMurray aquifer 

Bbbl Billion barrels 

bbl/cd barrels of bitumen per calendar day 

BCR Beaver Creek Reservoir 

BML Base Mine Lake 

Ca-HCO3 Calcium Bicarbonate 

CAPP Canadian Association of Petroleum Producers 

CCME Canadian Council of Ministers of the Environment 

CEMA Cumulative Environmental Management Association 

CDDA Centre dedicated disposal area 

CDGMP Cretaceous and Devonian Groundwater Management Plan 

cm centimetre 

CO Construction and Operation   

CO2 carbon dioxide 

COP Codes of Practice 

COPC Constituents of Potential Concern 

COSEWIC Committee on the Status of Endangered Wildlife in Canada 

COSIA Canada’s Oil Sands Innovation Alliance 

CPL Centre Pit Lake 

CPTA Centre Pit Tailings Area 

CST Coarse sand tailings 

CT Consolidated Tailings 

CWR Clay-to-Water Ratio 

CWTS Constructed Wetland Treatment System 
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Abbreviation/Unit Definition 

D Measured/sampled at regular intervals throughout the day 

DDA Dedicated Disposal Area 

dFFT Densified fluid fine tails 

DFO Fisheries and Oceans Canada 

Dilbit Diluted Bitumen 

DOC Dissolved Organic Carbon 

DP Depressurization 

DPL Demonstration pit lake 

DT Densified Tailings 

E east 

EA Environmental Assessment 

ECCC Environment Canada and Climate Change 

e.g. for example 

EIA Environmental Impact Assessment 

EM Effectiveness Monitoring 

EOML End of Mine Life 

EPA Environmental priority area 

EPEA Alberta Environmental Protection and Enhancement Act 

EPL end pit lake 

ERCB Energy Resources Conservation Board (predecessor to the Alberta Energy Regulator) 

ESP electrical submersible pump 

ESRD Alberta Environment and Sustainable Resource Development 

ET evapotranspiration 

ETB East Toe Berm  

et al. and others 

etc. and so on 

FFT Fluid fine tailings 

FH Fort Hills 

FHEC Fort Hills Energy Corporation 

FHELP Fort Hills Energy L.P. 

FHIPA Fort Hills Integrated Plan Application 

FHMA Fort Hills Mine Amendment 

FHO Fort Hills Operations  

FHUC Fort Hills Upland Complex 

FMA Forest Management Agreement 

Fort Hills Fort Hills Energy L.P.; Fort Hills Operations 

FT Fluid Tailings 
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Abbreviation/Unit Definition 

GC Gas chromatograph 

GDC Geographic Dynamics Corporation 

GDP Gross Domestic Product 

GHG Greenhouse Gas 

GMP Groundwater Management Plan/Groundwater Monitoring Program 

GOA Government of Alberta 

H2O2 hydrogen peroxide 

H2S hydrogen Sulphide 

ha hectare 

HADD Harmful Alteration, Disruption, or Destruction 

HGS HydroGeoSphere 

HRA Historical Resources Act 

HRIA Historic Resources Impact Assessment 

HSPF Hydrologic Simulation Program - Fortran 

HU Habitat Units 

H:V Horizontal to Vertical 

i.e. that is 

IK Indigenous Knowledge 

IPA Integrated Plan Amendment 

IPCC Intergovernmental Panel on Climate Change 

ISO International Organization for Standardization 

IWW Industrial Wastewater 

JIP Joint Industry Project 

km kilometre 

km2 Square kilometres 

km/h kilometres per hour 

k m3/d thousand cubic metres per day 

km2 square kilometre 

kPa kilopascal 

ktpd thousand tonnes per day 

L litre 

LARP Lower Athabasca Regional Plan 

LMCP Life of Mine Closure Plan 

LOS Lean oil sands 

L/s litres per second 

LSC large strain consolidation test 

m Metre 
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Abbreviation/Unit Definition 

m3 Cubic metres 

m/s metres per second 

m2/s Square metres per second 

Mm3 Million cubic metres 

mm/s millimetre per second 

m3/s cubic metres per second 

m3/year cubic metres per year 

masl metres above sea level 

Mbbls Million barrels 

MBI Methylene blue index 

MCFN Mikisew Cree First Nation 

MFT Mature Fine Tailings 

mg/L Milligrams per litre 

MLSB Mildred Lake Settling Basin 

MLWC McClelland Lake Wetland Complex 

M m3 Million cubic metres 

M m3/yr Million cubic metres per year 

Mt Million tonnes 

MRM Muskeg River Mine 

MRP Monitoring and Research Program 

MSM Monitoring and Strategic Mining 

MSP Measurement System Plan 

Mt million tonnes 

N north 

n/a not applicable 

Na-Cl Sodium chloride 

NED North External Dump 

NIA Noise Impact Assesment 

NNLL No Net Loss Lake 

No. number 

NOP Northern Outwash Plain 

NOX Oxides of Nitrogen 

NO2 Nitrogen Dioxide 

NPL North Pit Lake 

NPTA North Pit Tailings Area 

NSAZ No-Surface-Access-Zone 

NST Non-segregating tailings 
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Abbreviation/Unit Definition 

OEMS Operational Excellence Management System 

OP Operational Plan 

OPP Ore Preparation Plant 

OPTA Out-of-Pit Tailings Area 

ORP Oxidation reduction potential 

OSCA Alberta Oil Sands Conservation Act 

OSCR Alberta Oil Sands Conservation Rules 

OSPW Oils sands process-affected water 

OSTC Oils Sands Tailings Consortium 

OWS Oil Water Solids 

PASS Permanent Aquatic Storage Structure 

PAW Process Affected Water 

PCOSI Petro Canada Oil Sands Inc. 

PIL Prairie Intact Laminates 

PL Pit Lake 

PM2.5 Fine particulate matter; particulate matter with a mean aerodynamic diameter of 2.5 microns (µg) or less 

PMM peat-mineral mix 

PMF Probable Maximum Flood 

ppb parts per billion 

ppm parts per million 

Project Fort Hills Oil Sands Project 

PSD Particle size distribution 

Q quarter (i.e., three months of a year) 

Q discharge 

R&M Research and Monitoring 

rbbl recoverable barrels 

RC Reclamation and Closure 

RCWP Recycle Water Pond 

RCW recycle water system 

RFR Ready for Reclamation 

RMS Reclamation Material Stockpile  

RMWB Regional Municipality of Wood Buffalo 

RT Regular tailings 

RTR Ready to Reclaim 

SC Sustainability Committee  

SDDA South dedicated disposal area 

SED Specified Enactment Directive  
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Abbreviation/Unit Definition 

SEOI Suncor Energy Operating Inc. 

SETA South East Tailings Area 

SG Specific Gravity 

SI Soluble ion 

SIPD South in pit dump 

SMA surface minable area 

SMS Seepage management system 

SO2 Sulphur dioxide 

SPS South Pit Sump 

SPTA South Pit Tailings Area 

SPL South Pit Lake 

STP South Tailings Pond 

Suncor or SU Suncor Energy Inc. 

SWQMF Surface Water Quantity Management Framework 

Syncrude Syncrude Canada Ltd. 

t/d tonnes per day 

t/m3 tonnes per cubic metre 

TA Tailing Area 

TBD To Be Determined 

TD Tailings Directive (reference to AER Tailings Directive) 

TDS Total Dissolved Solids 

Teck Teck Resources Limited 

TEK Traditional Ecological Knowledge 

TFT Thin Fine Tailings 

TLU Traditional Land Use 

TMF Tailings Management Framework 

TMP Tailings Management Plan 

TOTAL Total E&P Canada Ltd. 

TRO Tailings Reduction Operations 

TrueNorth TrueNorth Energy L.P. 

TSP Total Suspended Particulates 

TSRU Tailings and Solvent Recovery Unit 

TSS total suspended solids 

TT Thickened tailings 

TV/BIP total volume removed to bitumen in place 

UPL Upper Pit Lake 

vs versus 
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Abbreviation/Unit Definition 

W west 

W4M West of the Fourth Meridian 

WCTT Water Capped Tailings Technology 

WIP West In-Pit 

WL Water Level  

WPP West PAW Pond 

WQ Water Quality 

wt% weight percent 

yr year 

yrs years 

µg/m3 micrograms per cubic metre 
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1. ENVIRONMENTAL ASSESSMENT FOR THE FORT HILLS OIL SANDS 
PROJECT INTEGRATED PLAN AMENDMENT APPLICATION 

1.1. Introduction 
Suncor Energy Operating Inc. (SEOI) received confirmation from the Alberta Energy Regulator (AER) on 
March 9, 2021 that an Environmental Impact Assessment was not required for the Fort Hills Oil Sands 
Project (FHOSP) Integrated Plan Amendment (IPA; AER 2021). Fort Hills Energy Corporation (FHEC) 
completed an Environmental Assessment (EA) in support of the IPA Application. This section provides an 
overview of the methodology and associated linkage analysis.  

The EA identifies potential changes to the predictions from environmental assessments completed in 
support of the approved FHOSP, with consideration of the changes to the Approved Project Area and to 
the integrated mine and tailings plans (Volume 1, Sections 2 and 3), water management plan (Volume 1, 
Section 4), and the updated Life of Mine Closure Plan (LMCP: Volume 1, Section 6, and Appendix A) 
associated with the IPA. The EA considers: 

● air emissions and air quality 

● noise 

● aquatic resources (including hydrogeology, surface water hydrology, water quality and aquatic 
health, and fish and fish habitat) 

● terrestrial resources (including terrain and soils, vegetation and wetlands, wildlife, and 
biodiversity) 

● Traditional Land Use (TLU) and Indigenous Knowledge (IK) 

● historic resources 

● human health 

This EA includes the review of existing EA information from previous regulatory applications for the 
FHOSP including: 

● Application for Approval of the Fort Hills Oil Sands Project. Application Nos. 1096587 and 
2001202. Five Volumes: Volume 2 – Environmental Baseline Study, Volume 3 – Environmental 
Impact Assessment. June 22, 2001 (TrueNorth 2001).  

● Fort Hills Oil Sands Project Amendment Application. Application No. 1520897. Volume 1: Project 
Description, Volume 2: Environmental Effects Update. July 2007 (FHEC 2007).  

● Fort Hills Oil Sands Project Environmental Assessment Update. Application No. 1642643. 
Volumes 1: Project Description, Volume 2: Environmental Assessment Update. December 15, 
2010 (FHEC 2010).  

● Fort Hills Oil Sands Project Application for Renewal of Environmental Protection and 
Enhancement Act (EPEA) Approval No. 151469-00-01 and 216594-00-00. Application No. 003-
216954 and 007-151469. December 15, 2012 (FHEC 2012).  

● Fort Hills Mine Amendment Application - Approval No. 151469-01-00 and 216594-00-00. 
Application No. 003-216954 and 007-151469. February 24, 2017 (FHEC 2017a).  
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● Out-of-Pit Tailings Area – East Toe Berm Project Application. Environmental Protection and 
Enhancement Act (EPEA) Approval No. 151469-01-00. February 9, 2021 (FHEC 2021a). 

Additional information on the Extension Areas, as described in Volume 1, Section 1, is considered in the 
EA. New environmental field data for soils, water quality, vegetation and wetlands, and fish and fish 
habitat were collected in 2020 within the Extension Areas. The EA also considered updated information 
from Government of Canada (2021a) on daily and monthly air temperature statistics, and wind and 
precipitation data that were considered in modelling completed for the hydrogeology and hydrology 
components.  

The EA focuses on key changes during mine life, including: 

● amendment of the FHOSP Approved Project Area to include North and East Extension Areas, as 
per current approvals (Oil Sands Conservation Act [OSCA] Scheme Approval and Water Act 
Fenceline) 

● replacement of the previous Mine Dump North with the North External Dump (NED), with the 
NED placed in the North Extension Area outside of the existing FHOSP Approved Project Area 
and outside of the McClelland Lake watershed 

● extending the development area east into the East Extension Area to accommodate an 
infrastructure corridor required to support the McClelland Lake Wetland Complex (MLWC) 
Operational Plan, as well as placement of a reclamation material stockpile (RMS) 

● addition of a second Dedicated Disposal Area (DDA) in Centre Pit to provide the necessary 
containment and Fluid Tailings (FT) treatment through the end of mine life (EOML)  

● update to the tailings management plan in alignment with Directive 085 (Alberta Energy 
Regulator [AER] 2017) requirements  

● update to the LMCP for the FHOSP 

Additional details on each of these changes are provided in Volume 1. 

1.1.1. Project Area 
The term Approved Project Area as used in this EA refers to the project boundary that was included 
within the FHOSP Out-of-Pit Tailings Area (OPTA) East Toe Berm Application (FHEC 2021a). The 
Approved Project Area for FHOSP covers a total area of 18,236 ha.  

Formal approval boundaries for the FHOSP are defined in the OSCA Scheme Approval No. 9241I and by 
Water Act Approval No. 151636-01 (Plan No. 00151636-P005 Water Act Fenceline Map). Although the 
Environmental Protection and Enhancement Act (EPEA) Approval No. 151469-01-00 (as amended) does 
not reference a specific approval area, it is generally considered to be applicable to the leases and legal 
land descriptions that are defined within the EPEA Approval and the supporting application material 
upon which the approval is based. For the purpose of this Application and EA, the term Approved 
Project Area refers to the combined project boundary that is captured by the existing OSCA Approved 
Project Area and Water Act Fenceline. The Approved Project Area and the Water Act Fenceline 
boundary will require adjustment to accommodate the Extension Areas and associated changes in the 
integrated mine and tailings plan, as discussed in Section 1.3 and Volume 1, Sections 2 and 3. 
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The Approved Project Area will be changed through the addition of the North Extension Area (2,960 ha) 
and East Extension Area (1,055 ha), for a total addition of 4,015 ha to accommodate the expansion of 
NED and to support MLWC infrastructure, as discussed in Volume 1, Section 1 and Section 3. The 
addition of the Extension Areas to the Approved Project Area results in an increase of the total Project 
Area to 22,251 ha. The Approved Project Area and Extension Areas are referred to as the Amended 
Project Area, as shown in Figure 1.1-1. 

A Terrestrial Assessment Boundary is defined within the 4,015 ha Extension Areas that includes the 
footprint where disturbance activities may take place as well as a 500 m buffer, as described in 
Section 5.1.1. The Terrestrial Assessment Boundary is 3,156.6 ha (2,324.2 ha in the North Extension Area 
and 832.4 ha in the East Extension Area). The footprint of the North Extension Area covers 1,809.8 ha 
within the Amended Project Area, while footprint of the East Extension Area covers 547.2 ha  
(Figure 5.1-1). The total addition footprint covered under the IPA is 2,357.0 ha and is mostly in the 
Extension Areas; however, 108.7 ha occurs within the previously Approved Project Area and is therefore 
not considered in the change assessment. A total additional footprint of 2,248.2 ha will be developed 
within the Terrestrial Assessment Boundary (3,156.6 ha) and represents an increase of 12% from the 
current Approved Project Area.  

A regional map that includes the FHOSP area is provided in Figure 1.1-2 that shows: 

● urban centres 

● major industrial operations 

● waterbodies 

● road, pipeline, power and utility corridors and other major infrastructure 

● public works 
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1.1.2. Tailings Management  
The FHOSP Tailings Management Plan (Volume 1, Section 3) has been updated to consider site-specific 
conditions, four years of operational experience and knowledge gained on tailings treatment through 
operation of the Permanent Aquatic Storage Structure (PASS) process at Suncor Energy Inc. (Suncor) 
Base Plant. The Tailings Management Plan is aligned with objectives and outcomes, and guiding 
principles of the Government of Alberta’s Tailings Management Framework (TMF) for the Mineable 
Athabasca Oil Sands that was released in March 2015 (GoA 2015a) and the AER Directive 085: Fluid 
Tailings Management for Oil Sands Mining Projects released in October 2017 (AER 2017). A detailed 
description of the modifications to the tailings management plan that will be employed by the FHOSP is 
provided in Volume 1, Section 3. 

Specific to the EA, the IPA will require changes to existing and planned surface drainage systems. 
Including the industrial runoff and industrial wastewater (IWW) systems (Volume 1, Section 3). These 
changes will be assessed in the aquatic resources component sections (Section 4). 

1.1.3. Mine Plan Modifications 
The modifications to the mine plan in terms of pit limits and facility placement are described in 
Volume 1, Section 2. The mine plan has been modified relative to the Approved Mine Plan to reduce the 
risks associated with tailings management and to improve closure outcomes. The mine plan 
modifications are considered in the air quality (Section 2), noise (Section 3), aquatic resources 
(Section 4), and terrestrial resources (Section 5) component assessments. 

1.1.4. Closure Landscape 
The FHOSP updated LMCP (Volume 1, Appendix A) integrates the 10-year Mine Reclamation Plan (2017-
2026) and conceptual LMCP projecting to mine closure and certification. The LMCP has been updated to 
incorporate the changes to the mine, tailings, and water management plans and to and to provide more 
confidence in reclamation timelines and outcomes. The updated LMCP integrates the AER approved 3-
year (2020 to 2023) FHOSP Mine Reclamation Plan (FHEC 2020a) and represents minimal change to the 
final closure outcome presented in the 2012 Reclamation and Closure Plan presented in FHEC (2012). 

1.2. Assessment Focus and Methodology 
This EA evaluates the integrated mine and tailings management plan through to closure, as well as other 
information, to provide an appropriate understanding of the environmental outcomes associated with 
the IPA. The integrated mine and tailings management plan is provided in further detail in Volume 1, 
Sections 2 and 3. An updated LMCP (Volume 1, Appendix A) was developed for the FHOSP to reflect the 
integrated mine and tailings management plan associated with the IPA. 
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1.2.1. Methodology 
The process for assessment of environmental changes associated with the IPA focused on identification 
and evaluation of changes from the environmental conditions or residual environmental effects as 
approved for the FHOSP. Environmental components were reviewed relative to implementation of the 
integrated mine and tailings plan, and updated LMCP using previously submitted documentation and 
existing approvals. There is also updated information from Government of Canada (2021a) on daily and 
monthly air temperature statistics, and wind and precipitation data that were considered in modelling 
completed for the hydrogeology and hydrology components.  

The IPA EA focuses on changes to the Approved Project boundaries, as described in Section 1.1.1. 
Additional information on spatial and temporal considerations is provided in the individual 
environmental component sections. 

The proposed Extension Areas and the implementation of the integrated mine and tailings management 
plan will not fundamentally change the originally predicted impacts associated with development, 
operation, reclamation, and closure of the FHOSP. However, the plan may affect the residual effects in 
that final outcomes on closure may be different than those previously assessed and approved. 
Therefore, each of the environmental components was considered with respect to the following key 
question: “How do the IPA changes affect the predicted residual environmental effects identified 
through previous assessments for the FHOSP, or result in the need to amend regulatory approvals issued 
for FHOSP?” The change analysis was completed for each environmental component through evaluation 
of predicted residual effects within the local and regional setting, as appropriate. 

Where a direct change attributed to the IPA was identified, an analysis was conducted to assess that 
change, as described under that relevant environmental component. The analysis completed depended 
on the environmental component and the types of changes. Revised modelling was completed for a 
number of components including air (Section 2), noise (Section 3), hydrogeology (Section 4.2), surface 
water hydrology (Section 4.3) and surface water quality (Section 4.4), with supporting information 
provided in appendices, as appropriate. For environmental components where no direct change was 
anticipated, a review was completed to evaluate potential changes to predicted residual effects relative 
to the updated LMCP.  
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Environmental Component Linkage Analysis 

The evaluation of effects on environmental components considers both the planned changes 
implemented for the IPA, as well as changes associated with the updated LMCP for FHOSP.  

A two-step process was used by each environmental component to answer the key question. The first 
step was to complete a linkage analysis to determine if the changes to FHOSP had the potential to lead 
to a change in the assessment results from previous FHOSP environmental assessments, as listed in 
Section 1.1. The purpose of the linkage analysis was to: 

● identify activities that may affect the existing environmental component information 

● identify the areas in which these impacts may occur 

● evaluate the validity of the changes, relative to activities and planned mitigation measures 
included in the IPA 

The linkage analysis considers both direct and indirect changes to a component in association with the 
changes planned as part of the IPA. Each component considers three key areas: 1) Amended Project 
Area; 2) implementation of the integrated mine and tailings management plan; and 3) the updated 
LMCP. For environmental components where a direct change is anticipated, a detailed change analysis 
was then completed as the second step in evaluating the key question. For environmental components 
where no direct valid linkages were identified, a review was completed to evaluate potential changes to 
predicted residual effects relative to the updated LMCP (Volume 1, Appendix A). Where no linkages are 
identified with the changes planned as part of the IPA, no further analysis is provided. A summary of the 
change and linkage analyses for the IPA is provided in Table 1-1 for each environmental component. 
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Table 1-1: Linkage and Change Analyses for Environmental Components in Association with the Fort Hills Integrated Plan Amendment 

Component Valid  
Linkage(s) Linkage Analysis Change Analysis 

Air Quality Yes 

• Change to the tailings management activities. 
• Change in mine fleet equipment composition, size, usage and 

location and mining sequence and mine pit limits.  
• Changes to the Approved Project Area, including extension 

Areas on the North and West, including shifting of North 
External Dump (NED) area to outside the current approved 
boundary.  

• No change to stationary combustion emission sources (e.g., 
cogeneration units, boilers, and heaters). 

• Assess changes to emissions from changes in tailings 
management, including review of emissions methodology 
and assessment of the total tailings management surface 
area before and after the proposed changes.  

• Quantify mine fleet exhaust and road dust emissions and 
compare to the mine fleet exhaust emissions in the Fort 
Hills Mine Amendment (FHMA: FHEC 2017a) and to what 
was modelled previously in the 2012 EPEA Renewal 
Application (FHEC 2012). Road dust was not previously 
modelled at the FHOSP, compare estimated emissions to 
the Annual Emission Inventory Report reported emissions. 

• Determine and quantify potential emissions from activities 
that will occur in the Extension Areas.  

Noise Yes 

• The mine plan for the IPA will require heavy equipment to 
access the NED. The presence of heavy equipment within the 
NED may increase noise levels at receptors north and east of 
the NED, including receptors associated with McClelland Lake.  

• Previous noise assessments (e.g., the FHMA [FHEC 2017a] noise 
impact assessment) have not considered potential noise effects 
from activities in the NED.  

• Develop a noise emissions inventory for IPA equipment. 
• Create a computer noise model to predict cumulative noise 

levels at dwellings and other sensitive receptors following 
implementation of the FHOSP IPA.  

• Prepare a noise impact assessment to evaluate FHOSP IPA 
compliance with AER Directive 038 (EUB 2007).  

Human Health Yes 

• Change in the predictions for air quality and water quality. • Review predicted ground level air concentrations and 
surface water quality concentrations for compounds of 
interest. 

•  Compare predicted air concentrations to health-based 
exposure limits. 

• Compare predicted water concentrations to health-based 
exposure limits. 

Hydrogeology Yes 

• Change in mining direction is likely to impact the life of mine 
schedule of operational groundwater quantity 
(depressurization [DP] and pit seepage volumes) and quality 
(different water quality in DP water). 

• Change to North Pit Design (i.e., a larger pit) may change 
groundwater flow pattern in Quaternary, Basal Aquifer and 
Devonian pathways. 

• Reduction in South Pit in-pit DDA size might affect Industrial 
Wastewater (IWW) groundwater seepage estimates in the area 
and potentially alter simulated groundwater flow paths. 

• Water-capped facilities (South Dedicated Disposal Area [DDA] 
and Centre Pit DDA) could potentially be sources of IWW 
groundwater seepage depending on surrounding groundwater 
heads. 

• Modification/addition of tailing storage facilities (i.e., addition 
of tailings area in South Pit, changes to North Pit tailings area, 
changes to Centre Pit tailings area) could change the recharge 
pattern and therefore the IWW groundwater seepage volume. 

• The placement of IWW materials in contact with, or close to 
Quaternary, Basal Aquifer, and/or Devonian pathways (i.e., the 
modified substrate material placement plan) may change IWW 
groundwater seepage rates (i.e., changes to tailings facilities). 

• Change in tailings type from treated tailings to Permanent 
Aquatic Storage Structure (PASS) treated tailings may affect 
infiltration and seepage pathways, affecting groundwater 
recharge pathways and seepage volumes. 

• Move/expansion of the NED and addition of a South External 
Dump may affect groundwater flow pathways in quaternary 
sediments. 

• Utilize groundwater flow modelling for both operational 
and closure conditions to: 
o assess the impact on water quality of IWW 

groundwater seepage from various mine facilities to 
the surface water receptors through different flow 
pathways  

o estimate drawdowns (groundwater levels) in 
Quaternary and basal aquifers 

o assess changes in estimated groundwater discharge 
to various surface waterbodies 

• Conduct a change analysis based on groundwater flow 
modelling results that includes: 
o IWW groundwater seepage from various mine 

facilities to the surface water receptors through 
different flow pathways to evaluate the impact on 
water quality. 

• Evaluate the changes to geological and hydrogeological 
interpretation from the FHMA to the 2020 Unified 
Geomodel and assess changes to forecast results because 
of any changes to the interpreted geology and 
hydrogeology based on updated drilling results. 

Surface Water 
Hydrology (Including 
Closure Drainage) 

Yes 

• Project footprint changes including additional water balance 
effect on the FHOSP No Net Loss Lake (NNLL). 

• Change in groundwater seepage rates to/from the South, 
Central and North pits. 

• Change in groundwater seepage rates to/from adjacent 
wetlands, Athabasca River and Muskeg River. 

• Change in operational water management plan including mine-
site water balance. 

• Change in closure landscape and drainage plan (e.g., drainage 
layout, watershed boundaries, pit lake locations, and pit lake 
surface areas). 

• Update watershed delineations and hydrological land type 
maps. 

• Compare hydrologic modelling results to those in the FHMA 
Application (FHEC 2017a). 

• Conceptual closure drainage system design and assessment 
of hydrologic sustainability of pit lake systems 

• Develop an updated closure drainage plan, conduct 
hydrologic modelling, and compare results to the FHMA 
Application (FHEC 2017a) 
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Table 1-1: Linkage and Change Analyses for Environmental Components in Association with the Fort Hills Integrated Plan Amendment 

Component Valid  
Linkage(s) Linkage Analysis Change Analysis 

Water Quality Yes 

• The linkages identified as potentially valid under the closure 
drainage and operational hydrology and hydrogeology 
components are also considered for water quality. Specifically, 
the linkages include: the location and area of NED, change in 
tailings sand storage with new sand tailings area (i.e., the South 
Pit Tailings Area), change in area and location(s) of the DDAs 
(reduction in size of South DDA and addition of Centre Pit 
DDA), use of PASS Fluid Tailings (FT) treatment process as 
treated tailings, and change in closure drainage plan. 

• A comparison of the FHMA (FHEC 2017a) water quality model 
inputs to observed water chemistry data from FHOSP, 
operational IWW chemistry model predictions, and recent data 
from PASS tailings has revealed substantial differences. 
Therefore, the water quality model inputs need to be updated. 

• Evaluate the changes to the operational water balance and 
flow rates to the pit lakes and receiving environments 
compared to the FHMA (FHEC 2017a). 

• Complete closure water quality modelling for the pit lakes 
using updated model inputs. 

• Compare predictions to relevant benchmarks, focusing on 
key constituents of potential concern. 

Fish and Fish Habitat Yes 

• Potential for direct alteration of fish habitat in watercourses in 
the North Extension Area and East Extension Area due to 
physical disturbances associated with development activities. 

• Possible indirect alteration of fish habitat in watercourses in 
the North Extension Area and East Extension Area because of 
changes in surface water quantity resulting from alteration of 
the watershed areas. 

• Possible indirect alteration of fish habitat in watercourses in 
the North Extension Area and East Extension Area because of 
changes in surface water quality resulting from development 
activities. 

• Possible indirect alteration of fish productivity in watercourses 
in the North Extension Area and East Extension Area because of 
changes in aquatic health resulting from changes in water 
quality parameters of concern. 

• Potential for revisions of the closure plan to result in changes 
to the previous assessment conclusions for the closure 
snapshot. 

• Examine revised closure plan and results of change 
assessments for the hydrology and water quality 
components.  

• Evaluate predicted direct and indirect changes to fish 
habitat or fish populations in the watercourses in the North 
Extension Area and East Extension Area for potential 
effects on fisheries productivity, with evaluation to be 
based on existing conditions provided by the updated 
baseline information for the expansion areas. 

• Identify differences in closure assessment conclusions, if 
any. 

Soil and Terrain Yes 

• Change or loss of soil units (quantity and distribution) 
• Potential change in soil quality (admixing, compaction, erosion) 
• Change or loss of terrain (quantity and distribution) 

• Update soils information for Extension Areas 
• Compare approved disturbance footprint and closure 

landscape from FHMA (FHEC 2017a) with new disturbance 
footprint and closure plans; summarize changes. 

Vegetation and 
Wetlands Yes 

• Loss of vegetation, including wetlands, riparian areas, old 
growth forest and limited distribution land cover types. 

• Potential for loss of listed plants. 
• Potential for loss of culturally important plant species. 
• Potential for introduction of weeds. 
• Potential for indirect effects associated with dust deposition 

(based on results of air assessment). 
• Potential for indirect effects associated with acid deposition, 

fumigation by oxides of nitrogen or sulphur, or nitrogen 
deposition (based on results of air assessment). 

• Potential indirect effects of changes in water quality and 
quantity in wetlands. 

• Update vegetation, wetland, and forest resources 
information for Extension Areas. 

• Consider updated Life of Mine Closure Plan. 
• Compare approved disturbance footprint and closure 

landscape from FHMA (FHEC 2017a) with new disturbance 
footprint and closure plans; summarize changes. 

Wildlife Yes 

• Changes in habitat quality and quantity. 
• Changes in mortality risk (e.g., avian mortality because of 

tailings areas). 
• Changes in connectivity. 

• Review existing survey data and results for the Extension 
Areas. 

• Review updated vegetation map and determine if there is 
habitat for broad species groups including large mammals, 
bats, songbirds, water birds, and amphibians. 

• Review updated Life of Mine Closure Plan and evaluate 
how the closure landscape in the Extension Areas provides 
habitat for broad species groups including large mammals, 
bats, songbirds, water birds, and amphibians. 

Biodiversity Yes 

• Potential for changes in species diversity based on changes to 
Wildlife, Vegetation and Wetlands, and Fish and Fish Habitat.  

• Change in natural ecosites (type and area) between baseline 
and post-closure. 

• Change in disturbance footprint (type, area, and location within 
broader landscape). 

• Consider assessments completed for Wildlife, Vegetation 
and Wetlands, and Fish and Fish Habitat 

• Evaluate changes in disturbance type, area, and 
distribution (baseline, operations, and post-closure). 

Traditional Land Use Yes 

• Potential direct disturbance to hunting, trapping or plant 
gathering areas. 

• Potential changes in the quality and/or availability of culturally 
important wildlife, fish, and plant resources. 

• Potential changes to access routes. 
• Potential direct or indirect disturbance to culturally important 

sites (e.g., habitation, ceremonial, spiritual or burial sites). 
• Potential for increased sensory disturbance to land users (e.g., 

noise, dust). 
• Change in closure landscape and drainage plan could affect 

resources and traditional practices withing the McClelland Lake 
watershed boundaries.  

• Update baseline conditions to reflect new TLU information 
(e.g., TLU data relating to FHOSP, MLWC, community-
specific TLU sources, and results of consultations) and 
compare with FHMA (FHEC 2017a) and original 2001 
TrueNorth Application (TrueNorth 2001). 

• Review results from other relevant technical disciplines 
(e.g., wildlife, vegetation, fish, and human health) to assess 
potential changes in the availability and quality of 
resources for traditional use. 

• Review results from other relevant technical disciplines 
(e.g., air quality and noise) to assess potential for increased 
sensory disturbances (e.g., noise and dust). 

• Update assessment of predicted effects to TLU based on 
updated baseline conditions for the Extension Areas, and 
summarize changes in the conclusions from the original 
application. 

Resource Use No n/a n/a 

Visual Aesthetics No n/a n/a 
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Table 1-1: Linkage and Change Analyses for Environmental Components in Association with the Fort Hills Integrated Plan Amendment 

Component Valid  
Linkage(s) Linkage Analysis Change Analysis 

Historical Resources Potential 

• Project footprint changes. 
• Potential for loss of historic resources because of construction 

activities. 

• Update baseline conditions and compare to approved 
FHOSP to determine if gaps exist in Historic Resources 
assessment of Extension Areas.  

• Update the historical resources impact assessment if gaps 
do exist. 

• Identify if any additional Historic Resources gaps exist in 
the Extension Areas following HRIA studies  

Socio-Economics No n/a n/a 

Notes: 
n/a = not applicable; AER = Alberta Energy Regulator; DDA = Dedicated Disposal Area; DP = depressurization; EPEA = Environmental Protection and Enhancement; FHEC = Fort 
Hills Energy Corporation; FHMA = Fort Hills Mine Amendment; FHOSP = Fort Hills Oil Sands Project; FT = Fluid Tailings; HHRA = Health Risk Assessment; WHRA = Health Risk 
Assessment; HRIA = Historic Resources Impact Assessment; IPA = Fort Hills Oils Sands Project Integrated Plan Amendment; IWW = Industrial Wastewater; MLWC = McClelland 
Lake Wetland Complex; NED = North External Dump; NNL = No Net Loss Lake; PASS = Permanent Aquatic Storage Structure; SED003 = Specified Enactment Direction 003: 
Direction for Conservation and Reclamation Submissions Under an Environmental Protection and Enhancement Act Approval for Mineable Oil Sands Sites; TLU = traditional land 
use; TSRU = Tailings Solvent Recovery Unit. 
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1.3. Mitigation, Management, and Monitoring 
Mitigation and management plans for the FHOSP, with consideration of the changes described in the 
IPA, remain consistent with those defined in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 
2017a). 

Additionally, the MLWC Operational Plan has identified specific mitigation measures (e.g., a cutoff wall 
as shown in Volume 1, Appendix C, Figure 3-32) that are required to maintain the function and diversity 
of the non-mined portion of the MLWC. These measures, such as maintaining the northwest extension 
of the cut-off wall adjacent to NED post-operations, are described in more detail in the Operational Plan, 
which was submitted in December 2021. 

Monitoring programs for the FHOSP will also remain consistent with those detailed in EPEA Approval No. 
151469-01-00 (as amended). Existing mitigation and monitoring programs are described in previous 
documentation, including:  

● 2001 Environmental Impact Assessment (TrueNorth 2001) 

● 2010 Environmental Assessment Update (FHEC 2010) 

● 2015 Bird Protection Plan (FHEC 2015) 

● 2017 Fort Hills Mine Amendment (FHEC 2017a) 

● 2017 NOX Emissions Reduction Program (FHEC 2017b) 

● 2017 Wildlife Mitigation and Monitoring Plan (FHEC 2017c) 

● 2018 Groundwater Monitoring Report (Waterline 2019) 

● 2019 Groundwater Monitoring Report (Integrated Sustainability 2020) 

● 2020 Groundwater Monitoring Report (Integrated Sustainability 2021) 

1.4. Life of Mine Closure Plan Summary 
The updated LMCP integrates the AER approved 3-year (2020 to 2023) FHOSP Mine Reclamation 
Plan (FHEC 2020a). The updated LMCP is written and submitted in support of the FHOSP IPA Application, 
which includes a Tailings Management Plan prepared in accordance with Directive 085 (AER 2017), and 
in accordance with EPEA Approval No. 151469-01-00 (as amended) Section 7.2, and the AER Specified 
Enactment Directive 003 (SED003: AER 2018). A summary of the updated LMCP is provided in Volume 1, 
Section 6, with the full plan provided in Volume 1, Appendix A. 

As per Section 7.2.7 of EPEA Approval No. 151469-01-00 (as amended) the first LMCP was due before 
December 31, 2018, with submission occurring in February 2017 (FHEC 2017a). As per SED003 
Section 2.2, the LMCP is to be updated and submitted to the AER every 10 years or with an amendment. 
Submission of this updated LMCP is intended to satisfy the SED003 amendment condition. The IPA was 
initiated because of a proposed change to the mine and tailings plan, including addition of a 
second DDA. This updated LMCP is intended to support and guide the IPA regulatory submission. As 
well, as per SED003 Section 9, a change to the soil cover prescriptions has also been proposed. Where 
the current LMCP prescribed 0.5 m of soil cover, this updated LMCP is proposing to change to 0.2 m of 
cover. 
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The updated LMCP integrates the 10-year Mine Reclamation Plan (2017 to 2026) and conceptual LMCP 
projecting to mine closure and certification. The updated LMCP is written and submitted in support of 
the IPA Application, and in accordance with EPEA Approval No. 151469-01-00, Condition 7.2.5 (Mine 
Reclamation Plan) and Condition 7.2.8 (Life of Mine Closure Plan). 

The updated LMCP incorporates changes to the mine plan and tailings management plan which are 
expected to increase confidence in closure outcomes and bring FHOSP into alignment with Directive 085 
(AER 2017).  

The updated LMCP is consistent with the previously submitted LMCP and represents minimal change to 
the final closure outcome presented in the 2020 Mine Reclamation Plan (FHEC 2020a). The plan has 
been updated to incorporate the changes to tailings and water management and to provide more 
confidence around reclamation timelines and outcomes. FHOSP is proposing an aquatic closure 
landform for the in-pit DDAs. Aquatic reclamation and closure of the DDAs is the best solution for FHOSP 
based on current research and data.  

Confidence associated with the final closure outcome and FHEC’s ability to progressively reclaim the site 
has improved over previous plans. Treated tailings are now distributed over a far smaller portion of the 
lease and weak material prone to settlement is now being placed in-pit and aquatically closed. Further 
details on tailings management and alternatives considered is provided in Volume 1, Section 3. 
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2. AIR QUALITY 

2.1. Introduction 
This air quality assessment quantifies the potential air emission changes because of the Fort Hills Oil 
Sands Project (FHOSP) Integrated Plan Amendment (IPA). The IPA will require a larger mine fleet to 
accommodate the longer haul distances for the waste material (e.g., overburden/interburden) between 
the mine pits and the North External Dump (NED); therefore, the emission sources at FHOSP affected by 
the IPA include mine fleet exhaust and road dust.  

Previous air quality assessments for the FHOSP were completed before operation began in 2018. Since 
operations at FHOSP began, new information has become available that has been used to update the 
emissions estimated for the FHOSP. This allows a more meaningful assessment of the changes because 
of the IPA in the air quality assessment, rather than comparing to the previously assessed emissions, 
which may not be reflective of actual FHOSP emissions.  

Air dispersion modelling is conducted to assess the potential changes to the maximum ground-level 
concentrations for selected compounds of interest because of the IPA. The compounds of interest for 
this assessment are nitrogen oxides (NOX) expressed as nitrogen dioxide (NO2), sulphur dioxide (SO2), 
fine particulate matter with a mean aerodynamic diameter of 2.5 microns (μm) or smaller (PM2.5), and 
total suspended particulate matter (TSP). The air quality assessment includes supporting information in 
three appendices in Volume 2: Appendix 2A – Emissions Details; Appendix 2B – CALMET/CALPUFF Model 
Options; and Appendix 2C – Existing Air Quality Summary. 

2.2. Assessment Scope 
The air quality assessment was conducted in two steps. In the first step, the changes proposed in the IPA 
were reviewed to identify linkages between the proposed changes and ambient air quality. If a linkage 
was identified, then the second step was to conduct a quantitative analysis to estimate the direction and 
magnitude of changes to air quality through air dispersion modelling. An analysis of the updated FHOSP 
emissions against the site-wide NOX reporting trigger was also completed. Fort Hills Energy Corporation 
(FHEC) is requesting an increase to the site-wide annual average emission reporting trigger listed in 
Section 4.1.39 of the FHOSP Environmental Protection and Enhancement Act (EPEA) Approval to 28.7 
tonnes per day (t/d), as discussed further in Section 2.6.1.  

In addition to assessing the valid linkages identified because of the IPA, this air quality assessment was 
used as an opportunity to evaluate the effects of the increased SO2 emissions from eight Solvent 
Recovery Unit (SRU) heaters that burn secondary extraction (SE) fuel gas at the FHOSP. In recent years, 
hydrogen sulphide (H2S) content in the SE fuel gas has been higher than originally anticipated at the 
FHOSP. This was identified in parallel to the IPA as an issue to be addressed. The impact to air quality 
has been evaluated to determine a site-wide emission limit for SO2 to be added to the FHOSP EPEA 
Approval. This change is not related to the IPA. FHEC is proposing a site-wide emission limit for the 
FHOSP of 2.0 t/d based on a modelled emission rate of 2.0 t/d. The proposed emission limit is discussed 
further in Section 2.6.1 and in Appendix 2A.  

2.2.1. Air Quality Linkage Assessment 
Based on a review of the proposed changes associated with the IPA, the FHOSP approved production 
capacity, or the air emissions sources related to utilities, ore preparation or the extraction process at 
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FHOSP will not change. The IPA proposes changes to the tailings management plan that could change 
emissions from tailings areas, such as the addition of a second central DDA, reduction in the size of 
South DDA, addition of South Pit Tailings (coarse) Area in the northern portion of the South Pit, and 
elimination of Out-of-Pit Tailings Area (OPTA) Phase 2. The extension to the FHOSP approved boundary 
(because of the addition of the Extension Areas) and revision in mining sequence have the potential to 
change the size of the mine fleet. The relocation of the NED to the proposed North Extension Area 
results in a longer haul distance between the mine pit and NED. The key proposed linkages assessed for 
air quality were changes to tailings management, changes to the mine fleet composition and usage and 
the extension of the FHOSP approved boundary.  

The outcome of the linkage assessment for these key linkages was:  

● Changes to tailings management: Emissions from the tailings areas are largely driven by amount 
of solvent loss to the Tailings Solvent Recovery Unit (TSRU) tailings and surface area of the 
tailings areas (i.e., OPTA) receiving TSRU tailings. No change is proposed to the FHOSP 
production rate or expected rate of solvent loss to the TSRU tailings in the IPA. The total surface 
area of the OPTA is expected to decrease with the proposed changes, therefore emissions may 
also decrease. This qualitative analysis concluded that tailings emissions are not likely to 
increase as a result of the IPA, therefore the linkage is not valid for air quality.  

● Changes to mine fleet composition and usage: Changes to the FHOSP mine fleet size, mine fleet 
composition, and haul distance may affect the FHOSP mine fleet exhaust and road dust 
emissions. It is assumed for the air quality assessment that the IPA will require a larger mine 
fleet to accommodate the longer haul distances for the waste material (e.g., 
overburden/interburden) between the mine pits and the NED, therefore this is a valid air quality 
linkage.  

● Extension of FHOSP approved boundary: Extension of the approved boundary to accommodate 
the NED changes the locations where the applicable air quality objectives are assessed, 
therefore this is a valid air quality linkage.  

2.2.2. Assessed Compounds 
Four compounds were selected to be evaluated in this assessment: NOX (expressed as NO2), SO2, PM2.5 

and TSP. NOX, SO2 and PM2.5 are by-products of mine fleet fuel combustion; TSP and to a lesser extent 
PM2.5 are by-products of road dust from traffic on unpaved roads at FHOSP. 

2.3. Regulatory Setting 
Legislative and regulatory frameworks have been established by regional, provincial, and federal 
authorities to manage and protect air quality within their respective jurisdictions. Standards, limits, 
triggers, objectives, and guidelines (known collectively as “criteria”) applicable to specific air quality 
parameters are established through these frameworks. The air criteria applicable to the IPA are 
categorized as: 

● Ambient Air Quality Criteria: Establish concentration levels for the determination of 
acceptability, management, and investigative actions to evaluate the protection of ambient air 
quality (e.g., guidelines, objectives, triggers). 

● Air Emission Standards: Place design, target, and compliance limits on acceptable emissions 
from the new emission sources for the IPA (e.g., equipment emission limits).  
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2.3.1. Ambient Air Quality Criteria 
A range of effects may result from air emissions introduced into the atmosphere by industrial activities. 
The emissions can have direct and indirect effects on humans, animals, vegetation, soil, and water; 
therefore, air quality criteria have been established for the protection of these elements. Air quality 
criteria are used to evaluate ground-level concentrations. 

 Alberta Ambient Air Quality Objectives and Guidelines 

Alberta Environment and Parks (AEP) has developed air quality objectives and guidelines to be used to 
assess air quality in the province of Alberta. The Alberta Ambient Air Quality Objectives and Guidelines 
(AAAQOs, AAAQGs; AEP 2019a) are based on an evaluation of scientific, social, technical, and economic 
factors. The intent of the AAAQOs is to provide protection of the environment and human health to an 
extent that is technically and economically feasible, as well as socially and politically acceptable (AEP 
2019a). The AAAQOs are used to determine adequacy of facility design, establish required stack heights 
and other release conditions, and assess compliance and evaluate facility performance (AEP 2019). The 
AAAQGs are used to evaluate general performance, inform airshed planning and management, and for 
evaluating local concerns (AEP 2019a). The AAAQOs and AAAQGs relevant to the IPA are presented in 
Table 2-1. 

Table 2-1: Applicable Alberta Ambient Air Quality Objectives and Guidelines 

Compound Averaging Period Concentration (µg/m³) 

Alberta Ambient Air Quality Objective   

NO2 
1-hour 300 

Annual 45 

SO2 

1-hour 450 

24-hour 125 

30-day 30 

Annual 20 

PM2.5 24-hour 29 

TSP 
24-hour 100 

Annual(a) 60 

Alberta Ambient Air Quality Guideline   

PM2.5 1-hour 80 

Notes: 
(a) Annual TSP is calculated based on annual geometric mean (AEP 2017). 
µg/m3 = micrograms per cubic metre; NO2 = nitrogen dioxide; PM2.5 = particulate matter with a mean aerodynamic diameter of 
2.5 microns or less; SO2 = sulphur dioxide; TSP = total suspended particulate matter.  

In addition to the AAAQO and AAAQG for ambient air concentrations, there is also an AAAQG for 
dustfall. The air quality assessment estimated changes in the dust (e.g., TSP) deposition rate because of 
the IPA through air dispersion modelling. The results of the predicted dustfall or particulate deposition 
and a comparison with the AAAQG for dustfall are presented in the soil assessment (Section 5.2). 
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 Canadian Ambient Air Quality Standards 

The Canadian Council of Ministers of the Environment (CCME) finalized a framework in 2012 to improve 
air quality management in Canada called the Air Quality Management System (AQMS). The AQMS is 
designed to address various challenges of air quality management, including cross-jurisdictional issues, 
and deliver a Canada-wide approach that also provides flexibility to deal with differences in regional air 
quality issues, while at the same time, ensuring a level of consistency, so that Canadians can be assured 
of good air quality outcomes (CCME 2012).  

The driver of the AQMS is the development of Canadian Ambient Air Quality Standards (CAAQS). 
Currently, CAAQS for NO2, SO2, PM2.5, and ground-level ozone (O3) have been established, as shown in 
Table 2-2. The CAAQS are not used for comparison to the modelled predictions in this assessment, 
because they are intended to support the implementation of the AQMS based on air quality monitoring 
data collected from the ambient air monitoring stations that are part of the National Air Pollution 
Surveillance (NAPS) network. Therefore, comparisons to the CAAQS will not be used to evaluate the 
model predictions. The CAAQS and the associated triggers are discussed in detail in Appendix 2C where 
a summary of the existing air quality in the study area is provided. 

Table 2-2: Canadian Ambient Air Quality Standards for NO2, SO2 and PM2.5 

Compound Averaging 
Period 

Concentrations (µg/m³) 
Statistical Form 

2015 2020 2025 

NO2 
1-hour — 113 

(60 ppb) 
79 

(42 ppb) 
The 3-year average of the annual 98th percentile of the 
daily maximum 1-hour average concentrations 

Annual — 32.0 
(17.0 ppb) 

22.6 
(12.0 ppb) 

The average over a single calendar year of all 1-hour 
average concentrations 

SO2 

1-hour — 
183  

(70 ppb) 
170 

 (65 ppb) 
The 3-year average of the annual 99th percentile of the 
daily maximum 1-hour average concentrations 

Annual — 
13.0  

(5 ppb) 
10.5  

(4 ppb) 
The average over a single calendar year of all 1-hour 
average concentrations 

PM2.5 
24-hour 28 27 — The 3-year average of the annual 98th percentile of the 

daily 24-hour average concentrations 

Annual 10.0 8.8 — The 3-year average of the annual average of all 1-hour 
concentrations 

Notes:  
"—" = not applicable; µg/m3 = micrograms per cubic metre; NO2 = nitrogen dioxide; PM2.5 = particulate matter with a mean 
aerodynamic diameter of 2.5 microns or less; ppb = parts per billion; SO2 = sulphur dioxide.  

 Lower Athabasca Regional Plan 

The Lower Athabasca Regional Plan (LARP) is a cumulative effects management plan developed by the 
Government of Alberta for north-eastern Alberta that is designed to manage cumulative effects for air, 
land, water, and biodiversity at the regional level (GoA 2012a). Ambient air quality triggers and limits for 
SO2 and NO2 were developed as these are the two substances of potential concern in the region (GoA 
2012b). The LARP ambient air quality limits are identical to the AAAQOs. Similar to the CAAQS, the LARP 
triggers are not used for comparison to the modelled predictions in this assessment, because they are 
intended for use in monitoring and managing air quality and are based on monitoring data, not air 
dispersion model predictions. The LARP ambient air quality triggers and limits for SO2 and NO2 are 
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presented in Table 2-3. The LARP triggers are discussed in detail in Appendix 2C where a summary of the 
existing air quality in the study area is provided.  

Table 2-3: Lower Athabasca Regional Plan Ambient Air Quality Triggers and Limits for NO2 and SO2 

Description NO2 SO2 

Annual Concentration   

Limit  45 µg/m3 (24 ppb) 20 µg/m3 (8 ppb) 

Trigger for Level 3 30 µg/m3 (16 ppb) 13 µg/m3 (5 ppb) 

Trigger for Level 2 15 µg/m3 (8 ppb) 8 µg/m3 (3 ppb) 

99th Percentile Hour Concentration   

Trigger for Level 4 176 µg/m3 (92 ppb) 94 µg/m3 (36 ppb) 

Trigger for Level 3 118 µg/m3 (62 ppb) 63 µg/m3 (24 ppb) 

Trigger for Level 2 57 µg/m3 (30 ppb) 31 µg/m3 (12 ppb) 

Notes:  
µg/m3 = micrograms per cubic metre; NO2 = nitrogen dioxide; ppb = parts per billion; SO2 = sulphur dioxide. 

2.3.2. Moose Lake Access Management Plan 
The following section is summarized from the Moose Lake Access Management Plan (MLAMP).  The 
MLAMP outlines management actions to support ecological integrity and biodiversity, the rights of 
Section 35 and traditional land uses, and the management of resource development (GoA 2021) within 
the Moose Lake 10 km Zone (ML 10KMZ). The ML 10KMZ is a defined management zone, which extends 
10 km from the boundary of the Fort McKay First Nation (FMFN) Gardiner and Namur Lake reserves 
(Reserves No 174A and 174B), known together as the Moose Lake reserves. The ML 10KMZ is located 
approximately 100 km northwest of Fort McMurray. The ML 10KMZ, which encompasses portions of the 
Birch Mountains Wildland Provincial Park and portions of the Red Earth Caribou Range, has been 
identified as a place of importance for practicing Treaty rights and traditional uses by the FMFN. The 
Fort McKay Métis and other Indigenous peoples also practice traditional use within the area.  

The MLAMP addressed concerns regarding resource development and environmental impacts on the 
Moose Lake reserves and surrounding areas, and how they may affect the practice of Treaty rights, 
traditional land and cultural uses in the area. Extensive engagement and planning has occurred to 
develop the proposed management direction contained within the MLAMP. The resultant plan aims to 
provide clarity to industry and regulators for resource development and land management within the 
ML 10KMZ and provides specific direction on land and footprint, air, water, fish and wildlife 
management, monitoring and governance. The plan also details access requirements for the ML 10KMZ. 

 Ambient Air Quality Management 

The specific requirements related to air quality are detailed in Section 5 of the MLAMP.  The desired air 
quality outcome within the ML 10KMZ is described as “to keep clean areas clean”. This means to apply 
preventative measures to avoid or lessen the increase in ambient concentrations of parameters of 
interest (i.e., NO2, SO2, O3 and PM2.5) and key odour indicators (i.e., hydrogen sulphide [H2S], total 
reduced sulphur [TRS] and non-methane hydrocarbons [NMHC]) within the ML 10KMZ.  

The MLAMP outlines Moose Lake Ambient Targets, which can be used as a tool for identifying changes 
in ambient air quality and ensuring effective management. The Moose Lake Ambient Targets are 
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generally not applicable for assessing dispersion modelling predictions, but are designed for 
management of monitored ambient air quality within the ML 10KMZ.  

The FMFN currently operates a continuous air quality monitoring station on the 174A reserve at Namur 
Lake. The Namur Lake station has collected data since 2017. Currently available analysis of the Namur 
Lake station has indicated that the annual NO2, SO2 and PM2.5 data collected at the station remained 
within the green CAAQS management level (GoA 2021).  The measured hourly (for NO2 and SO2) and 
daily (for PM2.5) data are also well below the CAAQS green management level, except for O3 (GoA 2021). 
The Moose Lake Ambient Targets are to be reviewed after five years of data collection (i.e., three full 
assessments against targets).  

The Moose Lake Ambient Targets will not be used to evaluate existing air quality in the FH IPA air quality 
assessment as they are specifically applicable to stations within the ML 10KMZ (i.e., the Namur Lake 
station and future air monitoring stations installed within the ML 10KMZ). 

 Minimizing Industrial Emissions 

Section 5.3 of the MLAMP on minimizing industrial emissions states that, per Principle 1 of the Industrial 
Release Limits Policy, oil sands projects are required to meet air emission release limits based on “limits 
achievable using the most effective demonstrated pollution prevention/control technologies or the 
limits required to meet risk based and scientifically defensible ambient environmental quality guidelines, 
whichever are the more stringent” (GoA 2021). The MLAMP requires that proponents with an EPEA 
Approval in the ML 10KMZ or within 50 km of the ML 10KMZ must include the ML 10KMZ within the air 
quality modelling domain for new, expansion, approval applications and environmental assessments 
(GoA 2021).  This requirement was incorporated in the air dispersion modelling domain and study area 
selection, detailed in Section 2.4.2.1.  

The MLAMP indicates that if a modelling assessment shows that a project’s emissions, either alone or in 
combination with other emissions sources may exceed the AAAQOs/AAAQGs for the parameters of 
interest (i.e., NO2, SO2, PM2.5, H2S and TRS), then additional emissions controls measures may be 
required for the project (GoA 2021). In addition, the MLAMP requires comparison to the Moose Lake 
Ambient Targets for annual NO2 and SO2 as part of cumulative effects assessments in the interim of 
impending updates to the AAAQOs. Comparison of these criteria to modelling predictions and discussion 
is provided in Section 2.7.5 for this assessment.  

2.3.3. Air Emission Standards 
Emissions from the mine fleet equipped with off-road diesel engines are regulated by the Off-road 
Compression-ignition (Mobile and Stationary) and Large Spark-ignition Engine Emission Regulations 
(Government of Canada 2021b). The regulations were established to reduce emissions of hydrocarbons, 
NOX, particulate matter, and carbon monoxide (CO) and provide emission limits, standards, and test 
procedures that are aligned with those of the United States Environmental Protection Agency (US EPA; 
US EPA 2004). Specifically, off-road diesel engines of a given model year are subject to the emission 
standards (referred to as tiers) for a particular engine power category. Tier 4 standards are applicable to 
model years later than 2015. The majority of the equipment in the existing FHOSP owned mine fleet are 
equipped with Tier 4 engines, with the exception of haul trucks and excavators which are primarily 
equipped with Tier 2 engines. All new off-road diesel engine equipment purchased for replacement of 
existing equipment or fleet expansion will be equipped with Tier 4 engines. More information on how 
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the emission standards for different tiers of the off-road diesel engines were incorporated in the 
estimation of the mine fleet exhaust emissions is provided in Appendix 2A. 

2.4. Assessment Approach 

2.4.1. Assessment Cases 
The assessment cases are determined for the air quality assessment to capture the effects of the IPA 
based largely on the changes to magnitude of emissions and location of emission sources. The maximum 
emissions for the compounds of interest occur in different years, depending on the largest driver for 
that compound (e.g., mine fleet exhaust or road dust). The location of activities resulting in emissions 
(i.e., mining, haul roads, material stockpile locations) change year to year based on the mine plan and 
the locations at the beginning of the mine life are much different than at the end of mine life. As well, 
the areas of interest to key stakeholders are considered in the determination of assessment cases. 
Predictions at Fort McKay and within the MLWC are anticipated to be important to stakeholders. The 
modelling of two Application Cases allows the evaluation of maximum effects for both areas 
(i.e., Application Case 1 and Application Case 2, respectively) in a realistic way. 

The assessment cases evaluated in this study are:  

● Baseline Case (Project Only): This case represents the maximum estimated emissions from 
FHOSP before the proposed changes associated with the IPA are implemented starting in 2025. 
Based on the four years (2021 to 2024) of operational data reviewed, the maximum pre-IPA 
emissions will occur in 2024; thus, this case is based on the 2024 FHOSP emission profile. The 
Baseline Case (Project Only) only considers FHOSP emissions in the absence of emissions from 
other developments in the study area with no background concentration added. 

● Application Case 1 (Project Only): This case represents the maximum estimated FHOSP 
emissions for NOX, SO2 and PM2.5 after the IPA changes are implemented, largely driven by mine 
fleet exhaust emissions, and is represented by the year 2025 in the FHOSP emission profile. In 
2025, the majority of mining activities will take place in the southwestern corner of the FHOSP 
lease (Appendix 2B.1.1, Figure 2B-1.9) closer to Fort McKay. The Application Case 1 (Project 
Only) only considers FHOSP emissions in the absence of emissions from other developments in 
the study area with no background concentration added. 

● Application Case 2 (Project Only): This case represents the maximum estimated FHOSP 
emissions for TSP after the IPA changes are implemented (i.e., maximum emissions after 2024), 
largely driven by road dust emissions, and is represented by the year 2036 in the FHOSP 
emission profile. In 2036, the majority of mining activities will take place in the centre of the 
FHOSP lease (Appendix 2B.1.1, Figure 2B-1.9) closer to the MLWC. The Application Case 2 
(Project Only) only considers FHOSP emissions in the absence of emissions from other 
developments in the study area with no background concentration added. 

● Baseline Case (Cumulative Effects): This case is identical to Baseline Case (Project Only) but also 
considers the cumulative effects of emissions from other developments in the study area and 
the background concentration. 

● Application Case 1 (Cumulative Effects): This case is identical to Application Case 1 (Project 
Only) but considers the cumulative effects of emissions from other developments in the study 
area and the background concentration. 
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● Application Case 2 (Cumulative Effects): This case is identical to Application Case 2 (Project 
Only) but considers the cumulative effects of emissions from other developments in the study 
area and the background concentration. 

Contributions included in each assessment cases are summarized in Table 2-4. The emissions 
from the eight SRU heaters burning the SE fuel gas have been updated to reflect the increased 
sulphur content of the gas stream in all assessment cases; however, this change is not related to 
the IPA. Because of the nature of the sources directly affected by the IPA changes (i.e., mine 
fleet, road dust and material storage) there is no upset emission scenario associated with the 
IPA. 

Table 2-4: Summary of Contributions by Assessment Case 

Assessment Case Fort Hills  
Emission Profile 

Emissions from Other 
Regional Air Emission 

Sources 

Background 
Concentrations 

Baseline Case (Project Only) Year 2024 Not Included Not Included 

Application Case 1 (Project Only) Year 2025 Not Included Not Included 

Application Case 2 (Project Only) Year 2036 Not Included Not Included 

Baseline Case (Cumulative Effects) Year 2024 Included Included 

Application Case 1 (Cumulative Effects) Year 2025 Included Included 

Application Case 2 (Cumulative Effects) Year 2036 Included Included 

 

2.4.2. Air Dispersion Modelling 
The CALPUFF (Version 7.2.1) air dispersion model and a 5-year (2002 to 2006) CALMET meteorological 
data set were used to predict the ground-level concentrations of the compounds of interest. The 
dispersion modelling was conducted in accordance with Alberta’s Air Quality Model Guideline (AQMG, 
AEP 2013). An updated AQMG was released by the AEP in September of 2021, which comes into force 
on November 15, 2021 (AEP 2021a). At the time of this air quality assessment, the 2021 AQMG has not 
come in effect, thus the existing 2013 AQMG was used. More detail on the CALPUFF and CALMET model 
settings are provided in Appendix 2B. 

 Study Area 

The air quality assessment considers three geographic areas for evaluation in the discussion of air 
quality predictions: 

● The study area defines an area over which air dispersion modelling is conducted and the 
potential air quality changes resulting from the IPA emissions are evaluated. The study area is 
defined by a 135 by 100 km area, encompassing FHOSP and the potential effects of emissions 
from the IPA (i.e., encompasses the area in which the effects of the IPA are at or above 10% of 
any applicable AAAQO per the AQMG) as well as the ML 10KMZ to the northeast. 

● The Amended Project Area Boundary defines the permit boundary that encompasses the 
FHOSP infrastructure, including the existing and approved emissions sources and the IPA. 
Compliance with applicable AAAQOs will be assessed at and outside of this boundary.  
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● The developed areas are defined as areas within the boundaries of existing and approved 
industrial facilities and operations located within the study area. The AAAQOs are applicable 
outside of developed areas, where public access is not restricted (AEP 2013). The developed 
areas included in this assessment are areas within the Amended Project Area Boundary, as well 
as the neighbouring oil sands mines, in-situ oil sands developments and quarries.  

● The modelling domain defines the region within which emissions sources were quantified and 
air dispersion modelling was conducted. The modelling domain is a 141 by 238 km area that 
extends north to include the community of Fort Chipewyan, and south to include the 
community of Fort McMurray. 

The study area, Amended Project Area Boundary, and the developed areas used in the air quality 
assessment are presented in Figure 2-1. 

 Receptors 

Ground-level concentrations and deposition rates were predicted by a dispersion model at selected 
locations (referred to as receptors) within the study area. Two categories of receptors were chosen for 
the air quality assessment: gridded receptors and discrete receptors. The gridded receptors are 
receptors placed in a Cartesian grid pattern at specific spacing between the receptors. Because of 
logistical constraints related to the Amended Project Area Boundary’s spatial extent, receptor spacing 
less than 100 m was not applied. The gridded receptors were generally placed based on these 
recommendations in the AQMG (AEP 2013): 

● spacing of 100 m along the Amended Project Area Boundary  

● spacing of 500 m within the Amended Project Area Boundary 

● spacing of 250 m within 2.5 km of the Amended Project Area Boundary 

● spacing of 500 m within 5.0 km of the Amended Project Area Boundary 

● spacing of 1,000 m beyond 5.0 km of the Amended Project Area Boundary, extending to cover 
an area approximately 50 x 60 km, covering the area in the vicinity of the IPA where the majority 
of air quality effects associated with the IPA are expected to occur 

● spacing of 3 km over the remaining study area 

● spacing of 200 m along the ML 10KMZ boundary 

● discrete receptor locations at the Wood Buffalo Environmental Association (WBEA) ambient air 
quality monitoring station locations and select discrete receptors included in the noise 
modelling assessment, such as trapper cabins and areas of importance to local stakeholders.  

The receptor locations are presented in Figure 2-2. 
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 Background Concentrations 

The AQMG specifies that when conducting a refined air quality assessment, a background concentration 
value for each assessed compound must be added to the model-predicted value before a comparison to 
the AAAQOs can be made (AEP 2013). The background value is applied to represent chemical 
concentrations from natural sources, nearby sources and unidentified, possibly distant sources that 
were not included in the dispersion modelling. 

The FHOSP is within the WBEA airshed. The WBEA collects air quality data using a series of continuous 
monitoring stations throughout the airshed as shown in Figure 2-3. The background concentrations for 
each compound were derived from 2020 measurements within the WBEA area and were calculated 
based on the approach specified in Section 4.2 of the AQMG (e.g., a reduced hourly data set with values 
above the 90th percentile, non-blank ambient data removed from the most recent year of monitoring 
data, provided it meets the 75% completeness criteria), as presented in Table 2-5. The background 
concentrations selected for this assessment were chosen to represent sources not accounted for in the 
modelling and are derived from the Fort Chipewyan station. The Fort Chipewyan station was 
determined to be the only appropriate background air quality station in the WBEA monitoring network, 
as all other stations are immediately downwind of major industrial emissions sources and/or are 
expected to be influenced by emissions from oil sands developments already included in the dispersion 
model.  

There are no stations within the WBEA that continuously monitor TSP. Therefore, background 
concentrations for TSP were assumed to be four times of the PM2.5 concentrations, as recommended by 
Environment and Climate Change Canada (ECCC 2000). This TSP to PM2.5 ratio is similar to the ratios of 
TSP to PM2.5 for background concentrations provided in the Saskatchewan Air Quality Modelling 
Guideline (SMOE 2012), which range from 3.5 to 4.4 times the PM2.5 background value. 

Table 2-5:  Selected Background Concentrations 

Averaging Period 
Background Concentration (µg/m³) 

NO2 SO2 PM2.5 TSP(a) 

1-hour 7.1 1.1 6.0 — 

24-hour — 1.0 6.0 24.1 

Monthly — 0.3 — — 

Annual 3.0 0.2 — 11.8 

Notes: 
(a) No representative continuous monitoring data available for TSP; therfore, background TSP concentration was assumed to 
be 4 times (1/0.25) of the background PM2.5 concentration (ECCC 2000).  
“—“ = not applicable; µg/m³ = micrograms per cubic metre; NO2 = nitrogen dioxide; PM2.5 = particulate matter with a mean 
aerodynamic diameter of 2.5 microns or less; TSP = total suspended particulate matter.  
  



")

")")
")

")

")
")

")

")

")

")

")

")

") ")

")

")

")

")

")

")

")

")

")

")

")

")

!

!

!

!

!

!

!

!

!

!

AMS 1 - Bertha Ganter - Fort McKay

AMS 2 - Mildred Lake
AMS 3 - Lower Camp Met

AMS 4 - Buffalo Viewpoint

AMS 5 - Mannix

AMS 6 - Patricia McInnes AMS 7 - Athabasca Valley

AMS 8 - Fort
Chipewyan

AMS 9 - Barge Landing

AMS 11 - Lower Camp

AMS 30 - Ells River

AMS 13 - Fort McKay South

AMS 14 - Anzac

AMS 15 - CNRL Horizon

AMS 16 - Shell Muskeg River

AMS 17 - Wapasu

AMS 18 - Stony Mountain

AMS 19 - Firebag

AMS 20 - MacKay River

AMS 21 - Conklin

AMS 22 - Janvier

AMS 23 - Fort Hills

AMS 24 - Surmont

AMS 25 - Waskow Ohci Pimatisiwin

AMS 26 - Christina Lake
AMS 27 - Jackfish 2/3

AMS 29 - Surmont 2

ÃÄ
69

ÃÄ

63

ÃÄ

63

Lake Claire

Churchill
LakePeter

Pond Lake

Frobisher
Lake

Peace River

Slave River

Lake
Athabasca

n

Fort McKay

Conklin

Turnor Lake

Fort McMurray

La Loche

Anzac

Fort
Chipewyan

Buffalo
Narrows

Wabasca-Desmarais

Chipewyan
Lake

300000

300000

400000

400000

500000

500000

600000

600000

LEGEND

! POPULATED PLACE 

") WBEA CONTINUOUS MONITORING STATION 

PRIMARY HIGHWAY

SECONDARY HIGHWAY

RAILROAD

WATERCOURSE

MOOSE LAKE 10 km MANAGEMENT ZONE 

AMENDED PROJECT AREA BOUNDARY 

PROVINCIAL BOUNDARY

REGIONAL DEVELOPMENT

STUDY AREA

WATERBODY

ALBERTA DIGITAL BASE DATA MAY BE OBTAINED FROM GEOGRATIS, © DEPARTMENT OF
NATURAL RESOURCES CANADA. ALL RIGHTS RESERVED
PROJECTION: UTM ZONE 12   DATUM: NAD 83   0 2-3

PROJECT NO. CONTROL FIGURE

CLIENT

FORT HILLS ENERGY CORPORATION

PROJECT

FORT HILLS INTEGRATED PLAN AMENDMENT

TITLE

LOCATION OF WOOD BUFFALO ENVIRONMENTAL
ASSOCIATION AMBIENT MONITORING STATIONS
CLIENT

REV.

2022-02-08

MC

LB

JP

ZG

YYYY-MM-DD

DESIGNED

PREPARED

REVIEWED

APPROVED

20138990

0 25 50

1:2,000,000 KILOMETRES

REFERENCE(S)

1. WBEA - WOOD BUFFALO ENVIRONMENTAL ASSOCIATION

NOTE(S)



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

2-14 | Page 

 Modelling Settings 

The following modelling settings were selected for the air quality assessment. Detailed information on 
each of these modelling settings is provided in Appendix 2B.  

● Chemical transformation was modelled using the Regional Impacts in Visibility and Acid 
Deposition/Acid Rain Mountain Mesoscale Model (RIVAD/ARM3) scheme in the CALPUFF model 
to simulate the conversion of nitrogen monoxide (NO) to NO2, NO2 to nitrate and SO2 to 
sulphate. 

● The conversion of model-predicted NOX concentrations to the predicted NO2 concentrations was 
completed using the Ozone Limiting Method (OLM) to determine the amount of NOX converted 
to NO2. The predicted NO2 concentrations based on the more conservative Total Conversion 
Method (TCM) are also presented as required by the AQMG. Refer to Appendix 2B more detail 
regarding the OLM and the TCM.  

● The formation of secondary particulates is considered using the Ammonia Limiting Method 
(ALM).  

● Building downwash was not included in this assessment. The emissions sources associated with 
the IPA (i.e., mine fleet exhaust, road dust, storage, and handling emissions) are not emitted 
from stacks and the FHOSP stack sources on site are sufficiently far (i.e., greater than 3.5 km for 
major sources) from the Amended Project Area Boundary, that it is not likely that building 
downwash would influence ground level concentrations at the Amended Project Area Boundary.  

2.5. Existing Environment 
The existing environment conditions including topography, meteorology, and air quality are summarized 
in this section.  

2.5.1. Terrain 
The terrain in the study area is shown in Figure 2-4. Elevation within the study area increases from the 
southeast corner and ranges from 217 to 854 metres above sea level (masl). The Athabasca River, 
running through the centre of the study area, represents the lowest point, while the Birch Mountains to 
the northwest represent the highest point. The predominant terrain feature in study area is the 
Athabasca River Valley, which runs north to south through the study area.  

FHOSP is situated on the east bank of the Athabasca River. The Muskeg River is located to the east-
southeast of the FHOSP footprint. McClelland Lake lies east of FHOSP. Although the Athabasca River 
Valley adjacent to FHOSP is broad and the hilly terrain is several kilometres away from FHOSP, the 
feature has potential to disrupt the wind flow patterns and channel the flow in the direction of the 
valley. As FHOSP is positioned adjacent to the valley, it is likely that a strong north to south axis wind 
pattern will be observed along the valley, which is likely to influence the dispersion of air emissions from 
FHOSP.  
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2.5.2. Meteorology 
The local wind speed and wind direction have been monitored since June 2017 at the WBEA Fort Hills 
station (AMS 23; Figure 2-3) located in the southwest corner of the Amended Project Area Boundary. 
The wind rose for the Fort Hills station, based on data collected during the most recent monitoring 
period (2017 to 2020) at 10 m above the ground, is shown in Figure 2-5. The station observed winds 
most frequently from the north and north-northeast, with a tendency to blow along the north-south axis 
as is expected given the surrounding Athabasca River Valley terrain feature. Winds were also frequently 
observed from the south-southeast and south at this station.  

 

 

Figure 2-5: Wind Rose for Wood Buffalo Environmental Association Fort Hills Station 

2.5.3. Existing Air Quality 
The WBEA Fort Hills station (AMS 23) has also continuously monitored air quality at FHOSP since June 
2017; therefore, the data collected at this location can be used to describe air quality at FHOSP. The 
station continuously monitors NO2, SO2, and PM2.5. Neither this station, nor any other WBEA station, 
monitors TSP. A comprehensive review of the existing air quality monitoring data in the study area is 
presented in Appendix 2C.  
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A summary of the most recent air quality measurements at the WBEA Fort Hills station (2017 to 2020) is:  

● NO2: There have been no exceedances of the 1-hour or annual NO2 AAAQO at the Fort Hills 
station. The station has remained in the yellow LARP management level for 1-hour and annual 
NO2 for all years of monitoring except for annual in 2017 and 2020 when the LARP management 
level at this station was green.  

● SO2: There have been no exceedances of the SO2 AAAQOs at the Fort Hills station. The station 
has remained in the green LARP management level for 1-hour and annual SO2 for all years of 
monitoring.  

● PM2.5: Concentrations were above the 1-hour AAAQG and 24-hour AAAQO at the Fort Hills 
station for each year between 2017 and 2019. In 2020, there was only one concentration 
reading above the 1-hour AAAQG and no exceedances of the 24-hour AAAQO. At most 
throughout the period, the AAAQG value was not met at the station for less than 1% of the year 
(i.e., 66 hours). The maximum frequency of exceedance was less than 4% of a year for the 24-
hour AAAQO (i.e., 14 days). Many of the exceedances are likely the result of forest fires burning 
locally and afar, as similar exceedances are seen at all monitoring stations in WBEA monitoring 
region. 

2.6. Air Emissions 

2.6.1. Fort Hills Integrated Plan Amendment Emissions 
The IPA will change the mine fleet exhaust and road dust emissions at the FHOSP because of changes to 
fleet use, composition, and haul distance. Mine fleet exhaust and road dust emissions caused by the IPA 
for the assessment cases are compared in Table 2-6. Comparison of the FHOSP total emissions among 
the assessment cases are presented in Table 2-7. The updated SO2 emissions from the eight SRU heaters 
burning SE fuel gas with increased sulphur content are reflected in the FHOSP emissions in all 
assessment cases. These comparisons indicate that: 

● In Application Case 1, the IPA will result in an increase in both mine fleet exhaust and road dust 
emissions for all compounds because of an increase in fleet size and haul distance. The increase 
in FHOSP NOX, SO2, PM2.5, and TSP emissions are 12.6, 0.3, 11.0, and 4.6%, respectively.  

● In Application Case 2, the IPA will result in an increase in SO2 (0.3%) and TSP (12.2%) emissions 
but a decrease in NOX (13.8%) and PM2.5 (29.2%) emissions. Although the IPA will increase the 
fleet size and haul distance, Tier 2 haul trucks were conservatively assumed to be replaced by 
Tier 4 haul trucks with more stringent emission standards starting in 2026, rather than currently. 
By 2036, the year represented by Application Case 2, all Tier 2 haul trucks will be replaced by 
Tier 4 haul trucks. Therefore, the NOX and PM2.5 emissions are lower in Application Case 2 than 
in the Baseline Case. The increase in SO2 emissions is a result of increased mine fleet diesel 
consumption, and the increase in TSP emissions is a result of higher road dust emissions 
because of longer haul distances. 

● The maximum SO2 emissions from the FHOSP and the IPA occurs in Application Case 1, at 
2.0 t/d. This SO2 emission rate considers the changes because of the IPA (e.g., large mine fleet 
and subsequently higher fuel consumption) and the increased sulphur content in the SE fuel gas 
burned at the eight existing SRU heaters at the FHOSP. Based on these results, FHEC is proposing 
a site wide SO2 emission limit of 2.0 t/d. 
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Details on how the IPA and FHOSP emissions were estimated are provided in Section 4.0 of Appendix 2A. 

Table 2-6: A Comparison of Estimated Fort Hills Integrated Plan Amendment Related Emissions by 
Assessment Case 

Source 
Maximum Emission Rates (t/d) 

NOX SO2 PM2.5 TSP 

Baseline Case     
Off-Road Mine Fleet Exhaust  16.691 0.020 0.782 0.803 
On-Road Mine Fleet Exhaust 1.119 <0.001 0.076 0.076 

Road Dust — — 0.296 12.398 
Total Baseline IPA-Related Emissions(a) 17.810 0.021 1.154 13.276 

Application Case 1     
Off-Road Mine Fleet Exhaust  19.894 0.024 0.927 0.953 
On-Road Mine Fleet Exhaust 1.119 <0.001 0.076 0.076 

Road Dust — — 0.308 12.884 
Total Application Case 1 IPA-Related Emissions(a) 21.013 0.025 1.311 13.913 

Application Case 2     
Off-Road Mine Fleet Exhaust  13.164 0.024 0.312 0.319 
On-Road Mine Fleet Exhaust 1.119 <0.001 0.076 0.076 

Road Dust — — 0.348 14.577 
Total Application Case 2 IPA-Related Emissions(a) 14.284 0.024 0.736 14.972 

Notes:  
(a) The sum of individual values may not appear to equal the total due to rounding.  
NOX = total oxides of nitrogen; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; SO2= 
sulphur dioxide; t/d = tonne per day; TSP = total suspended particulate matter. 
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Table 2-7: Comparison of Estimated Fort Hills Air Emissions by Assessment Case 

Source 
Maximum Emission Rates (t/d) 

NOX SO2 PM2.5 TSP 

Baseline Case     
IPA Related  17.810 0.021 1.154 13.276 

Non-IPA Related 7.685 1.975(a) 0.276 0.616 
Total(b) 25.495 1.996 1.430 13.892 

Application Case 1     
IPA Related  21.013 0.025 1.311 13.913 

Non-IPA Related 7.685 1.975(a) 0.276 0.616 
Total(b) 28.698(c) 2.000(d) 1.587 14.529 

Change from Baseline Case 3.203 0.004 0.157 0.636 
Percent Change from Baseline Case 12.6% 0.2% 11.0% 4.6% 

Application Case 2     
IPA Related  14.284 0.024 0.736 14.972 

Non-IPA Related 7.685 1.975(a) 0.276 0.616 
Total(b) 21.969 2.000 1.012 15.588 

Change from Baseline Case -3.526 0.004 -0.418 1.696 
Percent Change from Baseline Case -13.8% 0.2% -29.2% 12.2% 

Notes: 
(a) The updated SO2 emissions from the eight SRU heaters burning SE fuel gas with increased sulphur content are reflected in 

the Non-IPA Related emissions in all assessment cases. Additional information on the updated emissions for these sources 
is provided in Appendix 2A, Section 4. 

(b) The sum of individual values may not appear to equal the total due to rounding.  
(c) The proposed update to the site-wide NOX emission reporting trigger is 28.7 t/d based on Application Case 1 of the IPA. 
(d) The proposed site wide SO2 emission limit is 2.0 t/d based on Application Case 1 of the IPA. 
IPA = Integrated Plan Amendment; NOX = total oxides of nitrogen; PM2.5 = particulate matter with a mean aerodynamic 
diameter of 2.5 microns or less; SO2= sulphur dioxide; t/d = tonne per day; TSP = total suspended particulate matter; 
% = percent. 

The potential cumulative effects of emissions from the FHOSP, including the changes associated with the 
IPA, and other anthropogenic sources (e.g., other oil sands developments, quarries, gas plants, and 
communities) in the modelling domain were evaluated. The emissions modelled for FHOSP and the 
other regional developments in each assessment case are presented in Table 2-8. Details on the regional 
emissions are discussed in Appendix 2C, Section 5. 
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Table 2-8: Comparison of Estimated Total Emissions by Assessment Case 

Source 
Maximum Emission Rates (t/d) 

NOX SO2 PM2.5 TSP 

Baseline Case     
Fort Hills Oil Sands Project 25.5 2.0(a) 1.4 13.9 

Regional Developments 403.8 217.3 22.0 97.5 
Total(b) 429.3 219.3 23.4 111.4 

Application Case 1     
Fort Hills Oil Sands Project 28.7 2.0(a) 1.6 14.5 

Regional Developments 403.8 217.3 22.0 97.5 
Total(b) 432.5 219.3 23.6 112.1 

Change from Baseline Case 3.2 <0.1 0.2 0.6 
Percent Change from Baseline Case 0.7% <0.1% 0.7% 0.6% 

Application Case 2     
Fort Hills Oil Sands Project 22.0 2.0(a) 1.0 15.6 

Regional Developments 403.8 217.3 22.0 97.5 
Total(b) 425.7 219.3 23.0 113.1 

Change from Baseline Case -3.5 <0.1 -0.4 1.7 
Percent Change from Baseline Case -0.8% <0.1% -1.8% 1.5% 

Notes: 
(a) The updated SO2 emissions from the eight SRU heaters burning SE fuel gas with increased sulphur content are reflected in 

the FHOSP emissions in all assessment cases. Additional information on the updated emissions for these sources is 
provided in Appendix 2A, Section 4. 

(b) The sum of individual values may not appear to equal the total due to rounding.  
“<” = less than; NOX = total oxides of nitrogen; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or 
less; SO2= sulphur dioxide; t/d = tonne per day; TSP = total suspended particulate matter; % = percent. 

 Potential Mitigation Measures 

Emission mitigation measures associated with mine fleet exhaust and road dust emissions currently 
adopted or practiced at FHOSP will continue with the implementation of the IPA. These emission 
mitigation measures include: 

● Haul road route optimization to reduce haul distances and consequently fuel consumption and 
emissions. 

● Integration of non-road diesel engines that will meet Tier 4 emissions standards (pending 
vendor availability) for new mining equipment. 

● Maintaining and operating mobile mining equipment and vehicles at high levels of efficiency. 

● Haul road watering/chemical suppressant application, reduced vehicle speed, selection of 
appropriate road-surface materials to reduce road dust emissions. 

2.7. Dispersion Modelling Predictions 
This section presents the predicted maximum ground-level concentrations for the Project Only and 
Cumulative Assessment cases. 
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A summary of the approach for processing and analyzing dispersion model outputs is: 

● Hourly concentrations output from the dispersion model result in 8,760 hourly predictions 
(8,784 hours for leap-year) for each of the five years in the modelling period. Averaging periods 
greater than 1-hour (e.g., 8 hour, 24-hour, 30-day, and annual) are processed from all hourly 
predictions.  

● For comparison with the AAAQOs, the highest predicted (maximum) concentrations over the 5-
year modelling period for each averaging period are used. 

● For the 1-hour averaging period, predicted concentrations can be high because of extreme, rare, 
and transient meteorological conditions and are considered outliers (AEP 2013). To account for 
these outlier events, the eight highest 1-hour model predictions should be excluded when 
comparing with the AAAQOs as specified in the AQMG (AEP 2013). Therefore, the maximum 
concentrations for the 1-hour averaging period reflect the ninth highest predicted 
concentration. All hourly concentrations are considered for averaging periods greater than 1-
hour. 

● Compliance with the AAAQOs is determined for areas outside of developed areas, where public 
access is not restricted and the AAAQOs apply. 

● Maximum predictions are provided at the Amended Project Area Boundary and within the Study 
Area for comparison to the AAAQOs.  

● Maximum predictions are provided within the ML 10KMZ for comparison to the AAAQO, 
AAAQGs and Moose Lake Ambient Targets (where applicable) for the compound identified in 
the MLAMP.  

2.7.1. Predicted Ground-Level Nitrogen Dioxide Concentrations  
The IPA will result in an increase in FHOSP NOX emissions by approximately 12.6% in Application Case 1 
and a decrease by 13.8% in Application Case 2, as shown in Table 2-7. A comparison of the Project Only 
and Cumulative Effects predicted maximum ground-level NO2 concentrations based on the OLM is 
presented in Table 2-9. The predicted concentration contours for Project Only and Cumulative Effects 
cases are presented graphically for 1-hour NO2 (Figure 2-6 and Figure 2-7) and annual NO2 (Figure 2-8 
and Figure 2-9). Maximum NO2 predictions derived from the TCM are provided in Table 2-10. However, 
only the NO2 predictions derived from the OLM are used to determine compliance with the AAAQOs; the 
TCM NO2 predictions are only provided for information purposes as per the AQMG (AEP 2013) when a 
more refined NOX to NO2 conversion such as the OLM is used.  
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Table 2-9: Maximum Predicted Ground-Level NO2 Concentrations Using the Ozone Limiting Method 

Parameter AAAQO 
(µg/m³) 

Project Only Maximum Concentration (µg/m³)(a)(b) Background 
Concentration 

(µg/m³)(a) 

Cumulative Effects Maximum Concentration (µg/m³)(a)(b) 

Baseline Case Application Case 
1 

Application Case 
2 Baseline Case Application Case 

1 
Application Case 

2 

1-hour Averaging Period(c)

Amended Project 
Area Boundary 300 

203.3 171.6 103.2 
7.1 

228.1 204.1 191.0 

Within Study Area 203.3 171.6 103.2 490.4 490.5 490.9 

Annual Averaging Period 

Amended Project 
Boundary 45 

33.1 31.2 18.5 
3.0 

59.8 58.2 44.1 

Within Study Area 33.1 31.2 18.5 100.6 100.6 100.5 

Notes: 
(a) Cumulative effects predictions include an appropriate background air concentration. Project Only Case results represent the FHOSP/IPA sources in isolation and do not include a

background concentration.
(b) Maximum predictions within the study area exclude predictions within developed areas. 
(c) The 9th highest 1-hour predictions exclude the eight highest 1-hour concentrations, as per the Alberta Air Quality Model Guideline (AEP 2013). 
Bold values indicate exceedance of the applicable AAAQO.
µg/m3 = micrograms per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; NO2 = nitrogen dioxide. 
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Table 2-10: Maximum Predicted Ground-Level NO2 Concentrations Using the Total Conversion Method 

Parameter AAAQO 
(µg/m³) 

Project Only Maximum Concentration (µg/m³)(a)(b) Background 
Concentration 

(µg/m³)(a) 

Cumulative Effects Maximum Concentration 
(µg/m³)(a)(b) 

Baseline Case Application Case 
1 Application Case 2 Baseline Case Application Case 

1 
Application Case 

2 

1-hour Averaging Period(c)

Amended Project 
Area Boundary 300 

1,509.4 1,188.1 489.3 
7.1 

1,749.1 1,479.9 1,303.2 

Within Study Area 1,509.4 1,188.1 489.3 4,274.0 4,274.0 4,274.0 

Annual Averaging Period 

Amended Project 
Area Boundary 45 

131.9 113.9 36.7 
3.0 

230.8 212.7 131.7 

Within Study Area 131.9 113.9 36.7 506.0 506.1 505.8 

Notes: 
(a) Cumulative effects predictions include an appropriate background air concentration. Project Only Case results represent the FHOSP/IPA sources in isolation and do not include

a background concentration.
(b) Maximum predictions within the study area exclude predictions within developed areas. 
(c) The 9th highest 1-hour predictions exclude the eight highest 1-hour concentrations, as per the Alberta Air Quality Model Guideline (AEP 2013). 
µg/m3 = micrograms per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; NO2 = nitrogen dioxide.
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The maximum predictions for 1-hour NO2 concentrations are in compliance with the AAAQO at the 
Amended Project Area Boundary in all assessed cases. The maximum NO2 concentrations at the 
Amended Project Area Boundary are higher in the Baseline Case, lower in Application Case 1 and lowest 
in the Application Case 2. The decrease in the predictions is primarily because of the mine fleet exhaust 
emissions spreading out over a larger area and away from the Amended Project Area Boundary in the 
Application Cases as well lower emissions in Application Case 2.  

There are some predicted exceedances of the AAAQOs for 1-hour NO2 at other oil sands mines. All 
higher predicted concentrations are centred on where the mining activities were modelled to take place. 
All predicted exceedances are located where the mining activities are modelled close to the edge of the 
mine boundaries. 

Similar to the 1-hour NO2 predictions, the maximum annual NO2 predictions at the Amended Project 
Area Boundary gradually decrease between the Baseline Case, Application Case 1 and Application Case 2 
as the mine fleet exhaust emissions are more spread out in the Application Cases and as emissions are 
reduced over time. The maximum annual NO2 predictions at the Amended Project Area Boundary 
exceed the AAAQO in the Baseline Case and Application Case 1 when the modelled mining activities are 
taking place close to the Amended Project Area Boundary. 

Predicted maximum NO2 concentrations occur near oil sands mines for several reasons: 

● Release characteristics and parameters associated with emissions released from low-lying area 
sources, such as the mine fleets, are less favourable for dispersion than stack source releases. 

● Similarly, mine fleet emissions from the majority of the other oil sands mines included in the 
dispersion modelling were also based on the maximum annual emissions and modelled at the 
most conservative locations (closest to each mine’s respective lease boundary). The progression 
of mine fleets from the oil sands developments within the study area is unlikely to culminate in 
the conservative representation included in the dispersion model. This increases the level of 
conservatism in the modelled predictions. 

● The result of conservative placement and emissions is that mine fleet emissions from oil sands 
mines within the study area are clustered near each other and near the Athabasca River Valley. 
A valley feature can have a limiting effect on the atmospheric dispersion of emissions, especially 
for low lying sources, because winds can channel and concentrate cumulative emission plumes 
and plumes may not disperse sufficiently before affecting ground-level concentrations in areas 
with steep terrain. 

The observations at selected WBEA ambient air quality monitoring stations are compared with the 
model predictions in Table 2-11. Stations selected for this comparison are the Fort Hills station, Horizon 
station, which is another compliance station at the nearby Canadian Natural Resources Limited Horizon 
Mine, and the Bertha Ganter-Fort McKay station in the community of Fort McKay. Table 2-11 compares 
the observed 1-hour and annual NO2 concentrations at the WBEA stations between 2017 (the first year 
of FHOSP operations) and 2020 with the model-predicted maximum concentrations at the same 
stations. The model predictions are more conservative at the compliance stations located close to the 
mines than at the community station located further from the mines, as shown in Table 2-11.  

Overall, the predictions show that the IPA will result in a positive change to the maximum NO2 
concentrations locally, at the Amended Project Area Boundary, and a negligible change on a regional 
level. 
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Table 2-11:  A Comparison of Model Predicted NO2 Concentrations and Observed NO2 Concentrations 
at Selected Wood Buffalo Environmental Association Ambient Air Quality Monitoring 
Stations between 2017 and 2020 

Parameter 

Concentrations (µg/m³) 

Fort Hills Station Horizon Station Bertha Ganter-Fort McKay 
Station 

2017(a) 2018 2019 2020 2017 2018 2019 2020(b) 2017 2018 2019 2020 

1-Hour             

99th Percentile 
Observation 75.7 79.2 83.0 72.7 58.7 68.0 76.6 76.9 62.3 62.8 65.5 59.0 

95th Percentile 
Observation 54.0 59.8 63.2 54.8 40.8 46.1 55.2 55.3 48.4 47.2 50.3 46.3 

90th Percentile 
Observation 41.4 47.2 50.4 43.2 29.0 35.0 43.6 44.1 38.0 37.4 39.3 36.6 

Model Predicted 
Maximum(c) 236.1 441.8 118.3 

Annual    

Observation 14.5 17.3 18.2 15.2 9.8 12.7 17.4 16.7 13.5 14.2 15.6 13.7 

Model Predicted 
Maximum(c) 59.3 105.2 41.3 

Notes: 
(a) Monitoring at the Fort Hills station began in June 2017; therefore, these values represent a partial year of data.  
(b) The Horizon station was decommissioned in September 2020; therefore, these values represent a partial year of data.  
(c) Predicted maximums are presented as the highest predicted concentration from the dispersion model at the monitoring 

station locations in the Cumulative Baseline Case. 
µg/m3 = micrograms per cubic metre; WBEA = Wood Buffalo Environmental Association. 
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2.7.2. Predicted Ground-Level Sulphur Dioxide Concentrations 
A comparison of the Project Only and Cumulative Effects predicted maximum ground-level SO2 
concentrations is presented in Table 2-12. All of the assessment cases reflect the increased SO2 emission 
rate from the eight SRU heaters. Application Case 1 results reflect operations at the proposed SO2 
emission limit of 2.0 t/d. The predicted concentration contours for Project Only and Cumulative Effects 
cases are presented graphically for 1-hour SO2 (Figure 2-10 and Figure 2-11), 24-hour SO2 (Figure 2-12 
and Figure 2-13), monthly SO2 (Figure 2-14 and Figure 2-15), and for annual SO2 (Figure 2-16 and 
Figure 2-17).  

The increased SO2 emissions at FHOSP because of the increased sulphur content in SE fuel gas onsite do 
not have an adverse effect on the local or regional ambient air quality as the SO2 predictions at the 
Amended Project Area Boundary remained well below the applicable AAAQOs in all assessment cases.  

For changes related to the IPA, there is only a small change (<1%) in the SO2 emissions from FHOSP mine 
fleet exhaust between the Baseline Case, Application Case 1, and Application Case 2, as shown in 
Table 2-7. Therefore, there is a marginal decrease in the predictions at the Amended Project Area 
Boundary among these cases. All predictions at the Amended Project Area Boundary are in compliance 
with the AAAQOs. On a regional scale, the higher SO2 predictions are mostly centred on upgraders and 
sulphur recovery units at in-situ oil sands developments. The IPA does not have any meaningful effect 
on either the local or regional SO2 predictions.  
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Table 2-12:  Maximum Predicted Ground-Level SO2 Concentrations 

Parameter AAAQO 
(µg/m³) 

Project Only Maximum Concentration (µg/m³)(a)(b) Background 
Concentration 

(µg/m³)(a) 

Cumulative Effects Maximum Concentration (µg/m³)(a)(b) 

Baseline Case Application Case 1 Application Case 2 Baseline Case Application Case 1 Application Case 2 

1-hour Averaging Period(c) 

Amended Project 
Area Boundary 450 

24.2 24.2 24.2 
1.1 

91.7 91.7 91.7 

Within Study Area 24.2 24.2 24.2 614.7 614.7 614.7 

24-hour Averaging Period

Amended Project 
Area Boundary 125 

7.0 7.1 7.1 
1.0 

38.4 38.4 38.3 

Within Study Area 7.0 7.1 7.1 219.1 219.1 219.1 

Monthly Averaging Period 

Amended Project 
Area Boundary 30 

1.2 1.2 1.2 
0.3 

7.8 7.8 7.8 

Within Study Area 1.2 1.2 1.2 35.3 35.3 35.3 

Annual Averaging Period 

Amended Project 
Area Boundary 20 

0.4 0.4 0.4 
0.2 

4.8 4.8 4.7 

Within Study Area 0.4 0.4 0.4 14.2 14.2 14.2 
Notes: 
(a) Cumulative effects predictions include an appropriate background air concentration. Project Only Case results represent the FHOSP/IPA sources in isolation and do not include a

background concentration.
(b) Maximum predictions within the study area exclude predictions within developed areas. 
(c) The 9th highest 1-hour predictions exclude the eight highest 1-hour concentrations, as per the Alberta Air Quality Model Guideline (AEP 2013). 
Bold values indicate exceedance of the applicable AAAQO.
µg/m3 = micrograms per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; SO2 = sulphur dioxide.
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2.7.3. Predicted Ground-Level PM2.5 Concentrations 
The IPA will result in an 11.0% increase and a 29.2% decrease in FHOSP PM2.5 emissions in Application 
Case 1 and Application Case 2, respectively. A comparison of the Project Only and Cumulative Effects 
predicted maximum ground-level PM2.5 concentrations is presented in Table 2-13. The predicted 
concentration contours are presented graphically for 24-hour PM2.5 in Figure 2-18 and Figure 2-19 for 
Project Only and Cumulative Effects, respectively.  

Similar to the NO2 and SO2 predictions, the PM2.5 predictions at the Amended Project Area Boundary 
gradually decrease between the Baseline Case, Application Case 1 and Application Case 2 as a result of 
mine fleet exhaust and road dust emissions spreading out over a larger area and lower emissions in 
Application Case 2.  

There are predicted exceedances of the 24-hour PM2.5 AAAQO at the Amended Project Area Boundary 
and at all oil sands mines in the study area. The maximum number and maximum frequency of the 24-
hour AAAQO exceedances are summarized in Table 2-14. The predicted maximum 24-hour exceedances 
for Project Only and Cumulative effects are also presented in a contour map format in Figure 2-20 and 
Figure 2-21, respectively. 

The observations at the selected WBEA ambient air quality monitoring stations with the model 
predictions are compared in Table 2-15 and Table 2-16. The observed PM2.5 concentrations at the WBEA 
stations between 2017 (the first year of FHOSP operations) and 2020 with the model-predicted 
maximum concentrations at the same stations is compared in Table 2-15. Maximum observed 
concentrations are not presented in Table 2-15, because the maximum concentrations at any WBEA 
station are almost always caused by forest fire events (WBEA 2018, 2019, 2020), which are not reflected 
in the model predictions. The model predictions are more conservative at compliance stations located 
close to the modelled mine fleet and road dust emission sources than at the community station located 
further from the mines, as shown in Table 2-15.  

The observed number of 24-hour AAAQO exceedances at the WBEA stations with the model-predicted 
24-hour AAAQO exceedances are compared in Table 2-16. The table shows that the model predictions 
are conservative compared to the observations, especially when most of the observed exceedances are 
caused by forest fire events that are not reflected in the model predictions. The conservatism is higher 
at the compliance stations near the mines than at the community station further from the mines. 

Overall, the IPA will result in a positive change in the PM2.5 concentrations locally at the Amended 
Project Area Boundary and no appreciable change on a regional level. 
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Table 2-13:  Maximum Predicted Ground-Level PM2.5 Concentrations 

Parameter AAAQO 
(µg/m³) 

Project Only Maximum Concentration (µg/m³)(a)(b) Background 
Concentration 

(µg/m³)(a) 

Cumulative Effects Maximum Concentration (µg/m³)(a)(b) 

Baseline Case Application Case 1 Application Case 2 Baseline Case Application Case 1 Application Case 2 

24-hour Averaging Period        

Amended Project 
Area Boundary 29 

 
69.0 55.7 17.0 

6.0 
96.1 82.3 55.9 

Within Study Area 69.0 55.7 17.0 143.3 143.4 143.5 

Notes: 
(a) Cumulative effects predictions include an appropriate background air concentration. Project Only Case results represent the FHOSP/IPA sources in isolation and do not include 

a background concentration. 
(b) Maximum predictions within the study area exclude predictions within developed areas. 
Bold values indicate exceedance of the applicable AAAQO.  
µg/m3 = micrograms per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less. 
  



!(#*

Namur Lake

Lake Claire Lake Claire

Legend
Lake

Gardiner
Lakes

McClelland
Lake

Willow Lake

Horse River

Birch River

Alice Creek

Ells River

MacKay River

Christina River

S t eepbank River

Clearwater River

Richardson River

Firebag Rive r

Dunk irk River

McIvor River

Ma
rgu

eriteRi ver

FORT McMURRAY

69.0
69.0

At
ha

ba
sc

aR
ive

r

400000

400000

450000

450000

500000

500000

62
50

00
0

62
50

00
0

63
00

00
0

63
00

00
0

63
50

00
0

63
50

00
0

64
00

00
0

64
00

00
0

64
50

00
0

64
50

00
0

PA
TH

: I
:\C

LI
E

N
TS

\S
U

N
C

O
R

\2
01

38
99

0\
M

ap
pi

ng
\P

ro
du

ct
s\

0_
IP

A\
A

ir\
0_

M
oo

se
La

ke
_R

em
od

el
\F

ig
_2

_6
_t

o_
2_

26
_C

on
ce

nt
ra

tio
ns

_R
ev

0.
m

xd
  P

R
IN

TE
D

 O
N

: 2
02

2-
02

-0
8 

AT
: 2

:0
4:

56
 P

M

IF
 T

H
IS

 M
EA

SU
R

E
M

EN
T 

D
O

ES
 N

O
T 

M
AT

C
H

 W
H

AT
 IS

 S
H

O
W

N
, T

H
E 

SH
EE

T 
SI

ZE
 H

A
S 

B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 B
25

m
m

0

CLIENT

FORT HILLS ENERGY CORPORATION

NOTE(S)
1. MAXIMUM PREDICTION WITHIN THE STUDY AREA EXCLUDES PREDICTIONS WITHIN
DEVELOPED AREAS WHERE PUBLIC ACCESS IS RESTRICTED.
2. ALBERTA AMBIENT AIR QUALITY OBJECTIVE [µg/m3] = 29
3. BACKGROUND CONCENTRATIONS ARE NOT ADDED TO PROJECT ONLY PREDICTIONS.
4. [µg/m3] - MICROGRAMS PER CUBIC METRE

PROJECT

FORT HILLS INTEGRATED PLAN AMENDMENT

TITLE

PROJECT ONLY MAXIMUM 24-HOUR PM2.5 CONCENTRATIONS

20138990    0 2-18

2022-02-08

MC

LB

JP

ZG

CLIENT

PROJECT NO. CONTROL REV. FIGURE

YYYY-MM-DD

DESIGNED

PREPARED

REVIEWED

APPROVED

LEGEND
#* PROJECT BOUNDARY MAXIMUM CONCENTRATION [µg/m3]

!( OVERALL MAXIMUM CONCENTRATION [µg/m3]

AMENDED PROJECT AREA BOUNDARY 

MOOSE LAKE 10 km MANAGEMENT ZONE 

REGIONAL DEVELOPMENT

STUDY AREA

PRIMARY HIGHWAY

SECONDARY HIGHWAY

FIRST NATION RESERVE

PARK / PROTECTED AREA

POPULATED PLACE

BASELINE CASE

KILOMETRES

   

!(#*

Namur Lake

Lake Claire Lake Claire

Legend
Lake

Gardiner
Lakes

McClelland
Lake

Willow Lake

Horse River

Birch River

Alice Creek

E lls R iver

MacKay River

Chris tina River

S teepbank River

Clearwater River

Ric hardson River

Firebag Rive r

D unkirk
R iver

McIvor River

Ma
rgu

eriteRi ver

FORT McMURRAY

17.0
17.0

At
ha

ba
sc

aR
ive

r

400000

400000

450000

450000

500000

500000

62
50

00
0

62
50

00
0

63
00

00
0

63
00

00
0

63
50

00
0

63
50

00
0

64
00

00
0

64
00

00
0

64
50

00
0

64
50

00
0

APPLICATION CASE 2

0 15 30

1:1,125,000

!(#*

Namur Lake

Lake Claire Lake Claire

Legend
Lake

Gardiner
Lakes

McClelland
Lake

Willow Lake

Horse River

Birch River

Alice Creek

Ells River

MacKay River

Christina River

S t eepbank River

Clearwater River
Richardson River

Firebag Rive r

Dunkirk

R iver

McIvor River

Ma
rgu

eriteRi ver

FORT McMURRAY

55.7
55.7

At
ha

ba
sc

aR
ive

r

400000

400000

450000

450000

500000

500000

62
50

00
0

62
50

00
0

63
00

00
0

63
00

00
0

63
50

00
0

63
50

00
0

64
00

00
0

64
00

00
0

64
50

00
0

64
50

00
0

APPLICATION CASE 1

REFERENCE(S)
ALBERTA DIGITAL BASE DATA MAY BE OBTAINED FROM GEOGRATIS, © DEPARTMENT OF
NATURAL RESOURCES CANADA. ALL RIGHTS RESERVED
PROJECTION: UTM ZONE 12   DATUM: NAD 83

>= 29 

>= 21.75 to < 29

>= 14.5 to < 21.75

>= 7.25 to < 14.5

>= 2.9 to < 7.25

>= 1.45 to < 2.9

< 1.45

CONCENTRATION [µg/m3] 



!(
#*

Namur Lake

Lake Claire Lake Claire

Legend
Lake

Gardiner
Lakes

McClelland
Lake

Willow Lake

Horse River

Birch River

Alice Creek

Ells River

MacKay River

Christina River

S t eepbank River

Clearwater River

Richardson River

Firebag Rive r

Dunk irk River

McIvor River

Ma
rgu

eriteRi ver

FORT McMURRAY

96.1 143.3
At

ha
ba

sc
aR

ive
r

400000

400000

450000

450000

500000

500000

62
50

00
0

62
50

00
0

63
00

00
0

63
00

00
0

63
50

00
0

63
50

00
0

64
00

00
0

64
00

00
0

64
50

00
0

64
50

00
0

PA
TH

: I
:\C

LI
E

N
TS

\S
U

N
C

O
R

\2
01

38
99

0\
M

ap
pi

ng
\P

ro
du

ct
s\

0_
IP

A\
A

ir\
0_

M
oo

se
La

ke
_R

em
od

el
\F

ig
_2

_6
_t

o_
2_

26
_C

on
ce

nt
ra

tio
ns

_R
ev

0.
m

xd
  P

R
IN

TE
D

 O
N

: 2
02

2-
02

-0
8 

AT
: 2

:0
5:

50
 P

M

IF
 T

H
IS

 M
EA

SU
R

E
M

EN
T 

D
O

ES
 N

O
T 

M
AT

C
H

 W
H

AT
 IS

 S
H

O
W

N
, T

H
E 

SH
EE

T 
SI

ZE
 H

A
S 

B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 B
25

m
m

0

CLIENT

FORT HILLS ENERGY CORPORATION

NOTE(S)
1. MAXIMUM PREDICTION WITHIN THE STUDY AREA EXCLUDES PREDICTIONS WITHIN
DEVELOPED AREAS WHERE PUBLIC ACCESS IS RESTRICTED.
2. ALBERTA AMBIENT AIR QUALITY OBJECTIVE [µg/m3] = 29
3. BACKGROUND CONCENTRATION [µg/m3] = 6.0
4. [µg/m3] - MICROGRAMS PER CUBIC METRE

PROJECT

FORT HILLS INTEGRATED PLAN AMENDMENT

TITLE

CUMULATIVE EFFECTS MAXIMUM 24-HOUR PM2.5
CONCENTRATIONS

20138990    0 2-19

2022-02-08

MC

LB

JP

ZG

CLIENT

PROJECT NO. CONTROL REV. FIGURE

YYYY-MM-DD

DESIGNED

PREPARED

REVIEWED

APPROVED

LEGEND
#* PROJECT BOUNDARY MAXIMUM CONCENTRATION [µg/m3]

!( OVERALL MAXIMUM CONCENTRATION [µg/m3]

AMENDED PROJECT AREA BOUNDARY 

MOOSE LAKE 10 km MANAGEMENT ZONE 

REGIONAL DEVELOPMENT

STUDY AREA

PRIMARY HIGHWAY

SECONDARY HIGHWAY

FIRST NATION RESERVE

PARK / PROTECTED AREA

POPULATED PLACE

BASELINE CASE

KILOMETRES

   

!(
#*

Namur Lake

McClelland
Lake

Willow Lake

Lake Claire Lake Claire

Legend
Lake

Gardiner
Lakes

Horse River

Birch River

Alice Creek

Ells Rive r

MacKay River

Chris tina River

S teepbank River

Clearwater River

Ric hardson River

Firebag Rive r

D unkirk
R iver

McIvor River

Ma
rgu

eriteRi ver

FORT McMURRAY

55.9 143.5

At
ha

ba
sc

aR
ive

r

400000

400000

450000

450000

500000

500000

62
50

00
0

62
50

00
0

63
00

00
0

63
00

00
0

63
50

00
0

63
50

00
0

64
00

00
0

64
00

00
0

64
50

00
0

64
50

00
0

APPLICATION CASE 2

0 15 30

1:1,125,000

!(
#*

Namur Lake

Lake Claire Lake Claire

Legend
Lake

Gardiner
Lakes

McClelland
Lake

Willow Lake

Horse River

Birch River

Alice Creek

Ells River

MacKay River

Christina River

S t eepbank River

Clearwater River
Richardson River

Firebag Rive r

Dunkirk

R iver

McIvor River

Ma
rgu

eriteRi ver

FORT McMURRAY

82.3 143.4

At
ha

ba
sc

aR
ive

r

400000

400000

450000

450000

500000

500000

62
50

00
0

62
50

00
0

63
00

00
0

63
00

00
0

63
50

00
0

63
50

00
0

64
00

00
0

64
00

00
0

64
50

00
0

64
50

00
0

APPLICATION CASE 1

REFERENCE(S)
ALBERTA DIGITAL BASE DATA MAY BE OBTAINED FROM GEOGRATIS, © DEPARTMENT OF
NATURAL RESOURCES CANADA. ALL RIGHTS RESERVED
PROJECTION: UTM ZONE 12   DATUM: NAD 83

>= 29 

>= 21.75 to < 29

>= 14.5 to < 21.75

>= 7.25 to < 14.5

>= 2.9 to < 7.25

>= 1.45 to < 2.9

< 1.45

CONCENTRATION [µg/m3] 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 

 

2-44 | Page 

Table 2-14:  Maximum Number of Days Exceeding 24-Hour PM2.5 AAAQO 

Averaging Period 
Maximum Days of AAAQO Exceedances Maximum Percentage of 24-hour AAAQO Exceedance 

Baseline Case Application Case 1 Application Case 2 Baseline Case Project Only Case Application Case 

Project Only       

Amended Project 
Area Boundary 33 23 0 9% 6% <1% 

Within Study Area 33 23 0 9% 6% <1% 

Cumulative Effects       

Amended Project 
Area Boundary 103 95 35 28% 26% 10% 

Within Study Area 202 201 201 55% 55% 55% 

Notes:  
“<” = less than; AAAQO = Alberta Ambient Air Quality Objective; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; % = percent. 
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Table 2-15:  Comparison of Model Predicted PM2.5 Concentrations and Observed PM2.5 Concentrations at Selected WBEA Ambient Air Quality 
Monitoring Stations between 2017 and 2020 

Parameter 

Concentrations (µg/m³) 

Fort Hills Station Horizon Station Bertha Ganter-Fort McKay Station 

2017(a) 2018 2019 2020 2017 2018 2019 2020(b) 2017 2018 2019 2020 

24-hour             

99th Percentile 
Observation 34.4 56.0 32.8 19.4 20.5 45.9 37.1 23.8 34.0 63.7 43.5 20.8 

95th Percentile 
Observation 20.3 22.0 16.2 12.1 13.8 18.1 16.5 13.6 17.1 25.2 16.3 14.8 

90th Percentile 
Observation 15.8 15.4 13.2 9.5 11.0 11.6 12.3 10.5 13.3 17.9 12.8 11.7 

Model Predicted 
Maximum(a) 94.6 137.3 39.0 

Notes: 
(a) Monitoring at the Fort Hills station began in June 2017; therefore, these values represent a partial year of data.  
(b) The Horizon station was decommissioned in September 2020; therefore, these values represent a partial year of data.  
(c) Predicted maximums are presented as the highest predicted concentration from the dispersion model at the monitoring station locations in the Cumulative Baseline Case. 
µg/m3 = micrograms per cubic metre; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; WBEA = Wood Buffalo Environmental Association. 
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Table 2-16:  Comparison of Observed and Model Predicted Occurrences of PM2.5 Above the AAAQO at Selected WBEA Ambient Air Quality 
Monitoring Stations between 2017 and 2020  

Parameter 
Number of Exceedances of the AAAQO 

Fort Hills Station Horizon Station Bertha Ganter-Fort McKay Station 

 2017(a) 2018 2019 2020 2017 2018 2019 2020(b) 2017 2018 2019 2020 

24-hour             

Observation 4 14 6 0 1 10 10 1 6 15 9 0 

Model Predicted 
Maximum(c) 95 211 14 

Notes: 
(a) Monitoring at the Fort Hills station began in June 2017; therefore, these values represent a partial year of data.  
(b) The Horizon station was decommissioned in September 2020; therefore, these values represent a partial year of data.  
(c) Predicted maximums are presented as the highest predicted concentration from the dispersion model at the monitoring station locations in the Cumulative Baseline Case. 
µg/m3 = micrograms per cubic metre; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; AAAQO = Alberta Ambient Air Quality Objective; WBEA = 
Wood Buffalo Environmental Association. 
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2.7.4. Predicted Ground-Level Total Suspended Particulate Matter Concentrations 
The IPA will result in an increase of 4.6 and 12.2% in FHOSP TSP emissions in Application Case 1 and 
Application Case 2, respectively, as discussed in Section 2.6.1. A comparison of the Project Only and 
Cumulative Effects predicted maximum ground-level TSP concentrations is presented in Table 2-17. The 
predicted concentration contours for Project Only and Cumulative Effects cases are presented 
graphically in Figure 2-22 and Figure 2-23 for 24-hour TSP, and Figure 2-24 and Figure 2-25 for annual 
TSP. 

Unlike NO2, SO2 and PM2.5, TSP is not monitored at the WBEA stations. Therefore, there is no monitoring 
data to estimate the level of conservatism in the model predicted TSP concentrations. However, the 
same rationale discussed in Section 2.7.3 for the evaluation of model predicted PM2.5 compared to 
monitoring data also applies to the conservatism in the TSP predictions.  

Overall, the predicted maximum 24-hour and annual TSP concentrations at the Amended Project Area 
Boundary decrease from the Baseline Case to Application Case 1 and Application Case 2 as the mining 
activities move from the southwest corner of the FHOSP footprint to the centre of the Amended Project 
Area, away from the Amended Project Area Boundary where ground level predictions are assessed for 
compliance with the air quality objectives. Although TSP emissions are shown to increase in Application 
Case 1 and Application Case 2, the predictions at the Amended Project Area Boundary are shown to 
decrease because of the larger areas from which the emissions are released (i.e., lower emission 
intensity) and the location of TSP emission sources being farther from the Amended Project Area 
Boundary.  

Regionally, the maximum TSP contours outside of the Amended Project Area Boundary remain relatively 
unchanged with increasing distance from the Amended Project Area Boundary. The higher predicted 
concentrations are centred on the area where active mining is taking place at each oil sands mine in the 
dispersion model. There are predicted exceedances of the 24-hour and annual AAAQOs, both at the 
Amended Project Area Boundary and surrounding each oil sands mine. The predicted days of 
exceedances at the Amended Project Area Boundary and within the study area are presented in  
Table 2-18. The predicted maximum 24-hour exceedances for Project Only and Cumulative Effects cases 
are also presented in a contour map format in Figure 2-26 and Figure 2-27. The results demonstrate that 
the IPA will have a positive change on the maximum TSP concentrations at the Amended Project Area 
Boundary and regionally. 
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Table 2-17:  Maximum Predicted Ground-Level Total Suspended Particulate Concentrations 

Parameter AAAQO 
(µg/m³) 

Project Only Maximum Concentration (µg/m³)(a)(b) Background 
Concentration 

(µg/m³)(a) 

Cumulative Effects Maximum Concentration (µg/m³)(a)(b) 

Baseline Case Application Case 1 Application Case 2 Baseline Case Application Case 1 Application Case 2 

24-hour Averaging Period(c)        

Amended Project 
Area Boundary 100 

514.9 399.1 166.5 
24.1 

569.8 454.0 214.2 

Within Study Area 514.9 399.1 166.5 1,166.4 1,166.6 1,167.5 

Annual Averaging Period(c)        

Amended Project 
Area Boundary 60 

36.6 31.5 12.5 
11.8 

64.0 58.9 34.8 

Within Study Area 36.6 31.5 12.5 158.4 158.4 158.3 

Notes: 
(a) Cumulative effects predictions include an appropriate background air concentration. Project Only Case results represent the FHOSP/IPA sources in isolation and do not include a 

background concentration. 
(b) Maximum predictions within the study area exclude predictions within developed areas. 
(c) Comparisons to the TSP annual AAAQO are based on annual arithmetic mean value, which is more conservative than the geometric mean value stated for the objective.  
Bold values indicate exceedance of the applicable AAAQO.  
µg/m3 = micrograms per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; TSP = total suspended particulate matter. 
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Table 2-18:  Maximum Number of Days Exceeding 24-Hour Total Suspended Particulate AAAQO 

Averaging Period 
Maximum Days of AAAQO Exceedances Maximum Percentage of 24-hour AAAQO Exceedance 

Baseline Case Application Case 1 Application Case 2 Baseline Case Project Only Case Application Case 

Project Only       

Amended Project 
Area Boundary 35 28 6 10% 8% 2% 

Within Study Area 35 28 6 10% 8% 2% 

Cumulative Effects       

Amended Project 
Area Boundary 82 76 22 22% 21% 6% 

Within Study Area 194 194 192 53% 53% 53% 

Notes: 
AAAQO = Alberta Ambient Air Quality Objective; TSP = total suspended particulate; % = percent. 
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2.7.5. Predictions Within the Moose Lake 10 Kilometer Zone 
The Project Only and Cumulative Effects predicted maximum ground-level concentrations within the ML 
10 KMZ are presented in Table 2-19 for parameters of interest in the MLAMP that were assessed in the 
air quality assessment. Comparisons of NO2, SO2 and PM2.5 (excluding secondary PM per the MLAMP) to 
their respective AAAQOs/AAAQGs are also provided per the requirements on minimizing industrial 
emissions in the MLAMP. The emissions sources associated with the IPA (i.e., mine fleet exhaust and 
road dust) do not contribute to H2S or TRS emissions at the FHOSP and therefore were not assessed in 
the air quality assessment.  Comparisons to the Moose Lake Ambient Targets for annual NO2 and annual 
SO2 are recommend for use until updated AAAQOs are available per the guidance of the MLAMP.  The 
comparison is provided in Table 2-19.  

Table 2-19: Maximum Predicted Ground-Level Concentrations Within the Moose Lake 10 Kilometer 
Zone  

Compound Averaging 
Period 

AAAQO/ 
AAAAQG 
(µg/m³) 

Moose Lake 
Ambient 

Target 
(µg/m³) 

Project Only Maximum 
Concentration (µg/m³)(a)(b) Background 

Concentration 
(µg/m³)(a) 

Cumulative Effects Maximum 
Concentration (µg/m³)(a)(b) 

Baseline 
Case 

Application 
Case 1 

Application 
Case 2 

Baseline 
Case 

Application 
Case 1 

Application 
Case 2 

NO2
(c) 

1-hour(d) 300 NA(e) 13.6 15.6 11.2 7.1 82.9 82.9 82.9 

Annual 45 13.2 0.3 0.3 0.2 3.0 6.3 6.4 6.3 

SO2 

1-hour(d) 450 NA(e) 2.8 2.8 2.8 1.1 49.6 49.6 49.6 

24-hour 125 — 0.9 0.9 0.9 1.0 26.4 26.4 26.4 

Monthly 30 — 0.1 0.1 0.1 0.3 3.0 3.0 3.0 

Annual 20 7.9 <0.1 <0.1 <0.1 0.2 1.5 1.5 1.5 

PM2.5
(f) 

1-hour(d) 80(g) NA(e) 1.4 1.6 0.8 6.0 11.7 11.9 11.2 

24-hour 29 NA(e) 0.7 0.8 0.4 6.0 9.2 9.3 9.0 

Notes: 
(a) Cumulative effects predictions include an appropriate background air concentration. Project Only Case results represent 

the FHOSP/IPA sources in isolation and do not include a background concentration. 
(b) Maximum predictions within the ML 10KMZ exclude predictions within developed areas. 
(c) NO2 predictions shown are derived using the Ozone Limiting Method (Appendix 2B, Section 2B.1.2.4). 
(d) The 9th highest 1-hour predictions exclude the eight highest 1-hour concentrations, as per the Alberta Air Quality Model 

Guideline (AEP 2013). 
(e) Moose Lake Ambient Targets for annual NO2 and SO2 are evaluated in the interim of updated AAAQOs for NO2 and SO2. 

Though there are Moose Lake Ambient Targets for 1-hour NO2 and SO2, and for PM2.5, comparisons are not required per 
the MLAMP.  

(f) The MLAMP specifies that the comparisons to the AAAQOs/AAAQGs are to be made excluding secondary pollutants 
(including secondary PM2.5), therefore the PM2.5 predictions shown include primary PM2.5 only.  

(g) The 1-hour PM2.5 objective is an Alberta Ambient Air Quality Guideline.  
“—” = no criteria; “<” = less than; µg/m3 = micrograms per cubic metre; AAAQG = Alberta Ambient Air Quality Guideline; 
AAAQO = Alberta Ambient Air Quality Objective; NA = not applicable; NO2 = nitrogen dioxide; ML 10KMZ = Moose Lake 10 
Kilometer Zone; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; SO2 = sulphur dioxide. 
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The maximum predictions within the ML 10KMZ are in compliance with the applicable AAAQOs, AAAQG 
and Moose Lake Ambient Targets (for annual NO2 and SO2 only) in all assessed cases. Generally, the IPA 
does not have any meaningful effect on the cumulative predictions within the ML 10KMZ as in most 
cases, the cumulative predictions remained unchanged between the Baseline Case, Application Case 1 
and Application Case 2. For cumulative annual NO2, and 1-hour and 24-hour PM2.5 concentrations, the 
predictions within the ML 10KMZ increase marginally (i.e., less than 2%) from Baseline Case in 
Application Case 1 and then decrease to levels at or below Baseline Case in Application Case 2. This 
trend is likely observed due to the redistribution of mine fleet exhaust and road dust emission sources 
associated with the IPA as the mine progresses. In Application Case 1, the IPA-related emissions are 
nearer to the west side of the Amended Project Area Boundary (i.e., marginally closer to the ML 
10KMZ). In Application Case 2, the IPA-related emissions begin to shift east, toward the centre of the 
Amended Project Area Boundary. A similar trend can be seen in the Project Only predictions for NO2 and 
PM2.5. Given these predictions, it is unlikely that the IPA will have any measurable impact on ambient air 
quality within the ML 10KMZ.  

2.8. Conclusions 
An air quality assessment was conducted to quantify the potential air quality changes because of the 
IPA. The IPA will require a larger mine fleet to accommodate the longer haul distances for the waste 
material (e.g., overburden/interburden) between the mine pits and the NED; therefore, the emission 
sources at FHOSP affected by the IPA include mine fleet exhaust and road dust.  

The maximum IPA annual emissions are expected to occur in either 2025 or 2036 for the four 
compounds assessed (NO2, SO2, PM2.5, and TSP). Two Application Cases were modelled to capture the 
maximum emissions of each compound: Application Case 1 for 2025 and Application Case 2 for 2036. 
The two application cases enable the evaluation of impacts to locations important to stakeholders 
(i.e., Fort McKay and the MLWC).  

The FHOSP emissions are estimated to increase in Application Case 1. Application Case 2 will also have 
higher TSP emissions because of the longer haul distance; however, Application Case 2 will have lower 
NOX and PM2.5 emissions as a result of lower mine fleet exhaust emissions. Lower NOX and PM2.5 
emissions are projected as the replacement of Tier 2 haul trucks in the existing FHOSP mine fleet with 
Tier 4 haul trucks were conservatively assumed to begin in 2026 and be completed by 2031. The 
Application Case 1 and the Application Case 2 mine fleet exhaust and road dust emissions will also be 
more spread out over a larger area as compared to the Baseline Case, when most of the mining activities 
be taking place closer to the boundary of the Amended Project Area Boundary, where compliance with 
air quality objectives is assessed. 

The assessment uses the CALPUFF dispersion model with a five-year (2002 to 2006) meteorological data 
set to predict the maximum ground-level NO2, SO2, PM2.5, and TSP concentrations. The predictions for 
both Application Cases were compared with the Baseline Case predictions based on the approved 
FHOSP emissions as well as to the applicable AAAQOs. A summary of the predicted changes to the 
maximum concentrations is: 

● NO2: The predictions show that the IPA will result in a positive change (i.e., a decrease) to the 
maximum NO2 concentrations locally at the Amended Project Area Boundary and a negligible 
change on a regional level. 

● SO2: The IPA does not have any meaningful effect on either the local or regional SO2 predictions. 
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● PM2.5: The IPA will result in a positive change (i.e., a decrease) in the PM2.5 concentrations locally 
at the Amended Project Area Boundary and no material change on a regional level. 

● TSP: The IPA will result in a positive change (i.e., a decrease) to the maximum TSP 
concentrations at the Amended Project Area Boundary and regionally. 

Additionally, the predictions for the Baseline Case and both Application Cases were shown to be in 
compliance with the applicable AAAQOs, AAAQGs and Moose Lake Ambient Targets for the parameters 
of interest within the ML 10KMZ.The IPA is not likely to have any meaningful effect on the ambient air 
quality within the ML 10KMZ. 
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3. NOISE 

3.1. Introduction 
Environmental noise from the Fort Hills Oil Sands Project (FHOSP) is regulated by the Alberta Energy 
Regulator (AER) through Directive 038: Noise Control (EUB 2007). The FHOSP Integrated Plan 
Amendment (IPA) presents a potential change in noise emissions from the FHOSP; therefore, Directive 
038 requires preparation of an environmental noise impact assessment (NIA) to support the IPA. The 
NIA (Golder 2021) is provided as Volume 2, Appendix 2D and results from the NIA are summarized in this 
section. 

3.2. Baseline Conditions 
The NIA quantified Baseline Case cumulative noise levels at the six receptors listed in Table 3-1.  

Table 3-1: Noise Receptors 
Noise 

Receptor 
Easting(a) 

[m] 
Northing(a) 

[m] Description 

RA 462436 6367719 trapper cabin identified in past FHOSP noise assessments; current occupancy 
status is unknown 

RB 461386 6338255 Community of Fort McKay; closest population centre to FHOSP 

RC 476438 6368336 unoccupied location on south shore of McClelland Lake; included because of 
importance to local stakeholders 

RD 479246 6375603 unoccupied location near north shore of McClelland Lake; included because 
of importance to local stakeholders 

RE 461938 6363594 historical cabin site within the Project footprint; no longer used as a dwelling 
but preserved for cultural importance 

RF 478779 6374246 unoccupied boat launch on north shore of McClelland Lake; included because 
of importance to local stakeholders 

Notes: 
(a)  Universal Transverse Mercator coordinates; Zone 12.  
FHOSP = Fort Hills Oil Sands Project; IPA = Integrated Plan Amendment; m = metres; RA = noise receptor A; RB = noise receptor 
B; RC = noise receptor C; RD = noise receptor D; RE = noise receptor E; RF = noise receptor F. 

Baseline Case cumulative noise levels represent conditions that would exist before the IPA 
development. In accordance with Directive 038, Baseline Case cumulative noise levels were calculated 
by summing contributions from natural and non-industrial sources, the FHOSP, and the following third-
party industrial facilities, which are within approximately 10 kilometres (km) of the FHOSP: 

● Canadian Natural Resources Ltd. (Canadian Natural) Horizon Mine 

● Canadian Natural Horizon South Mine 

● Canadian Natural Muskeg River Mine and Expansion 

● Canadian Natural Jackpine Mine and Expansion 

● Syncrude Canada Ltd. (Syncrude) Aurora North Mine 

The noise contribution from natural and non-industrial sources was established using a desktop 
technique from Directive 038, which accounts for population density and proximity to transportation 
infrastructure. The noise contribution from the FHOSP was taken from the NIA prepared for the 2017 
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Fort Hills Mine Amendment Application (FHMA; FHEC 2017a). The noise contribution from third-party 
industrial facilities was estimated using information presented in publicly available regulatory 
applications (Canadian Natural 2018; TEPCA 2010; Shell 2007; Syncrude 1996).  

Baseline Case cumulative noise levels for the six receptors considered in the NIA are presented in  
Table 3-2. Cumulative noise levels are only presented for the Directive 038 nighttime period (10 pm to 
7 am), because the FHOSP and third-party industrial facilities operate 24 hours per day and Directive 038 
compliance criteria are more restrictive during the nighttime period. In accordance with Directive 038, 
cumulative noise levels are expressed in A-weighted decibels (dBA). Noise levels expressed in dBA have 
been scaled to reflect the frequency sensitivity of the human auditory system.  

Table 3-2:  Baseline Case Cumulative Noise Levels 
Noise Receptor Baseline Case Nighttime Cumulative Noise Level [dBA] 

RA 43.6 

RB 39.9 

RC 38.9 

RD 36.7 

RE 47.7 

RF 36.9 

Notes: 
dBA = A-weighted decibels; IPA = Integrated Plan Amendment; RA = noise receptor A; RB = noise receptor B; RC = noise 
receptor C; RD = noise receptor D; RE = noise receptor E; RF = noise receptor F. 

3.3. Change Assessment 
The NIA quantified changes resulting from the IPA using a computer noise model in accordance with 
requirements of Directive 038. The computer model was used to predict noise contribution of FHOSP at 
receptors after implementation of IPA. Predicted FHOSP noise levels were added to the noise 
contribution from natural and non-industrial sources and third-party industrial facilities to get 
Application Case cumulative noise levels. Application Case cumulative noise levels for the six receptors 
considered in the NIA are presented in Table 3-3. 

Table 3-3 : Application Case Cumulative Noise Levels 
Noise Receptor Application Case Nighttime Cumulative Noise Level [dBA] 

RA 43.0 

RB 39.9 

RC 38.2 

RD 36.7 

RE 48.6 

RF 36.8 

Notes:  
dBA = A-weighted decibels; IPA = Integrated Plan Amendment; RA = noise receptor A; RB = noise receptor B; RC = noise 
receptor C; RD = noise receptor D; RE = noise receptor E; RF = noise receptor F. 

 

 

 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

3-3 | Page 

Noise effects for the IPA were characterized by comparing Application Case cumulative noise levels to 
permissible sound level (PSL) values set out in Directive 038. IPA noise effects were also characterized by 
comparing Application Case cumulative noise levels to Baseline Case cumulative noise levels. An 
increase in cumulative noise levels no larger than 0.4 dBA is considered “no net increase” in the context 
of Directive 038.  

Application Case cumulative noise levels are compared to PSL values from Directive 038 in Table 3-4. At 
four receptors (RB, RC, RD, and RF), the Application Case cumulative noise level is less than the 
applicable PSL, and thus, the IPA is compliant with Directive 038. At the remaining two receptors (RA 
and RE), the Application Case cumulative noise level exceeds the PSL. Receptor RE is a historical cabin 
site within the Project footprint, which is no longer used as a dwelling but preserved for cultural 
importance; compliance with AER Directive 038 is not required at this receptor.  

Table 3-4: Permissible Sound Level Assessment 
IPA Noise 
Receptor 

Application Case Cumulative 
Noise Level [dBA] 

Directive 038 Permissible 
Sound Level [dBA] 

Comment 

RA 43.0 40 Cumulative noise levels exceed the PSL. 

RB 39.9 43(a) Cumulative noise levels are below the PSL. 

RC 38.2 40 Cumulative noise levels are below the PSL. 

RD 36.7 40 Cumulative noise levels are below the PSL. 

RE(b) 48.6 40 Cumulative noise levels exceed the PSL. 

RF 36.8 40 Cumulative noise levels are below the PSL. 

Notes: 
(a) Permissible Sound Level (PSL) is elevated for this receptor (Fort McKay) to account for population density. 
(b) This receptor is a historical cabin site within the Project footprint, which is no longer used as a dwelling but preserved for 
cultural importance; compliance with AER Directive 038 is not required at this receptor. 
Note: dBA = A-weighted decibels; IPA = Integrated Plan Amendment; RA = noise receptor A; RB = noise receptor B; RC = noise 
receptor C; RD = noise receptor D; RE = noise receptor E; RF = noise receptor F 

A no net increase assessment, which compares and evaluates the difference between the Baseline Case 
and Application Case cumulative noise levels using the “no net increase” threshold of 0.4 dBA, is 
presented in Table 3-5. At five receptors (RA, RB, RC, RD, and RF) there is “no net increase” in 
cumulative noise levels because of the IPA, and thus, the IPA is compliant with Directive 038. At the 
remaining receptor (RE), the difference between Application Case and Baseline Case cumulative noise 
levels is greater than 0.4 dBA; however, this receptor is a historical cabin site within the FHOSP 
footprint, which is no longer used as a dwelling but preserved for cultural importance, and compliance 
with AER Directive 038 is not required at this receptor. 
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Table 3-5: "No Net Increase" Assessment 

IPA Noise 
Receptor 

Baseline Case 
Cumulative Noise 

Level [dBA] 

Application Case 
Cumulative Noise 

Level [dBA] 

Difference: Application 
Case minus Baseline 

Case 
Comment 

RA 43.6 43.0 -0.6 “No net increase” in 
cumulative noise levels.  

RB 39.9 39.9 0.0 “No net increase” in 
cumulative noise levels. 

RC 38.9 38.2 -0.7 “No net increase” in 
cumulative noise levels. 

RD 36.7 36.7 0.0 “No net increase” in 
cumulative noise levels. 

RE(a) 47.7 48.6 +0.9 
Change in cumulative noise 
levels exceeds the “no net 
increase” threshold.  

RF 36.9 36.8 -0.1 “No net increase” in 
cumulative noise levels. 

Notes: 
(a) This receptor is a historical cabin site within the Project footprint, which is no longer used as a dwelling but preserved for 
cultural importance; compliance with AER Directive 038 is not required at this receptor. 
dBA = A-weighted decibels; IPA = Integrated Plan Amendment; RA = noise receptor A; RB = noise receptor B; RC = noise 
receptor C; RD = noise receptor D; RE = noise receptor E; RF = noise receptor F. 

3.4. Mitigation Measures and Follow-Up Activities 
Implementation of the IPA will result in increased noise levels in some locations that are close to new 
operating areas and decreased noise levels in other locations. The results presented in Table 3-4 and 
Table 3-5 indicate that operations will comply with Directive 038 at all receptors where compliance is 
required. The IPA is predicted to comply with Directive 038; therefore, noise mitigation is not required.  

3.5. Conclusions 
An NIA was prepared for the IPA in accordance with Directive 038 (Appendix 2D). The NIA was focused 
on six receptor locations, identified as RA through RF. Most of these six locations may not meet the 
strict Directive 038 definition of a “seasonally occupied dwelling” (i.e., a dwelling occupied at least six 
weeks per year). Moreover, one of the six receptors (RE) is a historical cabin site within the FHOSP 
footprint that is no longer used as a dwelling but preserved for cultural importance.  

The NIA predicted cumulative noise levels at all six receptors. In accordance with Directive 038, the 
cumulative noise level predictions included the noise contributions from natural and non-industrial 
sources, the FHOSP itself, and nearby third-party industrial facilities. The NIA predicted cumulative noise 
levels for the Baseline Case (i.e., noise levels as they would exist without the IPA) and the Application 
Case (i.e., noise levels as they would exist with the IPA).  

The overall conclusion of the NIA is that the IPA will not result in any material change to previously 
predicted effects assessed and approved as part of past regulatory applications (FHEC 2017a), and that 
compliance with Directive 038 will be maintained. 
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4. AQUATIC RESOURCES 

4.1. Introduction 

4.1.1. Baseline Conditions 
Previous aquatics descriptions of baseline conditions were completed for the Fort Hills Oil Sands Project 
(FHOSP) as part of the original regulatory Application (TrueNorth 2001), the 2007 Amendment 
Application (FHEC 2007), the 2010 Environmental Assessment Update (FHEC 2010), and the 2017 Fort 
Hills Mine Amendment Application (FHMA; FHEC 2017a). Watercourses within the Aquatic Study Area 
include McClelland Lake, Fort Creek, Susan Lake and its outlet creek, Stanley Creek, No Net Loss Lake 
(NNLL) and other unnamed small creeks (Figure 4.1-1). The Extension Areas included in the FHOSP 
Integrated Plan Amendment (IPA) development plan include: 

1. The North Extension Area, north of FHOSP, to accommodate the extension of the North Pit and 
relocation of the North External Dump (NED). 

2. The East Extension Area, east of FHOSP, to accommodate surface infrastructure, a Reclamation 
Material Stockpile (RMS) and an infrastructure corridor to support water management activities.  

Watercourses in the North Extension Area consist of two unnamed watercourses referred to in this 
assessment as Creek A (as per previous FHOSP assessments of this watercourse) and Watercourse MT1 
(not previously assessed; Figure 4.1-1). Creek A, formerly a tributary to the Athabasca River, flows from 
the centre of the proposed extension area westward towards the Athabasca River but has been  
re-directed at its lower end to become the inlet to the FHOSP NNLL. Watercourse MT1 is an unnamed 
McClelland Lake tributary that flows from the east side of the North Extension Area eastward into 
McClelland Lake. A portion of Creek A is within the proposed NED footprint, while Watercourse MT-1 is 
adjacent to the NED footprint.  

Watercourses in the East Extension Area consist of one unnamed watercourse that is a tributary to 
McClelland Lake and several unnamed watercourses that are tributaries to the McClelland Lake Wetland 
Complex (MLWC), which is a patterned fen that drains into McClelland Lake (Figure 4.1-1). Four of the 
MLWC tributaries were examined as part of the baseline update and are referred to in this report as 
Watercourses MT2, MT3, MT4, and MT5. The tributary to McClelland Lake was also examined and is 
referred to as Watercourse MT6. Portions of Watercourses MT2, MT3, MT4 and MT5 are within the East 
Extension Area or are crossed by the proposed infrastructure corridor, or both. Watercourse MT6 is in 
the southeast corner of the East Extension Area but is not directly within the IPA footprint.  

The main objective of the baseline sections for each of the aquatic disciplines is to characterize the 
existing aquatics conditions and to provide the information required for conducting an Environmental 
Assessment (EA) of the effects of the IPA. The aquatics baseline descriptions were updated as follows: 

Hydrogeology (Section 4.2): Since the submission of the FHMA (FHEC 2017a), additional hydrogeological 
field investigations were completed, including additional drilling and hydrogeological testing. This new 
data, collected across the Aquatic Study Area, is described in Section 4.2, and is used to refine the 
interpretation of the geology and hydrogeology of the Aquatic Study Area. Information on boreholes 
and hydrogeologic testing are provided in Appendices 2E and 2F, respectively. 
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Surface Water Hydrology (Section 4.3): The climate and surface water hydrology (stream flows and 
basin water yields) baseline conditions for the Aquatic Study Area were extended using climate data and 
surface water hydrology data collected since the FHMA (FHEC 2017a). The hydrology baseline update 
also includes a description of modelled baseline conditions. Where recorded data on watercourses are 
insufficient to characterize seasonal or historic hydrological conditions, the modelled flow time series 
are used to calculate statistics.  

Water Quality (Section 4.4): The baseline condition descriptions for the Aquatic Study Area and adjacent 
watercourses were included as part of the Environmental Effects Update (Section 10.2.2 in Golder 
2020a; provided in Appendix 2G). Because there are no valid water quality linkages to Fort Creek, Susan 
Lake, Susan Lake Outlet Creek, McClelland Lake, the McClelland Lake Wetland Complex (MLWC), Stanley 
Creek, or the Muskeg River, the approved Aquatic Study Area water quality baseline descriptions were 
not updated as part of the IPA. Baseline water quality data were collected for the watercourses in, and 
adjacent to, the Extension Areas, and are described in Appendix 2G. Also, the range of water quality 
parameter concentrations in natural lakes in the region were updated to provide a comparison to pit 
lake water quality predictions.  

Fish and Fish Habitat (Section 4.5): The baseline fish and fish habitat information update for 
watercourses that are within and adjacent to the Extension Areas is provided and includes data from 
seasonal baseline surveys conducted in 2020 (Golder 2020; provided in Appendix 2G). 
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4.1.2. Change Assessment 
The groundwater and hydrology assessments were completed using a physically based integrated 
surface water-groundwater model developed in HydroGeoSphere (HGS). The calibrated numerical 
model was used to develop the forecast models. The forecast models, representing various assessment 
periods and scenarios, include pertinent mine development and water management features (e.g., pit 
lakes, surface water drainage). The water quality assessment was integrated with outputs from the 
groundwater and hydrology model into a dynamic simulation model called GoldSim™. Mass-balance was 
calculated over daily timesteps with in-coming flows combining with existing lake volumes minus lake 
outflows. The model incorporates processes of tailings consolidation, decay of some organic 
parameters, groundwater seepage, and flushing of tailings landforms over time. 

Four assessment periods were evaluated to assess changes in aquatic resources during different time 
periods and environmental conditions: 

● Baseline Period – represents historical period (1945 to 2019)  

● Operational Period – simulates from 2020 to 2063, which covers the operational period 

● Active Closure Period – simulates from 2063 to 2176, which covers the timeframe when active 
closure of the FHOSP occurs 

● Far Future Period – simulates the closure landscape in the far future (2176 and beyond) 

For the Active Closure and Far Future periods six climate scenarios were evaluated: 

● 75-year historic climate (same climate as applied for the Baseline period) 

● Five climate change scenarios (full scenario descriptions are given in Volume 1, Appendix C, 
Section 5.3.1) 

- median 

- warm-dry 

- warm-wet 

- cold-dry 

- cold-wet 

The Active Closure Period and Far Future model simulated the same 75-year historic climate conditions 
as the Baseline Period (Section 4.2.3.3). The details of model assumptions are presented in Volume 1, 
Appendix C.  

The assessment considers watercourses and aquatic landforms that lie within the Aquatic Study Area and 
are directly affected by the IPA. While the assessment nodes differ depending on the aquatics discipline, 
in general they include:  

● The unique discharge points to the Athabasca River from the reclaimed Amended Project Area, 
including the South Pit Lake (SPL) and North Pit Lake (NPL). 

● Stanley Creek at the confluence with the Muskeg River, as there is a change due to the IPA 
related to the Stanley Creek watershed. 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

4-5 | Page 

● Three pit lakes, which are included in the reclaimed Amended Project Area: 

- SPL 

- Centre Pit Lake (CPL) 

- NPL 

● Creek A watershed: the IPA will have some effect on the drainage of Creek A during operation 
and closure because the NED area is partially within the Creek A watershed area. This will affect 
both surface runoff and groundwater contribution to Creek A because of reduced drainage area 
and groundwater recharge area. 

● No Net Loss Lake (northwest and west of the North Extension Area): The changes associated 
with the IPA are expected to have an effect on the NNLL as a result of the effect in Creek A 
inflow as well as groundwater contribution because of dewatering of the northern portion of 
the North Pit close to the NNLL.  

The assessment does not include re-assessment of previously outlined alterations to local and regional 
surface water systems, as described in TrueNorth (2011) and FHEC (2007, 2010, 2017a) where the IPA 
has no additional effect on the systems. The systems not re-assessed include: 

● Athabasca River: the hydrological effects of changes in runoff (both surface water and 
groundwater) from the additional areas in the Amended Project Area are negligible relative to 
Athabasca River flows; therefore, the Athabasca River is not included as an assessment node. 

● Further assessment of closure conditions and the planned approach for monitoring the 
McClelland Lake watershed will be undertaken as part of MLWC Operational Plan that FHEC 
submitted to AER in December 2021. Therefore, the MLWC and McClelland Lake are not 
included as assessment nodes for the IPA. 

● Muskeg River: the change associated with the IPA affects the Stanley Creek watershed. The 
change represents <2% of the watershed area of the Muskeg River close to the confluence with 
the Stanley Creek and represents less than 0.50% of the watershed area of the Muskeg River at 
the confluence with the Athabasca River. The changes from the IPA to the hydrological effects of 
the FHOSP on the Muskeg River are consider negligible. Therefore, the Muskeg River was not 
included as an assessment node for the IPA. 

● Several watercourses or local watersheds that currently flow from the Approved Project Area to 
the Athabasca River, as shown in Figure 4.1-1, will be removed during FHOSP development. 
There is no change relative to the previous application (FHEC 2017a); therefore, these 
watercourse or local watersheds are not reassessed in this Application. These watercourses and 
watersheds are: 

- Small Unnamed Watershed 1, which is comprised of a series of small unnamed streams 
situated to the north of the Susan Lake Outlet Creek 

- Susan Lake Outlet Creek 

- Fort Creek 

- Small Unnamed Watershed 2, which is comprised of a series of small unnamed streams 
situated to the southwest of the Fort Creek watershed 
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The mitigation measures included in the assessment include:  

- Implementation of an operational plan to maintain the non-mined portion of the MLWC 
(submitted to AER in December 2021). 

- Inclusion of pit lakes in the closure landscape to prevent the direct, uncontrolled release of IWW 
to the environment without suitable remediation. 

- Maintenance of seepage management system (i.e., wells) around the OPTA that will be 
operational until the groundwater quality reaches appropriate water quality benchmarks. The 
purpose of the seepage management system is to prevent the flow of IWW seepage into the 
Muskeg River watershed and/or across the FHOSP lease boundary. 

- Closure topography and channel network arranged such that flows to the pit lakes are sufficient 
to maintain water levels. 

Best management practices and protocols established by the relevant regulatory agencies will be 
incorporated into the watercourse crossing plans, including the DFO Measures to Protect Fish and Fish 
Habitat (DFO 2019) and the Water Act CoPs (GoA 2013a, 2019b) for various types of watercourse 
crossings. The mitigation measures are designed to maintain the productive capacity of the 
watercourse, maintain fish passage, and avoid causing a HADD. 

The hydrogeology assessment is described in Section 4.2, hydrology in Section 4.3, water quality and 
aquatic health in Section 4.4, and fish and fish habitat in Section 4.5. Section 4.6 describes the 
overarching residual effects from IPA on aquatic resources, as well as aquatics monitoring and follow-up 
activities.  

4.2. Hydrogeology 

4.2.1. Baseline Conditions 
This baseline section provides a summary of the hydrogeology within the Aquatic Study Area and is 
supported by the Integrated Hydrological Modelling of McClelland Lake Wetland Complex and the Fort 
Hills Lease (Volume 1, Appendix C). The baseline information in this section complements and extends 
the baseline information presented for previous plans of the Fort Hills Oil Sands Project (FHOSP; 
TrueNorth 2001; FHEC 2007, 2017a) and provides a summary of updated baseline information to 
quantify future changes at FHOSP resulting from implementation of the Integrated Plan Amendment 
(IPA). Descriptions of the location and mining operations are provided in Volume 1, Section 2. Local and 
regional climate, topography, and surface water drainage pathways are discussed in Section 4.3. 

The hydrogeology assessment includes references to two appendices that are provided in Volume 2: 
Appendix 2E – Borehole logs; and 2F – Hydrogeologic Testing. 

 Additional Information Collected 

Additional hydrogeological field investigations have been completed since the 2017 Fort Hills Mine 
Amendment Application (FHMA; FHEC 2017a). New boreholes have been drilled and additional pumping 
tests and slug tests were conducted. A substantial effort to refine the interpretation of the geology and 
hydrogeology of the Aquatic Study Area is summarized in Sections 4.2.1.2 and 4.2.1.3.  
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 Additional Drilling – 2015 Through 2020 

Five hundred ninety-eight boreholes were drilled and logged within the Aquatic Study Area, shown in 
Figure 4.2-1. This information was used to refine the geological and hydrostratigraphic models for the 
FHOSP. The complete list of boreholes drilled over this period is provided in Appendix 2F. 

 Additional Hydrogeologic Testing – 2015 Through 2020 

A series of pumping tests and slug tests were conducted in the Aquatic Study Area (Figure 4.2-2;  
Table 4.2-1) since the FHMA (FHEC 2017a). The complete list of testing conducted during 2015 through 
2020 is provided in Appendix 2G. 

Table 4.2-1: Summary of Hydraulic Testing Conducted 2015 through 2020 

  

Geologic Unit 
Number of Additional Tests Conducted 

Slug Tests Pumping Tests Packer Tests Injection Tests Estimates from 
Airlifting 

Quaternary 223 44 0 0 5 
McMurray 15 25 0 4 0 
Devonian 0 0 38 0 0 

Total 238 69 38 4 5 
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 2020 Unified Geomodel by Aquanty 

The geology and hydrostratigraphy of the region have been updated based on the additional work 
described in Section 4.2.1.1.2, with an updated Quaternary geological model (prepared by Matrix 
Solutions Inc. [Matrix]) based on the comprehensive dataset. The three-dimensional (3D) model 
developed by Matrix was combined with Fort Hill Energy Corporation’s (FHEC’s) existing FH19a 
geomodel by Aquanty Inc. (Volume 1, Appendix C), resulting in a new geological and hydrostratigraphic 
model referred to as the “2020 Unified Geomodel”. The details of the 2020 Unified Geomodel are 
included in Volume 1, Appendix C; an overview of the geologic and hydrogeological changes made since 
the FHMA (FHEC 2017a) model is provided in the Section 4.2.1.3.  

 Geology 
 Devonian 

The interpretation of the Devonian geology for the FHOSP area has remained generally unchanged from 
the FHMA (FHEC 2017a). Devonian geologic units consist of (from oldest to youngest) the Keg River 
Formation, Prairie Evaporite Formation, and the Beaverhill Lake Group. The Devonian surface has been 
affected by dissolution from down-dip groundwater flow, as discussed in the FHMA (FHEC 2017a). Areas 
with a high degree of dissolution are characterized by a relatively thin Prairie Evaporite Formation and 
local lows in the Devonian surface. Highs in the Devonian surface are generally attributed to locally thick 
Prairie Evaporite (e.g., the Devonian high that forms the western border of the South Pit and the eastern 
border of Bitumount Low).  

A comparison of the Devonian thickness (to the top of the Keg River, which is the base of the geological 
model) presented in the FHMA with the current Devonian isopach is presented in Figure 4.2-3.  

 Cretaceous 

The overall thickness of the Cretaceous has been refined since the FHMA but is generally unchanged 
over the Aquatic Study Area (Figure 4.2-4). Changes to the Cretaceous interpretation are discussed 
under the McMurray and Clearwater subheadings. 
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McMurray 

The Cretaceous McMurray Formation sits conformably below the Clearwater Formation and consists of 
a sequence of bitumen-bearing sands with interbeds of clayey and fine-grained facies, underlain by a 
zone with water-bearing sands (watersands), interbedded with continental mud units. The Basal 
McMurray rests unconformably on the Devonian surface and is classified into various interbedded 
continental watersands and mud/oil sands units. The Basal McMurray is thickest to the southeast of the 
Aquatic Study Area, in regions that coincide with elevational lows in the Devonian surface.  

The Basal McMurray watersand, with its interbedded continental mud sequences, has been updated in 
the 2020 Unified Geomodel. While the geological interpretation of interbedding within the watersand 
has been updated, there have only been minor changes in the total watersand thickness in the 2020 
Unified Geomodel as compared to the FHMA. Generally, the watersand is interpreted as slightly thicker, 
and slightly more continuous compared to the FHMA interpretation (FHEC 2017a; Figure 4.2-5). The 
areal extent of the watersand is relatively unchanged between the FHMA and 2020 Unified Geomodel 
interpretations. The UW60 watersand is a new lithologic unit delineated within the Middle McMurray, 
which is described as a flushed sand unit lacking in bitumen content. The UW60 unit is situated at the 
base of the Upper Estuarine McMurray and is regionally continuous to the southwest of the Aquatic 
Study Area (Figure 4.2-6). The UW60 unit has no stratigraphic equivalent in the FHMA model. 

The distribution of the overlying McMurray bitumen-saturated units is shown in Figure 4.2-7; the 
interpreted mud-oil sands thickness is slightly thinner and less continuous in the 2020 Unified Geomodel 
than in FHMA. 
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Clearwater 

The Cretaceous Clearwater Formation consists primarily of shale and siltstone deposited during a marine 
transgression and is intermittently present underlaying younger Quaternary sediments. The Clearwater 
is thickest and more continuous in the southwest portion of the Aquatic Study Area. 

The two buried valley channels incising the upper Cretaceous units are no longer interpreted as present 
(Figure 4.2-8). These buried valleys were areas of increased Quaternary thickness and decreased 
Cretaceous thickness and were based on limited local data combined with regional channel distribution 
interpretations. Drilling and geophysical investigations completed after the FHMA (FHEC 2017a) 
indicated that these buried channel features are not present. 

 Quaternary 

The Quaternary sequence consists of layers of glacial till that are mixtures of high energy and low energy 
deposits. This sediment is as thick as 100 metres (m) beneath the FHOSP in the south of the Aquatic 
Study Area. Patches of muskeg (Holocene-aged peat) are present overlaying sand deposits around the 
fen southwest of McClelland Lake and at the southwest edge corner of the Aquatic Study Area.  

The additional data collected since the FHMA has resulted in a substantially revised interpretation for 
the Quaternary sediments. The thickness and distribution of the Quaternary deposits have undergone 
changes in interpretation between the FHMA and 2020 Unified Geomodel (Figure 4.2-9). The current 
geological interpretation for the Quaternary is summarized as: 

● Fort Hills Upland Complex (FHUC, Figure 4.2-8): recent work in the FHUC has provided 
substantial updates to the interpretation of Quaternary stratigraphy in this area: 

- A clay till unit (Clay Till 2) directly overlies the Clearwater over most of the FHUC, as shown 
in Figure 4.2-9: 

▪ AQ4 is a sand unit that is present over much of the southeastern extent of the FHOSP, 
(Figure 4.2-10) and occurs up to 70 m in thickness under the FHOSP. 

▪ Glacially reworked rafted McMurray (PGKM) occurs within the AQ4 unit at FHOSP. 
PGKM is discontinuous and sporadically distributed within the AQ4.  

▪ A till unit, AT2, discontinuously overlies AQ4. The distribution of AT2 is shown in 
Figure 4.2-11; this unit occurs sporadically. 

▪ AQ3 is a silty sand unit that overlies the AQ4/AT2 in the FHUC (Figure 4.2-12). 

▪ AT1 is a discontinuous sandy silt unit that overlies the AQ3 (Figure 4.2-13). 

▪ AQ1-AQ2 is a silty sand unit that overlies AQ3/AT1 (Figure 4.2-14).  

▪ Clay Till 1 is a discontinuous till unit overlying AQ1-AQ2/AT1 (Figure 4.2-15) over 
portions of the FHUC that are near the McClelland Lake Wetland Complex (MLWC). 

▪ The surface sand is an extensive sand unit that overlies the AQ3/AT1 over small 
portions of the FHUC and extends under the MLWC fen (Figure 4.2-16).   
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▪ Note that all till and clay units within the FHUC are discontinuous. Where gaps in the 
aquitards align, the aquifer units are in contact and hydraulically connected. Several 
of these locations occur over AQ4, resulting in zones where the otherwise confined 
AQ4 connects to overlying aquifers. The incomplete confinement of AQ4 is 
discussed further in the hydrogeological conceptual model section (Section 4.2.2.3). 

● North Outwash Plain (NOP; Figure 4.2-8) 

- The surface sand unit that occurs intermittently in the FHUC occurs with substantial 
thickness in the NOP. This unit is continuous throughout the NOP area and thickens to the 
northeast of the FHOSP (Figure 4.2-16). 

- The surface sand in the NOP is underlain by a clay till unit (clay till 1) that occurs to the 
edge of the MLWC fen (Figure 4.2-15). 

● McClelland Lake Wetland Complex (Figure 4.2-8) 

- The MLWC is a surface feature that occurs within the geological transition between the 
NOP and the FHUC. There is an extensive fen complex including patterned and non-
patterned fen on top of the Quaternary units (Figure 4.2-8) The muskeg is underlain by 
thick sands (in the centre and to the west on the NOP side) or a laterally discontinuous silt 
clay lacustrine deposit (to the east on the FHUC side; Figure 4.2-17). 

● Meltwater Channel Outwash Deposit (Figure 4.2-8) 

- This is the only area outside of the MLWC with identified muskeg (Figure 4.2-8). 

- The shallowest units in this area are AQ1-AQ2 (Figure 4.2-14) and AQ4 (Figure 4.2-10), 
both silty sand units. Note that these two units are not separated by any till layers. 

- Beneath AQ4 is a clay till unit (Clay Till 2) that directly overlies the Clearwater  
(Figure 4.2-9). 

- A cross-section through the outwash deposit is discussed and shown in Section 4.2.1.4. 

Holocene-aged peat deposits occur sporadically throughout the site, but more substantial 
accumulations occur west of the FHOSP near the headwaters of Fox Creek and in the MLWC  
(Figure 4.2-18). Based on the additional drilling and testing data, the footprint and thickness of the peat 
was updated, as shown in Figure 4.2-18. In the MLWC, the peat is present up to 8 m in thickness. 
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 Hydrostratigraphy 

The sub-Quaternary hydrostratigraphic sequence is generally unchanged compared to the FHMA model 
(FHEC 2017a). The names of the FHMA hydrostratigraphic units have been correlated to the 2020 
Unified Geomodel as presented in Table 4.2-2 (e.g., CM40 CA40 Mud Oil Sand in the 2020 Unified 
Geomodel corresponds to the CM40 Aquitard of FHMA). However, the thicknesses, connectivity, and 
conceptualization of those units has been updated in the 2020 Unified Geomodel, and in some cases, 
additional hydrostratigraphic units were added based on the updated geological work discussed in 
previous sections. 

Table 4.2-2: List of 2020 Sub-Quaternary Hydrostratigraphic Units 

Period 2020 Unified Geomodel 
Hydrostratigraphic Units 

Fort Hills Mine 
Amendment 
Equivalent 

Hydrostratigraphic 
Unit 

Aquifer/Aquitard Classification 

Cretaceous Clearwater Clearwater AQUITARD 
Cretaceous McMurray McMurray AQUITARD 
Cretaceous UW60 Basal Aquifer 1 None(a) AQUIFER 
Cretaceous UW60 Basal Aquifer 2 None(a) AQUIFER 
Cretaceous UW60 Basal Aquifer 3 None(a) AQUIFER 
Cretaceous CM40 CA40 Mud Oil Sand CM40 Aquitard AQUITARD 
Cretaceous CW40 Basal Aquifer CW40 Aquifer AQUIFER 
Cretaceous CM50 CA50 Mud Oil Sand CM50 Aquitard AQUITARD 
Cretaceous CW50 Basal Aquifer 1 CW50 Aquifer AQUIFER 
Cretaceous CW50 Basal Aquifer 2 CW50 Aquifer AQUIFER 
Cretaceous CW50 Basal Aquifer 3 CW50 Aquifer AQUIFER 
Cretaceous CM60 CA60 Mud Oil Sand CM60 Aquitard AQUITARD 
Cretaceous CW60 Basal Aquifer 1 CW60 Aquifer AQUIFER 
Cretaceous CW60 Basal Aquifer 2 CW60 Aquifer AQUIFER 
Cretaceous CW60 Basal Aquifer 3 CW60 Aquifer AQUIFER 
Devonian Weathered Beaverhill Weathered Beaverhill AQUIFER 
Devonian Beaverhill Group Beaverhill Group AQUITARD 

Devonian Upper Prairie Aquitard Upper Prairie 
Aquitard AQUITARD 

Devonian Lower Prairie Aquifer Lower Prairie Aquifer AQUIFER 
Devonian Keg River Keg River AQUIFER/AQUITARD 

Notes:  
(a) Not included in FHMA (FHEC 2017a). 
CM = continental mud sand; CW = continental water sand. 

A major revision was completed for the Quaternary geology, as detailed in Section 4.2.1.3.3. A direct 
correlation between Quaternary units is not practicable with the substantially updated interpretation. 
The updated Quaternary hydrostratigraphic unit classifications in the 2020 Unified Geomodel is 
provided in Table 4.2-3.  
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Table 4.2-3: List of 2020 Quaternary and Holocene Hydrostratigraphic Units 

Period 2020 Unified Geomodel 
Hydrostratigraphic Units 

Fort Hills Mine 
Amendment 
Equivalent 

Hydrostratigraphic 
Unit 

Aquifer/Aquitard Classification 

Holocene Muskeg Muskeg AQUIFER 
Quaternary Silt Clay Lacustrine AQUITARD 
Quaternary Surface Sand North Sand AQUIFER 
Quaternary Surface Sand South Sand AQUIFER 
Quaternary Clay Till 1 Till AQUITARD 
Quaternary Silty Sand AQ1-AQ2 Sand AQUIFER 
Quaternary Sandy Silt AT1 Till AQUITARD 
Quaternary Silty Sand AQ3 Sand AQUIFER 
Quaternary Till Aquitard AT2 Till AQUITARD 
Quaternary Silty Sand AQ4 Sand AQUIFER 
Quaternary PGKM Till AQUITARD 
Quaternary Clay Till 2 Till AQUITARD 

Notes:  
PGKM = glacially reworked rafted McMurray. 

The updated schematic interpretation of the FHOSP hydrostratigraphy is provided in Figure 4.2-19. The 
overall changes in the hydrostratigraphy are shown in five cross-sections that compare the FHMA to 
2020 Unified Geomodel hydrostratigraphy (Figure 4.2-20 to Figure 4.2-24). Note that the thickness of 
the Keg River as shown in these cross-sections does not represent actual Keg River thickness or 
modelled Keg River thickness; the Keg River thickness is presented on the cross-sections as a schematic.  
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 Devonian 

The only regional aquifer in the Devonian strata in the Aquatic Study Area, the Prairie Evaporite aquifer, 
occurs as high permeability zones within lower Prairie Evaporite laminites. Connectivity of the aquifer is 
on the scale of kilometres (km) or less (FHEC 2017a). There are no substantial changes to the Devonian 
hydrostratigraphy, or Devonian aquifer (Lower Prairie Aquifer) distribution, from the FHMA to the 2020 
Unified Geomodel, as provided in cross-sections (Figure 4.2-20 to Figure 4.2-24) and in isopachs  
(Figure 4.2-25).  
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 Cretaceous 

The Cretaceous units are hydrostratigraphically subdivided to differentiate between a lower basal 
aquifer (consisting primarily of water-saturated Continental McMurray units) and overlying Estuarine 
and Marine (Middle and Upper) McMurray units, which are bitumen-saturated. Within the Aquatic 
Study Area, the middle and upper McMurray sediments are continuously present, with thickness 
generally decreasing towards the north (Figure 4.2-4). The McMurray sediments are further 
conformably overlain by the discontinuous Clearwater aquitard that has been glacially eroded in places. 
The middle and upper McMurray and Clearwater aquitard provide hydraulic separation of the 
watersands from the Quaternary sediments.  

The 2020 Unified Geomodel hydrostratigraphic interpretation of the McMurray basal aquifer is 
consistent with the FHMA interpretation; the aquifer consists of variable watersands and interbedded 
mud/oil sands (Table 4.2-1). The McMurray basal aquifer is predominantly aquifer material with some 
interbedded muds and occurs in the southern and eastern extents of the FHOSP as thicker pockets of 
aquifer separated by thinner aquifer material (Figure 4.2-5).  

An additional watersand unit, UW60, has been delineated within the middle McMurray zone  
(Figure 4.2-6), as described in Section 4.2.1.4.2. Additionally, the CM70 and CW70 units from the FHMA 
are no longer interpreted as being present. However, despite the changes in the interpreted units, the 
extent of the McMurray aquifer zone is relatively unchanged from the FHMA interpretation  
(Figure 4.2-5).  

 Quaternary 

The most substantial hydrostratigraphic changes from FHMA to the 2020 Unified Geomodel occur within 
the Quaternary units. The general hydrostratigraphy does not change; the sand units (AQ4, AQ3, 
AQ2/AQ1, and Surface Sand) are considered aquifers, while the rafted McMurray, tills, and siltier units 
(Clay Till 1, Clay Till 2, PGKM, Silt Clay, AT2, and AT1) are considered aquitards. 

The distribution of the aquifers and aquitards is described in more detail in Section 4.2.1.3.3; however, 
the main points for the hydrostratigraphy are: 

● Under the NOP and the FHUC are clay till units (Clay Till 1 and 2) that overlie the Clearwater as 
shown in Figure 4.2-26 and Figure 4.2-27. 

● Fort Hills Upland Complex: 

- Aquitards are discontinuous and the aquifer materials are considered to be hydraulically 
connected (Figure 4.2-26). 

- The top of the FHUC is comprised of aquifer (sandy) materials over most of the Aquatic 
Study Area. 

- As the FHOSP dips towards the centre of the Aquatic Study Area, till aquitards are present 
along the sides of the FHOSP (Figure 4.2-26). 

- The presence of the PGKM (rafted McMurray) can reduce the bulk conductivity of the AQ4 
unit in which it occurs.  
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● North Outwash Plain: 

- A thick sand unit (Surface Sands) overlying clay till; the surface sand is unconfined over 
most of its extent and underlies muskeg deposits in the area of the MLWC (Figure 4.2-27). 

● Groundwater flow windows 

- An example of one of the three groundwater flow windows above AQ4 is depicted in 
Figure 4.2-28 (spatial location is shown in the inset on the figure). The gaps in the overlying 
aquitard sequence at these locations provide a pathway for direct hydraulic 
communication between AQ4 and the surface sands that underlie the fen. The central 
groundwater flow window (Figure 4.2-28) has the silt clay lacustrine aquitard deposit 
above the surface sands, but the two outer windows do not have an overlying aquitard 
between the window and the ground surface. In one of these locations, a spring is 
observed nearby, supporting the conceptual model of upward gradients and flow in this 
location.  

● Meltwater Channel Outwash Deposit: 

- A silty sand aquifer overlies a till aquitard (Figure 4.2-23 and Figure 4.2-24). 

Isopachs of the 2020 Unified Geomodel and FHMA total Quaternary sands thickness and the total 
Quaternary aquitard thickness are shown in Figure 4.2-29 and Figure 4.2-30, respectively. The total 
Quaternary aquitard thickness in the 2020 Unified Geomodel is conceptualized to be greater than the 
total aquitard thickness in FHMA and, conversely, the total aquifer thickness is less in the 2020 Unified 
Geomodel than the FHMA model. 
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 Hydrogeological Parameters 

The additional testing included in this assessment is detailed by hydrostratigraphic unit in Table 4.2-4. 

Table 4.2-4: Location of Hydraulic Testing Conducted from 2015 to 2020 
Hydrostratigraphic Unit Number of Additional Tests Conducted 

Slug Pumping Injection Packer Airlifting Total 

Peat 2 0 0 0 0 2 
Surface Sand 68 8 0 0 0 76 

Clay Till 1 1 0 0 0 0 1 
Silty Sand AQ1-AQ2 2 1 0 0 0 3 

Silty Sand AQ3 48 6 0 0 0 54 
Till Aquitard AT2 1 1 0 0 0 2 
Silty Sand AQ4 43 19 0 0 5 67 

Clay Till 2 0 3 0 0 0 3 
Rafted McMurray 57 1 0 0 0 58 

Quaternary Aquitard(a) 1 0 0 0 0 1 
McMurray Aquitard 0 1 0 0 0 1 

Basal Aquifer 15 29 4 0 0 48 
Devonian 0 0 0 38 0 38 

Total 238 69 4 38 5 354 
Note: 
(a) not mapped to a specific aquitard. 

The results of the additional hydraulic testing were used to generate ranges of hydraulic conductivity for 
the updated hydrostratigraphic units, as provided in Table 4.2-5. The compiled hydraulic conductivity 
values from the FHMA that were sourced from previous studies are also provided in Table 4.2-5. The 
compiled results of the individual pump and slug tests conducted post-FHMA are provided in 
Appendix 2G, with the testing locations provided in Figure 4.2-2. 

Note that the Rafted McMurray was not included in the 2020 Unified Geomodel as a separate unit; 
however, for this assessment, wells reported as screened within the Rafted McMurray were not 
reassigned. One well, which was completed in aquitard material, was not able to be mapped to an 
aquitard unit in the 2020 Unified Geomodel (i.e., no aquitard unit was present in the model at this 
location). This well was designated as Quaternary Aquitard as provided in Table 4.2-5. 
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Table 4.2-5: Compiled Hydraulic Conductivities based on Hydraulic Testing Conducted from 2015 
to 2020: Summarized by Hydrostratigraphic Unit 

Unit Name 
Number 
of Data 
Points 

From 2015 Through 2020 Fort Hills Mine 
Amendment 

Lowest Measured 
Hydraulic 

Conductivity (m/s) 

Highest Measured 
Hydraulic 

Conductivity (m/s) 

Geometric Average of 
Measured Hydraulic 
Conductivity (m/s) 

Compiled Field 
Hydraulic 

Conductivity 
(m/s) 

Peat 2 1.60 x 10-5 2.00 x 10-5 1.70 x 10-5 n/a(a) 
Surface Sand 76 3.30 x 10-7 7.20 x 10-4 5.04 x 10-5 n/a(a) 
Clay Till 1 2.70 x 10-5 2.70 x 10-5 2.70 x 10-5 n/a(a) 
Silty Sand AQ1-AQ2 3 1.80 x 10-6 3.10 x 10-4 2.03 x 10-5 n/a(a) 
Silty Sand AQ3 54 1.40 x 10-6 4.20 x 10-4 2.03 x 10-5 n/a(a) 
Till Aquitard AT2 2 3.10 x 10-5 1.2 x 10-4 6.10 x 10-5 n/a(a) 
Silty Sand AQ4 67 2.50 x 10-7 5.30 x 10-4 2.01 x 10-5 n/a(a) 
Clay Till 2 3 1.40 x 10-5 7.80 x 10-4 5.70 x 10-5 n/a(a) 
Quaternary-
Aquitard 1 9.40 x 10-8 9.40 x 10-8 9.40 x 10-8 1.90 x 10-7 
Rafted McMurray 58 1.60 x 10-7 7.70 x 10-5 5.59 x 10-6 None 
Clearwater Aquitard 0 - - - 1.00 x 10-7 
McMurray Aquitard 1 8.20 x 10-5 8.20 x 10-5 8.20 x 10-5 4.00 x 10-9 
Basal Aquifer 48 1.59 x 10-7 7.80 x 10-4 2.60 x 10-5 1.00 x 10-4 
Beaverhill Group 0 - - - 1.00 x 10-8 
Upper Prairie 
Aquitard 0 - - - 1.00 x 10-10 
Keg River 0 - - - 1.00 x 10-5 
Devonian 38 5.00 x 10-12 3.16 x 10-4 3.55 x 10-9 None 

Notes: 
(a) Quaternary geological units have undergone a substantial update in interpretation and direct correlation of FHMA and 2020 Unified 
Geomodel Quaternary units is not practicable 
- = no data; n/a = not available/applicable; m/s = metre per second. 

Storativity and hydraulic conductivities measured during these tests were used to constrain the 
calibration of the baseline groundwater flow model (Volume 1, Appendix C).  

4.2.2. Hydrogeological Conceptual Model 

 Devonian and Cretaceous Groundwater Flow 

The hydrostratigraphy and aquifer extents within the Devonian and Cretaceous are largely unchanged 
from the FHMA, as previously described in Section 4.2.1.4.1. The flow systems in the Devonian aquifers 
are regional, flow from east to west, and discharge upwards through the confining aquitards to the 
Athabasca River. 
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 Cretaceous Clearwater and McMurray 

Groundwater flow systems within the basal aquifer are influenced by large and deeply incised rivers 
(Athabasca, Firebag, and Muskeg rivers) and depressurization at the Syncrude Canada Limited 
(Syncrude) Aurora North Project (WorleyParsons 2013), which drives flow southward. There is limited 
flow interaction with the Quaternary sediments because of the presence of the McMurray and 
Clearwater aquitards that are thick and continuous in the FHOSP area. On the north side of the NOP, 
these Cretaceous aquitards are no longer present, and the Basal Aquifer flow systems come into contact 
with the Quaternary (Clay Till 1) and discharge towards the incised rivers. Note that while the 
Quaternary sediments and Basal Aquifer are in direct contact, the two flow systems are still separated 
from one another by the thick Clay Till 1 aquitard. 

 Quaternary  

The local flow systems in Quaternary aquifers are mainly driven by topography. Recharge occurs in areas 
of topographic highs and discharge occurs in topographic lows or where Quaternary aquifers daylight on 
slopes, as observed in the FHUC. Discharge from these flow systems feeds springs, tributaries, and other 
surface waterbodies in the area. Groundwater interaction between Quaternary aquifers and deeper 
aquifers is limited by intervening low permeability units, including clay till and the Clearwater, and 
bitumen-saturated McMurray sands. 

The topography around the Aquatic Study Area and the associated conceptualized Quaternary 
groundwater flow directions is shown within Figure 4.2-31. There is a potential groundwater divide in 
the NOP where groundwater to the northwest drains towards the Athabasca River and groundwater to 
the southeast drains toward McClelland Lake. These shallow groundwater flow directions are also 
consistent with surface water flow directions indicated by the patterning in the fen (Vitt and House 
2020). 

Within the FHUC, groundwater from Silty Sand AQ4 is conceptualized to flow through windows and 
springs. The three largest “windows” in the overlying aquitards into shallower Quaternary aquifers and, 
ultimately, the MLWC are identified in Figure 4.2-31. The presence of these windows aligns with the 
observed heavier vegetation that begins along surface channels.  

Throughout the Aquatic Study Area, there is limited infiltration into the underlying Cretaceous 
formations.  
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 Groundwater Chemistry 

In terms of overall flux, the majority of groundwater moves through the Quaternary-aged aquifer and 
substantially less through the Basal Aquifer and even less through the Devonian-aged aquifers. Because 
of the greater flushing by meteoric water within the Quaternary deposits, and the absence of highly 
soluble evaporite deposits, the total dissolved solids (TDS) content is expected to be relatively low 
(i.e., generally <500 milligrams per litre [mg/L]) and the prevalent ions are expected to be calcium and 
bicarbonate. Conversely, because of the slower moving water and longer flow paths, and the presence 
of evaporitic minerals, the TDS in the Devonian-aged aquifers is expected to be higher, and the 
dominant ions are expected to be sodium, chloride, and sulphate. The TDS in the Devonian increases 
from near 20,000 mg/L near the eastern portion of the Aquatic Study Area to greater than 200,000 mg/L 
near the Athabasca River.  

The details of Basal Aquifer groundwater chemistry for the IPA are discussed in Volume 1, Section 4.3. 

4.2.3. Change Assessment 
This section presents a discussion of the simulated hydrogeological effects of the IPA for different 
modelled periods. A detailed description of the integrated surface water-groundwater modelling 
completed to support the groundwater assessment is provided in Volume 1, Appendix C. The mitigation 
measures included in the assessment are described in Section 4.1.2.  

 Assessment Periods 

Incorporating the groundwater management activities, four assessment periods were evaluated to 
assess the groundwater regime during different time periods and environmental conditions: 

● Baseline Period – represents historical period (1945 to 2019) and includes neighbouring 
operations 

● Operational Period – simulates from 2020 to 2063, which covers the operational period 

● Active Closure Period – simulates from 2063 to 2176, which covers the timeframe when active 
closure of the FHOSP occurs 

● Far Future Period – simulates the closure landscape in the far future (2176 and beyond) 

 Methodology 

The groundwater assessment was completed using a physically based integrated surface water-
groundwater model developed in HydroGeoSphere (HGS). HGS is a three-dimensional, control-volume, 
finite-element modelling package designed to represent the entire terrestrial portion of the hydrologic 
cycle. The details of the HGS model (2020 MLWC HGS model) are presented in Volume 1, Appendix C, 
Attachment B. The numerical model was calibrated to the observed data and then it was used to 
simulate various assessment periods and scenarios. 

Model Calibration 

The physical parameters of the system controlling groundwater and surface water regimes were 
determined by calibrating the model to measured historical water levels, stream flows, and actual 
evapotranspiration. The calibrated hydraulic properties are shown in Table 4.2-6, while the details of 
model calibration and calibration results are presented in Volume 1, Appendix C. 
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Table 4.2-6: Calibrated Hydraulic Conductivities and Specific Storages of the Hydrostratigraphic 
Units 

Hydrostratigraphic Units AQ/AT Kh (m/s) Kv (m/s) Anisotropy Ratio 
(Kh:Kv) 

Specific Storage 
(1/m) 

Muskeg AQ 1.1E-05 1.0E-06 10.3 1.0E-07 
Silt Clay AT 3.9E-08 7.4E-10 51.8 1.0E-07 
Surface Sand North AQ 4.2E-04 3.8E-05 10.8 1.0E-06 
Surface Sand South AQ 1.7E-04 8.5E-05 2.0 1.0E-06 
Clay Till 1 AT 1.3E-07 3.3E-08 4.0 1.0E-07 
Silty Sand AQ1-AQ2 AQ 1.7E-06 1.0E-07 16.8 1.0E-06 
Silty Sand AT1 AT 1.5E-06 1.5E-08 98.8 1.0E-07 
Silty Sand AQ3 AQ 9.3E-05 1.7E-06 54.8 1.0E-06 
Silty Sand AT2 AT 3.3E-07 4.5E-09 72.9 1.0E-07 
Silty Sand AQ4 AQ 1.8E-05 1.8E-06 9.6 1.0E-06 
PGKM AT 1.3E-07 1.3E-09 98.2 1.0E-06 
Clay Till 2 AT 2.9E-07 2.9E-08 10.0 1.0E-07 
Clearwater AT 4.6E-09 4.6E-10 10.0 1.0E-07 
McMurray AT 6.0E-09 6.0E-10 10.0 1.0E-07 
UW60 Basal Aquifer 1 AQ 7.5E-05 7.5E-06 10.0 1.0E-07 
UW60 Basal Aquifer 2 AQ 9.4E-05 9.4E-06 10.0 1.0E-07 
UW60 Basal Aquifer 3 AQ 1.3E-04 1.3E-05 10.0 1.0E-07 
CM40 CA40 Mud Oil Sand AT 9.0E-10 3.0E-10 3.0 1.0E-07 
CW40 Basal Aquifer AQ 7.5E-05 7.5E-06 10.0 1.0E-07 
CM50 CA50 Mud Oil Sand AT 2.3E-10 7.5E-11 3.0 1.0E-07 
CW50 Basal Aquifer AQ 1.3E-04 1.3E-05 10.0 1.0E-07 
CW50 Basal Aquifer 2 AQ 5.0E-05 5.0E-06 10.0 1.0E-07 
CW50 Basal Aquifer 3 AQ 2.1E-04 2.1E-05 10.0 1.0E-07 
CM60 CA60 Mud Oil Sand AT 2.3E-10 7.5E-11 3.0 1.0E-07 
CW60 Basal Aquifer 1 AQ 3.0E-05 3.0E-06 10.0 1.0E-07 
CW60 Basal Aquifer 2 AQ 3.8E-05 3.8E-06 10.0 1.0E-07 
CW60 Basal Aquifer 3 AQ 1.3E-04 1.3E-05 10.0 1.0E-07 
Weathered Beaverhill AQ 5.0E-06 5.0E-07 10.0 1.0E-07 
Beaverhill Group AT 3.0E-07 3.0E-08 10.0 1.0E-07 
Upper Prairie Aquitard AT 1.1E-09 1.1E-10 10.0 1.0E-07 
Lower Prairie Aquifer AQ 7.3E-05 7.3E-06 10.0 1.0E-07 
Keg River AQ 9.5E-06 9.5E-07 10.0 1.0E-07 

Notes: 
AQ/AT = Aquifer/Aquitard; Kh = Horizontal Hydraulic Conductivity; Kv = Vertical Hydraulic Conductivity; m = metre; m/s = metres per second; 
1/m = metres to the negative one. 

Forecast Models 

The calibrated numerical model was used to develop the forecast models. The forecast models, 
representing various assessment periods and scenarios, include pertinent mine development and water 
management features (e.g., pit lakes, surface water drainage). The summary of the conditions and 
results for each assessment period is described in Sections 4.2.3.3 to 4.2.3.7, while the details of model 
adjustments and assumptions are presented in Volume 1, Appendix C. 
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 Baseline Period 

Baseline data were compiled from various sources, including recent hydrogeological and hydrological 
investigations, and are described in Section 4.2.1.1. The calibrated model was used to simulate the 
baseline conditions (before the start of mining; [i.e., 1945 to 2019]).  

The climate inputs for the baseline model were assigned based on the data collected over the period 
1945 to 2019 from the Environment and Climate Change Canada (ECCC) Fort McMurray airport climate 
monitoring station, approximately 90 km south of the FHOSP. The climate conditions for the Baseline 
Period were classified as sub-humid climate where potential evapotranspiration exceeds total 
precipitation. The climate inputs include precipitation and air temperature. Daily potential 
evapotranspiration was calculated as described in Volume 1, Appendix C. 

The Baseline Period was assessed in relation to the average hydraulic heads and water table elevations 
for 1945 to 2019. The observed baseline data (Section 4.2.2) indicates that seasonal variation in water 
levels is minimal and therefore, average water levels are an appropriate basis to establish baseline 
conditions. The simulated water table elevations and Basal Aquifer hydraulic heads for the Baseline are 
shown in Figure 4.2-32 and Figure 4.2-33, respectively. The details of simulation results are presented in 
Volume 1, Appendix C, Section 5.1. 
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 Operational Period 

The Operational Period extends from 2020 through to the end of mining operations in 2063. The climate 
inputs for the operational model were assigned based on the historical data collected over the period 
1945 to 2019, as discussed in Section 4.2.3.3. Seventy-five operational model runs were completed by 
shifting the historical data by one year. All model runs use 2014 to 2019 climate data for the first six 
years of simulation. The remaining years use historic climate data starting from year 1945 and shuffled 
by one year for each model run. 

The Operational Period simulation results indicate that no industrial wastewater (IWW) influenced 
groundwater will reach the receptors (i.e., surface water assessment nodes) during the operational 
period (Volume 1, Appendix C, Section 5.2). The simulated groundwater flow paths have travel times 
that are longer than the operational period and, as such, no receptors are expected to be affected by 
IWW during the operational phase. 

 Active Closure Period 

The Active Closure Period extends from when mining operations end (2063) until all active mitigation 
measures will be disabled and the watershed will reach a stable, long-term configuration (estimated as 
2175). All active mitigation measures (i.e., dewatering, depressurization, resupply wells and SMS wells) 
implemented during the operational period will be decommissioned by the end of the Active Closure 
Period leaving only the passive mitigation measures in place.  

The Active Closure Period was assessed using six climate scenarios: 

● 75-year historic climate (same climate as applied for the Baseline period) 

● Five climate change scenarios (full scenario descriptions are given in Volume 1, Appendix C, 
Section 5.3.1) 

- median 

- warm-dry 

- warm-wet 

- cold-dry 

- cold-wet 

The Active Closure Period model simulated the same 75-year historic climate conditions as the Baseline 
Period (Section 4.2.3.3). The details of model assumptions for the Active Closure Period model are 
presented in Volume 1, Appendix C.  

The breakdown of the surface water and groundwater contributions is shown in Table 4.2-7. The 
historical climate active closure scenario of the pit lake water balance is shown in Table 4.2-8. The total 
IWW seepage from closure landforms to the surface water receptors are shown in Table 4.2-9. Note that 
the total groundwater inflow is the sum of the fresh water and IWW-influenced groundwater while the 
total surface water inflow is the sum of the fresh water, IWW-influenced groundwater, and 
contributions from other pit lakes. For the historical climate conditions, the model simulated a total 
average of approximately 259 litres per second (L/s) IWW-influenced groundwater seepage to all 
receptors, of which about 70 L/s of the IWW seepage flows to the external receptors (i.e., Athabasca 
River, Fort Creek, Susan Lake outlet creek, and Aurora North). 
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The pit lake water balance and IWW-influenced groundwater seepages for the climate change scenarios 
are summarized in Table 4.2-10 to Table 4.2-12, respectively. The total average IWW-influenced 
groundwater seepage during the climate change scenarios varies between 300 to 414 L/s for cold-dry 
and cold-wet scenarios, respectively. The total IWW-influenced groundwater seepage to the external 
receptors range between 117 and 220 L/s for the cold-dry and warm-wet climatic scenarios, 
respectively. 

The total IWW-influenced groundwater seepage increased for all climate scenarios in relation to 
historical climate scenario. The largest increase was for the cold-wet scenario, where the total IWW-
influenced groundwater seepage increased from approximately 259 to 414 L/s. Similarly, the total IWW-
influenced groundwater seepage to the external receptors increased during the climate scenarios 
compared to the historical climate scenario. The largest increase was for the warm-dry scenario, where 
the total IWW-influenced groundwater seepage to external receptors increased from approximately 70 
to 220 L/s, which is an increase of approximately 315%. 
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Table 4.2-7:  Historical Climate Active Closure Scenario: Pit Lake Industrial Wastewater and Fresh Water Contributions  

Receptor Groundwater IWW-
Influenced (m3/day)(a) 

Groundwater Fresh 
(m3/day) (a) 

Total Groundwater 
Seepage to Lake 

(m3/day) 

Baseflow from 
Tailings Areas 

(ditches)(a) 
(m3/day) 

Surface Water 
Fresh(b) 

(m3/day) 

Inflow from 
other Pit Lakes 

(m3/day) 

Total Surface 
Water Inflow 

(m3/day) 

NPL - 171 171 1,292 22,836 5,292(c) 29,420 

CPL 934 0 934 5,612 1,250 - 6,862 

SPL 866 0 866 6,666 1,555 - 8,221 

Notes: 
All fluxes are averaged over the model simulation period. Note that groundwater seepage to lake is the sum of the Groundwater IWW In and the Groundwater Fresh In columns and 
that Surface Water In is the sum of the Surface Water IWW In, Surface Water Fresh In, and Inflow from other Pit Lakes columns.  
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  NPL values are from the deterministic water quality model (Section 4.4), SPL and CPL values are from the numerical model (Volume 1, Appendix C). 
(c)  From CPL; output from the deterministic water quality model (Section 4.4). 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; - = no data; m3/day = cubic metres per day; IWW = industrial wastewater. 

Table 4.2-8:  Historical Climate Active Closure Scenario: Pit Lake Water Balance 

Receptor 
Total Groundwater 

Seepage to Lake 
(m3/day) 

Groundwater Leakage 
(Seepage from Lake to 

Groundwater)(a) 
(m3/day) 

Total Surface 
Water In 
(m3/day) 

Total Surface 
Water Out(b) 

(m3/day) 

Precipitation(a) 
(m3/day)  

Evaporation(a) 
(m3/day) 

Change in 
Storage(b) 
(m3/day) 

NPL 171 -377 29,420 -28,382 3,219 -4,050 0 

CPL 934 -196 6,862 -5,292 7,764 -10,073 0 

SPL 866 -194 8,221 -6,913 6,570 -8,550 0 

Notes: 
All fluxes are averaged over the model simulation period. The water balance for each lake sums to zero (precipitation, evaporation, change in storage, groundwater in and out, 
surface water in and out). 
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  Output from the deterministic water quality model (Section 4.4). 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; - = no data; m3/day = cubic metres per day; IWW = industrial wastewater. 
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Table 4.2-9:  Active Closure: Industrial Wastewater-Influenced Groundwater Seepage Rates for Historic Climate Conditions 

Scenario Receptors 
IWW-Affected Groundwater Seepage Rates from Sources (L/s) 

CPTA1 CPTA2 CPL NPTA1 NPTA2 NPL OPTA OPTA-E SPTA SPL Total 

Far Future: 
historic climate 

Athabasca River 2.9 2.2  - - - 9.4 - - 3.6 3.1 21.2 

Aurora North(a) - - - - - - 18.7 15.2 - - 33.9 

CPL 1.7 4.8 1.5 32.4 4.3 - 6.7 25.9 - - 77.3 
Fort Creek 

mouth 1.1 - - - - - - - - - 1.1 

NPL 0.9 11.5 1.7 - 0.9 2 - - - - 17 

SPL - - - - - - 75.2 - 12 2.2 89.4 
Susan Lake 
Outlet Creek 

mouth 
- - - - - 14 - - - - 14 

OPTA Wetland 
North - - - - - - - 5.3 - - 5.3 

Notes:  
(a)  In the far future, most of the OPTA and OPTA East seepage will be collected by the closure drainage ditches at FHOSP and will be routed to the Aurora North closure drainage 
system. Therefore, a negligible amount of industrial wastewater-influenced groundwater seepage water is expected to be discharged to the downstream receiving waterbodies (i.e., 
Stanley Creek and Muskeg River). 
CPL = Centre Pit Lake; CPTA = Centre Pit Tailings Area; NPL = North Pit Lake; NPTA = North Pit Tailings Area; SPL = South Pit Lake; SPTA = South Pit Tailings Area; - = no data; L/s = 
litres per second; OPTA = Out-of-Pit Tailings Area; OPTA-E = Out-of-Pit Tailings Area East Stage 1; IWW = industrial wastewater.  
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Table 4.2-10:  Active Closure: Pit Lake Industrial Wastewater-Influenced and Fresh Water Contributions to Total in for Climate Change Scenarios 

 Groundwater Surface Water 

Far Future 
Climate 
Scenario 

Pit Lake 
Groundwater IWW-

Influenced(a) 
(m3/day) 

Groundwater 
Fresh(a) 

(m3/day) 

Total Groundwater 
Seepage to Lake 

(m3/day)  

Baseflow from Tailings 
Areas (ditches) (a) 

(m3/day) 

Surface Water 
Fresh(b) 

(m3/day) 
Pit Lake Inflow (m3/day) 

Total Surface Water Inflow 
(m3/day) 

cold-dry 
NPL - 209 209 1,154 27,037 7,405(c) 35,596 
CPL 900 0 900 5,603 3,272 - 8,875 
SPL 849 0 849 6,418 2,922 - 9,340 

cold-wet 
NPL - 214 214 1,352 32,940 10,259(c) 44,551 
CPL 976 0 976 6,390 4,452 - 10,842 
SPL 935 0 935 7,603 3,858 - 11,461 

median 
NPL - 200 200 1,025 23,572 4,231(c) 28,828 
CPL 911 0 911 5,214 1,594 - 6,808 
SPL 800 0 800 5,956 1,570 - 7,526 

warm-dry 
NPL - 237 237 989 23,148 3,979(c) 28,116 
CPL 904 0 904 5,073 1,686 - 6,759 
SPL 792 0 792 5,925 1,346 - 7,271 

warm-wet 
NPL - 344 344 1,162 27,112 6,003(c) 34,277 
CPL 943 0 943 5,780 2,206 - 7,985 
SPL 855 0 855 6,830 1,681 - 8,511 

Notes: 
All fluxes are averaged over the model simulation period. Note that groundwater seepage to lake is the sum of the Groundwater IWW-Influenced In and the Groundwater Fresh In 
columns and that Surface Water In is the sum of the Surface Water IWW In, Surface Water Fresh In, and Inflow from other Pit Lakes columns.  
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  NPL values are from the deterministic water quality model (Section 4.4), SPL and CPL values are from the numerical model (Volume 1, Appendix C). 
(c)  From CPL, values are from the deterministic water quality model. 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; IWW = industrial wastewater; - = no data; m3/day = cubic metres per day. 
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Table 4.2-11:  Active Closure: Pit Lake Water Balance for Climate Change Scenarios 

 Groundwater Surface Water Climate Storage 

Far Future 
Climate 
Scenario 

Pit Lake 
Total Groundwater 

Seepage to Lake 
(m3/day)  

Groundwater Seepage 
from Lake to 

Groundwater(a) 
(m3/day) 

Total Surface Water In 
(m3/day) 

Total Surface water 
out(b) 

(m3/day) 

Precipitation(a) 
(m3/day) 

Evapotranspiration(a) 
(m3/day) 

Change in 
Storage(c) 
(m3/day) 

cold-dry 
NPL 209 -535 35,596 -34,482  3,379 -4,167 0 
CPL 900 -172 8,875 -7,405  8,151 -10,349 0 
SPL 849 -197 9,340 -8,125  6,897 -8,765 0 

cold-wet 
NPL 214 -638 44,551 -43,714  3,778 -4,191 0 
CPL 976 -171 10,842 -10,259  9,112 -10,502 0 
SPL 935 -195 11,461 -11,021  7,711 -8,892 0 

median 
NPL 200 -835 28,828 -27,103  3,257 -4,347 0 
CPL 911 -181 6,808 -4,231  7,857 -11,165 0 
SPL 800 -219 7,526 -5,327  6,648 -9,427 0 

warm-dry 
NPL 237 -931 28,116 -26,207  3,218 -4,433 0 
CPL 904 -181 6,759 -3,979  7,763 -11,266 0 
SPL 792 -217 7,271 -4,895  6,569 -9,520 0 

warm-wet 
NPL 344 -858 34,277 -32,782  3,477 -4,457 0 
CPL 943 -178 7,985 -6,003  8,386 -11,134 0 
SPL 855 -209 8,511 -6,841  7,096 -9,412 0 

Notes: 
All fluxes are averaged over the model simulation period. The water balance for each lake sums to zero (precipitation, evaporation, change in storage, groundwater in and out, 
surface water in and out). 
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  Output from the deterministic water quality model (Section 4.4). 
(c)  Assumption used in the determinist water quality model (Section 4.4).  
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; IWW = industrial wastewater; - = no data; m3/day = cubic metres per day. 
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Table 4.2-12: Active Closure: Industrial Wastewater-Influenced Groundwater Seepage Rates for Climate Change Scenarios 

Scenario Receptors 
IWW-Influenced Groundwater Seepage Rates from Sources (L/s) 

CPTA1 CPTA2 CPL NPTA1 NPTA2 NPL OPTA OPTA-E SPTA SPL Total 

Far Future: climate 
change (cold-dry) 

Athabasca River 2.8 2.2 - - - 9.3 - - 3.6 3.1 20.9 

Aurora North - - - - - - 18.4 16.6 - - 35.0 

CPL 4.2 7.1 1.3 30.9 4.6 - 6.4 22.1 - - 76.6 

Fort Creek mouth 1.1 - - - - - - - - - 1.1 

NPL 0.8 10.4 1.4 - 0.7 2.4 - - - - 15.8 

SPL - - - - - - 71.9 - 12.3 2.0 86.1 

Susan Lake Outlet 
Creek mouth - - - - - 59.8 - - - - 59.8 

OPTA Wetland 
North - - - - - - - 4.7 - - 4.7 

Far Future: climate 
change (cold-wet) 

Athabasca River 2.9 2.2 - - - 9.2 - - 3.6 3.1 21.1 

Aurora North - - - - - - 20.8 21.5 - - 42.4 

CPL 3.6 7.4 1.4 34.3 6.2 - 7.1 26.7 - - 86.7 

Fort Creek mouth 1.1 - - - - - - - - - 1.1 

NPL 1.0 11.9 1.8 - 0.9 2.5 - - - - 18.1 

SPL - - - - - - 85.0 - 13.8 2.1 100.9 

Susan Lake Outlet 
Creek mouth - - - - - 138.4 - - - - 138.4 

OPTA Wetland 
North - - - - - - - 5.6 - - 5.6 
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Table 4.2-12: Active Closure: Industrial Wastewater-Influenced Groundwater Seepage Rates for Climate Change Scenarios 

Scenario Receptors 
IWW-Influenced Groundwater Seepage Rates from Sources (L/s) 

CPTA1 CPTA2 CPL NPTA1 NPTA2 NPL OPTA OPTA-E SPTA SPL Total 

Far Future: climate 
change (median) 

Athabasca River 2.7 2.1 - - - 9.2 - - 3.6 3.1 20.8 

Aurora North - - - - - - 15.9 13.8 - - 29.8 

CPL 5.0 6.2 1.1 29.5 5.2 - 6.1 18.8 - - 72.0 

Fort Creek mouth 1.0 - - - - - - - - - 1.0 

NPL 0.7 9.4 1.1 - 0.6 2.3 - - - - 14.2 

SPL - - - - - - 66.4 - 11.8 1.7 79.9 

Susan Lake Outlet 
Creek mouth - - - - - 114.3 - - - - 114.3 

OPTA Wetland 
North - - - - - - - 4.3 - - 4.3 

Far Future: climate 
change (warm-dry) 

Athabasca River 2.7 2.1 - - - 9.2 - - 3.6 3.1 20.7 

Aurora North - - - - - - 15.8 13.4 - - 29.2 

CPL 4.7 5.8 1.1 29.1 5.0 - 6.1 18.9 - - 70.3 

Fort Creek mouth 1.0 - - - - - - - - - 1.0 

NPL 0.6 9.1 1.1 - 0.6 - 2.7 - - - 14.1 

SPL - - - - - - 66.1 - 11.6 1.7 79.4 

Susan Lake Outlet 
Creek mouth - - - - - 110.1 - - - - 110.1 

OPTA Wetland 
North - - - - - - - 4.1 - - 4.1 
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Table 4.2-12: Active Closure: Industrial Wastewater-Influenced Groundwater Seepage Rates for Climate Change Scenarios 

Scenario Receptors 
IWW-Influenced Groundwater Seepage Rates from Sources (L/s) 

CPTA1 CPTA2 CPL NPTA1 NPTA2 NPL OPTA OPTA-E SPTA SPL Total 

Far Future: climate 
change (warm-wet) 

Athabasca River 2.8 2.2 - - - 9.2 - - 3.6 3.1 20.9 

Aurora North - - - - - - 18.2 16.8 - - 35.0 

CPL 5.9 7.1 1.3 31.6 4.9 - 6.6 21.8 - - 79.1 

Fort Creek mouth 1.0 - - - - - - - - - 1.0 

NPL 0.8 10.4 1.4 - 0.8 - 4.0 - - - 17.4 

SPL - - - - - - 75.6 - 13.4 1.8 90.8 

Susan Lake Outlet 
Creek mouth - - - - - 163.5 - - - - 163.5 

OPTA Wetland 
North - - - - - - - 4.9 - - 4.9 

Notes: 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; NPTA = North Pit Tailings Area; SPTA = South Pit Tailings Area; - = no data; L/s = litres per second; OPTA = Out-of-Pit 
Tailings Area; OPTA-E = Out-of-Pit Tailings Area East Stage 1; IWW = industrial wastewater. 
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 Far Future Period 
The Far Future simulation includes the following assumptions: 

● All active mitigation measures (i.e., dewatering, depressurization, cutoff wall, resupply wells and 
SMS wells) implemented during the operational and active closure periods will be 
decommissioned.  

● The FHOSP will be reclaimed with the planned closure landforms and reclamation plan, as 
described in the updated Life of Mine Closure Plan (Volume 1, Appendix A). 

The Far Future period was assessed using six climate scenarios: 
● 75-year historic climate (same climate as applied for the Baseline) 
● Five climate change scenarios (full scenario descriptions are given in Volume 1, Appendix C, 

Section 5.4.1) 
- median 
- warm-dry 
- warm-wet 
- cold-dry 
- cold-wet 

The Far Future model simulated the same 75-year historic climate conditions as the Baseline 
(Section 4.2.3.3). The details of model assumptions for the Far Future model are presented in Volume 1, 
Appendix C. The simulated far future Quaternary water table elevations and basal aquifer hydraulic 
heads are shown in Figure 4.2-34 and Figure 4.2-35, respectively. The far future historic climate 
hydraulic head results are similar to the Baseline results. The simulated groundwater flow paths from 
the IWW sources to surface water receptors are illustrated in Figure 4.2-36, while the groundwater 
balance for the pit lakes is shown in Table 4.2-13 and Table 4.2-14. The total IWW-influenced 
groundwater seepage from closure landforms to the surface water receptors are shown in Table 4.2-15. 
Note that the total groundwater inflow is the sum of the fresh water and IWW-influenced groundwater 
and the total surface water inflow is the sum of the fresh water, IWW, and contributions from other pit 
lakes and the breakdown of the contributions is shown in Table 4.2-13. For the historical climate 
conditions, the model simulated a total of approximately 397 L/s IWW-influenced groundwater seepage 
to all receptors, and about 180 L/s of the IWW-influenced groundwater seepage flows to the external 
receptors (i.e., Athabasca River, Fort Creek, Susan Lake outlet creek, and Aurora North). 

The pit lake water balance and IWW-influenced groundwater seepages for the climate change scenarios 
are summarized in Table 4.2-16, Table 4.2-17, and Table 4.2-18, respectively. The total IWW-influenced 
groundwater seepage during the climatic change scenarios varies between 330 to 400 L/s for warm-dry 
and cold-wet scenarios, respectively. The total IWW-influenced groundwater seepage to the external 
receptors range between 141 and 205 L/s for the warm-dry and cold-dry climatic scenarios, respectively. 

The total IWW-influenced groundwater seepage increased for all climate scenarios in relation to 
historical climate scenario, except for the median and warm-dry scenarios. The largest decrease was for 
the warm-dry scenario, where the total IWW-influenced groundwater seepage decreased by about 17%; 
a decrease from approximately 397 to 330 L/s. Similarly, the total IWW seepage to the external 
receptors increased during the climate scenarios compared to the historical climate scenario, except for 
the median and warm-dry scenarios. The largest decrease was for the warm-dry scenario, where the 
total IWW-influenced groundwater seepage to external receptors decreased from approximately 180 to 
141 L/s; a decrease of approximately 21.5%.  
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Table 4.2-13:  Historical Climate Far Future Scenario: Pit Lake Industrial Wastewater-Influenced and Fresh Water Contributions  

Receptor 
Groundwater 

IWW-Influenced 
(m3/day) (a) 

Groundwater 
Fresh 

(m3/day) (a) 

Total Groundwater Seepage to 
Lake 

(m3/day) 

Baseflow from 
Tailings Areas 

(ditches) (a) 
(m3/day) 

Surface Water 
Fresh(b) 

(m3/day) 

Inflow from other 
Pit Lakes (m3/day) 

Total Surface Water 
Inflow 

(m3/day) 

NPL 0 166 166 1,572 29,317 7,507(c) 38,396 
CPL 944 0 944 7,958 1,221 - 9,178 
SPL 930 0 930 8,027 1,541 - 9,568 

Notes: 
All fluxes are averaged over the model simulation period. Note that groundwater seepage to lake is the sum of the Groundwater IWW In and the Groundwater Fresh In columns and 
that Surface Water In is the sum of the Surface Water IWW-Influenced In, Surface Water Fresh In, and Inflow from other Pit Lakes columns.  
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  NPL values are from the deterministic water quality model (Section 4.4), SPL and CPL values are from the numerical model (Volume 1, Appendix C). 
(c)  From CPL; output from the deterministic water quality model (Section 4.4). 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; - = no data; m3/day = cubic metres per day; IWW = industrial wastewater. 

Table 4.2-14:  Historical Climate Far Future Scenario: Pit Lake Water Balance 

Receptor 
Total Groundwater 

Seepage to Lake 
(m3/day) 

Groundwater 
Leakage (Seepage 

from Lake to 
Groundwater)(a) 

(m3/day) 

Total Surface Water 
In 

(m3/day) 

Total Surface Water 
Out(b) 

(m3/day) 

Precipitation(a) 
(m3/day)  

Evaporation(a) 
(m3/day) 

Change in Storage(b) 
(m3/day) 

NPL 166 -121 38,396 -37,423 3,160 -4,178 0 
CPL 944 -195 9,178 -7,507 7,622 -10,041 0 
SPL 930 -190 9,568 -8,237 6,449 -8,519 0 

Notes: 
All fluxes are averaged over the model simulation period. The water balance for each lake sums to zero (precipitation, evaporation, change in storage, groundwater in and out, 
surface water in and out). 
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  Output from the deterministic water quality model (Section 4.4). 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; - = no data; m3/day = cubic metres per day; IWW = industrial wastewater. 

 

 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 

 

4-70 | Page 

Table 4.2-15:  Far Future: Industrial Wastewater-Influenced Groundwater Seepage Rates for Historic Climate Conditions 

Scenario Receptors 
IWW-Affected Groundwater Seepage Rates from Sources (L/s) 

CPTA1 CPTA2 CPL NPTA1 NPTA2 NPL OPTA OPTA-E SPTA SPL Total 

Far Future: 
historic 
climate 

Athabasca River 2.9 2.2 - - - 9.5 - - 3.5 3.1 21.2 

Aurora North(a) - - - - - - 21.0 22.7 - - 43.7 

CPL 9.2 12.6 1.9 36.7 9.8 - 7.2 27.5 - - 104.9 

Fort Creek mouth 1.1 - - - - - - - - - 1.1 

NPL 1.1 13.7 2.2 - 1.2 - - - - - 18.2 

SPL - - - - - - 84.4 - 19.2 2.6 106.3 
Susan Lake Outlet Creek 

mouth - - - - - 136.1 - - - - 136.1 

OPTA Wetland North - - - - - - - 6.5 - - 6.5 

Notes:  
(a)  In the far future, most of the OPTA and OPTA East seepage will be collected by the closure drainage ditches at FHOSP and will be routed to the Aurora North closure drainage 
system. Therefore, a negligible amount of industrial wastewater-influenced seepage water is expected to be discharged to the downstream receiving waterbodies (i.e., Stanley Creek 
and Muskeg River). 
CPL = Centre Pit Lake; CPTA = Centre Pit Tailings Area; NPL = North Pit Lake; NPTA = North Pit Tailings Area; SPL = South Pit Lake; SPTA = South Pit Tailings Area; - = no data;  
L/s = litres per second; OPTA = Out-of-Pit Tailings Area; OPTA-E = Out-of-Pit Tailings Area East Stage 1; IWW = industrial wastewater.  
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Table 4.2-16:  Far Future: Pit Lake Industrial Wastewater and Fresh Water Contributions to Total in for Climate Change Scenarios 

 Groundwater Surface Water 

Far Future 
Climate 
Scenario 

Pit Lake 
Groundwater 

IWW-Influenced(a) 
(m3/day) 

Groundwater 
Fresh(a) 

(m3/day) 

Total Groundwater 
Seepage to Lake 

(m3/day)  

Baseflow from 
Tailings Areas 

(ditches) (a) 
(m3/day) 

Surface Water 
Fresh(b) 

(m3/day) 

Pit Lake Inflow 
(m3/day) 

Total Surface 
Water Inflow 

(m3/day) 

cold-dry 
NPL - 129 129 1,120 27,724 5,798(c) 34,642 
CPL 923 0 923 5,873 2,403 - 8,276 
SPL 844 0 844 7,069 1,672 - 8,741 

cold-wet 
NPL - 129 129 1,219 29,004 6,728(c) 36,951 
CPL 936 0 936 6,329 2,336 - 8,665 
SPL 874 0 874 7,324 1,662 - 8,986 

median 
NPL - 135 135 1,281 34,871 10,654(c) 46,806 
CPL 952 0 952 6,972 4,859 - 11,831 
SPL 913 0 913 7,871 4,772 - 12,643 

warm-dry 
NPL - 128 128 1,123 26,834 5,586(c) 33,543 
CPL 904 0 904 6,061 1,990 - 8,051 
SPL 830 0 830 6,638 1,916 - 8,554 

warm-wet 
NPL - 130 130 1,272 31,449 7,656(c) 40,377 
CPL 961 0 961 6,563 3,009 - 9,572 
SPL 896 0 896 7,496 2,648 - 10,144 

Notes: 
All fluxes are averaged over the model simulation period. Note that groundwater seepage to lake is the sum of the Groundwater IWW In and the Groundwater Fresh In columns and 
that Surface Water In is the sum of the Surface Water IWW In, Surface Water Fresh In, and Inflow from other Pit Lakes columns.  
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  NPL values are from the deterministic water quality model (Section 4.4), SPL and CPL values are from the numerical model (Volume 1, Appendix C). 
(c)  From CPL, values are from the deterministic water quality model. 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; IWW = industrial wastewater; - = no data; m3/day = cubic metres per day. 
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Table 4.2-17:  Far Future: Pit Lake Water Balance for Climate Change Scenarios 

 Groundwater Surface Water Climate Storage 

Far Future 
Climate 
Scenario 

Pit Lake 

Total 
Groundwater 

Seepage to Lake 
(m3/day)  

Groundwater Seepage 
from Lake to 

Groundwater(a) 
(m3/day) 

Total Surface 
Water In 
(m3/day) 

Total Surface 
water out(b) 

(m3/day) 

Precipitation(a) 
(m3/day) 

Evapotranspiration(a) 
(m3/day) 

Change in 
Storage(c) 
(m3/day) 

cold-dry 
NPL 129 -147 34,642 -33,277 3,584 -4,931 0 
CPL 923 -207 8,276 -5,798 8,644 -11,838 0 
SPL 844 -206 8,741 -6,662 7,314 -10,031 0 

cold-wet 
NPL 129 -139 36,951 -35,816 3,714 -4,839 0 
CPL 936 -206 8,665 -6,728 8,958 -11,624 0 
SPL 874 -204 8,986 -7,384 7,580 -9,852 0 

median 
NPL 135 -148 46,806 -45,974 3,975 -4,793 0 
CPL 952 -201 11,831 -10,654 9,588 -11,517 0 
SPL 913 -200 12,643 -11,710 8,113 -9,760 0 

warm-dry 
NPL 128 -148 33,543 -32,192 3,560 -4,891 0 
CPL 904 -208 8,051 -5,586 8,587 -11,748 0 
SPL 830 -207 8,554 -6,489 7,266 -9,954 0 

warm-wet 
NPL 130 -147 40,377 -39,229 3,841 -4,971 0 
CPL 961 -206 9,572 -7,656 9,265 -11,935 0 
SPL 896 -205 10,144 -8,556 7,839 -10,117 0 

Notes: 
All fluxes are averaged over the model simulation period. The water balance for each lake sums to zero (precipitation, evaporation, change in storage, groundwater in and out, 
surface water in and out). 
(a)  Output from the numerical model (Volume 1, Appendix C). 
(b)  Output from the deterministic water quality model (Section 4.4). 
(c) Assumption used in the determinist water quality model (Section 4.4).  
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; IWW = industrial wastewater; - = no data; m3/day = cubic metres per day. 
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Table 4.2-18: Far Future: Industrial Wastewater-Influenced Groundwater Seepage Rates for Climate Change Scenarios 

Scenario Receptors 
IWW-Affected Groundwater Seepage Rates from Sources (L/s) 

CPTA1 CPTA2 CPL NPTA1 NPTA2 NPL OPTA OPTA-E SPTA SPL Total 

Far Future: climate 
change (cold-dry) 

Athabasca River 2.8 2.2 - - - 9.5 - - 3.6 3.1 21.1 

Aurora North - - - - - - 18.7 17.8 - - 36.5 

CPL 4.8 7.3 1.2 31.9 5.5 - 6.6 22.5 - - 79.8 

Fort Creek mouth 1.0 - - - - - - - - - 1.0 

NPL 0.8 10.0 1.4 - 0.7 - - - - - 13.0 

SPL - - - - - - 78.3 - 13.2 1.7 93.2 
Susan Lake Outlet 

Creek mouth - - - - - 146.5 - - - - 146.5 

OPTA Wetland 
North - - - - - - - 4.6 - - 4.6 

Far Future: climate 
change (cold-wet) 

Athabasca River 2.8 2.2 - - - 9.5 - - 3.6 3.1 21.2 

Aurora North - - - - - - 19.2 18.4 - - 37.6 

CPL 6.6 8.0 1.2 33.2 5.3 - 6.8 24.2 - - 85.3 

Fort Creek mouth 1.1 - - - - - - - - - 1.1 

NPL 0.8 10.8 1.6 - 0.8 - - - - - 14.1 

SPL - - - - - - 81.3 - 13.6 1.7 96.6 
Susan Lake Outlet 

Creek mouth - - - - - 137.4 - - - - 137.4 

OPTA Wetland 
North - - - - - - - 5.0 - - 5.0 

Far Future: climate 
change (median) 

Athabasca River 2.8 2.2 - - - 9.5 - - 3.6 3.1 21.2 

Aurora North - - - - - - 20.9 22.8 - - 43.7 

CPL 5.2 8.9 1.3 34.8 8.0 - 7.2 27.6 - - 93.0 

Fort Creek mouth 1.0 - - - - - - - - - 1.0 

NPL 0.9 11.3 1.8 - 0.9 - - - - - 14.8 
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Table 4.2-18: Far Future: Industrial Wastewater-Influenced Groundwater Seepage Rates for Climate Change Scenarios 

Scenario Receptors 
IWW-Affected Groundwater Seepage Rates from Sources (L/s) 

CPTA1 CPTA2 CPL NPTA1 NPTA2 NPL OPTA OPTA-E SPTA SPL Total 

Far Future: climate 
change (median) 

(continued) 

SPL - - - - - - 87.1 - 14.5 1.8 103.5 
Susan Lake Outlet 

Creek mouth - - - - - 109.3 - - - - 109.3 

OPTA Wetland 
North - - - - - - - 5.3 - - 5.3 

Far Future: climate 
change (warm-dry) 

Athabasca River 2.8 2.2 - - - 9.5 - - 3.6 3.1 21.1 

Aurora North - - - - - - 19.7 16.8 - - 36.5 

CPL 5.8 7.1 1.2 31.4 7.8 - 6.5 22.0 - - 81.8 

Fort Creek mouth 1.0 - - - - - - - - - 1.0 

NPL 0.7 10.2 1.3 - 0.7 - - - - - 13.0 

SPL - - - - - - 74.1 - 12.3 1.7 88.1 
Susan Lake Outlet 

Creek mouth - - - - - 82.2 - - - - 82.2 

OPTA Wetland 
North - - - - - - - 4.7 - - 4.7 

Far Future: climate 
change (warm-

wet) 

Athabasca River 2.8 2.2 - - - 9.5 - - 3.6 3.1 21.2 

Aurora North - - - - - - 20.0 20.0 - - 40.1 

CPL 5.7 7.7 1.2 34.6 6.4 - 7.0 25.7 - - 88.3 

Fort Creek mouth 1.0 - - - - - - - - - 1.0 

NPL 1.0 11.1 1.7 - 0.9 - - - - - 14.7 

SPL - - - - - - 83.6 - 13.5 1.7 98.8 
Susan Lake Outlet 

Creek mouth - - - - - 119.4 - - - - 119.4 

OPTA Wetland 
North - - - - - - - 5.3 - - 5.3 

Notes: 
CPL = Centre Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; NPTA = North Pit Tailings Area; SPTA = South Pit Tailings Area; - = no data; L/s = litres per second; OPTA = Out-of-Pit 
Tailings Area; OPTA-E = Out-of-Pit Tailings Area East Stage 1; IWW = industrial wastewater. 
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 Comparison with Previous Assessments  
 Effects on Groundwater Receptors 

A change analysis was completed to compare previous seepage estimates (FHEC 2017a) to the current 
estimates based on the Updated Mine Plan, geology and hydrostratigraphy, and modelling approach.  

No effect to receptors was simulated for the Operational period (i.e., the groundwater flow paths did 
not reach receptors during the period), as stated in Section 4.2.3.4. The change analysis focuses on 
changes simulated for the Far Future period. 

A summary of the change analysis is shown in Table 4.2-19. The change analysis was completed on a 
cumulative basis (i.e., total IWW-influenced groundwater seepage rates from the various mine facilities 
within the Amended Project Area to a specific receptor) as the footprint of various mine facilities under 
the current assessment is changed from the previous application.  

The results of the assessment indicate that for the Far Future period, there is a reduction in total IWW-
influenced groundwater seepage from the IPA to external surface water receptors. The estimated IWW-
influenced groundwater seepage to the Athabasca River has been reduced from approximately 32 L/s 
(FHEC 2017a) to approximately 21 L/s. Similarly, the estimated IWW-influenced groundwater seepage to 
the Muskeg River has been reduced from approximately 1 L/s to negligible. In the far future, most of the 
OPTA and OPTA East seepage will be collected by the closure drainage ditches at FHOSP and will be 
routed to the Aurora North closure drainage system. Therefore, a negligible amount of IWW-influenced 
groundwater seepage water is expected to be discharged to the downstream receiving watercourses 
(i.e., Stanley Creek and Muskeg River).  

To provide conservative predictions, the seepage estimates provided are without any seepage 
management system (SMS) in place over the Far Future period. However, FHOSP will install 
groundwater monitoring wells in compliance with its EPEA Approval requirements and is committed to 
the operation of a SMS if monitoring results indicate the requirement for such a system. The captured 
seepage will be directed to one of the pit lakes, where, in combination with the direct groundwater 
seepage to the pit lakes, it becomes part of the volume of water within the pit lakes. These waters will 
be held within the pit lakes until suitable for release to the Athabasca River. The waters within the pit 
lakes are evaluated under the surface water hydrology and water quality assessments (Sections 4.3 and 
4.4). 

Far Future estimates of groundwater discharge to the pit lakes and IWW-influenced seepage from 
various closure facilities were considered in the assessments of hydrology (Section 4.3) and water 
quality (Section 4.4) to evaluate potential effects associated with the IPA.  
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Table 4.2-19: Industrial Wastewater-Influenced Groundwater Seepage Fluxes Change Analysis 

  IPA Predicted IWW-Influenced Groundwater Seepage Rates by Source (L/s) 

Scenario Receptors CPTA1 CPTA2 NPL OPTA OPTA-
E SPTA SPL Total FHMA 

Estimate Change(a) 

Far Future: 
historic 
climate 

Athabasca 
River 2.9 2.2 9.5 - - 3.5 3.1 21.2 32 -10.8 

Muskeg 
River - - - - - - - - 1 -1 

Total 2.9 2.2 9.5 - - 3.5 3.1 21.2 33 -11.8 

Notes: 
(a)  Negative change indicates that IWW-influenced groundwater seepage would be reduced compared to 2017 (FHEC 2017a) 
estimates. 
NPL = North Pit Lake; SPL = South Pit Lake; CPTA = Centre Pit Tailings Area; NPTA = North Pit Tailings Area; SPTA = South Pit 
Tailings Area; - = no data; L/s = litres per second; OPTA = Out-of-Pit Tailings Area; OPTA-E = Out-of-Pit Tailings Area East Stage 1; 
FHMA = Fort Hills Mine Amendment. 

4.2.4. Anticipated Residual Effects 
The integrated groundwater and surface water modelling was completed to evaluate the residual effects 
of the IPA. Residual effects are expected in the Far Future period, where the Athabasca River and the pit 
lakes were identified as IWW-influence groundwater seepage receptors. The majority of IWW-
influenced groundwater seepage will be directed to pit lakes that will have natural treatment capacity. 
The assessment of pit lake water quality is described in Section 4.4. 

4.2.5. Conclusions 
No IWW-influenced groundwater seepage to receptors is expected to reach a receiving environment 
during operations and active closure. This is consistent with the FHMA assessment (FHEC 2017a), which 
also estimated no IWW-influenced groundwater seepage during these time periods. 

The effect of the integrated mine and tailings management plan for the IPA is estimated to result in 
smaller rates of potential IWW-influenced groundwater seepage from the reclaimed FHOSP to the 
Athabasca River, relative to the rates that were simulated for the FHMA assessment (FHEC 2017a). In 
the far future, most of the OPTA and OPTA East seepage will be collected by the closure drainage ditches 
at FHOSP and will be routed to the Aurora North closure drainage system. Therefore, a negligible 
amount of IWW-influenced groundwater seepage water is expected to be discharged to the 
downstream receiving watercourses (i.e., Stanley Creek and Muskeg River).  

The environmental relevance of the predicted potential IWW-influenced groundwater seepage rates is 
discussed in Section 4.3, with respect to the hydrologic viability of the North Pit Lake, South Pit Lake, and 
Centre Pit Lake, and in Section 4.4, with respect to water quality and aquatic health in the receiving 
environment. 
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4.3. Surface Water Hydrology 

4.3.1. Baseline Conditions 
This baseline section provides a summary of the climatic and surface water hydrology environmental 
setting conditions for the Aquatic Study Area in association with the Fort Hills Oil Sands Project (FHOSP) 
Integrated Plan Amendment (IPA) This baseline is supported by the Aquanty Integrated Hydrological 
Modelling of the McClelland Lake Wetland Complex and the Fort Hills Lease: Support for Fort Hills Mine 
Amendment (Aquanty 2022; Volume 1, Appendix C). The baseline information in this section 
complements and extends the baseline information presented in previous assessments (TrueNorth 
2001; FHEC 2007, 2017a) and provides a summary of updated baseline information to quantify future 
changes resulting from implementation of the IPA. 

Hydrologic variables analyzed in this assessment include stream flows and basin water yields. Sources of 
hydrologic data include records of the short-term monitoring stations operated by Environment and 
Climate Change Canada (ECCC; previous Regional Aquatic Monitoring Program [RAMP] stations), and 
site-specific data acquired for the IPA. 

Relevant annual, seasonal, monthly, and daily statistics for the climatic and hydrologic variables were 
derived from the available data and modelling.  

The specific objectives of the assessment of surface water hydrology are to: 

● Identify major climate and hydrologic variables.

● Collect and analyze the regional and local climate and hydrologic data and information.

● Calculate key statistical parameters for the major climate and hydrologic variables by
characterizing their spatial and temporal variations using regional and local data.

● Describe and characterize the baseline climate and hydrologic conditions for the Aquatic Study
Area.

● Present the results as a baseline for assessing future hydrologic changes that may be associated
with the IPA.

The IPA will be developed within the watersheds in the Aquatic Study Area, as shown in Figure 4.1-1. 
The dominant climatic, topographic, soil, and vegetative factors affecting the hydrology of the 
waterbodies in the vicinity of the Aquatic Study Area, are summarized as: 

● The area has a continental climate characterized by long cold winters and short cool summers.
The seasonal variations in temperature and precipitation are substantial. Temperatures typically
fall to below freezing in mid-October and remain below zero until the beginning of April.

● There are three major types of terrain in area, namely the upland, lowland, and fenland area
that are classified based on slope and vegetation covers, as shown in Figure 4.1-1. The upland
area has typical ground slopes of 1 to 3%. Ground slopes less than 0.5% are typical of lowland
and fenland and mostly west of McClelland Lake. Fenland includes patterned and non-patterned
areas, as shown in Figure 4.1-1. In terms of topography, the fenlands can be grouped as part of
lowlands but identified separately because of the unique hydrologic response compared to
other types of lowlands.
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● There is considerable beaver activity in the lowland areas, with most of the well-defined streams 
blocked by beaver dams at numerous locations. Beaver lodges are also present in permanently 
inundated lowland areas. 

● Vegetation in the lowland areas consists primarily of willow, various species of shrubs, black 
spruce, and sphagnum moss. A mixed forest cover of coniferous and deciduous trees occurs in 
the upland areas. Additional details on vegetation communities are provided in Section 5.3. 

 Methods 

The following surface water hydrology reports that were completed for the FHOSP were reviewed for 
this baseline study: 

● Fort Hills Oil Sands Project – UTS Energy Corporation (formerly TrueNorth Energy; TrueNorth 
2001) 

● Environmental Effects Update for the Fort Hills Oil Sands Project – UTS Energy Corporation 
(FHEC 2007) 

● Hydrologic Effect Assessment Update for the Fort Hills Oil Sands Project – UTS Energy 
Corporation (FHEC 2007) 

● 2017 Fort Hills Mine Amendment Application (FHMA; FHEC 2017a) 

These baseline studies described the regional and local surface water hydrology based on the 
information available when the studies were conducted. The characterization of local surface water 
hydrology was updated for this baseline study based on the up-to-date data and information for the 
Aquatic Study Area.  

The up-to-date climatic and hydrologic data include data collected by ECCC Atmospheric Monitoring 
Division and Water Survey Division (formerly called Water Survey Canada [WSC]), RAMP data, and field 
data collected by Fort Hills Energy Corporation (FHEC) in the Aquatic Study Area.  

 Results 

 Climate Data 

The climate regime, including precipitation, evapotranspiration, and other climate variables, is one of 
the main drivers determining the hydrology and influencing the ecological conditions in the Aquatic 
Study Area. Hence, characterizing and quantifying the climate regime is crucial to the understanding of 
the watershed characteristics and hydrologic processes in the Aquatic Study Area. 

Climate data compiled and analyzed for this study were acquired from several sources, including the 
ECCC monitoring stations, Alberta Forestry lookout monitoring stations, RAMP, as well as from Fort Hills 
climate stations installed in the Aquatic Study Area.  

The mean monthly values of important climate variables for the oil sands region (e.g., precipitation, air 
temperature, relative humidity, solar radiation, evaporation, and evapotranspiration) are presented in 
Table 4.3-1.  
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Table 4.3-1: Mean Monthly Climate Statistics - Based on Long-term Fort McMurray Data  

Month 
Air 

Temperature 
[°C](a) 

Precipitation 
[mm](a) 

Potential 
Evapotranspiration 

[mm](b) 

Evaporation 
[mm](b) 

Relative 
Humidity 

[%](b) 

Solar 
Radiation 
[W/m2](b) 

Wind Speed 
[km/hr](b) 

January -19.6 19.6 -2 0 76 20.3 10.2 

February -15.4 15.0 -1 -1 73 51.0 10.6 

March -8.2 18.5 18 4 67 108 11.5 

April 2.3 20.1 83 37 59 165 13.1 

May 9.9 34.1 147 81 56 205 12.6 

June 14.3 65.2 155 104 63 215 12.0 

July 16.8 78.4 156 116 68 209 11.4 

August 15.0 63.0 121 102 72 171 11.4 

September 9.1 47.4 56 58 74 105 12.0 

October 2.5 26.7 17 20 74 58.1 12.4 

November -8.5 21.8 -1 6 79 24.3 11.5 

December -16.8 20.1 -3 2 78 13.8 10.1 

Annual 0.2 429 745 529 70 112 11.6 

Notes: 
(a) Based on data from the Fort McMurray climate station, 1919 to 1943, and Fort McMurray Airport, 1944 to 2019. 
(b) Based on data from the Fort McMurray Airport, 1953 to 2019. 
% = percent; °C = degree Celsius; km/hr = kilometre per hour; mm = millimetre; W/m2 = watt per square metre. 

 Hydrology 

The IPA will affect Fort Creek, Susan Lake and its outlet creek, Creek A, Stanley Creek, other unnamed 
small creeks, and McClelland Lake. There are six hydrometric stations in the Aquatic Study Area 
including active RAMP stations at Fort Creek (S12), Susan Lake Outlet (S25), McClelland Lake (L1), a 
discontinued RAMP station at Stanley Creek (S8), and a station at the mouth of Creek A (H01;  
Figure 4.1-1). The recorded data on the small streams are insufficient to characterize the long-term 
hydrology conditions but are valuable for model validation. Therefore, the Hydrological Simulation 
Program-Fortran (HSPF) model and the integrated surface water-groundwater model, HydroGeoSphere 
(HGS), were used to derive the long-term flow series for determining flow statistics. 

 Fort Creek 

The headwaters of Fort Creek are situated in the FHOSP area from where the creek flows west to the 
Athabasca River (Figure 4.1-1). The available flow data show that Fort Creek flows increase during the 
spring freshet and usually peak in April. Secondary floods may be generated by runoff from rainstorms in 
late summer or early fall. 
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Fort Creek has a total drainage area of 49.2 square kilometres (km2), including about 23.0 km2 of upland 
sandy area (47%) and 26.1 km2 of lowland muskeg area (53%). The simulated mean annual flow for Fort 
Creek near the mouth is 0.113 cubic metres per second (m3/s) based on the simulation period from 1960 
to 2019 (Table 4.3-2). The simulated 10-year flood peak discharge is estimated to be 2.35 m3/s. The 
7Q10 is estimated to be 0 litres per second (L/s).  

 Susan Lake Outlet Creek 

The headwaters of Susan Lake Outlet Creek are situated in the FHOSP area from where the creek drains 
to the Athabasca River, as shown in Figure 4.1-1. Susan Lake Outlet Creek has a total drainage area of 
20.7 km2, including approximately 15.6 km2 of upland sandy area (75.2%), 5.0 km2 of lowland muskeg 
area (24.1%), and the Susan Lake surface area of approximately 0.15 km2 (0.7%).  

The flow statistics for Susan Lake Outlet Creek at its mouth are presented in Table 4.3-2. The mean 
annual discharge is 0.060 m3/s based on simulated data from 1960 to 2019. The simulated 10-year flood 
peak discharge is estimated to be 0.99 m3/s. The 7Q10 is estimated to be 0 L/s. 

 Stanley Creek 

The headwaters of Stanley Creek are situated in the FHOSP area from where the creek flows southeast 
to Muskeg River (Figure 4.1-1). Stanley Creek has a total drainage area of 63.2 km2, including about 
32.3 km2 of upland area (51%) and 30.9 km2 of lowland area (49%).  

The flow statistics for Stanley Creek at its mouth are presented in Table 4.3-2. The simulated mean 
annual flow is 0.146 m3/s. The 7Q10 low flow is estimated to be zero. The simulated 2-year, 10-year and 
100-year flood peak discharges are 1.51, 3.38 and 6.48 m3/s, respectively. The 7Q10 is estimated to be 
0.001 m3/s/s.  

 Creek A 

The headwaters of Creek A are situated in the North Extension Area from where the creeks flows 
northwest to the FHOSP No Net Loss Lake (NNLL) and then to the Athabasca River, as shown in  
Figure 4.1-1. Creek A has a drainage area of 22.9 km². The flow condition at the mouth of Creek A is 
highly influenced by groundwater. Substantial seepage discharge is observable at the toe of the valley. 
The source of the groundwater appears to be from an aquifer within the overburden soils. Groundwater 
is believed to comprise a large percentage of the flows in the creek. This is evident by the nearly 
consistent flows in Creek A throughout the year. Such a flow regime is very likely the result of a 
groundwater dominated system. This characteristic is explainable based on the basin surface geology 
that contains extensive surface sand deposits.  

Monitoring of Creek A flows is currently ongoing. Discrete monthly flow measurements in Creek A from 
August 2005 to September 2019 range from 0.028 to 0.069 m³/s.  

The simulated flow statistics for Creek A are presented in Table 4.3-2. The simulated mean annual flow 
for Creek A near the mouth is 0.086 m3/s, based on the simulation period 1960 to 2019. The simulated 
10-year flood peak discharge is estimated to be 0.52 m3/s. The 7Q10 is estimated to be 0.011 m3/s. 
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Table 4.3-2: Baseline Flow Statistics for Fort Creek, Susan Lake Outlet Creek, Stanley Creek, and 
Creek A  

Parameter Fort Creek at the  
Mouth 

Susan Lake 
Outlet Creek Stanley Creek Creek A 

Drainage Area [km2] 

Upland 23.0 15.6 32.3 0.00 
Lowland 26.1 4.98 30.9 22.9 
Lake Area 0.00 0.15 0.0 0.00 
Total Area 49.2 20.7 63.2 22.9 

Mean Annual Water Yield 
[m³/s] 0.113 0.060 0.146 0.068 
[mm] 73 92 73 96 

Mean Open-Water Flow [m³/s] 0.177 0.095 0.229 0.086 
Mean Ice-Covered Flow [m³/s] 0.023 0.012 0.030 0.042 

Flood Flows [m³/s] 
2-Year 1.10 0.47 1.51 0.236 
10-Year 2.35 0.99 3.38 0.524 
100-Year 3.67 1.59 6.48 1.01 

7Q10 Low Flow [m3/s] 0 0 0.001 0.011 
Notes:  
Based on simulated data from 1960 to 2019. 
km2 = square kilometres; L/s = litres per second; m3/s = cubic metres per second; mm = millimetres. 

 Other Small Streams 

There are a number of other small streams in the Unnamed Tributaries watersheds 1 and 2 in the 
Aquatic Study Area (Figure 4.1-1) that flow to the Athabasca River via the escarpment. Some of these 
small streams are seasonal small creeks and only convey flows during snowmelts and large rainfall 
events. Some of the small creeks create discharge locations for regional groundwater flows to the 
Athabasca River.  

These small streams drain two typical types of terrains: sandy upland and lowland (Figure 4.1-1). The 
hydrologic features in the lowland area of the Unnamed Tributaries watersheds 1 and 2 are similar to 
those in the Creek A and McClelland Lake watersheds.  

Typical mean annual runoff in the Unnamed Tributaries watersheds 1 and 2 is estimated to vary from 65 
to 80 millimetres (mm; Table 4.3-3).  
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Table 4.3-3: Baseline Flow Statistics for Unnamed Watersheds 
Parameter Unnamed Tributaries Watershed 1 Unnamed Tributaries Watershed 2 

Drainage Area [km2] 

Upland 14.9 6.01 
Lowland 12.4 10.5 
Lake Area 0.00 0.00 
Total Area 27.3 16.5 

Mean Annual Water 
Yield 

[m³/s] 0.069 0.034 
[mm] 80 65 

Mean Open-Water 
Flow 

[m³/s] 0.108 0.053 

Mean Ice-Covered Flow [m³/s] 0.013 0.007 
Notes:  
Based on simulated data from 1960 to 2019. 
km2 = square kilometres; m3/s = cubic metres per second; mm = millimetres. 

 No Net Loss Lake  

The main surface water inflows to the FHOSP NNLL include Creek A, upland drainage flowing directly to 
the lake without interception by streams, and precipitation directly onto the lake. A portion of Creek A 
inflows is derived from surface runoff; however, most of the Creek A inflows are derived from 
groundwater discharge to Creek A. Other inflows to the NNLL include surface runoff directly to the NNLL 
from a small drainage area alongside the lake, precipitation onto the lake, direct seepage to the lake 
from a near surface aquifer and, possibly, seepage from the Basal Aquifer. 

Lake outflows from the NNLL will include some seepage directly to the Athabasca River, lake 
evaporation, and discharges to the outlet channel; the latter being predominate. 

Lake water level for baseline varies from about 232.00 metres above sea level (masl) to 232.37 masl, 
with average lake water level being about 232.06 masl. Outflow from the lake for baseline varies from 
about 0.006 to 1.033 m3/s, with average outflow being about 0.069 m3/s. 

 McClelland Lake  

McClelland Lake is situated east of the Aquatic Study Area. The drainage area of the lake is about 
203 km², which consists of 15% of lake surface area, 50% of fenland, wetland, and lowland, and 35% of 
sandy upland. The lake has an average depth of about 1 metre (m) and a maximum depth of about 5 m. 
The lake water level has a narrow range of variation because of the large lake surface area in relation to 
the drainage area contributing surface runoff to the lake. A small unnamed waterbody situated 
southeast of McClelland Lake (Unnamed Waterbody 4, as shown in Figure 4.1-1) is linked to McClelland 
Lake by a 2 kilometre (km) intermittent stream. 

The baseline hydrology information and assessment for McClelland Lake and the McClelland Lake 
Wetland Complex (MLWC) are provided as part of the MLWC Operational Plan that was submitted by 
FHEC to the Alberta Energy Regulator (AER) in December 2021. 

4.3.2. Change Assessment 
The post development watersheds in the vicinity of the FHOSP, and the Amended Project Area following 
reclamation and closure, are shown in Figure 4.3-1. 
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The hydrologic assessment considers watercourses and pit lakes that lie within the Aquatic Study Area 
and are directly affected by the IPA. The hydrology assessment nodes include: 

● The unique discharge points to the Athabasca River from the reclaimed Amended Project Area, 
including the South Pit Lake (SPL) and North Pit Lake (NPL) 

● Stanley Creek at the confluence with the Muskeg River, as there is a change due to the IPA 
related to the Stanley Creek watershed 

● Three pit lakes, which are included in the reclaimed Amended Project Area: 

- SPL 

- Centre Pit Lake (CPL) 

- NPL 

● Creek A watershed: the IPA will have some effect on the drainage of Creek A during operation 
and closure because the NED area is partially within the Creek A watershed area. This will affect 
both surface runoff and groundwater contribution to Creek A because of reduced drainage area 
and groundwater recharge area. 

● No Net Loss Lake (northwest and west of the North Extension Area): The changes associated 
with the IPA are expected to have an effect on the NNLL as a result of the effect in Creek A 
inflow as well as groundwater contribution because of dewatering of the northern portion of 
the North Pit close to the NNLL.  

The assessment does not include re-assessment of previously outlined alterations to local and regional 
surface water systems, as described in TrueNorth (2011) and FHEC (2007, 2010, 2017a) where the IPA 
has no additional effect on the systems. The systems not re-assessed include: 

● Athabasca River: the hydrological effects of changes in runoff (both surface water and 
groundwater) from the additional areas in the Amended Project Area are negligible relative to 
Athabasca River flows; therefore, the Athabasca River is not included as an assessment node. 

● Further assessment of closure conditions and the planned approach for monitoring the 
McClelland Lake watershed will be undertaken as part of MLWC Operational Plan that FHEC 
submitted to AER in December 2021. Therefore, the MLWC and McClelland Lake are not 
included as assessment nodes for the IPA. 

● Muskeg River: the change associated with the IPA affects the Stanley Creek watershed. The 
change represents <2% of the watershed area of the Muskeg River close to the confluence with 
the Stanley Creek and represents less than 0.50% of the watershed area of the Muskeg River at 
the confluence with the Athabasca River. The changes from the IPA to the hydrological effects of 
the FHOSP on the Muskeg River are consider negligible. Therefore, the Muskeg River was not 
included as an assessment node for the IPA. 

● Several watercourses or local watersheds that currently flow from the Approved Project Area to 
the Athabasca River, as shown in Figure 4.1-1, will be removed during FHOSP development. 
There is no change relative to the previous application (FHEC 2017a); therefore, these 
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watercourse or local watersheds are not reassessed in this Application. These watercourses and 
watersheds are: 

- Small Unnamed Watershed 1, which is comprised of a series of small unnamed streams 
situated to the north of the Susan Lake Outlet Creek 

- Susan Lake Outlet Creek 

- Fort Creek 

- Small Unnamed Watershed 2, which is comprised of a series of small unnamed streams 
situated to the southwest of the Fort Creek watershed 

 Results 

The hydrological modelling, including assumptions used for the Closure Drainage Plan hydrology 
assessment, is described in Volume 1, Appendix C. Flow statistics and water level statistics for the 
hydrology assessment nodes described in Section 4.3.2 are provided in Table 4.3-4 and Table 4.3-5, and 
further described in the following subsections. 

Discharge Point to the Athabasca River 

The flow statistics for the discharge point to the Athabasca River are provided in Table 4.3-4. The 
modelled mean annual flows to the Athabasca River under the IPA increase by approximately 74% 
(0.28 m3/s vs 0.49 m3/s) relative to the approved closure drainage plan (FHEC 2017a). The increase in 
flows is attributed to additional groundwater flows from the North Outwash Plain sands towards NPL. 

The modelled change of 0.22 m3/s as a result of the IPA constitutes an additional 74% increase in mean 
annual flows relative to the pre-development flows to the Athabasca River from the Amended Project 
Area (0.278 m3/s). 

Stanley Creek at the Confluence with the Muskeg River 

Stanley Creek at the confluence with the Muskeg River had a total pre-development drainage area of 
approximately 64.7 km2. The FHOSP results in the removal at closure of approximately 17% 
(approximately 10.8 km2) of the pre-development Stanley Creek watershed through the development of 
the Out-of-Pit Tailings Area (OPTA). The IPA would result in the removal of approximately 28% at closure 
(approximately 18.1 km2) of the pre-development Stanley Creek watershed through East Extension Area 
(i.e., an increase of 7.3 km2, or 11.3% from what is currently approved). 

At closure it was predicted that mean annual flow of Stanley Creek at the confluence with the Muskeg 
River would decrease from 0.17 m3/s (pre-development) to 0.09 m3/s (FHOSP and Aurora North 
[Syncrude 2016]). 

The IPA will introduce additional change to the Stanley Creek flow from the approved FHOSP (FHEC 
2017a), and the cumulative effects will be a decrease in mean annual flow to 0.06 m3/s. 

Seepage from the OPTA complex during operation will be intercepted and recycled in the closed-circuit 
drainage system, with minimal seepage bypassing this interception system. The interception will 
continue as long as it is required after the end of mining, with collected seepage pumped to the SPL. The 
estimated OPTA seepage to Stanley Creek at closure is described in the Hydrogeology assessment 
(Section 4.2). At closure, seepage from OPTA will be directed to Syncrude closure system (Syncrude 
2016) and will not be directed to Stanley Creek. 
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Table 4.3-4:  Flow Statistics for the Updated Hydrology Assessment Nodes – Creek A, Stanley Creek and Discharge Point to the Athabasca River 

Assessment Node Key Change(s) from FHMA (FHEC 2017a) Closure 
Drainage Plan Hydrological Effects of the IPA Statistic Pre-development FHMA IPA 

Creek A at the Mouth The development of NED will remove 8.4 km2 from the 
Creek A watershed at closure.  

Estimated flow statistics for the IPA are 
substantially less than predevelopment and the 
approved FHOSP (FHEC 2017a). 

Watershed Area (km2) 22.3 22.3 13.9 

Mean Annual Flow (m3/s) 0.068 0.068 0.023 

Mean Open Water Flow (m3/s) 0.086 0.086 0.024 

Mean Ice Cover Flow (m3/s) 0.042 0.042 0.023 

1 in 2 Year Flow (m3/s) 0.236 0.236 0.055 

1 in 10 Year Flow (m3/s) 0.524 0.524 0.077 

1 in 100 Year Flow (m3/s) 1.01 1.01 0.101 

7 Q 10 (L/s)(c) 0.011 0.011 0.011 

7 Q 100 (L/s) 0.008 0.008 0.006 

Stanley Creek at the Confluence with the Muskeg 
River 

The development of the East Extension Area will 
remove at closure 18.1 km2 from the Stanley Creek 
watershed. This is 7.3 km2 greater than the area 
removed for the approved FHOSP (10.8 km2). 

Estimated flow statistics for the IPA are less 
than the estimates for the approved FHOSP 
(FHEC 2017a). 

Watershed Area (km2) 64.7 29.8 22.5 

Mean Annual Flow (m3/s) 0.166 0.085 0.059 

Mean Open Water Flow (m3/s) 0.263 0.131 0.090 

Mean Ice Cover Flow (m3/s) 0.028 0.019 0.014 

1 in 10 Year Flow (m3/s) 4.71 2.30 1.74 

1 in 100 Year Flow (m3/s) 11.9 5.66 4.14 

7 Q 10 (L/s) 0.00 0.00 0.00 

7 Q 100 (L/s)(c) 0.00 0.00 0.00 

Discharge to the Athabasca River.  
- Combined single outlet that for the pre-
development includes flows from: 
        - Small Unnamed Watershed 1 
        - Susan Lake Outlet Creek 
        - Fort Creek 
        - Small Unnamed Watershed 2 
and for the closure drainage plans includes flows 
from the pit lakes. 

The catchment area draining directly to the Athabasca 
River increases. The main reasons for this increase are 
the drainage of the OPTA and of the area between the 
Athabasca River and the SPL and NPL. 
Increased groundwater contribution from the area 
covered by NED and some watershed area draining to 
McClelland Lake leads to an increase in flows.  
Updated pit lakes have a combined surface area that is 
smaller than in the approved FHOSP (FHEC 2017a). 
Smaller pit lakes decrease evaporative water losses.  

- Mean annual flows increase relative to both 
pre-development conditions and the approved 
FHOSP (FHEC 2017a).  
- Mean ice cover flows are higher than under 
pre-development conditions or the approved 
FHOSP (FHEC 2017a). 
 
- Flood flows are lower than under pre- 
development conditions but higher than the 
approved FHOSP (FHEC 2017a). 

Watershed area (km2) 113.7 132.4 136.18 

Mean annual flow (m3/s) 0.278 0.27 0.485 

Mean open-water flow (m3/s) 0.436 0.31 0.654 

Mean ice-cover flow (m3/s) 0.055 0.21 0.247 

1 in 2-year flood flow (m3/s) 2.49 0.48 1.91 

1 in 10-year flood flow (m3/s) 5.11 1.09 2.60 

1 in 100-year flood flow (m3/s) 7.78 1.90 3.16 

7Q10 (L/s)(c) 0.001 0.0 0.10 

7Q 100 (L/s)(c) 0.000 0.0 0.051 
Notes: 
(a) The assessment for Stanley Creek accounted for the cumulative effects of the Syncrude Aurora North Project as documented in the Aurora North 2006 closure drainage plan (Syncrude 2006). 
(b) The Syncrude Aurora North Project (Syncrude 2006) accounts for 24.1 km2 out of 42.2 km2 of catchment decrease at Stanley Creek at the Mouth. 
(c) 7Q10 is the seven-day average low flow with a likelihood of occurrence of 1:10 years or 10% in any given year. 
% = percent; km2 = square kilometres; L/s = litres per second; m3/s = cubic metres per second; FHOSP = Fort Hills Oil Sands Project; IPA = Integrated Plan Amendment; NED = North External Dump; OPTA = Out-of-Pit Tailings. 
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Table 4.3-5:  Flow Statistics for the Updated Hydrology Assessment Nodes – Pit Lakes 

Design Parameter 
FHO(f) IPA 

EPL SPL NPL CPL SPL NPL 
Watershed Area (km2) 47.2 64.1 50.0(c) 45.9 38.4 80.2 
Lake Surface Area (km2) 2.1 9.4 6.3 6.4 5.4 2.7 
Ratio of Watershed to Lake Surface Area 22.3 6.8 7.9(c) 7.2 7.1 9.9 
Mean Annual Inflow (m3/s) 0.12 0.17 0.29 0.11 0.11 0.45 
Mean Annual Outflow (m3/s) 0.11 0.13 0.26 0.08 0.06 0.44 
Pit Lake Volume (Mm3) 12 362(d) 62 85 70 25 
Treated Tailings Volume (Mm3)  0 313(e) 0 205 135 0 
Process Water Volume Transferred at Closure to the Lake (Mm3) 0 18 0 3.6 3.6 3.3 
Volume to Fill by Runoff and Pumping from Athabasca River (Mm3)(a) 12 26 62 7.5 6.2 4.6 
Number of Years without Discharge (in 75-year simulation)(b) 0 2 0 0 0 0 
Average Residence Time (yrs) 3.2 9.7 6.9 16 13 3.2 

Notes: 
(a) Assumed pumping of water from Athabasca River during open water season (seven months) at a volume less than 39.7 Mm3/year and at rate meeting applicable license and stream flow withdrawal restrictions for FHOSP. However, Athabasca River water is not used for filling of the pit lakes for 
the IPA. 
(b) Number of years without discharge is estimated for each pit lake based on the plot of lake water depth above outlet invert over time. 
(c) Does not include watershed area associated with the SPL, which drains into the NPL. 
(d) Includes both water (50 Mm3) and tailings. 
(e) Corresponds to the volume of tailings in the first years after closure. Long-term consolidation will reduce this volume substantially. 
(f) FHEC (2017a). 
CPL = Centre Pit Lake; EPL = East Pit Lake; NPL = North Pit Lake; SPL = South Pit Lake; km2 = square kilometres; m3/s = cubic metres per second; Mm3 = million cubic metres; FHOSP = Fort Hills Oil Sands Project; IPA = Integrated Plan Amendment; yrs = years.  
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Pit Lakes 

From an environmental assessment standpoint, the key hydrology-related question for the three pit 
lakes is whether lake water levels are predicted to be relatively stable even in drought years. The 
simulated water level time series for the three assessment pit lakes over the period 1944 to 2019 are 
shown in Figure 4.3-2. Each of the plots shows the invert elevation of the discharge point of the lake. 
Simulated water levels above the invert indicate that the lake is discharging. Water levels below the 
invert elevation indicate that the lake is not discharging, and that a portion of the shoreline is exposed. 
There is excess water in all years for all three lakes; therefore, the pit lakes are predicted to discharge in 
all years. The total fluctuation in water levels over the years of simulation is approximately 
75 centimetres (cm) for the NPL, approximately 44 cm for the SPL, and approximately 46 cm for the CPL. 
The average hydraulic residence time is equal to 3 years for the NPL, 13 years for the SPL and 16 years 
for the CPL. 

The flow statistics for the pit lakes are provided in Table 4.3-5. 

Creek A and NNLL 

There is no disturbance at the head of the Creek A watershed under existing and approved conditions.  

Under the IPA, the NED will occupy most of the head watershed of Creek A. The mine development 
activities in this watershed will not require muskeg drainage and overburden dewatering.  

As the development of the mine progresses, the closed-circuit area will largely reduce the Creek A flows. 
However, runoff from NED and the reclamation stockpile within the Creek A watershed will be directed 
to a sedimentation pond and discharged to Creek A to mitigate the effect of reduced groundwater 
runoff contribution to Creek A and the NNLL because of mine pit development. Hence, the effect of the 
IPA is negligible during the operational period. 

The effect of the IPA on Creek A during the closure and far future snapshot is provided in Table 4.3-4. 
The IPA will result in a reduction of the lake inflow catchment area. Flow statistics at the mouth of 
Creek A are compared to the pre-development flow statistics to determine changes in flows because of 
the IPA. The mean annual flow at the mouth of Creek A at closure is 66% less than the pre-development 
flow. 

The NNLL will be fed mainly with Creek A flows. At closure, the NNLL will receive flows from the 
undisturbed drainage area of Creek A, the reclaimed surface of part of the NED and groundwater 
recharge to Creek A. However, these flows would not be sufficient to maintain the current water level 
and water balance of the NNLL. Expected change in the lake water level and outflow from the lake for 
the operational period and Far Future conditions compared to pre-development (i.e., current condition) 
are provided in Figure 4.3-3.  
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 Climate Change Effects 

The effects of forecasted climate scenarios on the hydrology of reclaimed areas were assessed to 
determine the level of sensitivity associated with potential climate change. Flows and water levels in the 
pit lakes were simulated using the 2020 MLWC HGS model with five climate change scenarios (i.e., cold-
dry, cold-wet, median, warm-dry, and warm-wet scenarios). The results of forecasted climate conditions 
for inflow and outflows from the pit lakes are discussed in Section 4.2.3.6 and presented in Table 4.2-10 
and Table 4.2-11. 

A comparison of results of forecasted climate conditions relative to predicted far future water levels 
(without consideration of potential climate change) is provided in Table 4.3-6 and Figure 4.3-4.  

The results of the sensitivity analysis show that: 

● the predicted average water levels for the North Pit Lake are expected to decrease for the cold-
dry and warm-dry scenarios, and expected to increase for cold-wet, median, and warm-wet 
scenarios, relative to far future historical climate condition. 

● the predicted average water levels for the Centre Pit Lake are expected to decrease for all 
scenarios except the median scenario, relative to far future historical climate condition. 

● the predicted average water levels for the South Pit Lake are expected to decrease for all 
scenarios, relative to far future historical climate condition. 

Potential climate change is expected to have more of an effect on the Centre and South Pit Lakes water 
levels than the water level in the North Pit Lake.  

Table 4.3-6: Water Level Statistics for the Pit Lakes for Future Climate Conditions 

Location Parameters [masl] 
Historical 
Climate 

Condition  

Climate Change Scenario 

Cold-Dry Cold-Wet Median Warm-Dry Warm-
Wet 

North Pit 
Lake 

average water level [masl] 245.326 245.310 245.330 245.360 245.306 245.334 

change from Historical 
Climate Condition (m) - -0.016 0.004 0.034 -0.02 0.008 

Centre Pit 
Lake 

average water level [masl] 300.133 300.087 300.129 300.137 300.100 300.101 

change from Historical 
Climate Condition (m) - -0.046 -0.004 0.004 -0.033 -0.032 

South Pit 
Lake 

average water level [masl] 288.100 288.057 288.092 288.095 288.067 288.062 

change from Historical 
Climate Condition (m) - -0.043 -0.008 -0.005 -0.033 -0.038 

Notes:  
- = no data; m = metres; masl = metres above sea level. 
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 Anticipated Residual Effects  

The IPA does not change the currently approved effects on groundwater or surface waters, with the 
exception of predicted reduction in flows in Stanley Creek and Creek A and reduction of flows to the 
NNLL. The changes predicted to Creek A, NNLL and Stanley Creek are described in Section 4.3.2.1. 

There are no major differences with respect to operational mitigation measures and residual effects 
between the IPA and previously approved FHOSP plans. There are, however, differences between the 
previously approved plans and the IPA at closure that are reflected in changes to flows at the 
assessment nodes, as discussed in Section 4.3.2.1.  

4.3.3. Conclusions 
The IPA results in only small changes to the currently approved effects on surface water, with the 
exception of predicted reduction of flows in Stanley Creek and Creek A, and reduction of flows to the 
NNLL. The predicted changes are of a similar nature to those previously predicted for the FHOSP. 

The IPA will result in the removal of approximately 28% at closure (approximately 18.1 km2) of the pre-
development Stanley Creek watershed through the East Extension Area (i.e., an increase of 7.3 km2, or 
11.3% from what is currently approved). At closure it was previously predicted that mean annual flow of 
Stanley Creek at the confluence with the Muskeg River would decrease from 0.17 m3/s (pre-
development) to 0.09 m3/s (FHOSP and Aurora North [Syncrude 2016]). The IPA will introduce additional 
change to the Stanley Creek flow from the approved FHOSP (FHEC 2017a), and the cumulative effects 
will be a decrease in mean annual flow to 0.06 m3/s. 

There is no disturbance at the head of the Creek A watershed under existing and approved conditions. 
Under the IPA, the NED will occupy most of the head watershed of Creek A. The mine development 
activities in this watershed will not require muskeg drainage and overburden dewatering. As the 
development of the mine progresses, the closed-circuit area will largely reduce the Creek A flows. 
However, runoff from NED and the reclamation stockpile within the Creek A watershed will be directed 
to a sedimentation pond and discharged to Creek A to mitigate the effect of reduced groundwater 
runoff contribution to Creek A and the NNLL because of mine pit development. Hence, the effect of the 
IPA is negligible during the operational period. The effect of the IPA on Creek A during the closure and 
far future snapshot is predicted to result in a reduction of the NNLL inflow catchment area. The mean 
annual flow at the mouth of Creek A at closure is predicted to be 66% less than the pre-development 
flow. 

The NNLL will be fed mainly with Creek A flows. At closure, the NNLL will receive flows from the 
undisturbed drainage area of Creek A, the reclaimed surface of part of the NED and groundwater 
recharge to Creek A. However, these flows would not be sufficient to maintain the current water level 
and water balance of the NNLL.The effect of the IPA on the NNLL is negligible during the operational 
period. For the far future scenario, although the results of this assessment indicate change to the NNLL 
water balance, FHEC will continue to evaluate and optimize the mine and closure plan to mitigate the 
change on NNLL water balance associated with closure of FHOSP. 

The closed-circuit area largely reduces the Creek A flows with mean annual flows at the mouth of Creek 
A predicted to be 66% less than the pre-development flow; however, this reduction will be mitigated 
during operations. Further discussion with Fisheries and Oceans Canada (DFO) will be required to 
support development and assessment of potential mitigation measures for the NNLL on closure. FHEC 
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will continue to evaluate and optimize the mine and closure plan to mitigate the effects on NNLL 
associated with closure of FHOSP.  

4.4. Water Quality and Aquatic Health 

4.4.1. Water Quality 
The change assessment for water quality focused on pit lakes and closure conditions for the following 
reasons: 

● The focus of the water quality assessment is on closure conditions because the operational 
water management plan includes recycling of most of the Industrial Wastewater (IWW), until 
NPL fills many years after the end of operations, as described in Volume 1, Section 4.  

● While hydrological changes to Stanley Creek, Creek A, and No Net Loss Lake (NNLL) are 
projected (Section 4.2.5), none of these aquatic systems are expected to receive IWW and 
therefore changes to WQ are expected to be negligible.  

● The Muskeg River was not evaluated because IWW will be managed using a seepage 
management system (SMS) such that predicted effects in the Muskeg River watershed will be no 
greater than those previously assessed and approved. 

● McClelland Lake is excluded from this assessment because impacts to the McClelland Lake 
Wetland Complex (MLWC) is assessed as part of the Operational Plan that Fort Hills Energy 
Corporation (FHEC) submitted to the Alberta Energy Regulator (AER) in December 2021. 
Therefore, the MLWC and McClelland Lake are not included as assessment nodes for the IPA. 

● Potential effects on the Athabasca River are limited to those associated with changes in 
discharge quality from NPL and SPL. The pit lake assessment herein indicates that the projected 
changes in water quality do not warrant a change to the conclusions of previous assessments; 
therefore, an updated assessment for the Athabasca River is not required. 

This assessment focused on modelling water quality of the three pit lakes (SPL, CPL, and NPL), which 
included integration of the changes to the mine plan, tailings management plan, and closure landscape. 
In addition, the water chemistry model inputs were updated from the 2017 FHMA (FHEC 2017a) using 
site-specific and suitable analogue data (Section 4.4.2.1). The updated Life of Mine Closure Plan 
(Volume 1, Appendix A) has been developed to achieve the following water quality management 
objectives: 

● support ecologically viable ecosystems within the pit lakes 

● mitigate water quality effects on the receiving waters 

The pit lake modelling of the closure landscape plan was conducted to evaluate the water quality 
conditions of the closure landscape under historical climate and five climate change scenarios. The 
modelling results were analyzed to show how the above-mentioned water quality management 
objectives are predicted to be achieved, and to identify opportunities for optimization in the design of 
the pit lakes. Water quality results for the SPL and NPL, which discharge to the Athabasca River, are 
provided in Section 4.4.2.2. While CPL discharges to NPL, rather than a direct discharge to the receiving 
environment, the results are described herein to provide a basis for the aquatic, human, and wildlife 
assessments. 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

4-95 | Page 

The water quality assessment includes reference to Appendix 2G, which provides Baseline water quality 
data that were collected for the watercourses in, and adjacent to, the Extension Areas. 

 Methods 

A dynamic simulation model was used to evaluate the pit lake water quality. The model is a GoldSim™ 
based model considering the same constituents as those outlined in previous reports (FHEC 2017a). 
Mass-balance was calculated over daily timesteps with in-coming flows combining with existing lake 
volumes minus lake outflows. The model incorporates processes of tailings consolidation, decay of some 
organic parameters, groundwater seepage, and flushing of tailings landforms over time. 

NPL, CPL, and SPL were configured to reflect the updated closure drainage plan, incorporating the 
average annual surface and groundwater inflows from the HydroGeoSphere (HGS) Model, as 
summarized in Volume 1, Appendix C. The IWW inputs include IWW from the closed-circuit area that is 
used to fill the pit lakes (66.6 Mm3), tailings consolidation, groundwater seepage from tailings 
landforms, and baseflow reporting to drainage ditches at the base of tailings landforms. Inflows 
expected to have water chemistry similar to natural background concentrations include Athabasca River 
water used for pit filling in active closure, surface runoff from natural and reclaimed landforms, and 
baseflow originating from the flanks of tailings facilities, and in some cases the core of the tailings 
facilities, following a period of flushing (Section 4.4.2.2.1). 

Modelled outflows from NPL include the main outflow channel to the Athabasca River, seepage out of 
the pit, and evaporation. Modelled outflows from SPL include the main outflow channel to the 
Athabasca River, seepage out of the pit, and evaporation. The CPL outflows to NPL.  

In this assessment, modelling was conducted for six climate scenarios (i.e., historical climate and five 
climate change scenarios), which are described in Section 4.2.3. The predictions based on the six climate 
scenarios are provided to characterize the range of potential pit lake water qualities, considering the 
altered flows expected under each climate scenario.  

 Flows 

The model inputs for the historical climate are summarized in Table 4.4-1. The modelling timeframe 
covers the period from the start of pit lake filling (i.e., 2064) to 2240 when the concentrations and flow 
rates are expected to have been stable for many years.  

Athabasca River water is included in CPL and SPL during the filling period to optimize (shorten) the active 
closure timeframe (pit lake filling). The average annual natural runoff and baseflow from reclaimed 
tailings areas provided in the HGS Model for the closure period and six climate scenarios were used 
during the pit filling period to account for runoff into the pits (Volume 1, Appendix C). A flushing period 
was assumed to begin at the start of pit filling for each pit and occur linearly over an 18-year period. This 
assumption does not change the magnitude of the flows, just the water quality assigned to the flows 
from the tailings areas.  

Pit filling was modelled to be completed by 2076. Starting in 2076, the average annual closure flows 
from the HGS Model for the six climate scenarios were used to project the change in pit water quality 
(Volume 1, Appendix C). The transition from the average annual closure flows to the average annual Far 
Future flows was assumed to occur linearly over a 30-year period from 2146 to 2176. Starting in 2176, 
the average annual Far Future closure flows from the HGS Model for the six climate scenarios were used 
to project the change in pit water quality (Volume 1, Appendix C).  
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A summary of the flows and average residence times for the various climate scenarios is provided in 
Table 4.4-2 for the NPL, Table 4.4-3 for the CPL and Table 4.4-4 for the SPL. 

Table 4.4-1: Pit Lake Characteristics – Historical Climate 

Parameter Units 
NPL CPL SPL 

Filling Period(b) Full Filling Period(b) Full Filling Period(b) Full 

Surface Area km2 2.6 6.7 5.4 

Tailings Volume Mm3 0 205 135 

Water Volume when 
Full Mm3 40 85 70 

Average Residence 
Time year 3.2 16 13 

Direct Precipitation(a) Mm3/year - 1.2 - 2.8 - 2.4 

Natural Runoff 
(Surface Flow from 
Reclaimed and Natural 
Landforms) 

Mm3/year 8.4 8.5 0.7 1.05 0.9 1.25 

Groundwater Flow 
from Natural Areas Mm3/year 0 0.063 0 0 0 0 

Groundwater Flow 
from Reclaimed 
Tailings Areas 

Mm3/year 0 0 0 0.34 0 0.32 

Baseflow from 
Reclaimed Tailings 
Areas (ditches) 

Mm3/year 0.4 0.33 1.8 1.5 2.1 1.8 

Tailings Porewater 
(from consolidation) Mm3/year 0 0 1.2 0.8 0.4 0.3 

Athabasca River Flow 
(Pumped) Mm3/year 0 0 5.3 0 3.8 0 

Process Water 
Inventory Mm3/year 2.0 0 3.2 0 2.9 0 

Notes: 
(a) During the filling period precipitation is included in the IWW inventory.  
(b) The filling period for each pit lake is: NPL - 2064 to 2075 (although the pit lake is full by 2068); CPL - 2069 to 2075; SPL - 

2069 to 2075. The flow is averaged over the filling period for each pit lake.  
NPL = North Pit Lake, CPL = Centre Pit Lake, SPL = South Pit Lake, km2 = square kilometres; Mm3 = million cubic metres; 
Mm3/year = million cubic metres per year. 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

4-97 | Page 

Table 4.4-2: Comparison of Inflows and Residence Times for the North Pit Lake 

Climate Scenario 
Average 

Residence 
Time (year) 

Ratio of Average 
Annual Natural Inflow 

/ Average Annual 
Process Affected 

Inflow (Filling Period) 

Ratio of Average 
Annual Natural 

Inflow / Average 
Annual Process 

Affected Inflow (Far 
Future) 

Sum of the 
Average Total 

Annual Inflows 
(Filling Period) 

(Mm3/year) 

Sum of the 
Average 

Total Annual 
Inflows (Far 

Future) 
 (Mm3/year) 

Historical Climate 3.2 3.5 3.9 10.8 15.2 

Future 
Climate 
Change 

Median 3.2 3.8 3.5 11.0 18.6 

Cold-Dry 2.8 4.2 4.9 12.3 14.0 

Cold-Wet 2.3 5.0 4.5 14.5 14.9 

Warm-Dry 3.3 3.7 4.9 10.8 13.6 

Warm-Wet 2.8 4.3 4.3 12.3 16.2 

Notes: 
(1) Industrial wastewater inflow includes the outflow from CPL. 
Mm3/year = million cubic metres per year. 

Table 4.4-3: Comparison of Inflows and Residence Times for the Centre Pit Lake 

Climate Scenario 
Average 

Residence 
Time (year) 

Ratio of Average Annual 
Natural Inflow / Average 
Annual Process Affected 

Inflow (Filling Period) 

Ratio of Average Annual 
Natural Inflow / 

Average Annual Process 
Affected Inflow (Far 

Future) 

Sum of the 
Average Total 

Annual Inflows 
(Filling Period) 

(Mm3/year) 

Sum of the 
Average Total 

Annual 
Inflows (Far 

Future) 
 (Mm3/year) 

Historical Climate 16 1.0 3.5 12.2 6.6 

Future 
Climate 
Change 

Median 16 1.0 4.9 12.2 8.3 

Cold-Dry 15 1.0 4.0 12.2 6.6 

Cold-Wet 13 0.9 4.1 12.2 6.9 

Warm-Dry 17 1.0 4.1 12.2 6.5 

Warm-Wet 15 0.9 4.3 12.2 7.4 

Notes: 
(1) Natural inflow includes Athabasca River water during filling period.  
(2) Industrial wastewater inflow includes porewater from tailings consolidation.  
Mm3/year = million cubic metres per year. 
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Table 4.4-4: Comparison of Inflows and Residence Times for the South Pit Lake 

Climate Scenario 
Average 

Residence 
Time (year) 

Ratio of Average Annual 
Natural Inflow / Average 
Annual Process Affected 

Inflow (Filling Period) 

Ratio of Average Annual 
Natural Inflow / 

Average Annual Process 
Affected Inflow (Far 

Future) 

Sum of the 
Average Total 

Annual Inflows  
(Filling Period) 

(Mm3/year) 

Sum of the 
Average Total 

Annual 
Inflows (Far 

Future) 
 (Mm3/year) 

Historical Climate 13 0.9 3.3 10.1 6.3 

Future 
Climate 
Change 

Median 13 0.9 4.3 10.1 8.0 

Cold-Dry 12 0.9 3.6 10.1 6.2 

Cold-Wet 10 0.8 3.6 10.1 6.4 

Warm-Dry 13 0.9 3.7 10.1 6.1 

Warm-Wet 12 0.8 3.8 10.1 7.0 

Notes: 
(1) Natural inflow includes Athabasca River water during filling period.  
(2) Industrial wastewater inflow includes porewater from tailings consolidation.  
Mm3/year = million cubic metres per year. 

The annual average inflows for the median and warm climate change scenarios are similar to those of 
the historical climate while the annual average inflows for the cold climate change scenarios are higher 
than those of the historical climate, as shown in Table 4.4-2, Table 4.4-3, and Table 4.4-4. While seasonal 
variations are expected in all scenarios, using annual average flows is considered appropriate for the pit 
lakes with relatively long residence times where the seasonal effects tend to be dampened. However, 
the NPL has an average residence time of three years or less and may be more sensitive to seasonal 
variations and inter-annual changes. 

 Tailings Consolidation 

The treated tailings can affect water quality due to the migration and release of porewater that mixes 
with surface water as a result of tailings consolidation over time. It is assumed that all consolidation 
water release is released upward to the pit lake, rather than vertically downward, which is a 
conservative assumption with respect to consolidation. The rates of porewater release from the tailings 
in the SPL and CPL (i.e., PASS treated tailings) were estimated using consolidation properties measured 
from PASS treated tailings in Dedicated Disposal Area 3 at Suncor Energy Inc. (Suncor) Base Plant 
(Suncor 2021). The estimated porewater release rate for the in-pit PASS treated tailings is presented in 
Figure 4.4-1. 
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Notes: 
Mm3 = million cubic metres per year; CPL = Centre Pit Lake; SPL = South Pit Lake 

Figure 4.4-1:  Projected Average Annual Porewater Release Rate for the In-Pit PASS Treated Tailings in 
Centre Pit Lake and South Pit Lake from Pit Filling to Far Future (100-Years Post 
Discharge) 

 Water Chemistry 

The water quality modelling involved simulation of the concentrations of several inorganic parameters 
(e.g., metals, total dissolved solids [TDS]), and organic parameters (e.g., petroleum hydrocarbons, 
naphthenic acids [NA]) in the pit lakes. Modelling results for 45 parameters are presented, including: 

● Polycyclic aromatic hydrocarbons (PAH) Groups: Group 1 to 9 (Table 4.4-5) 

● Metal(loid)s: aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, 
cobalt, copper, iron, lead, manganese, mercury, molybdenum, nickel, selenium, silver, 
strontium, vanadium, and zinc 

● Major ions: calcium, magnesium, potassium, sodium, chloride, and sulphate 

● Nutrients: ammonia, total nitrogen, and total phosphorous 

● Organics: NAs and total phenolics 

● Other inorganic parameters: total dissolved solids and sulphide 
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Table 4.4-5: Substances included in Polycyclic Aromatic Hydrocarbons Groups 

Group Substance 

PAH Group 1 dibenzo(a,h)anthracene; benzo(a)pyrene; C1 substituted benzo(b&k) 
fluoranthene/ benzo(a)pyrene; C2 substituted benzo(b&k) 
fluoranthene/benzo(a)pyrene 

PAH Group 2 benzo(a)anthracene; benzo(b)fluoranthene; 
benzo(a)anthracene/chrysene; C1 substituted 
benzo(a)anthracene/chrysene; C2 substituted 
benzo(a)anthracene/chrysene; benzo(b&j) fluoranthene; 
benzo(b&k)fluoranthene; Indeno(123-cd)pyrene 

PAH Group 3 benzo(g,h,i)perylene; chrysene; carbazole; C1 substituted carbazole; 
C2 substituted carbazole; benzo(j)fluoranthene; benzo(k)fluoranthene 

PAH Group 4 acenaphthene; C1 substituted acenaphthene; acenaphthylene 

PAH Group 5 anthracene; phenanthrene; C1 substituted phenanthrene/anthracene; 
C2 substituted phenanthrene/anthracene; C3 substituted 
phenanthrene/anthracene; C4 substituted phenanthrene/anthracene; 
1-methyl-7-isopropyl-phenanthrene (retene) 

PAH Group 6 biphenyl; C1 substituted biphenyl; C2 substituted biphenyl; C3 
substituted biphenyl 

PAH Group 7 fluoranthene; fluorene; C1 substituted fluorene; C2 substituted 
fluorene; C3 substituted fluorene; dibenzothiophene; C1 substituted 
dibenzothiophene; C2 substituted dibenzothiophene; C3 substituted 
dibenzothiophene; C4 substituted dibenzothiophene 

PAH Group 8 naphthalene; C1 substituted naphthalenes; C2 substituted 
naphthalenes; C3 substituted naphthalenes; C4 substituted 
naphthalenes 

PAH Group 9 C1 substituted fluoranthene/pyrene; C2 substituted 
fluoranthene/pyrene; C3 substituted fluoranthene/pyrene; pyrene 

Notes: 
Bolded compounds are parameters that have GoA (2018) guidelines for the protection of aquatic life. The guidelines for these 
parameters were used for screening model predictions as described in Section 4.4.2.2.4. 
PAH = polycyclic aromatic hydrocarbons.  
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Most of the parameters are modelled conservatively, meaning it is assumed they are not removed along 
flowpaths or in the lakes due to degradation, decay, mineral precipitation, adsorption, or physical 
settling. Ammonia, NAs, sulphide, phenolics, and PAHs are assigned decay rates, which are applied only 
in the pit lakes (not along flowpaths). The decay rates, and the approach to determining appropriate 
decay rates, are described in Appendix 6A of the Suncor Froth Treatment Tailings Amendment 
Application (Suncor 2019). Also included in the same reference is a description on how NAs are 
modelled, including partitioning and decay rates. The water sources to the pit lakes included direct 
precipitation onto the pit lake surfaces, IWW (i.e., process water inventory, seepage and baseflow from 
tailings landforms), consolidation release water, surface runoff, and groundwater from natural and 
reclaimed areas, as well as water from the Athabasca River. The data used to develop the water quality 
model inputs for these sources are provided in Table 4.4-6. 

Table 4.4-6: Data Sources for Development of the Water Chemistry Model Inputs 

Water Source Reference or Description 

Industrial wastewater (groundwater 
seepage and baseflow from reclaimed 
landforms; process water inventory at 
end of mining) 

Major ions from the Fort Hills operational IWW chemistry model, all 
other data from Suncor Base Plant recycled water circuit. 

Natural Groundwater  Surficial groundwater data from FHOSP 

Athabasca River Water Athabasca River data from the Ells River to the Firebag River (1968 to 
2009) 

Porewater Released due to PASS treated 
tailings Consolidation (i.e., in-pit lake 
tailings)  

Major ions from the Fort Hills operational IWW chemistry model, all 
other data from the Lake Miwasin monitoring program. 

Surface Runoff from Reclaimed and 
Natural Areas 

Data collected from Creek A, Fort Creek, and Susan Lake outlet (1996 
to 2009) 

Precipitation  Assigned no concentration. 

Notes: 
FHOSP = Fort Hills Oil Sands Project; PASS = Permanent Aquatic Storage Structure. 

The water chemistry inputs to the model are summarized in Table 4.4-7. Constituent concentrations in 
the pit lakes were calculated as a daily mass-balance of incoming flows mixing with lake water minus 
lake outflows. The water chemistry model inputs are the same for each of the climate scenarios, as the 
main objective of the climate scenarios was to assess effects to the pit lake water quality due to a 
change in flows to the pit lakes. 
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Table 4.4-7: Water Chemistry Model Inputs 

Parameter(a) Water Source 

(mg/L) 

Surface Runoff 
and Future 
Seepage/ 

Baseflow through 
Tailings 

Athabasca 
River Water  

Industrial 
Wastewater 

Porewater 
Upward Flux due 
to PASS Treated 

Tailings 
Consolidation 

Natural 
Groundwater Precipitation 

Aluminum 0.098 2.2 0.014 0.0047 0.031 NV 

Ammonia - N 0.051 0.053 4.7 9.0 1.1 NV 

Antimony 0.00041 0.000078 0.0014 0.0011 0.00039 NV 

Arsenic 0.00042 0.00093 0.0067 0.0054 0.00045 NV 

Barium 0.084 0.065 0.11 0.091 0.16 NV 

Beryllium 0.00072 0.00029 0.00035 0.0005 0.00025 NV 

Boron 0.033 0.028 3.8 7.3 0.095 NV 

Cadmium 0.0000086 0.00026 0.000073 0.000087 0.000031 NV 

Calcium 61 32 40 40 79 NV 

Chloride 2.1 14 171 171 1.7 NV 

Chromium 0.0014 0.0033 0.0034 0.0005 0.0013 NV 

Cobalt 0.0002 0.001 0.0036 0.0092 0.0005 NV 

Copper 0.00071 0.0027 0.0033 0.0015 0.0014 NV 

Iron 1.0 1.9 0.024 0.03 1.6 NV 

Lead 0.00026 0.0012 0.00017 0.0001 0.00021 NV 

Magnesium 12 8.6 14 14 21 NV 

Manganese 0.1 0.053 0.10 0.17 0.24 NV 

Mercury 0.0000031 0.0000051 0.000001 0.000042 0.000016 NV 

Molybdenum 0.00015 0.00067 0.23 0.37 0.0018 NV 

Naphthenic Acids 0.67 0.61 39.9 15.9 0.59 NV 

Nickel 0.00074 0.0037 0.013 0.022 0.0023 NV 

PAH Group 1 NV NV 0.000025 0.000017 0.00001 NV 

PAH Group 2 NV NV 0.00016 0.000022 0.0000083 NV 

PAH Group 3 NV NV 0.000016 0.0000085 0.000013 NV 

PAH Group 4 NV NV 0.0001 0.0001 0.000046 NV 

PAH Group 5 NV NV 0.00061 0.00003 0.000064 NV 

PAH Group 6 NV NV 0.000023 0.000023 0.000012 NV 

PAH Group 7 NV NV 0.00077 0.00003 0.000026 NV 

PAH Group 8 0.000019 0.000033 0.000068 0.00005 0.000059 NV 
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Table 4.4-7: Water Chemistry Model Inputs 

Parameter(a) Water Source 

(mg/L) 

Surface Runoff 
and Future 
Seepage/ 

Baseflow through 
Tailings 

Athabasca 
River Water  

Industrial 
Wastewater 

Porewater 
Upward Flux due 
to PASS Treated 

Tailings 
Consolidation 

Natural 
Groundwater Precipitation 

PAH Group 9 NV NV 0.00053 0.00053 0.000026 NV 

Potassium 1.0 1.2 17 17 2.7 NV 

Selenium 0.00034 0.00032 0.0029 0.0021 0.00015 NV 

Silver 0.000011 0.000015 0.000038 0.00005 0.000084 NV 

Sodium 7.0 16 370 370 10 NV 

Strontium 0.13 0.2 0.51 1.4 0.31 NV 

Sulphate 9.8 25 259 709 9.9 NV 

Sulphide 0.003 0.004 0.013 0.013 0.03 NV 

Total Dissolved 
Solids 249 182 1,523 1,973 311 NV 

Total Nitrogen 0.44 0.6 4.6 9.9 0.099 NV 

Total Phenolics 0.0022 0.0036 0.013 0.00005 NV NV 

Total Phosphorus 0.025 0.072 0.024 0.05 0.02 NV 

Vanadium 0.00063 0.0037 0.017 0.0006 0.00075 NV 

Zinc 0.014 0.013 0.0036 0.0052 0.018 NV 

Notes: 
(a) Metals are total fractions.  
PAH = polycyclic aromatic hydrocarbons; PASS = Permanent Aquatic Storage Structure; mg/L = milligrams per litre; NV = no 
value assigned. 
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 Screening of Modelling Results 

The water quality modelling results for all climate scenarios were screened against the environmental 
quality guidelines (EQG) for protection of aquatic life (PAL; freshwater; GoA 2018) as the pit lakes are 
expected to become viable freshwater ecosystems that will support aquatic life. For the PAH groups, the 
compounds with guidelines for the protection of aquatic life are shown in bold in Table 4.4-5. For 
screening, the most conservative (lowest) guideline value was assigned to the entire group. Note that 
this is a conservative approach to screening PAHs as a guideline for a single compound is applied to the 
sum of an entire group of multiple compounds. The results were also screened against average 
Athabasca River concentrations, and the highest average of 26 natural lakes in the region, as described 
in Canadian Natural (2018). The results are screened to show which values are higher than chronic EQG-
PAL and which are higher than the averages from the Athabasca River and/or natural lakes in the region. 
However, only the parameters that screen above both chronic EQG-PAL and the natural averages 
underwent an aquatic health assessment. For parameter predictions that were above EQG-PAL but 
below the natural averages, it was assumed that aquatic effects would be negligible given that aquatic 
effects at the concentrations provided for screening in lakes and the Athabasca River have not been 
observed.  

The temperature, hardness and pH dependent guidelines were based on the following average values 
measured in the Athabasca River in the reach near FHOSP:  

● Temperature: 12.2°C 

● Hardness: 118 mg/L calcium carbonate (CaCO3) 

● pH: 7.9 

The modelling results for the climate change scenarios were compared to those for the historical 
climate. The modelling results for the climate change scenarios were screened against a ±10% range of 
the same parameters for the historical climate to quantify the relative change. 

 Assumptions 

The following assumptions were made in the water quality modelling: 

● The pit lakes will be well mixed. 

● Post-depositional weathering of tailings will not affect water chemistry to any greater extent 
than already described in the existing tailings water chemistry data. 

● Transport of constituents from the pit lake tailings to the overlying water column will be largely 
via advective transport, and diffusive flux is not modelled. 

● The chemistry of drainage water from reclaimed overburden areas will be similar to that of 
natural runoff. 

● Direct groundwater seepage to all the pit lakes, as well as baseflow originating from the core of 
the larger above-ground tailings facilities (e.g., OPTA), will have a process-affected water 
signature throughout the modelled timeframe. This is a conservative assumption as attenuation 
processes that would likely limit the mobility and persistence of substances are not accounted 
for. 
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● Baseflow originating from the flanks of larger above-ground tailings facilities (e.g., OPTA) and 
the core of tailings facilities with smaller above-ground relief (e.g., NPTA) will evolve over time 
from a IWW signature to one more closely resembling natural conditions. Specifically, it is 
assumed flushing will occur over approximately 18 years, consistent with research on mobility 
and transport of sodium in the tailings upland portion of the Nikanotee Fen (Yang 2021).  

● There will be no effect on water quality from gas generation (e.g., due to microbial degradation 
of organic carbon, or dissolved gas in basal depressurization water).  

● Precipitation (rainfall, snow) to the pit lake surfaces will not contribute to constituent mass 
loading but to the dilution of IWW, and the evaporation from the pit lake surfaces was modelled 
as a loss of water but not load. 

● Climate change will not affect the chemistry of the sources to the pit lakes, only the flows. It is 
assumed that water chemistry of source inputs remained the same for all the climate scenarios. 

 Results 

Water quality predictions for NPL, CPL, and SPL are shown in Table 4.4-8, Table 4.4-9 and Table 4.4-10, 
respectively, and described in Sections 4.4.2.2.1, 4.4.2.2.2 and 4.4.2.2.3, respectively. The results include 
predictions, screening outcomes, and in the case of NPL, a comparison to the FHMA (FHEC 2017a) 
results. The evolution and influence of climate change on representative parameters are also described. 
The following parameters are further discussed in terms of their temporal evolution: 

● TDS: This parameter has been identified as a constituent of potential concern in pit lakes in the 
oil sands region, and it represents inorganics that are assumed to behave conservatively (does 
not decay).  

● NA: This parameter has been identified as a constituent of potential concern in pit lakes in the 
oil sands region, and it represents organics that undergo decay.  

● Molybdenum: this parameter was selected to represent the metal(loid) group, as well as a 
parameter that is assumed to behave conservatively. Furthermore, the molybdenum model 
input concentration for the mine-related inputs is significantly higher than the natural water 
model inputs, which allows for an evaluation of climate change impacts and temporal evolution 
of parameters where the main source is tailings. 
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Table 4.4-8: Water Quality Predictions for Centre Pit Lake 

Parameter Units 
WQ Guidelines Historical Climate 

Climate Change 
Cold-Dry Cold-Wet Median Warm-Dry Warm-Wet 

Acute (GoA) Chronic (GoA)(a) Peak Mean of  
Natural Variation(b) 

Athabasca River Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future 
(Average) 2075 2175 2075 2175 2075 2175 2075 2175 2075 2175 2075 2175 

Aluminum mg/L 0.1 0.05 0.92 0.021 0.94 0.17 0.82 0.13 0.69 0.096 0.95 0.19 0.95 0.24 0.87 0.15 
Ammonia - N mg/L -- 0.91 0.41 0.038 0.024 0.008 0.024 0.007 0.026 0.007 0.023 0.007 0.023 0.007 0.024 0.007 
Antimony mg/L -- -- 0.00056 0.00014 0.00076 0.001 0.00078 0.001 0.00081 0.0009 0.00075 0.00105 0.00074 0.0012 0.00077 0.001 
Arsenic mg/L -- 0.005 0.0016 0.0012 0.0037 0.0039 0.0037 0.0036 0.0038 0.003 0.0037 0.0038 0.0037 0.0046 0.0038 0.0038 
Barium mg/L -- -- 0.14 0.073 0.089 0.12 0.09 0.12 0.092 0.11 0.089 0.128 0.089 0.14 0.09 0.13 
Beryllium mg/L -- -- 0.0051 0.00012 0.00036 0.00074 0.00039 0.00077 0.00041 0.00071 0.00037 0.00079 0.00037 0.00086 0.00038 0.00077 
Boron mg/L 29 1.5 0.2 0.027 2.3 2.4 2.3 2.2 2.4 1.8 2.3 2.4 2.3 2.9 2.3 2.3 
Cadmium mg/L 0.0025 0.00018 0.00014 0.000047 0.000149 0.000059 0.000134 0.000049 0.00012 0.000039 0.000149 0.00006 0.000149 0.000074 0.000141 0.000054 
Calcium mg/L -- -- 51 34 38 67 40 69 41 64 38 71 38 79 39 70 
Chloride mg/L 640 120 72 12 94 96 93 86 95 72 93 93 92 114 94 92 
Chromium mg/L -- 0.001 0.0025 0.0019 0.003 0.0027 0.0028 0.0026 0.0028 0.0023 0.0029 0.0028 0.0029 0.0032 0.0029 0.0027 
Cobalt mg/L -- 0.0011 0.0007 0.00085 0.0029 0.0027 0.0028 0.0024 0.0028 0.002 0.0028 0.0027 0.0028 0.0033 0.0029 0.0026 
Copper mg/L 0.019 0.007 0.0029 0.0026 0.0027 0.0023 0.0026 0.0021 0.0025 0.0018 0.0027 0.0023 0.0027 0.0027 0.0027 0.0022 
Iron mg/L -- 0.3 2.7 2.1 0.88 0.81 0.83 0.85 0.76 0.8 0.89 0.9 0.9 0.97 0.85 0.86 
Lead mg/L -- 0.0039 0.038 0.0012 0.00062 0.00033 0.00056 0.00031 0.0005 0.00028 0.00062 0.00035 0.00062 0.0004 0.00058 0.00033 
Magnesium mg/L -- -- 0.065 0.0083 12 17 12 17 12 15 12 17 12 20 12 17 
Manganese mg/L -- -- 1.3 0.069 0.09 0.14 0.09 0.14 0.09 0.13 0.09 0.15 0.09 0.16 0.09 0.14 
Mercury mg/L 0.000013 0.000005 -- 0.0000072 0.000007 0.0000069 0.0000068 0.0000063 0.0000066 0.0000052 0.000007 0.0000072 0.000007 0.0000087 0.0000069 0.0000067 
Molybdenum mg/L -- 0.073 0.0012 0.00083 0.13 0.14 0.13 0.13 0.14 0.1 0.13 0.14 0.13 0.17 0.13 0.13 
Naphthenic Acids mg/L -- -- -- -- 12 7 12 6 13 6 12 6 12 7 13 6 
Nickel mg/L 0.54 0.06 0.005 0.003 0.0092 0.009 0.009 0.008 0.009 0.006 0.0091 0.0085 0.0091 0.01 0.0091 0.008 
PAH Group 1 mg/L -- 0.000015 0.0000054 -- 0.0000038 0.0000008 0.0000038 0.0000007 0.000004 0.0000008 0.0000037 0.0000008 0.0000037 0.0000007 0.0000039 0.0000008 
PAH Group 2 mg/L -- 0.000018 0.0000036 -- 0.000041 0.000011 0.000041 0.00001 0.000042 0.00001 0.00004 0.00001 0.000039 0.00001 0.000041 0.00001 
PAH Group 3 mg/L -- -- 0.0000019 -- 0.0000035 0.0000008 0.0000035 0.0000007 0.0000036 0.0000007 0.0000034 0.0000007 0.0000034 0.0000007 0.0000035 0.0000008 
PAH Group 4 mg/L -- 0.0058 0.0000024 -- 0.0000013 0.00000042 0.0000014 0.00000038 0.0000014 0.00000039 0.0000013 0.0000004 0.0000013 0.00000036 0.0000014 0.00000039 
PAH Group 5 mg/L -- 0.000012 0.000075 -- 0.0000078 0.0000028 0.000008 0.0000025 0.0000085 0.0000025 0.0000075 0.0000026 0.0000075 0.0000024 0.000008 0.0000026 
PAH Group 6 mg/L -- -- 0.00003 -- 0.0000071 0.0000017 0.0000071 0.0000016 0.0000073 0.0000017 0.0000069 0.0000016 0.0000069 0.0000016 0.0000071 0.0000017 
PAH Group 7 mg/L -- 0.00004 0.000054 -- 0.000036 0.00001 0.000037 0.000009 0.000038 0.000009 0.000035 0.000009 0.000035 0.000008 0.000037 0.000009 
PAH Group 8 mg/L -- 0.001 0.00026 -- 0.0000117 0.0000025 0.0000116 0.0000023 0.0000117 0.0000024 0.0000116 0.0000027 0.0000116 0.0000022 0.0000117 0.0000025 
PAH Group 9 mg/L -- 0.000025 0.00005 -- 0.000048 0.000011 0.000049 0.00001 0.000051 0.00001 0.000047 0.00001 0.000047 0.000009 0.000049 0.00001 
Potassium mg/L -- -- 13 1.4 9.2 10 9.2 9 9.5 8 9.1 9.8 9.0 12 9.3 10 
Selenium mg/L -- 0.002 0.00032 0.00026 0.0016 0.0018 0.0016 0.0017 0.0016 0.0014 0.0016 0.0018 0.0015 0.002 0.0016 0.0017 
Silver mg/L -- 0.00025 0.000016 0.000026 0.000028 0.00003 0.000027 0.000028 0.000028 0.000025 0.000028 0.000031 0.000027 0.000036 0.000028 0.00003 
Sodium mg/L -- -- 55 17 198 210 197 189 203 158 194 203 193 248 199 201 
Strontium mg/L -- -- 0.24 0.24 0.45 0.47 0.44 0.43 0.44 0.36 0.44 0.47 0.44 0.56 0.45 0.45 
Sulphate mg/L -- 309 118 31 190 194 188 172 191 140 188 190 187 235 190 184 
Sulphide mg/L -- 0.01 0.12 0.0071 0.0000037 0.0000019 0.000004 0.0000017 0.0000044 0.0000017 0.0000036 0.000002 0.0000035 0.0000016 0.0000039 0.0000018 
Total Dissolved Solids mg/L -- -- 444 172 922 1,070 924 989 950 846 911 1058 906 1,267 930 1,042 
Total Nitrogen mg/L -- -- 3.4 0.61 3.2 3.4 3.2 3.1 3.2 2.5 3.1 3.3 3.1 4.1 3.2 3.2 
Total Phenolics mg/L -- 0.004 0.011 0.0027 0.000012 0.000007 0.000014 0.000007 0.000015 0.000007 0.000012 0.000008 0.000012 0.000006 0.000013 0.000007 
Total Phosphorus mg/L -- -- 0.19 0.095 0.047 0.037 0.045 0.036 0.042 0.032 0.048 0.039 0.048 0.045 0.046 0.037 
Vanadium mg/L -- -- 0.0034 0.0036 0.0086 0.008 0.0084 0.008 0.0085 0.006 0.0084 0.008 0.0084 0.01 0.0085 0.008 
Zinc mg/L 0.15 0.03 0.067 0.00081 0.0083 0.0126 0.0083 0.0131 0.0082 0.0123 0.0084 0.0136 0.0084 0.0148 0.0083 0.0132 

Notes: 
bold text - indicates value above chronic guideline. 
grey cell fill - indicates value above Peak Mean of Natural Variation and Athabasca River Average concentration. 
(a) GoA (2018), Guideline values for PAH groups are based on the most conservative (lowest) guideline value for the individual compounds within the group. 
(b) Maximum average concentration calculated for 29 natural lakes in the region, described in more detail in FHMA (2017a).  
 - = no data; mg/L = milligrams per litre; GoA = Government of Alberta; WQ = Water Quality. 
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Table 4.4-9: Water Quality Predictions for North Pit Lake 
 

Parameter Units 
WQ Guidelines  2017 FHMA WQ Results Historical Climate 

Climate Change 
Cold-Dry  Cold-Wet Median Warm-Dry Warm-Wet 

Acute (GoA) Chronic (GoA)(a) Peak Mean of  
Natural Variation(b) 

Athabasca River Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future 
(Average) 2081 2181 2067 2167 2067 2167 2066 2166 2067 2167 2067 2167 2067 2167 

Aluminum mg/L 0.1 0.05 0.92 0.021 1.2 0.35 0.079 0.117 0.082 0.107 0.084 0.098 0.08 0.128 0.08 0.128 0.082 0.113 
Ammonia - N mg/L -- 0.91 0.41 0.038 0.043 0.042 0.0344 0.0062 0.0339 0.0051 0.035 0.0057 0.0332 0.0056 0.033 0.0049 0.034 0.0056 
Antimony mg/L -- -- 0.00056 0.00014 0.00072 0.0012 0.00064 0.00057 0.0006 0.00055 0.00058 0.00052 0.00062 0.00059 0.00063 0.00058 0.0006 0.00056 
Arsenic mg/L -- 0.005 0.0016 0.0012 0.0017 0.0021 0.0018 0.0013 0.0017 0.0011 0.0015 0.0011 0.0018 0.0014 0.0018 0.0013 0.0016 0.0012 
Barium mg/L -- -- 0.14 0.073 0.1 0.14 0.091 0.095 0.09 0.095 0.089 0.092 0.09 0.098 0.09 0.099 0.09 0.096 
Beryllium mg/L -- -- 0.0051 0.00012 0.00062 0.00096 0.00064 0.00073 0.00065 0.00074 0.00066 0.00072 0.00064 0.00075 0.00064 0.00076 0.00065 0.00074 
Boron mg/L 29 1.5 0.2 0.027 0.72 1.1 0.9 0.6 0.8 0.5 0.7 0.5 0.8 0.7 0.8 0.6 0.8 0.6 
Cadmium mg/L 0.0025 0.00018 0.00014 0.000047 0.00036 0.00038 0.000023 0.000021 0.000021 0.000018 0.00002 0.000016 0.000022 0.000023 0.000023 0.000022 0.000021 0.00002 
Calcium mg/L -- -- 51 34 42 60 56 64 57 64 58 62 57 65 57 66 57 64 
Chloride mg/L 640 120 72 12 52 117 40 25 35 21 31 19 38 27 39 25 35 23 
Chromium mg/L -- 0.001 0.0025 0.0019 0.0033 0.0032 0.0018 0.0017 0.0018 0.0017 0.0017 0.0016 0.0018 0.0018 0.0018 0.0018 0.0018 0.0017 
Cobalt mg/L -- 0.0011 0.0007 0.00085 0.0017 0.0021 0.001 0.0008 0.0009 0.0007 0.0008 0.0006 0.0009 0.0009 0.0009 0.0008 0.0009 0.0008 
Copper mg/L 0.019 0.007 0.0029 0.0026 0.0025 0.0021 0.0013 0.0011 0.0012 0.001 0.0012 0.001 0.0013 0.0012 0.0013 0.0011 0.0012 0.0011 
Iron mg/L -- 0.3 2.7 2.1 1.3 0.83 0.78 0.97 0.81 0.99 0.84 0.96 0.79 0.99 0.79 1.02 0.81 0.99 
Lead mg/L -- 0.0039 0.038 0.0012 0.00096 0.0007 0.00024 0.00028 0.00024 0.00028 0.00025 0.00027 0.00024 0.00029 0.00024 0.0003 0.00024 0.00028 
Magnesium mg/L -- -- 0.065 0.0083 13 18 13 13 12 13 12 13 13 14 13 14 12 14 
Manganese mg/L -- -- 1.3 0.069 0.096 0.14 0.1 0.11 0.1 0.11 0.1 0.11 0.1 0.12 0.1 0.12 0.1 0.12 
Mercury mg/L 0.000013 0.000005 -- 0.0000072 0.000021 0.000032 0.0000027 0.0000041 0.0000027 0.0000039 0.0000028 0.0000037 0.0000027 0.0000043 0.0000027 0.0000043 0.0000027 0.000004 
Molybdenum mg/L -- 0.073 0.0012 0.00083 0.02 0.033 0.053 0.035 0.045 0.028 0.04 0.025 0.05 0.037 0.05 0.034 0.045 0.031 
Naphthenic Acids mg/L -- -- -- -- 11 13 7 2.4 6.2 2.1 5.5 2.2 6.7 2.3 6.7 2.1 6.2 2.2 
Nickel mg/L 0.54 0.06 0.005 0.003 0.0052 0.0056 0.0035 0.0027 0.0031 0.0023 0.0028 0.0021 0.0033 0.0029 0.0034 0.0027 0.0031 0.0025 
PAH Group 1 mg/L -- 0.000015 0.0000054 -- 0.000013 0.000011 0.000003 0.00000041 0.00000278 0.00000033 0.0000026 0.00000035 0.00000289 0.00000034 0.0000029 0.00000032 0.00000278 0.00000035 
PAH Group 2 mg/L -- 0.000018 0.0000036 -- 0.000035 0.000032 0.000027 0.0000043 0.0000244 0.0000036 0.0000219 0.0000038 0.0000261 0.0000036 0.0000262 0.0000034 0.0000243 0.0000037 
PAH Group 3 mg/L -- -- 0.0000019 -- 0.00000021 0.00000022 0.0000024 0.00000037 0.00000219 0.00000031 0.00000201 0.00000033 0.00000232 0.00000031 0.00000233 0.0000003 0.00000219 0.00000033 
PAH Group 4 mg/L -- 0.0058 0.0000024 -- 0.0000049 0.0000048 0.0000019 0.00000028 0.00000189 0.00000022 0.00000192 0.00000024 0.00000186 0.00000023 0.00000185 0.00000021 0.00000189 0.00000024 
PAH Group 5 mg/L -- 0.000012 0.000075 -- 0.000035 0.000034 0.0000139 0.0000019 0.0000135 0.0000015 0.0000138 0.0000016 0.0000134 0.0000015 0.0000133 0.0000014 0.0000135 0.0000016 
PAH Group 6 mg/L -- -- 0.00003 -- 0.000019 0.000017 0.000004 0.0000007 0.0000036 0.0000006 0.0000032 0.0000006 0.0000038 0.0000006 0.0000038 0.0000006 0.0000036 0.0000006 
PAH Group 7 mg/L -- 0.00004 0.000054 -- 0.000044 0.00004 0.000046 0.0000057 0.0000445 0.0000045 0.000044 0.0000049 0.0000446 0.0000047 0.0000444 0.0000043 0.0000445 0.0000048 
PAH Group 8 mg/L -- 0.001 0.00026 -- 0.000057 0.000044 0.000014 0.0000074 0.000014 0.0000073 0.0000146 0.0000076 0.0000135 0.0000077 0.0000135 0.0000071 0.000014 0.0000076 
PAH Group 9 mg/L -- 0.000025 0.00005 -- 0.0000047 0.000004 0.000044 0.0000055 0.0000417 0.0000043 0.0000403 0.0000047 0.0000424 0.0000045 0.0000424 0.0000042 0.0000417 0.0000046 
Potassium mg/L -- -- 13 1.4 5.1 8.3 4.6 3.3 4.1 2.9 3.7 2.7 4.4 3.4 4.5 3.3 4.1 3.1 
Selenium mg/L -- 0.002 0.00032 0.00026 0.00065 0.00088 0.0009 0.0007 0.0008 0.0006 0.0008 0.0006 0.0009 0.0007 0.0009 0.0007 0.0008 0.0007 
Silver mg/L -- 0.00025 0.000016 0.000026 0.000066 0.000098 0.000017 0.000016 0.000016 0.000015 0.000015 0.000015 0.000017 0.000017 0.000017 0.000017 0.000016 0.000016 
Sodium mg/L -- -- 55 17 84 149 89 57 78 48 69 44 85 61 86 56 78 52 
Strontium mg/L -- -- 0.24 0.24 0.32 0.39 0.21 0.21 0.2 0.19 0.19 0.18 0.21 0.22 0.21 0.21 0.2 0.2 
Sulphate mg/L -- 309 118 31 61 87 66 54 59 46 52 41 63 59 64 54 58 50 
Sulphide mg/L -- 0.01 0.12 0.0071 0.00013 0.000094 0.00001175 0.0000076 0.0000126 0.0000073 0.0000141 0.000008 0.0000117 0.0000083 0.0000115 0.0000069 0.0000126 0.0000081 
Total Dissolved Solids mg/L -- -- 444 172 532 845 537 454 498 418 466 396 522 473 525 458 497 437 
Total Nitrogen mg/L -- -- 3.4 0.61 1.4 2.3 1.4 1.2 1.3 1.0 1.1 0.9 1.3 1.2 1.3 1.2 1.3 1.1 
Total Phenolics mg/L -- 0.004 0.011 0.0027 0.0001 0.000096 0.0000482 0.000026 0.000051 0.000025 0.000056 0.000028 0.000048 0.000029 0.000047 0.000024 0.000051 0.000028 
Total Phosphorus mg/L -- -- 0.19 0.095 0.064 0.052 0.025 0.029 0.025 0.028 0.025 0.027 0.025 0.03 0.025 0.03 0.025 0.028 
Vanadium mg/L -- -- 0.0034 0.0036 0.0074 0.0091 0.0042 0.0026 0.0038 0.0022 0.0034 0.0021 0.0041 0.0027 0.0041 0.0025 0.0037 0.0024 
Zinc mg/L 0.15 0.03 0.067 0.00081 0.015 0.017 0.0115 0.014 0.012 0.014 0.012 0.013 0.012 0.014 0.012 0.014 0.012 0.014 
Notes: 
bold text - indicates value above chronic guideline. 
grey cell fill - indicates value above Peak Mean of Natural Variation and Athabasca River Average concentration. 
(a) GoA (2018), Guideline values for PAH groups are based on the most conservative (lowest) guideline value for the individual compounds within the group. 
(b) Maximum average concentration calculated for 29 natural lakes in the region, described in more detail in FHMA (2017a).  
- =no data; FHMA = Fort Hills Mine Amendment; mg/L = milligrams per litre; GoA = Government of Alberta; WQ = Water Quality. 
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Table 4.4-10: Water Quality Predictions for South Pit Lake 

Parameter Units 
WQ Guidelines Historical Climate 

Climate Change 
Cold-Dry Cold-Wet Median Warm-Dry Warm-Wet 

Acute (GoA) Chronic (GoA)(a) Peak Mean of  
Natural Variation(b) 

Athabasca River Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future Initial Far future 
(Average) 2075 2175 2075 2176 2075 2175 2075 2175 2075 2175 2075 2175 

Aluminum mg/L 0.1 0.05 0.92 0.021 0.82 0.10 0.74 0.099 0.57 0.083 0.88 0.12 0.90 0.15 0.80 0.11 
Ammonia - N mg/L -- 0.91 0.41 0.038 0.024 0.01 0.023 0.0095 0.026 0.0098 0.022 0.01 0.022 0.0091 0.024 0.01 
Antimony mg/L -- -- 0.00056 0.00014 0.00083 0.00098 0.00083 0.00097 0.00089 0.00089 0.0008 0.00096 0.00079 0.0012 0.00083 0.001 
Arsenic mg/L -- 0.005 0.0016 0.0012 0.004 0.0035 0.0039 0.0034 0.0041 0.0031 0.0039 0.0034 0.0039 0.0042 0.004 0.0036 
Barium mg/L -- -- 0.14 0.073 0.092 0.12 0.093 0.12 0.095 0.11 0.091 0.12 0.091 0.14 0.092 0.12 
Beryllium mg/L -- -- 0.0051 0.00012 0.00037 0.00072 0.00039 0.00075 0.00041 0.0007 0.00037 0.00075 0.00036 0.00083 0.00037 0.00074 
Boron mg/L 29 1.5 0.2 0.027 2.2 2.0 2.2 1.9 2.3 1.7 2.1 1.9 2.1 2.4 2.2 2.0 
Cadmium mg/L 0.0025 0.00018 0.00014 0.000047 0.00014 0.000045 0.000125 0.000043 0.000108 0.000038 0.000141 0.000045 0.000143 0.000058 0.000134 0.000046 
Calcium mg/L -- -- 51 34 39 66 41 68 42 63 39 68 39 76 39 68 
Chloride mg/L 640 120 72 12 98 84 96 81 101 72 95 79 95 102 99 85 
Chromium mg/L -- 0.001 0.0025 0.0019 0.0031 0.0026 0.003 0.0026 0.0029 0.0024 0.0031 0.0026 0.0031 0.0031 0.0031 0.0027 
Cobalt mg/L -- 0.0011 0.0007 0.00085 0.0026 0.0021 0.0025 0.002 0.0026 0.0018 0.0025 0.002 0.0025 0.0026 0.0026 0.0021 
Copper mg/L 0.019 0.007 0.0029 0.0026 0.0028 0.0021 0.0027 0.0021 0.0026 0.0019 0.0028 0.0021 0.0028 0.0025 0.0028 0.0022 
Iron mg/L -- 0.3 2.7 2.1 0.8 0.79 0.77 0.83 0.67 0.77 0.85 0.85 0.86 0.91 0.79 0.81 
Lead mg/L -- 0.0039 0.038 0.0012 0.00056 0.00029 0.00052 0.00029 0.00045 0.00027 0.00059 0.00031 0.0006 0.00035 0.00055 0.0003 
Magnesium mg/L -- -- 0.065 0.0083 12 16 12 16 12 15 12 16 12 18 12 16 
Manganese mg/L -- -- 1.3 0.069 0.086 0.13 0.09 0.13 0.09 0.12 0.09 0.13 0.08 0.15 0.09 0.13 
Mercury mg/L 0.000013 0.000005 0 0.0000072 0.0000043 0.0000042 0.0000042 0.0000043 0.000004 0.0000038 0.0000044 0.0000044 0.0000044 0.0000053 0.0000042 0.0000043 
Molybdenum mg/L -- 0.073 0.0012 0.00083 0.13 0.12 0.129 0.11 0.137 0.099 0.126 0.11 0.126 0.14 0.132 0.12 
Naphthenic Acids  mg/L -- -- -- -- 14 8 14 8 15 7 14 7 14 8 14 8 
Nickel mg/L 0.54 0.06 0.005 0.003 0.0088 0.0071 0.0085 0.0069 0.0087 0.0061 0.0086 0.0068 0.0086 0.0087 0.0088 0.0072 
PAH Group 1 mg/L -- 0.000015 0.0000054 -- 0.0000043 0.0000011 0.0000042 0.000001 0.0000045 0.0000011 0.0000041 0.0000011 0.0000041 0.000001 0.0000043 0.0000011 
PAH Group 2 mg/L -- 0.000018 0.0000036 -- 0.000048 0.000015 0.000048 0.000014 0.000051 0.000015 0.000046 0.000014 0.000046 0.000014 0.000049 0.000015 
PAH Group 3 mg/L -- -- 0.0000019 -- 0.000004 0.0000011 0.0000039 0.000001 0.0000042 0.0000011 0.0000038 0.000001 0.0000038 0.00000098 0.000004 0.0000011 
PAH Group 4 mg/L -- 0.0058 0.0000024 -- 0.0000015 0.00000058 0.0000014 0.00000054 0.0000016 0.00000056 0.0000014 0.00000059 0.0000014 0.00000051 0.0000015 0.00000057 
PAH Group 5 mg/L -- 0.000012 0.000075 -- 0.00001 0.000004 0.00001 0.0000037 0.000011 0.0000038 0.0000094 0.0000041 0.0000094 0.0000035 0.00001 0.0000039 
PAH Group 6 mg/L -- -- 0.00003 -- 0.0000076 0.0000023 0.0000074 0.0000022 0.0000079 0.0000022 0.0000073 0.0000021 0.0000073 0.0000021 0.0000076 0.0000022 
PAH Group 7 mg/L -- 0.00004 0.000054 -- 0.000045 0.000014 0.000044 0.000013 0.000048 0.000013 0.000042 0.000014 0.000043 0.000012 0.000046 0.000013 
PAH Group 8 mg/L -- 0.001 0.00026 -- 0.000012 0.0000035 0.000012 0.0000032 0.000013 0.0000034 0.000012 0.0000039 0.0000123 0.0000031 0.000013 0.0000035 
PAH Group 9 mg/L -- 0.000025 0.00005 -- 0.000053 0.000014 0.000052 0.000013 0.000056 0.000014 0.000051 0.000014 0.000051 0.000013 0.000054 0.000014 
Potassium mg/L -- -- 13 1.4 10 8.9 9.5 8.6 10.0 7.7 9.3 8.5 9.3 11 9.7 9.0 
Selenium mg/L -- 0.002 0.00032 0.00026 0.0017 0.0016 0.0017 0.0016 0.0018 0.0014 0.0017 0.0016 0.0016 0.002 0.0017 0.0017 
Silver mg/L -- 0.00025 0.000016 0.000026 0.000027 0.000027 0.000027 0.000027 0.000028 0.000024 0.000027 0.000026 0.000027 0.000032 0.000028 0.000027 
Sodium mg/L -- -- 55 17 207 184 204 177 216 158 200 174 200 223 209 187 
Strontium mg/L -- -- 0.24 0.24 0.4 0.37 0.39 0.37 0.4 0.33 0.39 0.37 0.39 0.45 0.4 0.38 
Sulphate mg/L -- 309 118 31 168 147 165 142 172 125 163 141 163 182 169 149 
Sulphide mg/L -- 0.01 0.12 0.0071 0.0000042 0.0000026 0.0000042 0.0000024 0.000005 0.0000025 0.0000039 0.0000029 0.0000039 0.0000023 0.0000044 0.0000026 
Total Dissolved Solids mg/L -- -- 444 172 933 938 925 919 974 829 906 908 904 1,126 941 956 
Total Nitrogen mg/L -- -- 3.4 0.61 3.0 2.7 2.9 2.6 3.0 2.4 2.9 2.6 2.9 3.3 3.0 2.8 
Total Phenolics mg/L -- 0.004 0.011 0.0027 0.000017 0.000011 0.000017 0.0000099 0.00002 0.00001 0.000016 0.000012 0.000016 0.0000095 0.000018 0.000011 
Total Phosphorus mg/L -- -- 0.19 0.095 0.043 0.033 0.041 0.033 0.038 0.03 0.044 0.034 0.045 0.039 0.043 0.033 
Vanadium mg/L -- -- 0.0034 0.0036 0.01 0.008 0.0096 0.0077 0.0099 0.007 0.0096 0.0076 0.0096 0.0096 0.0099 0.0081 
Zinc mg/L 0.15 0.03 0.067 0.00081 0.008 0.012 0.0081 0.013 0.0078 0.012 0.0082 0.013 0.0082 0.014 0.0079 0.013 

Notes: 
bold text - indicates value above chronic guideline. 
grey cell fill - indicates value above Peak Mean of Natural Variation and Athabasca River Average concentration. 
(a) GoA (2018), Guideline values for PAH groups are based on the most conservative (lowest) guideline value for the individual compounds within the group. 
(b) Maximum average concentration calculated for 29 natural lakes in the region, described in more detail in FHMA (2017a).  
- =no data; mg/L = milligrams per litre; GoA = Government of Alberta; WQ = Water Quality. 
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 Water Quality Modelling Results: Centre Pit Lake 

The results for the parameter concentrations are described with reference to the initial discharge 
(i.e., initial release of water from the CPL) and Far Future discharge (i.e., 100 years after the initial 
discharge). Note that CPL does not discharge directly to the Athabasca River, rather it discharges into 
NPL. The timing associated with the initial discharge and Far Future discharge may vary between 
scenarios due to differences in average residence time and inflows. Water quality predictions for CPL are 
shown in Table 4.4-8. The parameters that screened above guidelines and averages calculated from 
natural waters are: 

● The following parameters were projected to be above chronic guidelines in at least one 
snapshot and climate scenario: 

- Aluminum, boron, cobalt, mercury, and molybdenum predictions were higher than chronic 
guidelines in all climate scenarios and snapshots, except for Far Future snapshot under the 
cold-wet scenario.  

- Chromium and iron predictions were higher than the chronic guidelines for both initial and 
Far Future snapshots under all climate scenarios.  

- Selenium predictions were higher than chronic guidelines in Far Future warm-dry scenario. 

- PAH Groups 2 and 9 predictions were above the guideline screening criteria in the Initial 
Discharge snapshot under all climate change scenarios.  

● The following parameters are projected to be above chronic guidelines, and averages calculated 
for the Athabasca River and natural lakes in the region: 

- Chromium: all scenarios and snapshots 

- Aluminum, boron, cobalt, and molybdenum: all scenarios and snapshots except Far Future 
cold-wet climate 

- Mercury: Far Future snapshots under the median and warm-dry scenarios 

- PAH Group 2: Initial Discharge snapshot under all climate scenarios 

Total Dissolved Solids 

Projected TDS concentrations for the historical climate and the climate change scenarios are 
summarized in Table 4.4-11, and the time series plots are shown in Figure 4.4-2. The results are: 

● Projected TDS concentrations will have an initial decrease during pit filling due to the addition of 
Athabasca River water, and then increase or decrease with time depending on the climate 
scenario. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results in the Far Future with two exceptions (cold-wet and warm-
dry). 
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Table 4.4-11: Projected Total Dissolved Solids Concentrations in the Centre Pit Lake Discharges 

Climate Scenario 
TDS Concentrations (mg/L) Within ± 10% of Historical Climate 

Results 

Initial 
Discharge Far Future Discharge Initial  

Discharge 
Far Future 
Discharge 

Historical Climate 922 1070 n/a n/a 

Future 
Climate 
Change 

Median 911 1058 ✓ ✓ 

Cold-Dry 924 989 ✓ ✓ 

Cold-Wet 950 846 ✓ X 

Warm-Dry 906 1267 ✓ X 

Warm-Wet 930 1042 ✓ ✓ 
Notes: 
mg/L = milligrams per litre; TDS = total dissolved solids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 

 

 
Notes: 
mg/L = milligrams per litre; CPL = Centre Pit Lake. 

Figure 4.4-2: Projected Total Dissolved Solid Concentrations in Centre Pit Lake 
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Molybdenum 

The projected molybdenum concentrations for the historical climate and the climate change scenarios 
are summarized in Table 4.4-12, and the time series plots are shown in Figure 4.4-3. The results are: 

● The projected molybdenum concentration will have an initial decrease during pit filling due to 
the addition of Athabasca River water and then increase or decrease with time depending on 
the climate scenario. 

● The projected molybdenum concentration for the climate change scenarios are within ±10% of 
those for the historical climate modelling results upon initial discharge. 

● The projected molybdenum concentration for the climate change scenarios are within ±10% of 
those for the historical climate modelling results in the Far Future for the median and warm-wet 
scenarios. 

Table 4.4-12: Projected Molybdenum Concentrations in the Centre Pit Lake Discharges 

Climate Scenario 
Molybdenum Concentrations (mg/L) Within ± 10% of Historical Climate 

Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 0.133 0.141 n/a n/a 

Future Climate 
Change 

Median 0.131 0.136 ✓ ✓ 

Cold-Dry 0.132 0.125 ✓ X 

Cold-Wet 0.137 0.103 ✓ X 

Warm-Dry 0.130 0.168 ✓ X 

Warm-Wet 0.134 0.134 ✓ ✓ 
Notes: 
mg/L = milligrams per litre; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
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Notes: 
mg/L = milligrams per litre; CPL = Centre Pit Lake. 

Figure 4.4-3: Projected Molybdenum Concentrations in Centre Pit Lake  

Naphthenic Acids  

Projected NA concentrations for the historical climate and the climate change scenarios are summarized 
in Table 4.4-13, and the time series plots are shown in Figure 4.4-4. The results are: 

● Projected NA concentration will have an initial decrease during closure and then stabilize with 
time. 

● Projected NA concentration for the climate change scenarios are less than ±10% of those for the 
historical climate modelling results upon initial discharge. 

● Projected NA concentration for the climate change scenarios are less than ±10% of those for the 
historical climate modelling results in the Far Future. 
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Table 4.4-13: Projected Naphthenic Acids Concentrations in the Centre Pit Lake Discharges 

Climate Scenario 
NA Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 12.4 6.6 n/a n/a 

Future 
Climate 
Change 

Median 12.1 6.0 ✓ ✓ 

Cold-Dry 12.4 6.4 ✓ ✓ 

Cold-Wet 12.8 6.1 ✓ ✓ 

Warm-Dry 12.0 6.7 ✓ ✓ 

Warm-Wet 12.5 6.4 ✓ ✓ 
Notes: 
mg/L = milligrams per litre; NA = Naphthenic Acids; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 

 

 
Notes: 
mg/L = milligrams per litre; CPL – Centre Pit Lake. 

Figure 4.4-4: Projected Naphthenic Acid Concentrations in Centre Pit Lake  
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 Water Quality Modelling Results: North Pit Lake 

The results for the parameter concentrations are described with reference to the initial discharge 
(i.e., initial release of water from the NPL) and Far Future discharge (i.e., 100 years after the initial 
discharge). The timing associated with the initial discharge and Far Future discharge may vary between 
scenarios due to differences in average residence time and inflows. Water quality predictions for NPL 
are shown in Table 4.4-9. The parameters that screened above guidelines and averages calculated from 
natural waters are: 

● The following parameters were projected to be above chronic guidelines in at least one 
snapshot and climate scenario: 

- Aluminum predictions were higher than chronic guidelines in all Far Future snapshots in all 
climate scenarios except the cold-wet scenario.  

- Chromium and iron predictions were higher than the chronic guidelines for both initial and 
far-future snapshots under all climate scenarios.  

- PAH Groups 2, 5, 7, and 9 were higher than the guideline screening criteria in the Initial 
Discharge snapshots under all climate scenarios. 

● Only PAH Group 2 predictions (Initial Discharge snapshot, all climate change scenarios) were 
higher than guideline screening criteria and average concentrations from natural lakes and the 
Athabasca River. All other parameters projected to be higher than chronic guidelines were lower 
than either the average concentrations calculated for the Athabasca River or natural lakes in the 
region.  

Total Dissolved Solids 

Projected TDS concentrations for the historical climate and the climate change scenarios are 
summarized in Table 4.4-14, and the time series plots are shown in Figure 4.4-5. The results are: 

● Projected TDS concentrations show an initial decrease during closure and then stabilize with 
time. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge and in the Far Future with one 
exception (cold-wet scenario). 
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Table 4.4-14: Projected Total Dissolved Solids Concentrations in the North Pit Lake Discharges 

Climate Scenario 
TDS Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 537 454 n/a n/a 

Future 
Climate 
Change 

Median 522 473 ✓ ✓ 

Cold-Dry 498 418 ✓ ✓ 

Cold-Wet 466 396 X X 

Warm-Dry 525 458 ✓ ✓ 

Warm-Wet 497 437 ✓ ✓ 
Notes: 
mg/L = milligrams per litre; TDS = total dissolved solids; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 

 

 
Notes: 
mg/L = milligrams per litre; NPL = North Pit Lake. 

Figure 4.4-5: Projected Total Dissolved Solid Concentrations in North Pit Lake  
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Molybdenum 

The projected molybdenum concentrations for the historical climate and the climate change scenarios 
are summarized in Table 4.4-15, and the time series plots are shown in Figure 4.4-6. The results are: 

● Projected molybdenum concentrations show an initial decrease during closure and then stabilize 
with time. 

● Projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results upon initial discharge with three exceptions 
(cold-dry, cold-wet, warm-wet) that are lower than the historical climate scenario. 

● Projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results in the Far Future with two exceptions (cold-dry 
and cold-wet) that are lower than the historical climate scenario. 

Table 4.4-15: Projected Molybdenum Concentrations in the North Pit Lake Discharges 

Climate Scenario 
Molybdenum Concentrations (mg/L) Within ± 10% of Historical Climate 

Results 

Initial Discharge Far Future 
Discharge Initial Discharge Far Future 

Discharge 

Historical Climate 0.05253 0.03459 n/a n/a 

Future Climate 
Change 

Median 0.04977 0.03710 ✓ ✓ 

Cold-Dry 0.04536 0.02802 X X 

Cold-Wet 0.03956 0.02508 X X 

Warm-Dry 0.05027 0.03358 ✓ ✓ 

Warm-Wet 0.04529 0.03118 X ✓ 
Notes: 
mg/L = milligrams per litre; % = percentage; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
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Notes: 
mg/L = milligrams per litre; NPL = North Pit Lake. 

Figure 4.4-6: Projected Molybdenum Concentrations in North Pit Lake  

 

Naphthenic Acids  

The projected NA concentrations for the historical climate and the climate change scenarios are 
summarized in Table 4.4-16, and the time series plots are shown in Figure 4.4-7. The results are: 

● Projected NA concentrations show an initial decrease during early closure and then stabilize 
with time. 

● Projected NA concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge for the cold-dry and cold-wet 
scenarios. 

● Projected NA concentrations for the climate change scenarios are less than ±10% of those for 
the historical climate modelling results in the Far Future except for the warm-dry scenario. 
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Table 4.4-16: Projected Naphthenic Acids Concentrations in the North Pit Lake Discharges 

Climate Scenario 
NA Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 7.0 2.4 n/a n/a 

Future 
Climate 
Change 

Median 6.7 2.3 ✓ ✓ 

Cold-Dry 6.2 2.1 X ✓ 

Cold-Wet 5.5 2.2 X ✓ 

Warm-Dry 6.7 2.1 ✓ X 

Warm-Wet 6.2 2.2 X ✓ 
Notes: 
mg/L = milligrams per litre; % = percentage; NA = Naphthenic Acids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 

 

 
Notes: 
mg/L = milligrams per litre; NPL = North Pit Lake. 

Figure 4.4-7: Projected Naphthenic Acid Concentrations in North Pit Lake  
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 Water Quality Modelling Results: South Pit Lake 

The results for the parameter concentrations are described with reference to the initial discharge 
(i.e., initial release of water from the SPL) and Far Future discharge (i.e., 100 years after the initial 
discharge). The timing associated with the initial discharge and far-future discharge may vary between 
scenarios due to differences in average residence time and inflows. Water quality predictions for SPL are 
shown in Table 4.4-10. The parameters that screened above guidelines and averages calculated from 
natural waters are: 

● The following parameters were projected to be above chronic guidelines in at least one 
snapshot and climate scenario: 

- Boron, chromium, cobalt, and molybdenum predictions were higher than chronic 
guidelines in all climate scenarios and snapshots.  

- Aluminum predictions were higher than the chronic guidelines for both initial and far-
future snapshots under all climate scenarios except for the Far Future snapshot under the 
cold-wet and cold-dry scenarios.  

- Iron predictions were higher than chronic guidelines in all snapshots and scenarios except 
the initial discharge snapshot of the historical climate scenario and the Far Future 
snapshot of the cold-wet scenario.  

- Mercury predictions were higher than the chronic guideline in the Far Future snapshot 
under the warm-dry climate scenario. 

- PAH Groups 2, 7, and 9 predictions were higher than the referenced guidelines in the 
Initial Discharge snapshot under all climate scenarios. 

● The following parameters are projected to be above chronic guidelines, and averages calculated 
for the Athabasca River and natural lakes in the region: 

- boron and molybdenum: all scenarios and snapshots 

- chromium: all scenarios and snapshots except the Far Future snapshot under the cold-wet 
climate scenario 

- cobalt: all scenarios and snapshots except the initial discharge snapshot under the warm-
wet climate scenario 

- PAH Group 2: Initial discharge snapshot, all climate scenarios 

- PAH Group 9: Initial discharge snapshot under the historical and cold-dry climate 
scenarios. 

Total Dissolved Solids 

Projected TDS concentrations for the historical climate and the climate change scenarios are 
summarized in Table 4.4-17, and the time series plots are shown in Figure 4.4-8. The results are: 

● Projected TDS concentrations are initially stable and then either increase or decrease with time 
depending on the climate scenario. 

● Projected TDS concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge. 
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● Projected TDS concentrations for the climate change scenarios are generally within ±10% of 
those for the historical climate modelling results in the Far Future with two exceptions (cold-wet 
and warm-dry). 

Table 4.4-17: Projected Total Dissolved Solids Concentrations in the South Pit Lake Discharges 

Climate Scenario 
TDS Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 933 938 n/a n/a 

Future 
Climate 
Change 

Median 911 908 ✓ ✓ 

Cold-Dry 924 919 ✓ ✓ 

Cold-Wet 950 829 ✓ X 

Warm-Dry 906 1126 ✓ X 

Warm-Wet 930 956 ✓ ✓ 
Notes: 
% = percentage; mg/L = milligrams per litre; TDS = total dissolved solids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 

 
Notes: 
mg/L = milligrams per litre; SPL = South Pit Lake. 

Figure 4.4-8: Projected Total Dissolved Solids Concentrations in South Pit Lake  
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Molybdenum 

Projected molybdenum concentrations for the historical climate and the climate change scenarios are 
summarized in Table 4.4-18, and the time series plots are shown in Figure 4.4-9. The results are: 

● Projected molybdenum concentrations are initially stable and then either increase or decrease 
with time depending on the climate scenario. 

● Projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results upon initial discharge. 

● The projected molybdenum concentrations for the climate change scenarios are within ±10% of 
those for the historical climate modelling results in the Far Future with two exceptions (cold-wet 
and warm-dry). 

Table 4.4-18: Projected Molybdenum Concentrations in the South Pit Lake Discharges 

Climate Scenario 
Molybdenum Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 0.13091 0.11604 n/a n/a 

Future 
Climate 
Change 

Median 0.13082 0.10952 ✓ ✓ 

Cold-Dry 0.13244 0.11132 ✓ ✓ 

Cold-Wet 0.13652 0.09904 ✓ X 

Warm-Dry 0.12995 0.14194 ✓ X 

Warm-Wet 0.13393 0.11781 ✓ ✓ 
Notes: 
% = percentage; mg/L = milligrams per litre; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
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Notes: 
mg/L = milligrams per litre; SPL – South Pit Lake. 

Figure 4.4-9: Projected Molybdenum Concentrations in South Pit Lake  

 

Naphthenic Acids  

Projected NA concentrations for the historical climate and the climate change scenarios are summarized 
in Table 4.4-19, and the time series plots are shown in Figure 4.4-10. The results are: 

● Projected NA concentrations show an initial decrease during pit filling and early closure and 
then stabilize with time. 

● Projected NA concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results upon initial discharge for one scenario. The other scenarios 
are more than 10% lower than the historical climate scenario. 

● Projected NA concentrations for the climate change scenarios are within ±10% of those for the 
historical climate modelling results in the Far Future. 
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Table 4.4-19: Projected Naphthenic Acids Concentrations in the South Pit Lake Discharges 

Climate Scenario 
NA Concentrations (mg/L) Within ± 10% of Historical Climate Results 

Initial Discharge Far Future Discharge Initial Discharge Far Future Discharge 

Historical Climate 14.1 7.7 n/a n/a 

Future 
Climate 
Change 

Median 12.1 7.1 X ✓ 

Cold-Dry 12.4 7.6 X ✓ 

Cold-Wet 12.8 7.5 ✓ ✓ 

Warm-Dry 12.0 8.0 X ✓ 

Warm-Wet 12.5 7.8 X ✓ 
Notes: 
% = percentage; mg/L = milligrams per litre; NA = Naphthenic Acids; n/a = not applicable. 
✓: Within ±10% of the historical climate values. 
X: Beyond ±10% of the historical climate values. 
 

 
Notes: 
mg/L = milligrams per litre; SPL – South Pit Lake. 

Figure 4.4-10: Projected Naphthenic Acids Concentrations in South Pit Lake  
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 Conclusions 

The predicted water quality concentrations in all pit lakes are largely affected by the amount of process 
water, as well as evapoconcentration that occurs in the lakes over their residence times. Projected 
concentrations are generally higher in CPL, because of the longer residence times and larger surface 
area, which results in evapoconcentration of conservative parameters. However, CPL does not discharge 
directly to the Athabasca River but is directed to NPL before discharge. NPL predictions are generally the 
lowest of the three pit lakes, likely due to the relatively larger natural watershed that drains to NPL. 
Climate change scenarios have only a minor influence on projected parameter concentrations at initial 
discharge, and more of an influence in the Far Future when climate is anticipated to diverge more 
substantially from the historical climate. Based on projected concentrations, eight parameters – 
aluminum, boron, chromium, cobalt, mercury, molybdenum, and PAH Groups 2 and 9 – were evaluated 
in the Aquatic Health Assessment, as described in Section 4.4.2.  

4.4.2. Aquatic Health Assessment 

 Methods 

A quantitative aquatic health assessment was completed for parameters that met the following two 
conditions for at least one snapshot (initial discharge or Far Future) in any climate scenario: 

● Higher than generic chronic guidelines - the GoA (2018) long-term surface water quality 
guidelines for the protection of freshwater aquatic life (PAL) provide conservative screening 
values for “the substance or condition that should result in negligible risk of adverse effects on 
growth, reproduction, or survival of aquatic biota, for an indefinite period.” The GoA guidelines 
were applied directly for listed substances, and indirectly where a surrogate exposure 
parameter could be compared to a guideline (e.g., PAH groups). 

● Higher than average concentrations in the Athabasca River and natural lakes in the region - the 
evaluation of ambient conditions provides a reality check for the ecological significance of values 
above generic guidelines. The GoA (2018) guidelines can be “used in combination with 
monitoring data to assess ambient conditions and to identify areas with existing or potential 
concerns.” Screening against ambient conditions is intended to avoid identification of 
substances that exceed generic guidelines because of natural background sources. 

This screening process identified the following constituents of interest: 

● Metals - aluminum, boron, chromium, cobalt, mercury, and molybdenum. 

● Organics - PAH group 2, PAH group 3, PAH group 9. 

For a few constituent groups that lacked GoA guidelines, it was necessary to add them as constituents of 
interest, using aquatic health benchmarks developed from other sources: 

● Additional substance groups - NA, TDS. 

The use of GoA (2018) guidelines for screening provides a high level of confidence that substances will 
not be excluded prematurely, provided that substances without guidelines are also evaluated (as 
conducted in Section 4.4.2.2.2). However, screening of water quality can lead to overestimates of 
perceived risk because of several factors: 

● Environmental relevance - Although SPL and NPL discharge to the Athabasca River receiving 
environment, CPL does not; as such, the assumption of all receptors and pathways being 
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relevant for CPL may be overprotective. It is assumed in this aquatic health assessment that all 
the pit lakes are expected to become viable freshwater ecosystems that will support aquatic life. 

● Outdated derivations - GoA (2018) retains generic screening values that, in several instances, do 
not reflect the state of the science on toxicology; these guidelines tend to be over-conservative 
because of simplifying cautious assumptions. However, GoA (2018) recognizes that for 
freshwater aquatic life, guidelines developed using the more recent PAL protocols are preferred 
(i.e., CCME [2007] Type A derivations). 

● Generic versus site-specific values - GoA (2018) applies generic screening values intended to be 
protective of all surface waters in Alberta. Although some GOA guidelines now include exposure 
and toxicity-modifying factors (ETMFs), such as pH or hardness, eliminating the need for site-
specific adjustment in these cases, there are some substances that have not yet been 
customized to ETMFs.  

● Environmental relevance - Although SPL and NPL discharge directly to the Athabasca River 
receiving environment, CPL indirectly discharges via the NPL. As such, the biological 
communities of relevance to CPL may be limited relative to those in the Athabasca River 
(i.e., fish and other aquatic species less diverse due to habitat constraints). As a precautionary 
approach, it was assumed in this aquatic health assessment that all the pit lakes are expected to 
become viable freshwater ecosystems that will support aquatic life. For representing water 
quality influences to the Athabasca River, the NPL conditions are more relevant than the CPL 
conditions because the latter do not discharge directly to the Athabasca River. 

To address these limitations, the aquatic health assessment began with a secondary screening stage 
(i.e., supplemental to the primary screening discussed above) in which updated benchmarks were 
developed to refine the screening guidelines. These benchmark updates did not consist of de novo 
derivations of guidelines but instead incorporated site-specific information on ETMFs that has been 
incorporated in recent guidelines developed by agencies considered by Alberta Environment to be 
reliable sources of benchmarks. As such, they remain protective no-effect benchmarks consistent with 
the protection goals of water quality derivation guidance (e.g., CCME 2007). 

The following procedures were applied to refine and apply the aquatic life screening benchmarks: 

● Where technical derivations were available from trusted sources and methods, such the CCME 
PAL guideline protocol (CCME 2007), or the Environment Canada and Climate Change Federal 
Environmental Quality Guidelines (ECCC 2021), and these methods resulted in improved 
reliability for the screening values, they were applied (Section 4.4.2.2.1). 

● Where no guideline was available from GoA, and no surrogate guideline was available to 
interpret the model predictions, chronic effect benchmarks were identified for the substances 
or groups in question (Section 4.4.2.2.2). 

● All three pit lakes were initially evaluated under an assumption that they would support viable 
freshwater ecosystems that will support the full range of aquatic life expected for the receiving 
environment of the Athabasca River. For example, no deletions of sensitive species that would 
likely be non-resident (as per the recalculation procedure) were conducted, as such would entail 
detailed analysis to confirm the absence of a resident species and any potential surrogate 
species. Where risks could be characterized as negligible to low under this precautionary 
approach, no additional evaluation was required. 
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● For any substances that exceeded revised aquatic life benchmarks for the worst-case scenario 
(i.e., combination of waterbody, climate scenario, and project snapshot, and the form or 
speciation of the chemical of interest), analysis of the conservatism of the scenario was 
conducted. However, the screening was conducted under the assumption that the worst-case 
scenario applies, to avoid premature exclusion of substances. Substances that exceeded the 
revised aquatic life benchmarks (no-effect benchmarks) were carried forward for further risk 
evaluation in the Aquatic Health Evaluation stage (Sections 4.4.2.2.3 through 4.4.2.2.4) 

Where ETMFs were incorporated in the derivation of applicable benchmarks, the following values were 
applied:  

● dissolved organic carbon (DOC): 9.1 (average values measured in the Athabasca River in the 
reach near FHOSP, and lower than natural lakes in the region) 

● hardness: 118 mg/L CaCO3 (average values measured in the Athabasca River in the reach near 
FHOSP) 

● pH: 7.9 (average values measured in the Athabasca River in the reach near FHOSP, and similar to 
the natural lakes in the region, which are only slightly alkaline) 

 Results 
 Updated Aquatic Health Benchmarks 

Updated aquatic health benchmarks discussed in this section are limited to conservatively-derived no-
effect benchmarks. Where low-effect benchmarks were developed, details were deferred to the aquatic 
health evaluation steps in Sections 4.4.2.2.3 through 4.4.2.2.4, and were limited to substances that 
could not be excluded based on screening to no-effect benchmarks. 

Because GoA (2018) recognizes that guidelines developed using the more recent PAL protocols are 
preferred (i.e., CCME 2007 Type A derivations; Environment Canada FEQGs; United States 
Environmental Protection Agency [US EPA] derivations that incorporate ETMFs), values were acquired 
preferentially from these sources. Alberta favours water quality guidelines developed using the CCME 
2007 procedures (i.e., use of species sensitivity distributions, incorporation of ETMFs as appropriate, and 
avoidance of safety factor approaches) to provide national consistency in methods and protectiveness 
(GoA 2018).  

The derivations in the following subsections do not disqualify the future application of Site-Specific 
Guidelines as defined by GoA (2018), including consideration of where resident aquatic biota differs 
notably from that used in guideline derivation, or where other water quality considerations at the site 
may alter the toxicity of the substance (e.g., incorporation of measured speciation, bioavailability, or 
other ETMFs). A simple approach for benchmark derivation was initially used for this aquatic health 
assessment, deriving no-effect benchmarks to provide clear consistency with the protection goals of 
Alberta Environment. 

Aluminum 

The GoA (2018) guideline of aluminum is based on the existing CCME WQG for aluminum, which 
considers only pH as an ETMF; however, there is a growing body of evidence and updated technical 
deviations to support the consideration of other ETMFs. Although the bioavailability and toxicity of 
aluminum are mediated by a variety of factors, three water quality factors (pH, organic carbon, and 
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hardness) have been identified as the most important modifiers of toxicity (ECCC 2021; Gensemer and 
Playle 1999; US EPA 2018).  

● pH - Aluminum exhibits greater toxicity in acidic (pH <6) or alkaline (pH >8) conditions (Freeman 
and Everhart 1971; Hamilton and Haines 1995) but has relatively low toxicity to freshwater 
aquatic fauna between pH 6 and 8, such that “it is not a toxicological problem in the majority of 
freshwater environments” (Wilson 2012). Several investigators have documented that 
aluminum appears to be lowest at neutral pH with toxicity tending to increase with either 
increasing or decreasing pH (above and below normal pH; US EPA 2018). 

● Organic carbon - In natural freshwaters, aluminum forms complexes (both monomeric and 
polymeric) with various organic ligands (proteins, lipids, sugars, and especially humic acids and 
fulvic acids), that contribute to the natural organic matter in water. As such, elevated 
concentrations of DOC, dissolved organic matter, or natural organic matter act as complexing 
agents, because organic acids that are negatively charged tend to bind to free aluminum ions 
(Wilson 2012). Studies at neutral and acidic pH have shown that aluminum toxicity to freshwater 
fish can be attenuated by increasing DOC concentrations in exposure water (Burrows and Hem 
1977; Neville 1985; Gensemer and Playle 1999) because organic complexes reduce 
bioavailability and toxicity (Wilson 2012).  

● Hardness - There is evidence that the toxicity of aluminum to aquatic life is hardness dependent 
(i.e., toxicity is greater in softer waters and decreases as water hardness increases; Gundersen 
et al. 1994; GEI 2011). GEI Consultants Inc. (GEI 2011) concluded that, for all three freshwater 
species for which sufficient data are available to evaluate hardness-dependence (i.e., crustacean 
Ceriodaphnia dubia, crustacean Daphnia magna, and Fathead Minnow [Pimephales promelas]), 
a systematic decrease in toxicity with increased hardness is observed. 

In recognition of these important factors, North American jurisdictions have updated the guideline 
derivations for aluminum to account for the above ETMFs, including: 

● ECCC (2021) - A Federal Water Quality Guideline (FWQG) for the protection of aquatic life from 
adverse effects of aluminum (Al) in freshwaters and is based on total aluminum. A multiple 
linear regression (MLR) approach was used to incorporate toxicity modifying factors (TMFs) into 
the draft guideline. The FWQG for aluminum follows CCME methods and meets CCME minimum 
data requirements for a Type A statistical approach (CCME 2007).  

● US EPA (2018) - The US EPA recently revised its freshwater chronic criterion for total aluminum 
to incorporate pH, hardness, and DOC as quantitative ETMFs (US EPA 2018). The US EPA (2018) 
aluminum criteria are derived using multiple linear regression models that incorporate pH, DOC, 
and hardness as input parameters to normalize acute and chronic toxicity data to a set of 
standardized water quality conditions. The multiple linear regression equations, which were 
developed by DeForest et al. (2018) and adopted by the US EPA (2018), account for the effects 
of these ETMFs on the bioavailability, and hence toxicity, of aluminum.  
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These derivations are both substantial scientific improvements upon the outdated CCME guideline that 
was published in 1987, which was contingent only on pH, and not derived using the preferred Type A 
approach. For application to the Athabasca River in the reach near FHOSP, the FEQG deviation was 
applied preferentially, because it incorporates data processing methods more standardized with CCME 
(2007). The equation used for this was drawn from ECCC (2021): 

● Aluminum FWQG (μg/L) = exp([0.645 × ln(DOC)] + [2.255 × ln(hardness)] + [1.995 × pH] + [-0.284 
× (ln(hardness) × pH)] – 9.898) 

Using the site-specific DOC, hardness, and pH values for the Athabasca River in the reach near FHOSP, 
the revised benchmark was calculated to be 1,540 µg/L (rounded to three significant figures). This 
calculation falls within the water chemistry calibrations ranges recommended for reliability of the 
multiple linear regression model (pH 6 to 8.7; DOC 0.08 to 12.3 mg/L; hardness 10–430 mg/L). Of the 
three ETMFs, the use of site-specific DOC had the greatest influence on the numerical value of the FEQG. 

Boron 

The GoA (2018) guideline for boron is based on CCME water quality guideline for the protection of 
aquatic life, which is 1.5 mg/L of total boron for long-term exposures (CCME 2009). This value was 
derived based on a species sensitivity distribution of long-term toxicity endpoints (mostly no-effect 
levels from long-term studies), which yielded a hazardous concentration affecting 5% of the species 
(HC5) of 1.5 mg/L. As this derivation included multiple long-term endpoints for fish, invertebrates, 
plants, and amphibians, the HC5 derivation is considered consistent with the CCME (2007) derivation 
procedure. 

Toxicity modifying factors were not applied to the boron guideline because evidence for the influence of 
water hardness on toxicity is mixed. Some species exhibit reduced toxicity at high hardness (e.g., toxicity 
of boron to both the amphipod (Hyalella azteca) and the water flea (Daphnia magna) was reduced in 
elevated hardness), whereas others show no response (CCME 2009). Reduced toxicity has been 
indicated in natural waters and in waters with elevated organic carbon content, and it is hypothesized 
that boron attenuation may occur via complexation with organic compounds or adsorption to 
particulate matter. Furthermore, several studies have documented that the more sensitive low-level 
effects observed in reconstituted laboratory water are exhibited under natural water exposure 
conditions (Butterwick et al. 1989; Black et al. 1993). However, because the specific component of the 
water chemistry responsible for toxicity modification is unknown, CCME did not quantify or explicitly 
state the relationship of the boron guideline to DOC or particulate matter. 

For benchmark derivation, the HC5 of 1.5 mg/L was retained as a conservative screening value (i.e., no-
effect benchmark).  

Chromium 

Chromium exists in the aquatic environment in two primary forms: hexavalent chromium (Cr6+), or 
trivalent chromium (Cr3+). Hexavalent chromium is stable in highly oxidizing conditions such as most 
surface waters whereas trivalent chromium dominates under reducing conditions such as sediments and 
wetlands. Hexavalent chromium is relatively persistent in water but will eventually be reduced to 
trivalent chromium by organic matter and other reducing agents in water (US EPA 1985; European 
Commission 2005). The conversion of trivalent chromium to hexavalent chromium is slow and not 
significant (ATSDR 2012). Therefore, chromium in the receiving environment may exist as a combination 
of both hexavalent and trivalent forms.  
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Hexavalent chromium is generally more toxic than trivalent chromium because of its higher solubility, 
higher oxidizing potential, and ability to easily cross biological membranes (CCME 1999a); therefore, 
CCME (1999b) developed separate freshwater WQGs for each valence state: 1 µg/L for hexavalent 
chromium, and 8.9 µg/L for trivalent chromium. The GoA (2018) guidelines for chromium species are 
drawn directly from these values. Although it was noted that hexavalent chromium toxicity can be 
influenced by pH, water hardness, salinity, and temperature in its risk assessment, clear relationships 
between these toxicity ETMFs and toxicity could not be derived (European Commission 2005; ECCC 
2018). ECCC (2018) noted that hexavalent chromium toxicity is less likely to be influenced by water 
chemistry because of its oxyanionic nature.  

ECCC (2018) recently derived a federal environmental quality guideline for hexavalent chromium. This 
derivation was done according to CCME (2007) protocol and was based on the aquatic toxicity data 
evaluated and considered in deriving a predicted no-effect concentration (PNEC) by the European Union 
(European Commission 2005) and UK Environmental Agency (UKTAG 2007), as well as additional data 
searches to incorporate recently published data up to February 2016. Sufficient chronic toxicity data 
were available to meet the minimum data requirements for a Type A guideline (i.e., a Species Sensitivity 
Distribution [SSD] approach was used). 

The ECCC (2018) federal environmental quality guideline derivation includes acceptable toxicity 
endpoints from 24 species. Toxicity values ranged from 5 to 3,500 µg/L, distributed among four 
taxonomic groups (i.e., amphibian, fish, invertebrate, and plant), with no one group more sensitive than 
the others. The HC5 of 5 µg/L, which was selected by ECCC as the federal environmental quality 
guideline, was adopted as the chronic aquatic life benchmark for chromium. The GoA (2018) guideline 
for chromium is based on an older derivation, which has now been updated; therefore, the ECCC (2018) 
guideline has been adopted as the more reliable, yet still conservative, benchmark for effects of 
chromium to aquatic life. 

Cobalt 

Cobalt (Co) can exist in six oxidation states; however, the most common states in the aquatic 
environment are trivalent cobalt (Co3+) and divalent cobalt (Co2+), which form numerous organic and 
inorganic salts. Like most metals, the solubility of cobalt is highly dependent on its form. Although 
cobaltous carbonate is highly insoluble in water, several salts, such as cobalt chloride (CoCl2), are highly 
soluble. Cobalt is essential in trace amounts, and forms part of the vitamin B12. 

Hardness is considered the most influential ETMF for cobalt toxicity (ECCC 2017), with higher toxicity 
generally observed at lower hardness (Diamond et al. 1992; Borgmann et al. 2005; Parametrix 
2010a,b,c). ECCC (2017) concluded that there were sufficient data to evaluate hardness dependence for 
two species (crustacean Ceriodaphnia dubia and Fathead Minnow Pimephales promelas; Parametrix 
2010b,c), as a systematic decrease in toxicity with increased hardness was observed for these species. 
ECCC (2017) noted that pH may also influence cobalt toxicity, but its effect on sensitivity is relatively 
limited and experimental results were contradictory (Parametrix 2010b,c; Nautilus 2009). Among pH, 
DOC, and hardness, the latter is the most important ETMF and accounts for approximately 85% of the 
variability in observed responses in C. dubia and Fathead Minnow (Parametrix 2010b,c; Stubblefield, 
pers. comm. 2017). 

ECCC (2017) recently compiled, reviewed, and ranked chronic toxicity data for cobalt to generate a 
species sensitivity distribution that was standardized for hardness. A total of seven chronic studies 
representing 13 species were included (three fish taxa, six invertebrate taxa, and four algae/aquatic 
plant taxa). Following the CCME (2007) protocol, ECCC (2017) derived a hardness-dependent federal 
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environmental quality guideline that was set equal to the HC5. Because hardness was a significant ETMF, 
the federal environmental quality guideline is expressed as an equation for which the site-specific 
hardness is incorporated to calculate a site-specific federal environmental quality guideline. The 
hardness-based equation is applicable to the range for which the slope was developed (52 to 396 mg/L 
as CaCO3). The equation is: 

● Cobalt FWQG (μg/L) = exp(0.414 × (ln[hardness]) – 1.887) 

Accordingly, the minimum and maximum federal environmental quality guideline for cobalt at water 
hardness levels of 52 mg/L and 396 mg/L are 0.78 μg/L and 1.80 μg/L, respectively. For the site-relevant 
hardness condition (118 mg/L CaCO3; average value measured in the Athabasca River in the reach near 
FHOSP) the FWQG is calculated as 1.09 μg/L. The GoA (2018) guideline for cobalt is based on this 
derivation. 

Mercury 

Mercury is naturally present in aquatic systems at low concentrations (Ullrich et al. 2001, Emmerton et 
al. 2018). In the aquatic environment, mercury can be present in three valence states: elemental 
mercury (Hg0), Hg1+, and inorganic mercury (Hg2+). Elemental mercury is highly volatile and is not readily 
soluble in water (CCME 2003). Inorganic mercury can be transformed through abiotic and biotic 
processes into alkylmercury compounds including monomethylmercury (i.e., methylmercury), 
dimethylmercury, and aryl compounds (AEP 1992). Methylmercury is highly toxic to aquatic biota and 
bioaccumulates readily in aquatic organisms (Beckvar et al. 2005; WHO 1989). Methylmercury also 
biomagnifies up the food chain and can accumulate in high concentrations in large-bodied fish 
(CCME 2003). 

The distribution and toxicity of mercury can be dependent on the occurrence and transportability of 
organic matter. Dissolved organic carbon has been found to bind and transport mercury to aquatic 
ecosystems for potential biological uptake, and can provide a source of carbon for microbial metabolism 
and methylation in anoxic environments (Emmerton et al. 2018). However, the influence of DOC is not 
consistent; DOC concentrations in water have been found to have a non-linear relationship with 
mercury concentrations in biota, suggesting that high DOC concentrations may limit mercury 
bioavailability (Broadley et al. 2019) 

Other factors that influence the presence and form of mercury in aquatic ecosystems, including in the 
Alberta Oil Sands Region (AOSR), include (Emmerton et al. 2018): 

● water temperature, and sulphate, metals, and nutrient concentrations in water (positively 
associated) 

● pH and redox potential can have negative associations 

● landscape disturbances can affect the mobility, methylation, and concentration of mercury 

Redox and pH conditions as well as the presence of complexing agents (e.g., organic and inorganic 
compounds) can affect the speciation of mercury in the environment, and thus the bioavailability of 
mercury (Ullrich et al. 2001). Insufficient data were available to consider the modifying effect of these 
factors on mercury toxicity.  

The GoA (2018) guideline for total mercury is based on AEP (1998) value of 0.005 µg/L (0.001 for 
methylmercury). This value was retained for initial screening; however, the aquatic health evaluation 
emphasized the evidence for tissue bioaccumulation of mercury, rather than aqueous exposures. No 
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updated guidelines or benchmarks were sought for mercury because the aqueous concentrations are 
less informative for evaluating aquatic health impairment. Where monitoring of pit lakes is conducted 
for mercury, it is strongly recommended that the analysis be based on tissue burdens in aquatic biota 
(invertebrates and fish); the latter approach is more reliable, and the toxicity benchmarks in aquatic 
tissues have much greater reliability relative to aqueous benchmarks.  

Molybdenum 

Molybdenum (Mo) is widely distributed in the natural environment and occurs primarily as molybdenite 
(MoS2) and molybdate (MoO4

2-; CCREM 1987). Molybdenum occurs in several oxidation states including 
Mo2+, Mo3+, Mo4+, Mo5+, and Mo6+. The tetravalent and hexavalent states are the most common in 
nature. Dissolved molybdenum occurs mainly as molybdenum sulphide (MoS2), molybdate (MoO4

2-) and 
bimolybdate (HMoO4-). At a pH greater than 7.0 the molybdate anion is the predominant form, whereas 
at pH less than 7.0 polymeric species form (CCME 1999a). Water solubility is largely dependent on pH 
with molybdenum remaining in solution at pH greater than 5.0 (where molybdate anion predominates), 
forming complexes with iron and aluminum at pH less than 5.0. Molybdenum bioaccumulates in aquatic 
organisms such as algae, vascular plants, and soft tissues of fish (CCREM 1987). 

BC ENV (2021) evaluated toxicity modifying factors for molybdenum and identified several factors: 

● Hardness - Competition for binding sites is not likely to contribute to variations in molybdenum 
toxicity, because of predominance as an anion (molybdate) in typical freshwaters; therefore, 
responses observed for divalent cations are not expected, and therefore toxicity is not expected 
to be influenced by varying water hardness (Heijerick and Carey 2017). 

● Dissolved Organic Carbon - No information on the binding of molybdenum with DOC to form 
organic complexes was found 

● Humic and Fulvic Acids - Some studies documented binding of molybdenum with humic acids or 
fulvic acids in soils; however, no studies were found that tested the toxicity modifying potential 
of humic or fulvic acids for aquatic organisms.  

Based on information available, no toxicity-modifying factors were considered in the derivation of the 
BC ENV (2021) guideline for the protection of aquatic life. 

The GoA (2018) guideline for molybdenum is based on water quality guideline published by CCME 
(1999b) of 0.073 mg/L. This WQG was derived by multiplying the lowest chronic toxicity value, a 28-day 
LC50 of 0.73 mg/L for Rainbow Trout (Birge 1978; Birge et al. 1979, 1980) by a safety factor of 0.1 (CCME 
1999a). Both the reliability of the underlying data and the application of safety factors are inconsistent 
with the updated derivation procedures for chronic guidelines. Furthermore, that value was established 
as an interim guideline, given that the available toxicity data were limited at the time of derivation 
(CCME 1999b).  

Importantly, the Birge (1978) and Birge et al. (1979, 1980) data were categorized as unacceptable based 
on the protocol for guideline derivation provided by the CCME (2007). These Birge studies have been 
identified to have data reliability issues by several authors, including De Schamphelaere et al.’s (2010) 
evaluation of molybdenum toxicity data, which provides a detailed discussion of quality assessment and 
screening. In brief, the test assessment methods were poorly described, the molybdenum salt that was 
used in the testing was not reported, molybdenum concentrations were measured but not reported, 
physiochemical parameters were measured but not reported, and survival of controls was not reported. 
As well, there is a discrepancy between the results of these studies and substantial literature which 
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demonstrate low toxicity of molybdenum to fish; for example, Davies et al. (2005) replicated the 
experiments of Birge (1978) and Birge et al. (1979, 1980) in an attempt to resolve the discrepancy 
described above, using established protocols for chronic toxicity testing, and could not replicate the high 
molybdenum toxicity. Similar discrepancies have been observed for other trace contaminants evaluated 
by Birge (1978) and Birge et al. (1979, 1980); therefore, the data have been eliminated as unreliable. 

The CCME protocol requires long-term exposure data for at least three fish species, including one 
salmonid and one non-salmonid; three aquatic or semi-aquatic invertebrates, including one planktonic 
crustacean; and one aquatic plant. The interim WQG was derived in 1999; there are now sufficient 
toxicity data for molybdenum to meet the CCME minimum data requirements for a long-term WQG. 
Recognizing the earlier limitations in data quantity and quality, the International Molybdenum 
Association sponsored a suite of chronic toxicity tests using multiple freshwater species, with the 
express purpose of developing an SSD. De Schamphelaere et al. (2010) present the results of these 
ecotoxicity experiments, which were conducted to support the derivation of a freshwater probable-no-
effect-concentration for molybdenum using the European SSD framework. Ten species were tested, 
including fish, amphibians, aquatic invertebrates, aquatic plants, and algae. These data, in combination 
with other recent evaluated, provide a basis for a more reliable and updated benchmark. 

To develop a revised benchmark for molybdenum, the recent BC ENV (2021) derivation that updated 
freshwater quality guidelines for molybdenum was emphasized; it based on a thorough review of the 
current scientific literature on molybdenum toxicity. This review included updates from primary long-
term studies of aqueous effects of molybdenum, including an aquatic plant species, an algal species, six 
resident invertebrate species, and three resident fish species (including two salmonid species). These 
studies provide a total of 128 data points, which were processed using SSD procedures. An HC5 value 
was derived using maximum likelihood estimation (MLE) and model averaging of six statistical 
distributions, yielding a value of 30.2 mg/L. In keeping with BC ENV guideline derivation procedures, and 
to account for the sources of uncertainty associated with WQG derivation, an application factor was 
applied to the calculated HC5. The application factor of 4 was selected considering: 

● lack of a working hypothesis for the mode of toxic action 

● lack of insect data from EPT orders (Ephemeroptera, Plecoptera, Trichoptera) 

● lack of data for resident amphibians or reproduction in fish 

● paucity of studies on long-term biological effects of elevated molybdenum on field communities 

For this reason, the application factor of 4 was selected and applied to the calculated HC5 resulting in a 
WQG of 7.6 mg/L. 

The results of the BC ENV (2021) derivation were compared to other derivations of molybdenum 
benchmarks: 

● Canadian Natural (2018) - Recent literature, including De Schamphelaere et al. (2010) and GEI 
(2009), were used to develop the SSD for molybdenum. The SSD analysis in the chronic effects 
benchmark section of Canadian Natural (2018: Volume 3, Appendix 8A) differs slightly from that 
of De Schamphelaere et al. (2010) because of subtle differences in the derivation procedure 
(CCME versus Europe), and because of the inclusion of additional data from a literature review. 
The SSD was developed using chronic toxicity data for eight freshwater species. Based on the 
logarithm regression model, the HC5 for molybdenum was estimated to be 38.7 mg/L. 
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● European Union Analysis - The European Union (EU) employs a statistical methodology for 
deriving safe freshwater concentrations based on an SSD of chronic toxicity data on a minimum 
of 10 organisms from eight different taxonomic groups (De Schamphelaere et al. 2010). Using 
this method, the molybdenum HC5 value of 38.2 mg/L in freshwater environments 
(De Schamphelaere et al. 2010; Heijerick et al. 2012) was calculated. The chronic effect levels 
provided by De Schamphelaere et al. (2010) represent dissolved molybdenum concentrations, 
and therefore represent underestimates of the total molybdenum concentrations modelled for 
the updated assessment. However, both total and dissolved concentrations were measured in 
the study and dissolved concentrations were generally within 10% of total concentrations. 

● US EPA - The US EPA derives safe concentrations for freshwater environments using the Final 
Chronic Value (FCV) and Final Acute Value (FAV) methods (Heijerick and Carey 2017). To derive 
the FCV, a dataset that includes chronic values for at least eight taxonomic families is required. 
Heijerick and Carey (2017) proposed an aquatic life chronic value for Mo of 36.1 mg/L. 

From the above, it is apparent that numerous jurisdictions and approaches have developed comparable 
molybdenum chronic benchmarks (four values ranging from 30.2 to 38.2 mg/L before application 
factors). The lowest of these values has been identified as a low-effect benchmark. In consideration of 
the uncertainties identified by BC ENV (2021), the no-effect benchmark applied for this project was the 
7.6 mg/L guideline that includes the application factor of four. This application factor is conservative, 
given that Heijerick et al. (2012) concluded that an application factor of three was sufficiently protective 
for both the freshwater and marine environment. 

 Benchmarks for Substances and Groups without Guidelines 

Polycyclic Aromatic Hydrocarbons Groups 

The change assessment (refer to Table 4.4-4) details that the initial screening of PAH groups 1–9 was 
based on use of surrogate individual PAHs (i.e., parameters that have GoA [2018] guidelines for the 
protection of aquatic life). This approach is highly conservative because the individual derivations for the 
indicator PAHs are no-effect benchmarks, plus the assumption of similar toxicity across the entire PAH 
group adds further conservatism. When multiple candidate surrogate PAHs were available within a 
group, the lowest toxicity threshold was selected for screening. 

To develop low-effect benchmarks, the target lipid model (TLM) was applied; the TLM was developed 
for residual petroleum-related constituents, specifically monocyclic aromatic hydrocarbons and PAHs in 
the water column. Because the guidelines are equivalent to a HC5, it is compatible with the SSD-based 
approaches used for other constituents. As documented in Canadian Natural (2018), the 
correspondence is strong between the SSD-based derivations for individual PAHs and the target lipid 
model for toxicity assessment of Type I narcotic chemicals (McGrath and DiToro 2009). The difference 
between the two assessment methods was less than a factor of two for most of the individual PAHs. This 
broad agreement provides validation of the McGrath and DiToro (2009) chronic benchmarks for 
application to PAH Groups. In some cases, a TLM-based benchmark was unavailable, in which case an 
individual PAH benchmark from the chronic effects benchmark section of Canadian Natural (2018: 
Volume 3, Appendix 8A) was substituted. 

A summary of the selected low-effect benchmark for each PAH group is: 

● PAH Group 1 (0.281 µg/L) - McGrath and DiToro (2009) benzo(a)pyrene HC5. 

● PAH Group 2 (0.278 µg/L) - McGrath and DiToro (2009) 7,12-dimethylbenzo(a)anthracene HC5. 
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● PAH Group 3 (0.99 µg/L) - McGrath and DiToro (2009) chrysene HC5. 

● PAH Group 4 (41.5 µg/L) - McGrath and DiToro (2009) acenaphthene HC5. 

● PAH Group 5 (5.6 µg/L) - Anthracene HC5 from SSD (Canadian Natural 2018). 

● PAH Group 6 (64 µg/L) - McGrath and DiToro (2009) biphenyl HC5. 

● PAH Group 7 (5.9 µg/L) - Fluoranthene HC5 from SSD (Canadian Natural 2018). 

● PAH Group 8 (32 µg/L) - Naphthalene HC5 from SSD (Canadian Natural 2018). 

● PAH Group 9 (2.3 µg/L) - Pyrene HC5 from SSD (Canadian Natural 2018). 

Total Dissolved Solids  

Total dissolved solids is a measure of the combined content of all inorganic and organic substances 
contained in a liquid, including molecular, ionized, and colloidal suspended matter. The principal 
inorganic anions dissolved in water include carbonates, chlorides, sulphates and nitrates, and the 
principal cations are sodium, potassium, calcium, and magnesium (IDNR 2003). 

A Canadian TDS guideline for drinking water quality of 500 mg/L exists (Health Canada 2007), but it is for 
protection of aesthetic values for human use, not for protection of aquatic life. For aquatic life 
endpoints, several jurisdictions in the United States report thresholds ranging from 250 to 2,500 mg/L. 
For example, the Iowa Department of Natural Resources recently repealed a TDS standard of 1,000 mg/L 
for aquatic life (IDNR 2009). The standard was repealed in favour of guidelines for specific ions such as 
chloride and sulphate. 

Because the data on TDS effects on aquatic life reflect a wide range of water quality types 
(i.e., compositions of major ions differ greatly among the reported experiments), it is not considered 
appropriate to develop a benchmark based on an SSD. Mount et al. (1997) found that, when multiple 
cations are present, they tend to be less toxic than comparable exposures with a single dominant cation; 
therefore, many of the individual results from testing of TDS with one or few ions would overstate TDS 
effects from the mixtures found in waters originating from oil sands projects. As an alternative to the 
SSD method, a value of 1,000 mg/L TDS has been selected as the screening benchmark based on the 
weight of evidence from a literature review conducted in the chronic effects benchmark section of 
Canadian Natural (2018: Volume 3, Appendix 8A), as summarized below. 

The literature review of fish and benthic invertebrate toxicity indicates that significant adverse effects 
are generally not expected for these species at concentrations below 1,000 mg/L TDS. The review 
indicates that potential effects on sensitive algal species (Raphidocelis subcapitata formerly 
Pseudokirchneriella subcapitata and Selenastrum capricornutum) can sometimes be observed below 
1,000 mg/L TDS. However, these responses are not consistently observed in experiments (Chapman et 
al. 2000; Weber-Scannell and Duffy 2007). This species was also included in the toxicity program 
conducted by Nautilus Environmental Inc. to test sulphate toxicity and was found to be less sensitive 
than other freshwater aquatic species tested (Elphick et al. 2011). Potential toxicity to algae would likely 
be mitigated by the chemical composition of the site-specific TDS mixture, and the relative tolerance of 
other algae (i.e., a viable community would be present even at 1,000 mg/L). Effects on invertebrates 
were also observed below 1,000 mg/L, but these toxicity studies focused on the calcium ion, and a 
simple stoichiometric conversion would result in an effects concentration for TDS that would be far 
above the benchmark. The LOEC of 964 mg/L in salmonid embryos reported by Brix et al. (2010) is close 
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to the proposed benchmark and as discussed previously is regarded as a conservative estimate of the 
benchmark for toxicity to sensitive fish toxicity endpoints. 

Naphthenic Acids 

Naphthenic acids are listed among the substances for which FEQGs are currently under development by 
ECCC. The benchmarks developed in the chronic effects benchmark section of Canadian Natural (2018: 
Volume 3, Appendix 8A) have been applied for this assessment and are summarized in this subsection. 

The preferred toxicological endpoints in aquatic assessments are survival, growth, reproduction, and 
development. If the gill anomalies documented by Nero et al. (2006a,b) are conservatively assumed to 
be ecologically relevant developmental effects, the 0.9 mg/L concentration represents the lowest 
threshold concentration identified in the literature for total NA mixtures containing a high proportion of 
labile NAs. However, this concentration may be over-conservative because it was based on a 
commercial mixture, rather than an extract from actual oil sands tailings for which a higher threshold of 
1.7 mg/L was determined. Recent studies have shown that commercial mixtures of NAs contain 
relatively few compounds compared to fractions extracted from IWW and that these commercial 
mixtures exhibit toxicity at lower thresholds compared with IWW fractions (Bartlett et al. 2017; 
Marentette et al. 2015) To account for this uncertainty, the 0.9 mg/L threshold was rounded up to 
1 mg/L to provide a conservative threshold for the labile (more toxic) fraction of the NA mixture. 

Although there are fewer data available for developing a CEB for refractory NAs, an approximate 
threshold for refractory NAs would be 7.1 mg/L, which is equivalent to the maximum acceptable 
toxicant concentration (MATC) derived using the geometric mean of the no observed effect 
concentration (NOEC) and long-term low-effect concentration (LOEC) from Kavanagh et al. (2012). The 
MATC is preferred to the NOEC and LOEC in the CCME hierarchy for preferred endpoints (CCME 2007) 
and the threshold of 7.1 mg/L is below the effects levels of 10 mg/L observed by Kavanagh et al. (2012), 
24 mg/L observed by Nero et al. (2006b) and 25 mg/L observed by Kavanagh et al. (2011) using aged 
samples. This CEB is also lower than recent effects level in aged NA extracts of 10.6 mg/L observed by 
Bartlett et al. (2017) in an amphipod, 21 to 28 mg/L by Johnston et al. (2017) in freshwater pond snail 
and 10 mg/L and 22 mg/L for the fathead minor and walleye, respectively, by Marentette et al. (2015). 
Beddow et al. (2016) also reported a NOEC at the highest test concentration of 100 mg/L in freshwater 
phytoplankton (Chlorella vulgaris). 

The 1 mg/L threshold for labile NAs is considered appropriate for screening of labile NAs while the 
7.1 mg/L threshold is considered applicable to refractory NAs. 

 Aquatic Health Evaluation: Metals 

The following subsections summarize the results and ecological implications of the water quality 
screening for metals. Tabular summaries are provided only for substances that exceed screening no-
effect benchmarks for at least one combination of pit lake, snapshot, and climate scenario. 

Aluminum 

Using the site-specific DOC, hardness, and pH values for the Athabasca River in the reach near FHOSP, 
the revised benchmark was calculated to be 1,540 µg/L (rounded to three significant figures). This 
benchmark is also protective for natural lakes in the region (because DOC is higher in surrounding lakes) 
resulting in higher aluminum benchmarks if adjusted for those conditions using the multiple linear 
regression model. 
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The maximum concentration of aluminum predicted for any lake, snapshot, or climate scenario was 
950 µg/L (CPL in 2075 under median or warm/dry conditions). The maximum predictions for SPL and NPL 
were 900 µg/L and 128 µg/L, respectively. Therefore, there is negligible risk for all modelled pit lakes. 
The confidence in this conclusion is strengthened by: 

● trend of lower predicted concentrations over time  

● lower predictions relative to 2017 FHMA (FHEC 2017a) water quality assessment results (that 
were also below the revised benchmark) 

● lower concentrations for the waterbodies that discharge directly into the Athabasca River 

There is no need to further evaluate the ecological significance of predicted aluminum concentrations 
because risks are negligible for all scenarios. The negligible risk designations for aluminum indicate 
acceptable conditions of aquatic health from aluminum exposures in all pit lakes. 

Boron 

For benchmark derivation, the HC5 of 1.5 mg/L was retained as a conservative screening value (i.e., no-
effect benchmark). However, an alternate benchmark (low-effect benchmark) was developed in 
consideration of the influence of ETMFs discussed above. The low-effect benchmark evaluated the 
primary literature underlying the CCME (2009) derivation and adjusted for critical effect size and ETMFs 
relevant to the test results for the most sensitive species and endpoints. 

In the SSD (CCME 2009), the most sensitive species are aquatic plants (i.e., most sensitive species 
[waterweed Elodea canadensis] has a NOEC of 1 mg/L boron) and early life stages of fish (i.e., most 
sensitive species [Rainbow Trout Oncorhynchus mykiss] has reported NOECs of 1–2 mg/L B in the most 
sensitive trials). For plants, most species are tolerant of much higher boron concentrations, and long-
term LOECs ranged from 3.5 to 171 mg/L for aquatic plants (CCME 2009). For fish, the sensitivity of 
Rainbow Trout varied depending on the type of water applied as a dilution media. Specifically, Black et 
al. (1993) investigated embryo-larval stages of the Rainbow Trout in reconstituted water and multiple 
natural waters. The results of that study require careful analysis of the concentration-response to 
develop a low-effect benchmark. 

The Black et al. (1993) study data indicate a flat concentration-response curve for boron (i.e., small 
changes in effects relative to large increases in boron concentrations). The authors also acknowledged 
that small effect sizes that were statistically significant, and that the flat concentration-response curve 
affected calculations of threshold concentrations. Furthermore, the type of water (natural versus 
synthetic) strongly influenced the sensitivity of the test organisms. Key findings of the Black et al. (1993) 
study were: 

● The response category of “mortality plus teratogenesis at eight days post-hatching” represented 
the most sensitive and meaningful endpoint with respect to accumulative effects over the total 
exposure period. 

● In stage 1 testing (responses embryo-larval stages exposed to boric acid added to reconstituted 
water in 32 day (32-d) chronic test) the following low-level response thresholds were identified: 

- Largemouth Bass - Inhibitory concentration for 19% inhibition (IC19) at 25.1 mg/L boron 
(measured). 

- Rainbow Trout - IC22 1.26 mg/L boron (measured)  
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● In stage 2 testing, a more complex laboratory investigation was undertaken using different types 
of dilution water; responses were measured in three separate natural waters (Erwin National 
Fish Hatchery, TN; Brookville Lake, IN; Yellowstone National Park, WY) and one reconstituted 
water.  

- In the natural waters, the effect sizes at the higher tested concentration (10 mg/L nominal; 
9.2 to 11.1 mg/L measured) ranged between 19% and 24% 

- The reconstituted water yielded higher sensitivity, with an effect size of 26% at 11.5 mg/L 
boron (measured). 

- The authors suggested that characteristics of natural waters such as organic carbon or 
particulate matter may ameliorate the potential toxicity of boron; this is inferred to be 
because boric acid and borates form very stable complexes with certain organic chemicals, 
thereby reducing the availability of boron to aquatic life. 

● In stage 3 testing, an additional Rainbow Trout early life stage investigation was performed 
using natural well water to study further the apparent amelioration of boron toxicity observed 
under natural water conditions, as compared with reconstituted water testing. In this study, 
trout embryos and larvae were exposed to boron for 87 days. 

- No significant adverse effects were observed for organisms exposed to nominal boric acid 
concentrations ranging up to measured concentrations of 2.1 and 18 mg/L (unbounded 
no-effect levels). 

- The 18 mg/L exposure was initiated later in the experiment, using 20-day old embryos, but 
still yielded no responses. 

● Statistical estimates can be derived for low effect levels (defined per CCME [2007] guidance) for 
the most sensitive species and biological endpoint but constrained to water types reflective of 
natural waters (i.e., relevant to FHOSP receiving environment). The low level ICX values (where 
effect size X was estimated to be below 20% in all cases) was calculated to be 3.2 mg/L (Erwin 
National Fish Hatchery TN), 3.7 mg/L (Brookville Lake IN), and 4.3 mg/L (Yellowstone National 
Park, WY). 

The above studies confirm that, when boron is evaluated in natural waters (i.e., reflective of organic 
carbon that would be abundant in all three pit lakes at FHOSP), the benchmark concentrations are 
higher than for reconstituted laboratory water. Even choosing the lowest low-effect benchmark from 
the most sensitive species in Black et al. (1993) study, the benchmark increases to 3.2 mg/L. The 
3.2 mg/L concentration is below the low-effect concentrations in all plant species identified in CCME 
(2009), and also below levels of concern in aquatic invertebrates. Further corroboration of this value 
comes from the work of Maier and Knight (1991), who after reviewing the boron toxicity database and 
the results from their studies on Daphnia magna and Chironomus decorus, conclude that boron is 
relatively non-toxic to aquatic animals and that systems with moderate boron concentrations in the low 
parts per million range will probably not experience direct effects on animal communities. Based on the 
information reviewed above, the 3.2 mg/L concentration was selected as a conservatively-derived low-
effect benchmark for boron. 

The water quality predictions for boron in relation to both the no-effect and low-effect screening 
benchmarks for aquatic life are evaluated in Table 4.4-20. Most of the modelled scenarios exceeded the 
no-effect benchmark by a small amount (less than a factor of two in all cases). The maximum 
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concentration of boron predicted for any lake, snapshot, or climate scenario was 2.9 mg/L (CPL in Far 
Future under warm-dry climate change conditions). 

● NPL - Under historical climate conditions, risks are negligible. Risks are low under several climate 
change scenarios. 

● CPL - Under both historical climate conditions and all climate change scenarios, risks are low. 

● SPL -  Under both historical climate conditions and all climate change scenarios, risks are low. 

The negligible and low risk designations for boron indicate acceptable conditions of aquatic health from 
boron exposures in all pit lakes.  

Table 4.4-20: Comparison of Boron Water Quality to Benchmarks for Protection of Aquatic Life 

Climate Scenario 

Screening Benchmarks 
(mg/L) Model Prediction (mg/L) 

No-Effect Low-Effect NPL CPL SPL 

Historical Climate (Initial) 1.5 3.2 0.9 2.3 2.2 

Historical Climate (Far 
Future) 1.5 3.2 0.6 2.4 2.0 

Climate 
Change 
(Initial) 

Median 1.5 3.2 2.1 2.3 2.1 

Cold-Dry 1.5 3.2 0.8 2.3 2.2 

Cold-Wet 1.5 3.2 2.3 2.4 2.3 

Warm-Dry 1.5 3.2 2.1 2.3 2.1 

Warm-Wet 1.5 3.2 2.2 2.3 2.2 

Climate 
Change 

(Far Future) 

Median 1.5 3.2 1.9 2.4 1.9 

Cold-Dry 1.5 3.2 0.5 2.2 1.9 

Cold-Wet 1.5 3.2 1.7 1.8 1.7 

Warm-Dry 1.5 3.2 2.4 2.9 2.4 

Warm-Wet 1.5 3.2 2.0 2.3 2.0 

Notes: 
Screening Benchmark for No-Effect derived in Section 4.4.2.2.1; screening benchmark for Low-Effect derived in this section. 
Values in bold Text exceed Screening Benchmark for No-Effect; values in highlighted cells (if present) exceed Screening 
Benchmark for Low-Effect. 
Ecological consequences of screening are described in text.  
mg/L = milligrams per litre (10-3 grams per litre); CPL = Centre Pit Lake; NPL = North Pit Lake, SPL = South Pit Lake. 
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Chromium 

The HC5 of 5 µg/L, which was selected by ECCC as the federal environmental quality guideline, was 
adopted as the chronic aquatic life benchmark for chromium.  

The maximum concentration of chromium predicted for any lake, snapshot, or climate scenario was 
3.2 µg/L (CPL in Far Future under median or warm-dry climate change conditions). The maximum 
predictions for SPL and NPL were 3.1 µg/L and 1.8 µg/L, respectively. Therefore, there is negligible risk 
for all modelled pit lakes. The confidence in this conclusion is strengthened by: 

● assumption of chromium present as 100% hexavalent form, which is more toxic than trivalent 

● trend of stable or lower predicted concentrations over time  

● lower predictions relative to 2017 FHMA water quality assessment results (that were also below 
the revised benchmark) 

● lower concentrations for the waterbodies that discharge directly into the Athabasca River  

There is no need to further evaluate the ecological significance of predicted chromium concentrations 
because risks are negligible for all scenarios. The negligible risk designations for chromium indicate 
acceptable conditions of aquatic health from chromium exposures in all pit lakes.  

Cobalt 

For the site-relevant hardness condition (118 mg/L CaCO3; average value measured in the Athabasca 
River in the reach near FHOSP), the GoA (2018) guideline, which was applied as a no-effect benchmark, 
is 1.09 μg/L. This value falls within the range of background conditions; BC MOE (2003) states that the 
total and dissolved cobalt concentrations in ambient, uncontaminated environments are generally but 
not always below 5 µg/L. 

Based on the literature reviewed, aquatic invertebrates appear to be the most sensitive group of 
organisms to cobalt exposure, followed by algae/plant species, with fish the least sensitive (BC WALP 
2004; ECCC 2017; Stubblefield et al. 2020). Several authors have documented responses of aquatic 
crustaceans at concentrations below 10 µg/L (Norwood et al. 2007; Heijerick et al. 2007; Biesinger and 
Christensen 1972). 

Stubblefield et al. (2020) conducted a recent update to the evaluation of cobalt toxicity using the SSD 
approach; the objective was to develop appropriate regulatory standards (i.e., environmental quality 
standards or predicted-no-effect concentrations in Europe and ambient water quality criteria or state 
water quality standards in the United States). Eleven species, including algae, an aquatic plant, and 
several invertebrate and fish species, were used in the performance of acute and chronic cobalt toxicity 
tests. The results indicated: 

● Chronic 10% effect concentration (EC10) values ranged from 4.9 µg /L for duckweed to 
2,170 µg/L for Rainbow Trout (Oncorhynchus mykiss). Based on the HC5, a no-effect benchmark 
of 1.80 µg/L was derived. This value aligns with the ECCC (2017) guideline used as a no-effect 
screening benchmark.  

● Chronic 20% effect concentration (EC20) values ranged from 11.1 µg /L for water flea 
(Ceriodaphnia dubia) to 2,495 µg/L for Rainbow Trout. Based on application of the SSD, and use 
of low effect endpoints (i.e., chronic EC20 values), a final chronic value of 7.13 µg/L was derived. 
This value was selected as the low-effect screening benchmark. 
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The water quality predictions for cobalt in relation to both the no-effect and low-effect screening 
benchmarks for aquatic life are evaluated in Table 4.4-21. Most of the modelled scenarios exceeded the 
no-effect benchmark by a small amount (factor of three or less in all cases). The maximum concentration 
of cobalt predicted for any lake, snapshot, or climate scenario was 3.3 µg /L (CPL in Far Future under 
warm-dry climate change conditions). 

● NPL - The maximum predicted concentration was consistently below the no-effect screening 
benchmark. Under both historical climate conditions and all climate change scenarios, risks are 
negligible. 

● CPL - Under both historical climate conditions and all climate change scenarios, risks are low. 
Although the predicted concentrations slightly exceed the no-effect benchmark, the 
concentrations are below the low-effect benchmark. 

● SPL -  Under both historical climate conditions and all climate change scenarios, risks are low. 
Although the predicted concentrations slightly exceed the no-effect benchmark, the 
concentrations are below the low-effect benchmark. 

The negligible and low risk designations for cobalt indicate acceptable conditions of aquatic health from 
cobalt exposures in all pit lakes.  

Table 4.4-21: Comparison of Cobalt Water Quality to Benchmarks for Protection of Aquatic Life 

Climate Scenario 

Screening Benchmarks 
(µg/L) Model Prediction(µg/L) 

No-Effect Low-Effect NPL CPL SPL 

Historical Climate (Initial) 1.1 7.1 1.0 2.9 2.6 

Historical Climate (Far 
Future) 1.1 7.1 0.8 2.7 2.1 

Climate 
Change 
(Initial) 

Median 1.1 7.1 0.9 2.8 2.5 

Cold-Dry 1.1 7.1 0.9 2.8 2.5 

Cold-Wet 1.1 7.1 0.8 2.8 1.6 

Warm-Dry 1.1 7.1 0.9 2.8 2.5 

Warm-Wet 1.1 7.1 0.9 2.9 2.6 

Climate 
Change 

(Far Future) 

Median 1.1 7.1 0.9 2.7 2.0 

Cold-Dry 1.1 7.1 0.7 2.4 2.0 

Cold-Wet 1.1 7.1 0.6 2.0 1.8 

Warm-Dry 1.1 7.1 0.8 3.3 2.6 

Warm-Wet 1.1 7.1 0.8 2.6 2.1 

Notes: 
Screening Benchmark for No-Effect derived in Section 4.4.2.2.1; screening benchmark for Low-Effect derived in this section. 
Values in bold Text exceed Screening Benchmark for No-Effect; values in highlighted cells (if present) exceed Screening 
Benchmark for Low-Effect. 
Ecological consequences of screening are described in text.  
µg/L = micrograms per litre (10-6 grams per litre); CPL = Centre Pit Lake; NPL = North Pit Lake, SPL = South Pit Lake. 
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Mercury 

The GOA (2018) guideline for total mercury (5 ng/L) was retained for initial screening as a conservative 
no-effect benchmark. This value was evaluated in terms of evidence for both direct toxicity and 
bioaccumulation potential in Alberta surface waters. 

The maximum concentration of total mercury predicted for any lake, snapshot, or climate scenario was 
8.7 ng/L (CPL in Far Future under median or warm-dry climate change conditions). The maximum 
predictions for SPL and NPL were 5.3 ng/L and 4.3 ng/L, respectively. These exceedances for CPL and SPL 
are minor relative to both Athabasca River ambient levels and peak background concentrations for 
regional northern boreal lakes (Emmerton et al. 2018). However, as a conservative approach, the 
substance was carried forward for quantitative review of potential health effects. 

In terms of direct toxicity to aquatic life, the chronic guideline of 5 ng/L (and associated guideline of 
1 ng/L for chronic methylmercury exposure) indicates negligible potential for aquatic harm. CCME 
(2003) evaluated the sensitivity of aquatic to both inorganic mercury and methylmercury: 

● Inorganic Mercury - The guideline value recommended by CCME (2003) for inorganic mercury 
was based on the most sensitive lowest observed adverse effect level (LOAEL) of 260 ng/L for 
juvenile Fathead Minnows (Pimephales promelas) reported by Snarski and Olson (1982). The 
60-d LOAEL for reduced growth (weight) of exposed offspring from exposed parents, and 
associated LOAEL for reproductive impairment (reduced spawning and egg production) was 
divided by a safety factor of 10 to yield a Canadian water quality guideline of 26 ng/L. This 
number is five times higher than the GOA (2018) guideline for total mercury. 

● Methylmercury - An interim guideline was recommended for methylmercury based on a 
combination of reported reproductive effects on Daphnia magna, and several research papers 
comparing the toxicity of inorganic mercury relative to methylmercury. The LOAEL (40 ng/L) for 
substantial decrease in Daphnia magna reproduction (Biesinger et al. 1982) was divided by a 
safety factor of 10 to derive an interim Canadian water quality guideline of 4 ng/L. This number 
is four times higher than the GOA (2018) guideline for methylmercury. 

The above guidelines from CCME (2003) were developed for protection of low trophic level freshwater 
life against adverse effects of direct exposure to aqueous mercury. As shown in Table 4.4-22, no 
estimates of total mercury are predicted to exceed the guideline for direct contact. For receptors that 
are exposed to methylmercury primarily through food, a separate evaluation is required 
(bioaccumulation and reference condition evaluations).  

The minor chronic guideline exceedances for CPL and SPL are at the upper end of the range of ambient 
concentrations documented in regional lakes by Emmerton et al. (2018): 

● Total mercury concentrations monitored for five years from 50 lakes throughout the AOSR 
yielded mean lake water concentrations ranging from 0.4 to 5.3 ng/L. 

● The AOSR ranges reported for mercury and methylmercury were similar to other boreal lakes.  

● Lakes with the highest mercury concentrations were found >100 km northwest of oil sands 
mines and received runoff from geological formations high in metals concentrations. 

● Methylmercury concentrations were highest in those lakes, and in smaller productive lakes near 
oil sands mines. 
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To evaluate the ecological significance of the total mercury concentrations, close to the GoA (2018) 
guideline, the findings of a recent study by Donadt (2021), which evaluated four tributaries to the Red 
Deer River (Kneehills Creek, Threehills Creek, Michichi Creek and Rosebud River), were reviewed. These 
natural watercourses in in southcentral Alberta are characterized by high surface water mercury 
concentrations, and are very similar with respect to total mercury exposure relative to the FHOSP 
predicted pit lake conditions (Table 4.4-22):  

● The lowest median total mercury concentration was approximately 3 ng/L (Kneehills), which is 
very similar to NPL Far Future predictions. 

● Rosebud River and Threehills Creek had moderate exposures (5 to 6 ng/L), which are very similar 
to SPL and CPL Far Future predictions. 

● Michichi Creek was highest at approximately 15 ng/L total mercury, which is approximately 
double the CPL model predictions. 

● Although methylmercury concentrations were not variable among the streams, the percent 
methylmercury was the highest in Kneehills Creek, intermediate in Rosebud River and Threehills 
Creek, and the lowest in Michichi Creek, suggesting Michichi Creek might be a site of decreased 
methylation efficiency. 

This study also evaluated bioaccumulation, and total mercury concentrations (dry weight) were 
measured in Fathead Minnow, Lake Chub, Prussian Carp, and White Sucker. These data are highly 
valuable because they evaluate bioaccumulation under mercury exposure conditions similar to FHOSP 
pit lakes. The tissue concentrations for these programs were in 15 of 16 combinations of fish species and 
tributary below an estimated threshold for tissue mercury associated with diminished fish health 
(1.35 mg/kg dry weight). The only site that exceeded the tissue benchmark was Kneehills (Prussian 
Carp), which may be because of the elevated proportion of methylmercury at this site (i.e., more than 
double the proportion at all remaining sites). 

The Donadt (2021) study provides evidence that total mercury contamination in the 3 to 15 ng/L range 
should not increase risk to fish that bioaccumulate methylmercury. On this basis, the 15 ng/L total 
mercury concentration was selected as a low-effect benchmark for evaluation of potential mercury risk 
to aquatic life (invertebrates, fish, and aquatic microorganisms). This benchmark is aligned with an 
aqueous concentration of ~20 ng/L to attain protective targets in fish (Mathews et al. 2013). Caveats in 
the application of this screening include (Donadt 2021): 

● Mercury bioaccumulation is not consistently driven by environmental inorganic mercury 
concentrations.  

● Total mercury measurements should not be considered a reliable indicator of methylmercury 
present in the water column. 

● Where aqueous methylmercury concentrations are highly variable, other sites have indicated 
that fish mercury concentrations often reflect the patterns of aqueous methylmercury in their 
environment.  

● Methylmercury proportions for the FHOSP pit lakes are unknown. 

● Use of the above benchmark may not protect high trophic level aquatic life (e.g., piscivorous 
wildlife) exposed to methylmercury primarily through diet. 
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The water quality predictions for mercury in relation to both the no-effect and low-effect screening 
benchmarks for aquatic life are evaluated in Table 4.4-22. All modelled scenarios either met the 
screening guideline of 5 ng/L or exceeded the no-effect benchmark by a small amount (less than a factor 
of two in all cases). 

● NPL - Under both historical climate conditions and all climate change scenarios, risks are 
negligible. 

● CPL - Under both historical climate conditions and all climate change scenarios, risks are low. 
The uncertainty in the screening of total mercury prevents a conclusive assessment, but all 
scenarios yielded total mercury below the low-effect benchmark. 

● SPL - Under both historical climate conditions and all climate change scenarios, risks are 
negligible, with possible exception of Far Future conditions under the warm-dry climate change 
scenario only. 

In conclusion, the negligible and low risk designations for mercury indicate acceptable conditions of 
aquatic health from mercury exposures in all pit lakes. These acceptable health determinations apply to 
invertebrates, fish, and microorganisms exposed though direct contact or bioaccumulation, but may not 
be protective of higher trophic level aquatic life (if present) that could feed on aquatic tissues. 

Table 4.4-22: Comparison of Mercury Water Quality to Benchmarks for Protection of Aquatic Life 

Climate Scenario 

Screening Benchmarks 
(ng/L) Model Prediction (ng/L) 

No-Effect Low-Effect NPL CPL SPL 

Historical Climate (Initial) 5 15 2.1 7.0 4.3 

Historical Climate (Far 
Future) 5 15 3.2 6.9 4.2 

Climate 
Change 
(Initial) 

Median 5 15 2.7 7.0 4.4 

Cold-Dry 5 15 2.7 6.8 4.2 

Cold-Wet 5 15 2.8 6.6 4.0 

Warm-Dry 5 15 2.7 7.0 4.4 

Warm-Wet 5 15 2.7 6.9 4.2 

Climate 
Change 

(Far Future) 

Median 5 15 4.3 7.2 4.4 

Cold-Dry 5 15 3.9 6.3 4.3 

Cold-Wet 5 15 3.7 5.2 3.8 

Warm-Dry 5 15 4.3 8.7 5.3 

Warm-Wet 5 15 4.0 6.7 4.3 

Notes: 
Screening Benchmark for No-Effect derived in Section 4.4.2.2.1; screening benchmark for Low-Effect derived in this section. 
Values in bold Text exceed Screening Benchmark for No-Effect; values in highlighted cells (if present) exceed Screening 
Benchmark for Low-Effect. 
Ecological consequences of screening are described in text.  
ng/L = nanograms per litre (10-9 grams per litre); CPL = Centre Pit Lake; NPL = North Pit Lake, SPL = South Pit Lake. 
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Molybdenum 

The updated benchmark derivation for molybdenum identified a no-effect benchmark of 7.6 mg/L 
developed using an SSD in combination with an application factor of four-fold (BC ENV 2021).  

The maximum concentration of molybdenum predicted for any lake, snapshot, or climate scenario was 
0.170 mg/L (CPL in Far Future under warm-dry conditions). The maximum predictions for SPL and NPL 
were 0.14 mg/L and 0.053 mg/L, respectively. Therefore, there is negligible risk for all modelled pit 
lakes. The confidence in this conclusion is strengthened by: 

● maximum concentrations that are more than 40 times lower than the no-effect benchmark 

● stable predicted concentrations over time (2075 versus 2175) 

● lower concentrations for the waterbodies that discharge directly into the Athabasca River  

There is no need to further evaluate the ecological significance of predicted molybdenum 
concentrations because risks are negligible for all scenarios. 

 Aquatic Health Evaluation: Organics 

PAH Groups 

Using the conservative screening based on no-effect benchmarks, the only groups that screened in and 
required further investigation were: 

● PAH Group 2 - The maximum concentration of PAH Group 2 predicted for any lake, snapshot, or 
climate scenario was 0.049 µg/L (SPL in 2075 under warm-wet conditions). The maximum 
predictions for CPL and NPL were 0.042 µg/L and 0.026 µg/L, respectively. All of these 
predictions were within a factor of three of the no-effect benchmark. 

● PAH Group 3 - The maximum concentration of PAH Group 3 predicted for any lake, snapshot, or 
climate scenario was 0.042 µg/L (SPL in 2075 under cold-wet conditions). No-effect screening 
guidelines were not available for this group, and the predicted concentrations sometimes 
exceeded both Peak Mean of Natural Variation and Athabasca River Average concentration. 
Therefore, this group was carried forward as a cautious approach. 

● PAH Group 9 - The maximum concentration of PAH Group 9 predicted for any lake, snapshot, or 
climate scenario was 0.056 µg/L (SPL in 2075 under cold-wet conditions). The maximum 
predictions for CPL and NPL were 0.051 µg/L and 0.044 µg/L, respectively. All of these 
predictions were within a factor of three of the no-effect benchmark. 

All other PAH groups could confidently be excluded as posing negligible risk. 

The predictions for these three groups were compared against the low-effect concentrations developed 
in Section 4.4.2.2.2: 

● PAH Group 2 (Low-effect HC5 = 0.278 µg/L)—The maximum concentration of PAH Group 2 
predicted for any lake, snapshot, or climate scenario (0.049 µg/L) was below this benchmark. 

● PAH Group 3 (Low-effect HC5 0.99 µg/L)—The maximum concentration of PAH Group 3 
predicted for any lake, snapshot, or climate scenario (0.042 µg/L) was below this benchmark. 

● PAH Group 9 (Low-effect HC5 2.3 µg/L)— The maximum concentration of PAH Group 9 predicted 
for any lake, snapshot, or climate scenario (0.056 µg/L) was below this benchmark. 
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Therefore, there is negligible to low risk for all modelled pit lakes. The large margin by which the 
maximum concentrations fall below the low-effect benchmarks provides confidence in the findings. In 
conclusion, the negligible and low risk designations for all PAH groups indicate acceptable conditions of 
aquatic health from PAH exposures in all pit lakes. 

Naphthenic Acids 

The maximum concentration of NAs predicted for any lake, snapshot, or climate scenario was 15 mg/L 
(SPL in 2075 under cold-wet conditions). The maximum predictions for CPL and NPL were 13 mg/L and 
7 mg/L, respectively. Under the assumption that the 7.1 mg/L benchmark applies (i.e., refractory NAs 
would dominate the mixture given the weathering of the mixture over the long-term), some locations 
and scenarios exceeded the benchmark. 

● NPL - Under both historical climate conditions and all climate change scenarios, risks are 
negligible. All predictions were below the 7.1 mg/L benchmark. 

● CPL - For the Far Future snapshot (2175), under both historical climate conditions and all climate 
change scenarios, risks are negligible. However, for the initial snapshot (2075) the predictions 
for NAs consistently exceed the 7.1 mg/L benchmark. The magnitude of exceedance is small, 
with all exceedances being within a factor of two of the benchmark. 

● SPL - For the Far Future snapshot (2175), under both historical climate conditions and all climate 
change scenarios, risks are negligible to low; the predictions of 7 to 8 mg/L total NAs are very 
close to the benchmark. However, for the initial snapshot (2075) the predictions for NAs 
consistently exceed the 7.1 mg/L benchmark. The magnitude of benchmark exceedance for 
these cases (predictions of 14 to 15 mg/L) is approximately a factor of two. 

Overall, the risk level is negligible for NPL, and low for both CPL and SPL. There is uncertainty in the 
screening of NAs, mostly attributable to the lack of certainty in the benchmark derivations for this group 
of substances relative to the other constituents, which generally have either established guidelines or 
regulatory benchmarks.  

In conclusion, the negligible and low risk designations for NAs indicate generally acceptable conditions 
of aquatic health from NA exposure in all pit lakes. This conclusion may require reassessment as more is 
learned about the composition and toxicity of the NA mixtures applicable to these waterbodies.  

 Aquatic Health Evaluation: Dissolved Solids 

The maximum concentration of TDS predicted for any lake, snapshot, or climate scenario was 
1,267 mg/L (CPL in Far Future under median or warm-dry conditions). The maximum predictions for SPL 
and NPL were 1,126 mg/L and 537 mg/L, respectively. Most modelled scenarios met the screening 
guideline of 1,000 mg/L, and exceedances only surpassed the no-effect benchmark by a small amount. 

● NPL - All predictions met the screening guideline of 1,000 mg/L. Under both historical climate 
conditions and all climate change scenarios, risks are negligible. 

● CPL - For the Initial snapshot (2075), and under both historical climate conditions and all climate 
change scenarios, predictions met the screening guideline of 1,000 mg/L; therefore, risks are 
negligible for that timeframe. In the Far Future snapshot (2175), some of the predictions were 
slightly above the screening guideline. Only one scenario (CPL in Far Future under median or 
warm-dry conditions) exceeded the benchmark by more than 10%. Therefore, risks are low for 
the Far Future condition, and such applies to most climate scenarios. 
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● SPL - For the Initial snapshot (2075), and under both historical climate conditions and all climate 
change scenarios, predictions met the screening guideline of 1,000 mg/L; therefore, risks are 
negligible for that timeframe. In the Far Future snapshot (2175), predictions under an 
assumption of historical climate conditions also met the screening guideline of 1,000 mg/L. Only 
one scenario (CPL in Far Future under median or warm-dry conditions) exceeded the 
benchmark; therefore, risks are negligible to low for SPL overall, and only low for one climate 
scenario.  

Overall, there is negligible risk for all modelled pit lakes. The confidence in this conclusion is 
strengthened by: 

● Conservative derivation of TDS effects benchmarks, as most ionic mixtures yield higher effects 
thresholds 

● Lower predictions relative to the 2017 FHMA water quality assessment results, that were also 
below the revised benchmark 

● Lower concentrations for the waterbodies that discharge directly into the Athabasca River  

The negligible and low risk designations for TDS indicate acceptable conditions of aquatic health from 
TDS exposures in all pit lakes. 

 Conclusions 

The aquatic health assessment indicated risk levels ranging from negligible to low for the evaluated 
constituents, including both individual substances and constituent groups. Although some constituents 
exceeded the initial screening benchmarks based on conservative no-effect thresholds (i.e., with level of 
ecological protection consistent with modern water quality guideline derivations), no constituents 
exceeded low-effect benchmarks. This finding, in combination with the overall conservatism of the 
modelling (i.e., range of climate scenarios and cases evaluated) and other assumptions (e.g., metals 
assumed to be present in most toxic form) indicates acceptable conditions of aquatic health for all three 
pit lakes.  

Based on this conclusion, there is no substantial change to the assessment results from the approved 
FHOSP. Where uncertainties remain, such as tissue mercury biomagnification, or development of future 
guidelines for NAs by ECCC, these can be dealt with through monitoring and mitigation before release to 
the Athabasca River. The pit lakes are still expected to provide viable aquatic ecosystems through the 
monitoring and mitigation period. Furthermore, the risks tend to be lowest for pit lakes that discharge 
directly to the Athabasca River (e.g., hazard quotients are lowest for SPL and NPL, and highest for CPL). 
This provides flexibility for adaptation to monitoring results in CPL before contact with the broader 
receiving environment in the Athabasca River. 

The 2017 FHMA Application (FHEC 2017a), where only refractory NAs screened through, remains 
consistent with the outcome of this aquatic risk assessment. Although a few additional substances were 
formally evaluated in this assessment, they did not yield unacceptable risks, and the level of confidence 
in several of the screening benchmarks has improved since the 2017 FHMA Application (FHEC 2017a). 
This provides additional confidence in the conclusions. The following statement from the 2017 FHMA 
Application remains valid: 
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“The results of the water quality assessment indicate that the conclusions put forward in FHEC (2007, 
2010) remain valid. The North Pit Lake is expected to be viable and no effects on aquatic health are 
expected in the Athabasca River”. 

The above conclusion can now also be extended to the South Pit Lake, and the Centre Pit Lake is also 
predicted to provide viable aquatic ecosystems over the duration of the modelled period. 

4.5. Fish and Fish Habitat 

4.5.1. Introduction 
The objectives of the fish and fish habitat assessment for Fort Hills Oil Sands Project (FHOSP) Integrated 
Plan Amendment (IPA) were to: 

1. Identify the potential valid linkages associated with the proposed changes to the approved 
FHOSP in terms of changes to fish and fish habitat within or adjacent to the North and East 
Extension Areas (Extension Areas) associated with the Amended Project Area, as well as in the 
revised closure landscape. 

2. Where the linkage assessment indicates a potential for adverse effects, provide an updated 
baseline characterization for the aquatic resources within and adjacent to the Extension Areas 
and evaluate the potential effects on fish populations and productive fish habitats. 

3. Identify and summarize changes, if any, to the fish and fish habitat conclusions relative to the 
approved FHOSP. 

The approved FHOSP is represented by the information presented in the Fort Hills Mine Amendment 
(FHMA; FHEC 2017a), and the current environmental assessment (EA) was conducted on changes 
between the IPA and the FHMA mine and closure plans, with the potential impact of the changes 
compared against the previously assessed impacts. 

The inclusion of the Amended Project Area has possible implications to fish and fish habitat within the 
local watercourses through potential linkages to changes because of physical alteration of habitats, 
changes in surface water quantity (i.e., hydrology), or changes in surface water quality and aquatic 
health, with both hydrology and water quality incorporating the effects of changes in groundwater 
inputs. The IPA also has possible implications to fish and fish habitat because of development of an 
updated Life of Mine Closure Plan (LMCP; Volume 1, Appendix A) if the plan results in changes to the 
previous assessment for the closure period. 

The linkage analysis (Section 1.2.2) identified valid linkages between the IPA and possible changes in fish 
and fish habitat, including direct alteration of watercourses in the two Extension Areas because of 
physical disturbance, and indirect alteration of downstream watercourses or waterbodies because of 
changes in surface water flows resulting from changes in watershed areas. The linkage analysis also 
identified a potential linkage between the updated closure plan and changes in water quality or aquatic 
health associated with proposed pit lakes. 

To complete the fish and fish habitat assessment for the IPA, information was reviewed from previous 
fish and fish habitat baseline studies, impact assessments, change assessments, and fisheries 
compensation plans completed for the FHOSP, including the original application (TrueNorth 2001) and 
associated fisheries compensation plans (Golder 2002, 2006), the 2007 Amendment Application (FHEC 
2007), the 2010 Environmental Assessment (EA) Update (FHEC 2010), the 2016 Augmented Project Area 
Baseline Update (FHELP 2016), the FHMA (FHEC 2017a), the Fisheries Act Authorization Application for 
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Susan Lake (Golder 2019), and the East Toe Berm (ETB) Application (FHEC 2021a). The IPA EA 
environmental assessment examines the potential changes to the predictions from the approved FHOSP 
EAs environmental assessments for fish and fish habitat with respect to assessment conclusions 
regarding potential impacts, mitigation measures, and fish habitat compensation measures. 

The fish and fish habitat assessment includes reference to Appendix 2G, which provides data from 
seasonal baseline surveys conducted in 2020 in watercourses in the Extension Areas. 

4.5.2. Baseline Conditions 
The baseline information summarized in this section focuses on the aquatic resources in the Extension 
Areas included in the Amended Project Area as well as potentially affected downstream aquatic 
resources. To support the IPA EA, the baseline fish and fish habitat information for the FHOSP was 
updated because it relates to describing the fish habitat conditions and fish populations for potentially 
impacted aquatic resources in the Extension Areas that were not previously examined. The baseline 
information update focuses on the aquatic resources (i.e., watercourses) that are within and adjacent to 
the Amended Project Area as well as the constructed Fort Hills No Net Loss Lake (NNLL), which is located 
downstream of the North Extension Area. 

A previous Baseline Update was completed for fish and fish habitat information concerning aquatic 
resources in the FHOSP area in 2016 (FHELP 2016) that included a complete list of historical and current 
data that had been collected to that date as part of studies for the FHOSP or by other researchers. 
Available fish and fish habitat information included: 

• historical reports by the Alberta Oil Sands Environmental Research Program (AOSERP) 

• FHOSP reports for surveys conducted in 2000 and 2001 (TrueNorth 2001), 2005 (Golder 2006) 
and 2008 (Jacques 2010) 

• reports from regional aquatics monitoring initiatives, which include aquatic monitoring in the oil 
sands region conducted and reported by the Regional Aquatics Monitoring Program (RAMP) 
from 1997 to 2012, the Joint Canada-Alberta Oil Sands Monitoring (JOSM) program for the 
Alberta Environmental Monitoring, Evaluation and Reporting Agency (AEMERA) from 2013 to 
2015, and the Oil Sands Monitoring (OSM) Program for Alberta Environment and Parks (AEP) 
and Environment and Climate Change Canada (ECCC) from 2016 onward 

• information in the AEP Fisheries and Wildlife Management Information System (FWMIS) 
database 

The current baseline update for the IPA was initiated by examining all fisheries information gathered for 
the Amended Project Area, starting with a desktop study of existing baseline surveys, reports, 
documents, and databases, including the information presented in the 2016 Baseline Update (FHELP 
2016). The desktop study determined that the existing information for the aquatic resources in the 
vicinity of the two Extension Areas was not sufficient to fully characterize fish populations and fish 
habitats in the local watercourses; therefore, a supplemental baseline study was completed in 2020 to 
survey representative watercourse locations in the Amended Project Area (Golder 2020a, provided in 
Appendix 2G). The watercourses in the Amended Project Area and the 2020 survey locations are 
presented in Figure 4.5-1. Information for the NNLL was available from the design reports and post-
construction monitoring reports. 
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A summary of the baseline fish and fish habitat conditions in the Extension Areas and NNLL is provided 
in Section 4.5.3, including the results of the desktop study and supplemental 2020 baseline surveys. A 
more detailed description of the supplemental baseline surveys and baseline conditions for aquatic 
resources in the Extension Areas is provided in the Spring and Fall 2020 Baseline Water Quality and Fish 
and Fish Habitat Survey Results (Golder 2020a; Appendix 2G).  

Existing data from previous EAs was examined and a search was conducted to identify, compile, and 
summarize any other data available since the 2016 Baseline Update (FHELP 2016) and the FHMA 
(FHEC 2017a) to provide all existing information for the watercourses that are in or adjacent to the 
Extension Areas. A search of the AEP FWMIS database (AEP 2020a) was conducted to identify and 
acquire any data that was not included in previous assessments for the FHOSP. Additionally, the data 
from the fish and fish habitat and water quality baseline study conducted in 2020 (Appendix 2G) was 
used to update the baseline conditions for the Extension Areas. 

4.5.3. Results 
There was no historical fish and fish habitat information (i.e., pre-dating studies completed for the 
FHOSP) found for any of the watercourses in the Extension Areas, but there is existing information for 
Creek A in the North Extension Area from previous FHOSP surveys, including the original baseline study 
(TrueNorth 2001) and assessments conducted as part of planning for the No Net Loss Lake (NNLL; 
Golder 2002, 2006). The only other available information for watercourses in the two Extension Areas 
consists of survey data from the FWMIS database (AEP 2020a) for Creek A and for three tributaries to 
the McClelland Lake Wetland Complex (MLWC) in the East Extension Area – watercourses MT2, MT4, 
and MT6 (Figure 4.5-1). There is also information in the FWMIS database for one additional MLWC 
tributary to the west of the East Extension Area, which was included in the assessment with respect to 
identification of fish species documented to use the MLWC tributary system and therefore, potentially 
present in the watercourses in the East Extension Area.  

In addition to the existing information compiled by the desktop study, current fish and fish habitat 
survey data are available from the supplemental baseline survey conducted in 2020 (Figure 4.5-1, 
Appendix 2G) for the following locations: 

• North Extension Area: 

- Two sites on Creek A 

- One site on Watercourse MT1 

• East Extension Area: 

- Two sites on Watercourse MT2 

- One site on Watercourse MT3 

- Three sites on Watercourse MT4 

- One site on Watercourse MT5 

- One site on Watercourse MT6 

Results of the compilation and synthesis of the available fish and fish habitat baseline information is 
provided below for the Amended Project Area, organized by the watercourses present in each of the 
extension areas.  
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North Extension Area 
Creek A and No Net Loss Lake 

Fish Habitat 

Most of the length of Creek A is situated in the North Extension Area and the upper half of the drainage 
occurs in the proposed footprint of the North External Dump (NED; Figure 4.5-1). Creek A was formerly a 
tributary of the Athabasca River, but the lower-most portion of the watercourse (approximately 
200 metres [m] long) was redirected as part of construction of the NNLL and the creek is now the inlet to 
the NNLL. Flow from Creek A is still delivered to the Athabasca River but now passes through the NNLL 
and its constructed outlet channel to reach the river. The middle and upper portions of Creek A remain 
unmodified and the creek flows in a northwesterly direction from the North Extension Area to the NNLL. 

Before modification, the lower portion of Creek A near the Athabasca River confluence was described 
during the various FHOSP baseline studies (TrueNorth 2001; Golder 2006) and in the FWMIS database as 
consisting of two reaches: 1) a 100 m long reach extending upstream from the creek mouth consisting of 
a shallow, low gradient watercourse dominated by fine substrate and abundant woody debris, and 2) a 
200 m long reach extending from 100 to 300 m upstream of the creek mouth, consisting of a higher-
gradient watercourse that was incised and was characterized by a narrow channel with cobble/gravel 
riffle habitat alternating with shallow runs with sand substrate. Most of the lower portion of Creek A was 
determined to be accessible to fish from the Athabasca River.  

Lower Creek A was found to have a high degree of groundwater inflow, resulting in water temperatures 
consistently lower than other nearby watercourses, and flows and dissolved oxygen concentrations that 
remained relatively high, even during the winter. The higher gradient in portions of the lower creek was 
thought to be limiting to fish distribution, with fish use recorded only in the lower-most portion of the 
creek. 

The middle portion of Creek A drainage was composed of a 4,134 m long reach extending from 300 m 
upstream of the creek mouth to the current True North Road (historically referred to as Highway 63 or 
the Fort Chipewyan Winter Road) crossing, consisting initially of a high-gradient, incised watercourse but 
trending to sections of beaver impoundments further up the drainage. The middle portion of Creek A was 
considered inaccessible to fish because of high-gradient sections (>15%) and vertical drops 
(cascades) in the lower creek. 

During the 2020 supplemental baseline survey, the middle portion of Creek A was surveyed at one site 
approximately 900 m upstream of the NNLL inlet (Site N-CkA-1) and at a second site further upstream 
near the True North Road crossing (Site N-CkA-2; Figure 4.5-1). In addition, examination of aerial imagery 
and an overflight was conducted for the length of the Creek A drainage to determine if useable fish 
habitat was present throughout the drainage. Useable fish habitat was identified as a defined 
watercourse channel with bed and banks, whether wet or dry at the time of the survey.  

Survey data from the FWMIS database (AEP 2020a) and from Sites N-CkA-1 and N-CkA-2 show that the 
portion of Creek A between the NNLL and the True North Road consisted of a small well-defined channel 
and banks with habitats composed primarily of shallow, depositional run habitats with some areas of 
riffle habitat (Appendix 2G). Maximum water depth ranged between 0.12 to 0.62 m and wetted width 
ranged from 0.55 to 2.1 m, while the channel width ranged from 0.75 to 10 m (AEP 2020a; Appendix 2G). 
Instream cover for fish was provided by small and large woody debris, while overhead cover was 
provided mainly by undercut banks and overhanging woody vegetation, with a smaller number of 
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overhanging grasses. Substrate was dominated by fine sediments such as clay and silt including sand, 
with a minimal amount of gravel and cobble. Dissolved oxygen levels for this section of Creek A ranged 
from 9.7 to 10.5 milligrams per litre (mg/L), while pH ranged from 7.3 to 7.5 (Appendix 2G), which meet 
the Canadian Water Quality Guidelines for the Protection of Aquatic Life (CCME 2021) indicating water 
quality is suitable for use by local fish species. 

The upper portion of the Creek A drainage (i.e., upstream of the True North Road crossing) was 
determined to consist of a drainage only with no defined watercourse channel (bed or banks) and was 
dry at the time of the 2020 surveys (Appendix 2G). The upper portion of the Creek A drainage does not 
contain a watercourse as defined under the Water Act, or any beaver ponds or other water features; 
therefore, it does not provide any useable fish habitat. 

The Fort Hills NNLL is a constructed waterbody located in the Creek A watershed and was designed to 
compensate for fish and fish habitat losses associated with the FHOSP. The NNLL was constructed 
through excavation of the lake basin on a terrace of the eastern bank of the Athabasca River with an 
elevated earthfill containment structure bordering the west side of the lake. The NNLL was filled with 
water in 2014 by realigning the lower section of Creek A to flow into the lake, forming the lake’s inlet 
channel. The NNLL has a surface area of 15.34 ha, a volume of 534,000 m3, and a typical operating water 
level of 232.0 masl (metres above sea level). The maximum lake depth is 6 m, with a mean depth of 
approximately 3.5 m. The littoral zone of the NNLL represents 36% of the total surface area of the lake 
and was contoured to create habitat complexity and diversity to support a variety of fish species. 
Specifically, the lake was designed to provide habitats for 10 fish species, consisting of three sport fish 
species, two sucker species and five forage fish species (Golder 2006). The depth and volume of the lake 
were designed to maintain dissolved oxygen (DO) concentrations suitable to support overwintering fish.  

The outlet of the NNLL was constructed at the south end of the lake and discharges into the Athabasca 
River. The lake outlet channel was constructed as a meandering channel, with an average channel and 
wetted width of 6 m and 2.7 m, respectively, and length of 1,250 m. The outlet channel consists of a 
series of riffle and pool sequences, armoured with substrate material consisting of well-graded, semi-
rounded rocks, ranging in diameter from 100 mm to 300 mm. The outlet channel was constructed to 
have the appearance of a natural watercourse, and to provide similar habitat features. The design of the 
outlet channel is intended to allow fish passage between the Athabasca River and the NNLL during low-
flow conditions (or discharges greater than 0.02 m3/s for sport fish; Golder 2006), for the purposes of 
feeding, spawning, rearing, and overwintering. 

Subsequent to filling the NNLL and outlet channel in 2014, monitoring of the fish habitats, fish 
populations and overall biological development of the NNLL and the outlet channel were conducted 
from 2015 to 2019 (Hatfield 2020). Monitoring results for fish habitat conditions and lower-trophic 
productivity levels (i.e., plankton, macrophytes and invertebrates) indicate that the NNLL has a stable 
water level and littoral zone with an oligo-mesotrophic status. The productivity of the lake has 
progressed at the rate anticipated and the habitats are suitable to support a diverse fish assemblage. DO 
profiles show the lake provides suitable overwintering habitat for fish to a depth of at least 3 m, with 
some lower DO levels in deeper water. 
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Fish Populations 

Eight fish species were recorded in the lower 300 m of the watercourse during all fish population 
surveys of Creek A combined, including surveys conducted in 2000, 2001, 2006, 2013, 2015, and 2020, 
(TrueNorth 2001; Golder 2006, 2020a; AEP 2020a). The species included: 

• three sport fish species – Burbot (Lota lota), Mountain Whitefish (Prosopium williamsoni), and 
Northern Pike (Esox lucius) 

• one sucker species – Longnose Sucker (Catostomus catostomus) 

• four small-bodied forage fish species – Brook Stickleback (Culaea inconstans), Finescale Dace 
(Chrosomus neogaeus), Northern Pearl Dace (Margariscus nachtiebi), and Slimy Sculpin (Cottus 
cognatus) 

Use of the lower section of the creek was related to its accessibility for fish from the Athabasca River 
that use the lower-most creek for seasonal rearing and feeding activities. This level of fish use would 
have been lost for the lower creek because of loss of flow following diversion of the lower creek into the 
NNLL. Although surveyed, no fish have been captured upstream of the lower-most 300 m of the creek 
(TrueNorth 2011; Golder 2006; AEP 2020a). Similarly, no fish were captured in the middle portion of 
Creek A during the 2020 supplemental baseline surveys (Appendix 2G). Based on the lack of any fish 
captures in the combined fish survey results and the habitat information that indicates fish accessibility 
was likely limited by gradient to the lower-most portion of the creek, the portion of Creek A beyond 
300 m upstream of the creek mouth was considered non-fish- bearing.  

Monitoring results for the NNLL and outlet channel show successful and ongoing colonization by local 
fish species and the presence of a self-sustaining fish community, with a total of 12 species recorded for 
all monitoring years combined: 

● three sport fish species – Burbot, Northern Pike and Yellow Perch 

● two sucker species – Longnose Sucker and White Sucker 

● seven forage fish species – Emerald Shiner, Finescale Dace, Lake Chub, Longnose Dace, Northern 
Redbelly Dace, Spottail Shiner and Slimy Sculpin. 

Differences in the fish assemblage were evident for the waterbody habitats in the NNLL compared to the 
watercourse habitats in the outlet channel. Based on numbers of fish captured over the monitoring 
years, the fish community of the NNLL was dominated by Spottail Shiner (76% of captured fish), Yellow 
Perch (18%) and Northern Pike (5%). The fish assemblage of the outlet channel was dominated by White 
Sucker (39%), Burbot (18%), Spottail Shiner (17%), Yellow Perch (12%) and Emerald Shiner (8%). Overall, 
the NNLL supports a higher abundance of fish (93% of all fish captured) compared to the outlet channel, 
while the outlet channel has a higher number of recorded fish species. Based on movements of tagged 
fish, the monitoring results also show that the outlet channel provides successful passage of large-
bodied fish, as designed, providing habitat connectivity with the Athabasca River. 

 Watercourse MT1 (Unnamed McClelland Lake Tributary)  

Fish Habitat 

Watercourse MT1 is an unnamed tributary of McClelland Lake, with the upper portion in the east side of 
the North Extension Area and flowing eastward to McClelland Lake. The portion of Watercourse MT1 
within the North Extension Area is not within the footprint of the NED but is adjacent to it. Watercourse 
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MT1 was surveyed as Site N-MT1-1 and was also examined using aerial imagery and a helicopter 
overflight. 

Watercourse MT1 was generally unconfined with sections with no discernable bed, bank, or channel but 
with open pockets of water and floating mats of vegetation. In the upper portion of the watercourse 
within the North Extension Area, there was no discernible channel and no watercourse habitats; 
however, there was one isolated area of pooled water present in a low-lying area inundated with 
terrestrial vegetation. Site N-MT1-1 was in this area of pooled water. At the survey site, Watercourse 
MT1 had a maximum water depth of 0.65 m and a wetted and channel width of 15 m. There was limited 
instream cover available for fish, and overhead cover was provided by overhanging woody vegetation. 
Substrate was comprised entirely of organics, clay, and silt. This area has no surface connectivity (i.e., no 
defined watercourse) to the lower portion of the watercourse or to McClelland Lake. Because of the lack 
of watercourse habitats, the portion of Watercourse MT1 in the North Extension Area does not provide 
useable fish habitats, and because of the lack of connectivity to fish-bearing habitats in McClelland Lake, 
this portion of the watercourse is not accessible to fish. 

The portion of Watercourse MT1 downstream of the North Extension Area was observed to consist of 
both defined and undefined sections of watercourse channel, but most sections were dry at the time of 
the 2020 surveys. This portion of the watercourse may provide some temporary habitat for forage fish 
species under conditions when there is water present, but the lack of continual channel connectivity 
would limit fish movements and therefore limit the potential for fish from McClelland Lake to use the 
watercourse.  

Fish Populations 

No fish were captured in Watercourse MT1 during the survey conducted as part of the 2020 
supplemental baseline surveys (Appendix 2G) and there have been no previous studies conducted on 
this watercourse.  

 East Extension Area 
 Watercourse MT2 (Unnamed McClelland Lake Wetland Complex Tributary)  

Fish Habitat 

Watercourse MT2 in an unnamed tributary of the MLWC, with its headwaters adjacent to the East 
Extension Area and flowing north along the west boundary of the East Extension Area to the MLWC. The 
watercourse was surveyed at Sites E-MT2-1 and E-MT2-2 (Figure 4.5-1) and generally had defined bed 
and banks with habitats composed primarily of shallow, depositional run habitats. Several beaver 
impoundments were also present along the watercourse. Maximum water depths ranged between 0.30 
to 0.72 m in the run habitats and 0.70 to 1.50 m in the impoundment areas (Appendix 2G). Wetted 
widths ranged from 0.65 to 1.0 m and 30 to 50 m in the run and impoundment habitats, respectively, 
while the channel widths ranged from 0.7 to 1.0 m in the run habitats and from 30 to 50 m in the 
impoundment areas. Instream cover was provided by water depth and small woody debris, while 
overhead cover was provided by undercut banks and overhanging grasses. Substrate consisted entirely 
of fine substrate such as organics, clay, silt, and sand. Dissolved oxygen levels for Watercourse MT2 
ranged from 8.5 to 9.2 mg/L, while pH ranged from 6.8 to 8.9 (Appendix 2G) indicating water quality was 
suitable for use by local fish species. Overall, habitat conditions were suitable for use by small-bodied 
forage fish species that prefer depositional watercourse habitats.  
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Fish Populations 

Brook Stickleback was the only species to be captured in Watercourse MT2 during the 2020 
supplemental baseline surveys (Appendix 2G) and previous studies (AEP 2020a). All studies were 
conducted in the upper sections of the watercourse near the west boundary of the East Extension Area 
(Figure 4.5-1). 

 Watercourse MT3 (Unnamed McClelland Lake Wetland Complex Tributary)  

Fish Habitat 

Watercourse MT3 is an ephemeral drainage that flows in a generally northerly direction through the 
west portion of the East Extension Area, joining Watercourse MT2 downstream of the extension area. A 
portion of this drainage is within the footprint of the proposed reclamation material stockpile (RMS; 
Figure 4.5-1) and the drainage is also crossed by the infrastructure corridor. This drainage was examined 
at a location that was adjacent to the RMS and the proposed corridor crossing (Site E-MT3-1). At the 
time of the 2020 survey (October 3), the site was dry and there was no discernable watercourse 
channel, bed, or banks. With a lack of a defined watercourse, this location does not provide useable fish 
habitat.  

Fish Populations 

There have been no previous fish surveys completed on the Watercourse MT3 drainage and there was 
no water to survey for fish presence at the time of the 2020 supplemental baseline survey. Because of 
its ephemeral nature and lack of a defined channel, this drainage does not meet the Water Act 
definition of a watercourse and therefore does not provide useable fish habitat.  

 Watercourse MT4 (Unnamed McClelland Lake Wetland Complex Tributary)  

Fish Habitat 

Watercourse MT4 is an unnamed tributary to the MLWC, with its headwaters within the East Extension 
Area and flowing north to the MLWC. A portion of this watercourse is within the footprint of the 
proposed RMS (Figure 4.5-1) and the drainage is also crossed by the infrastructure corridor. The 
watercourse was examined at the location of the proposed infrastructure corridor crossing 
(Site E-MT4-3) and further downstream (Site E-MT4-2), as well as downstream of the extension area 
(Site E-MT4-1). The watercourse was composed of a series of beaver impoundments, connected by 
sections of poorly defined or undefined channel and unconfined flow with open pockets of water and 
floating mats of vegetation. At the infrastructure corridor crossing, the watercourse was composed of 
unconfined flow and pooled water. Maximum water depth ranged from 0.28 to 1.0 m and wetted width 
ranged from 15 to 116 m. The substrate consisted of fine sediments such as organics, and clay and silt. 
Instream cover was provided by small and large woody debris as well as water depth in the deeper 
sections. Overhead cover was provided primarily by overhanging woody vegetation. Dissolved oxygen 
levels for Watercourse MT4 ranged from 3.2 to 5.6 mg/L, while pH ranged from 7.0 to 7.1 
(Appendix 2G). The dissolved oxygen levels did not always meet the Canadian Water Quality Guidelines 
for the Protection of Aquatic Life (CCME 2021). Overall, habitat conditions were suitable for use by 
small-bodied forage fish species that prefer depositional watercourse habitats and are tolerant of low 
dissolved oxygen levels. 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

4-156 | Page 

Fish Populations 

No fish were captured in Watercourse MT4 during the 2020 supplemental baseline surveys 
(Appendix 2G); however, Brook Stickleback were previously captured within the portion of the 
watercourse in the East Extension Area (AEP 2020a), at a location near Site E-MT4-2 (Figure 4.5-1).  

 Watercourse MT5 (Unnamed McClelland Lake Wetland Complex Tributary)  

Fish Habitat 

MT5 is an unnamed tributary of the MLWC and flows from the centre of the East Extension Area 
northward to the MLWC. Watercourse MT5 is crossed by the proposed infrastructure corridor. The 
watercourse was surveyed at the boundary of the extension area at Site E-MT5-1. The watercourse was 
composed of unconfined flow across its floodplain with sections of poorly defined and undefined 
channel consisting of pockets of standing water. Where wetted, the maximum water depth was 
measured at 0.34 m with a channel and wetted width of 24 and 20 m, respectively. Instream cover was 
provided by small and large woody debris, while overhead cover was provided by overhanging grasses 
and woody vegetation. Substrate consisted entirely of organics. Dissolved oxygen levels for Watercourse 
MT5 ranged from 1.1 to 6.9 mg/L, while pH ranged from 6.9 to 7.2 (Appendix 2G). The dissolved oxygen 
levels did not always meet the Canadian Water Quality Guidelines for the Protection of Aquatic Life 
(CCME 2021). Overall, habitat conditions were suitable for use by small-bodied forage fish species that 
prefer depositional watercourse habitats and are tolerant of low dissolved oxygen levels. 

Fish Populations 

No fish were captured in Watercourse MT5 during the 2020 supplemental baseline surveys 
(Appendix 2G) and there have been no previous studies conducted on this watercourse. 

 Watercourse MT6 (Unnamed McClelland Lake Tributary)  

Fish Habitat 

Watercourse MT6 is an unnamed tributary of McClelland Lake with its headwaters in the southeast 
corner of the East Extension Area from which it flows northward to McClelland Lake. The watercourse 
was surveyed at a location downstream of the East Extension Area (Site E-MT6-1). The watercourse was 
composed of sections of both well-defined channel and poorly defined channel with unconfined flow 
across the flood plain in the upstream portion. The well-defined sections were composed of depositional 
run habitats. Maximum water depths ranged from 0.35 to 0.75 m, while wetted width ranged from 
0.55 m in the run habitat to 10.7 m in the unconfined areas. Channel width ranged from 0.35 to 1.9 m. 
Instream cover was provided by small and large woody debris, while overhead cover was provided by 
undercut banks and overhanging grasses, with small areas of overhanging woody vegetation. The 
substrate consisted of clay and silt, with areas of organics present as well. Dissolved oxygen levels for 
Watercourse MT6 ranged from 8.1 to 8.4 mg/L, while pH ranged from 7.0 to 7.8 (Appendix 2G) 
indicating water quality is suitable for use by local fish species. Overall, habitat conditions were suitable 
for use by small-bodied forage fish species that prefer depositional watercourse habitats. 

Fish Populations 

Two forage fish species (Brook Stickleback and Northern Pearl Dace) were captured in Watercourse MT6 
during the 2020 supplemental baseline surveys (Appendix 2G) and both species were also captured 
during a previous survey (AEP 2020a) at a location downstream of Site E-MT6-1 (Figure 4.5-1). 
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 Baseline Summary 

Watercourses in the North Extension Area consist of Creek A, a former tributary to the Athabasca River 
that is now the inlet to the NNLL, and Watercourse MT1, a small tributary to McClelland Lake. Based on 
existing surveys and results of the 2020 supplemental baseline surveys, there is limited potential for fish 
habitats to be affected by the IPA. A portion of Creek A is in the proposed footprint of the NED, 
consisting of a section of defined watercourse downstream of the True North Road that provides 
potential habitat for small-bodied forage fish species, and a section of the drainage upstream of the 
road that has no defined watercourse and does not provide fish habitat. Although the watercourse 
section below the road has defined watercourse habitats, previous surveys and surveys conducted for 
the 2020 supplemental baseline study did not record any fish presence, except for the lower-most 
300 m near the creek mouth. The IPA baseline survey results indicated that fish access to the portion of 
the watercourse more than 300 m upstream of the creek mouth may be limited and the watercourse is 
likely non-fish-bearing; nonetheless, the watercourse does provide flow as well as biological inputs to 
the NNLL such as detritus and benthic invertebrate drift. The portion of Watercourse MT1 in the North 
Extension Area is not within the NED footprint and does not provide useable fish habitats. 

Watercourses in the East Extension Area consist of several streams, most of which are tributaries to the 
MLWC and one that is a tributary to McClelland Lake. Some of the watercourses are in the footprint of 
the proposed RMS and the infrastructure corridor, or both. Existing information and the results of the 
2020 supplemental baseline surveys show that the watercourses within or adjacent to the East 
Extension Area have one or more habitat limitations, including small size, poor connectivity because of 
sections of undefined channel and poor dissolved oxygen levels. For tributaries to the MLWC, 
Watercourses MT1 and MT3 showed no defined watercourse channels at the survey locations and no 
useable fish habitat. Watercourses MT2, MT4, and MT5 provide habitats limited in suitability for use to 
small-bodied forage fish species that prefer depositional habitats, and in the case of MT4 and MT5, also 
have a tolerance for low dissolved oxygen levels. Consistent with this, the only fish species captured in 
any of the MLWC tributaries was Brook Stickleback. Because this species was also captured in another 
MLWC tributary outside the East Extension Area (AEP 2020a) it is considered likely that any MLWC 
tributary could have Brook Stickleback present where the watercourse contains water and where there 
is some level of accessibility through connectivity. Watercourse MT6, the tributary to McClelland Lake, 
also provides habitats suitable for use by forage fish species and was documented to support Brook 
Stickleback and Northern Pearl Dace. Existing data (AEP 2020a) and previous FHOSP baseline surveys 
(TrueNorth 2001) show that the McClelland Lake fish community is limited to four forage fish species 
(Brook Stickleback, Finescale Dace, Lake Chub, and Northern Pearl Dace). Therefore, there is no 
potential for large-bodied sport fish or sucker species to be present in any of the MLWC or McClelland 
Lake tributary watercourses in or adjacent to the East Extension Area. 

4.5.4. Change Assessment 
The proposed addition of the Amended Project Area will result in a larger FHOSP footprint, with the 
North Extension Area including portions of Creek A and Watercourse MT1, and the East Extension Area 
including portions of watercourses MT2, MT3, MT4, MT5, and MT6. The key changes in the IPA from the 
previous assessment (FHEC 2017a) with the potential to directly, or indirectly, affect fish and fish habitat 
include:  

● Addition of the North Extension Area and associated development of the NED resulting in 
landscape changes and changes in drainage patterns.  



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

4-158 | Page 

● Addition of the East Extension Area and associated development of the RMS and infrastructure 
corridor. The RMS will result in landscape changes in changes in drainage patterns while the 
infrastructure corridor will include construction of watercourse crossings.  

● Update of the LMCP because of the addition of the Extension Areas and changes to the mine 
plan, with possible changes in water quality or aquatic health associated with pit lake 
configurations or operations.  

 Linkage Assessment Summary 

Three potential linkages to effects on the aquatic resources in or downstream of the Extension Areas 
were identified for operations and/or closure: 

● Direct physical alteration of existing fish habitats. 

● Indirect changes to fish habitats because of changes in surface water quantity that could affect 
habitat conditions (e.g., flows and water levels).  

● Indirect changes to fish and fish habitat because of changes in surface water quality that could 
affect fish populations through changes in aquatic health (e.g., parameters of concern). 

The potential linkage to changes in the previous assessment conclusions for the closure period were 
identified for potential changes to assessment conclusions for the surface water hydrology and surface 
water quality components relative to the updated LMCP.  

 Physical Alteration 
 North External Dump and Reclamation Material Stockpile Footprints 

The addition of the Extension Areas will result in a larger FHOSP footprint. The NED footprint in the 
North Extension Area will physically alter the portion of the Creek A drainage within the footprint  
(Figure 4.5-1). The RMS footprint in the East Extension Area will physically alter portions of the 
watercourses MT3 and MT4 drainages within the footprint. Therefore, the linkage to direct effects on 
fish and fish habitat because of physical alteration is valid for the portions of these specific drainages 
that contain productive fish habitats. The watercourses within the NED and RMS footprints will be 
eliminated by development. Therefore, where there is a loss of productive fish habitats these physical 
alterations will result in an incremental increase in the amount of fish habitat lost because of the FHOSP 
and represents a change from the approved FHOSP. 

The upper half of the Creek A drainage occurs in the proposed NED footprint, as described in 
Section 4.5.2. The lower-most portion of the creek has been diverted to form the inflow to the NNLL. 
The upper-most portion of the drainage area (i.e., upstream of the True North Road crossing;  
Figure 4.5-1) was determined to consist of a drainage only with no defined watercourse channel that 
does not provide any useable fish habitat. The portion of the Creek A drainage from the True North 
Road downstream to the NNLL inflow consists of a small well-defined channel; however, based on the 
lack of any fish captures in the combined fish survey results, and the habitat information that indicates 
fish accessibility was likely limited by gradient in the lower-most portion of the creek, this portion of 
Creek A is likely non-fish-bearing. Therefore, elimination of the portion of Creek A in the NED footprint is 
not considered to have any direct adverse effects on fish populations or productive fish habitats. The 
portion of the defined watercourse to be eliminated may provide support to downstream fish 
populations in the NNLL via production and transport of food resources to the NNLL (i.e., benthic 
invertebrate drift). However, only a portion of the defined section of Creek A upstream of the NNLL will 
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be eliminated, such that some benthic invertebrate drift to the NNLL will continue. In addition, the 
design of the NNLL includes sufficient internal production of food resources for fish, and recent 
monitoring of the biological colonization of the lake (Hatfield Consultants 2019) indicates that the 
physical and chemical characteristics are currently capable of supporting diverse fish populations. As 
such, the potential for the loss of a portion of the benthic invertebrate drift derived from Creek A to 
adversely affect habitat productivity in the NNLL is considered negligible.  

Watercourse MT3 is a tributary drainage to the MLWC and was determined to lack any discernable 
watercourse channel, bed or banks and thereby lack any useable fish habitat (Section 4.5.2). Therefore, 
elimination of the portion of the MT3 drainage in the RMS footprint would not have any direct adverse 
effects on fish populations or productive fish habitats. 

Watercourse MT4 is a tributary to the MLWC and was found to consist of impoundment pool habitats 
(i.e., beaver ponds) separated by poorly defined or undefined sections of watercourse channel 
(Section 4.5.2). The habitats are suitable for use by small-bodied forage fish species that prefer 
depositional watercourse habitats and are tolerant of low dissolved oxygen levels. Brook Stickleback 
were captured in Watercourse MT4 and are considered the only species likely to be present, based on 
habitat conditions and this being the only fish species recorded in any of the aquatic resources within or 
upstream of the MLWC. Because Watercourse MT4 provides productive fish habitats, elimination of a 
portion of the watercourse has the potential to result in adverse effects on fish populations and 
productive fish habitats. Fish rescue operations for Watercourse MT4 could be employed as an 
appropriate mitigation measure to protect fish populations. Conducting fish rescue operations for the 
affected portion of Watercourse MT4 before watercourse alteration would be an effective method of 
minimizing direct loss of fish. In advance of any development that could impact Watercourse MT4, Fort 
Hills Energy Corporation (FHEC) will engage with Fisheries and Oceans Canada (DFO) to confirm 
requirements for the fish rescue.  

Potential offsetting requirements associated with habitat loss in Watercourse MT4 will be further 
discussed with DFO prior to disturbing the watercourse. 

 Infrastructure Corridor Footprint 

The infrastructure corridor is within the East Extension Area and crosses watercourses MT2, MT3, MT4, 
MT5, and another unnamed tributary to the MLWC adjacent to Watercourse MT5 (Figure 4.5-1). To 
facilitate the assessment, the field data collected for the surveyed tributaries to the MLWC is 
representative of fish habitat conditions and fish populations in the unsurveyed tributary.  

The baseline data shows that Watercourse MT3 does not provide useable fish habitats, whereas 
watercourses MT2, MT4, MT5, and, by extension, the unnamed MLWC tributary adjacent to MT5 
provide habitats limited in suitability for use to small-bodied forage fish species that prefer depositional 
habitats, and in the case of MT4 and MT5, also have a tolerance for low dissolved oxygen levels. 
Consistent with this, the only fish species captured in any of the MLWC tributaries was one forage fish 
species tolerant of low dissolved oxygen levels (i.e., Brook Stickleback).  

The best management practices and protocols established by the relevant regulatory agencies will be 
incorporated into the watercourse crossing plans to mitigate potential effects on these watercourses for 
any required crossings. Key mitigation measures include those listed in the DFO Measures to Protect 
Fish and Fish Habitat (DFO 2019), and the standards and protocols listed in the Water Act Codes of 
Practice (CoP) for various types of watercourse crossings (GoA 2013a, 2019b). The DFO mitigation 
measures are designed to prevent the death of fish, maintain riparian vegetation, provide best practices 
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for works occurring near water, maintain fish passage, make sure proper sediment control, and prevent 
entry of deleterious substances to the watercourse. The Water Act CoP provide preferred construction 
timing windows, specific construction methods in relation to the classification and sensitivity of the 
watercourse at each crossings site, best management practices for working near water and erosion and 
sediment control measures, all of which are designed to maintain the productive capacity of the 
watercourse, maintain fish passage, and avoid causing a harmful, alteration, disruption, or destruction 
(HADD) of fish habitat, as defined under the Fisheries Act.  

All the tributaries to the MLWC are designated as Unmapped Class C watercourses, indicating they have 
not been specifically classified but may be moderately sensitive because of their connectivity to a fish-
bearing waterbody (i.e., McClelland Lake). As per the Water Act CoP, examination of the MLWC 
tributaries by a Qualified Aquatic Environment Specialist (QAES) was used to determine the actual 
sensitivity of the watercourses to crossing construction activities. The 2020 field surveys completed by a 
QAES for the MLWC tributaries determined the watercourses have low sensitivity to crossing 
construction because of their low habitat diversity, limited potential for downstream transport of 
sediments because of poor channel definition and presence of beaver dams, substrates composed 
entirely of fine sediments, and lack of sensitive fish populations such as sport fish or suckers. Therefore, 
incorporating the mitigation measures listed by DFO and the Water Act CoP into the crossing plans are 
considered sufficient to prevent adverse effects of the proposed watercourse crossings on fish habitats 
or fish populations, including prevention of HADD and avoiding disruption of fish passage. 

 Changes in Surface Water Hydrology 

The potential for changes in surface water hydrology (streamflow quantity and water levels) to have 
indirect effects on fish and fish habitat was evaluated based on the conclusions of the Hydrology change 
assessment (Section 4.3.3). The Hydrology section included a re-assessment of previously outlined 
alterations to local and regional surface water systems based on the changes to approved FHOSP 
operations and closure associated with the IPA. Watercourses identified as requiring re-assessment 
consisted of: 

● Creek A, because of watershed changes in the North Extension Area related to the NED during 
operations and at closure. 

● The NNLL, because of changes to the lake inflows (Creek A and groundwater inputs) during 
operations and closure. 

● Stanley Creek, because of changes in the watershed area at closure. The watershed changes are 
because of development of the Out-of-Pit Tailings Area (OPTA) and ETB rather than either of the 
Extension Areas, but represent changes relative to the approved FHOSP. 

The hydrology of the other watercourses in the FHOSP area were not re-assessed as the IPA has no 
additional effect on those systems. 

The hydrology assessment provided the following conclusions with potential linkages to changes in fish 
and fish habitat relative to the approved FHOSP: 

● Creek A – negligible changes during the operations period because of mitigation of potential 
changes in watershed area, but notable reduction in flows at closure because of a reduction in 
watershed area. 
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● NNLL – negligible changes during operations, but a small reduction in average water level and a 
notable reduction in flows in the NNLL outlet channel at closure when inflows from Creek A will 
not be sufficient to maintain the current water balance of the lake. 

● Stanley Creek – notable reduction in flows downstream of FHOSP at closure because of a 
reduction in watershed area resulting from development of the OPTA/ETB. 

The negligible changes in Creek A flows during operations will not affect fish and fish habitat in the creek 
or in the NNLL but the predicted changes at closure could. Predicted flow changes in Creek A at closure 
include a reduction in mean open-water flows, mean ice-cover flows, and peak flows, resulting in a 66% 
reduction in mean annual flows. As Creek A is not considered fish-bearing upstream of the NNLL inlet, 
the effects of these reductions occur in the NNLL and its outlet channel, both of which currently provide 
productive compensation habitats for the FHOSP. The average monthly water levels in the NNLL are 
predicted to decrease by a small amount – by 0.01 to 0.06 m depending on the month. The flows in the 
NNLL outlet channel are predicted to decrease in a similar manner as Creek A, including a 66% reduction 
in mean annual flow. The reduction in lake water level has the potential to affect the productive 
capacity of the lake, either through a change in littoral area or shoreline vegetation, a reduction in 
overwintering capability, or an overall reduction in the lake surface area, each of which could result in a 
reduction in lake productivity. The notable reduction in the outlet flows would be expected to have a 
substantial adverse effect on habitat conditions and fish passage in the outlet channel because of 
reduced water levels, depths, and surface area. 

Because the predicted changes in the NNLL and outlet channel will not occur until closure (i.e., after 
2063), FHEC will continue to examine the issue and use flow and water level monitoring data to 
understand and refine the predictions. The length of time before closure allows for developing a better 
understanding of the hydrology and groundwater flows in the Creek A watershed, as well as 
understanding the predicted impacts. This time also allows for continued optimization of the updated 
LMCP to investigate options to revise the plan in the future to mitigate changes in Creek A flows to 
acceptable levels. The conditions of the FHOSP Fisheries Act Authorization specify that the proponent 
shall not carry out any work or undertaking that will result in a HADD to the compensation habitats 
without appropriate regulatory approvals. Therefore, if changes to Creek A flows and the potential 
adverse effects on the NNLL and outlet channel cannot be sufficiently mitigated, options will be 
investigated in consultation with DFO to create a new fish habitat offsetting facility or provide other 
offsetting measures to counterbalance any predicted impacts to the productivity of the current 
compensation habitats. 

The hydrology assessment for the IPA determined that there would be a larger reduction in the Stanley 
Creek watershed area and consequent reduction in creek flows downstream of FHOSP relative to the 
approved FHOSP because of the effects of OPTA/ETB. However, the majority of the lower Stanley Creek 
watershed will be restructured by Syncrude Canada Limited (Syncrude), with flows directed to the 
Syncrude Aurora North Project West Pit Lake and from there to the Athabasca River. Only the lower-
most portion of the original Stanley Creek watershed will continue to drain to the Muskeg River. The 
potential for IPA to further effect productive fish habitat in Stanley Creek is considered negligible 
because substantial downstream impact to the Stanley Creek watershed is expected because of planned 
development of the Syncrude Aurora North Project. 
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 Changes in Water Quality and Aquatic Health 

The potential for updated predictions of water quality conditions in the pit lakes to affect aquatic health 
and thereby have indirect effects on fish and fish habitat was evaluated based on the conclusions of the 
aquatic health change assessment (Section 4.4.2.3). Concentrations of eight parameters identified by 
the water quality assessment were evaluated in the aquatic health assessment. The analysis determined 
there was no substantial change to the assessment results from the approved FHOSP for the pit lakes or 
for the receiving environment of the Athabasca River. The results of the water quality and aquatic health 
assessments indicate that the conclusions put forward in FHEC (2007, 2010) remain valid. The three pit 
lakes are expected to provide viable aquatic ecosystems and no effects on aquatic health are expected 
in the Athabasca River. Therefore, the fish and fish habitat assessment conclusions for the approved 
FHOSP remain valid and there are no expected chronic or acute effects on aquatic organisms. 

 Mitigation Measures and Anticipated Residual Effects 

Potential effects on fish and fish habitat were identified because of direct alteration of productive fish 
Potential effects on fish and fish habitat were identified because of direct alteration of productive fish 
habitats in the portion of Watercourse MT4 within the RMS footprint, possible effects of watercourse 
crossing construction and operation on tributaries to the MLWC within the infrastructure corridor, and 
possible reduction in water levels and outflow volumes for the NNLL resulting from a possible reduction 
in the Creek A watershed at closure.  

Mitigation measures for effects on Watercourse MT4 could include a fish rescue operation to capture 
and relocate fish from the affected portions of the watercourse before habitat alteration to reduce fish 
losses. In advance of any development that could impact Watercourse MT4, FHEC will engage with DFO 
to confirm requirements for the fish rescue. Potential offsetting requirements associated with habitat 
loss in Watercourse MT4 will be further discussed with DFO prior to disturbing the watercourse. 

 Mitigation measures for potential effects from watercourse crossings consist of following the guidelines 
and best management practices designed by the regulatory authorities to prevent effects on fish habitat 
productivity and fish passage because of crossing construction and operation. With these mitigation 
measures, there are no predicted residual effects for watercourse MT4 or the MLWC tributaries on the 
infrastructure corridor.  

The predicted changes in the NNLL and outlet channel will not occur until closure (i.e., after 2063), FHEC 
will continue to examine the issue and use flow and water level monitoring data to understand and 
refine the predictions. The length of time before closure allows for developing a better understanding of 
the hydrology and groundwater flows in the Creek A watershed, as well as understanding the predicted 
impacts. This time also allows for continued optimization of the updated LMCP to investigate options to 
revise the plan in the future to mitigate changes in Creek A flows to acceptable levels. If changes to 
Creek A flows and the potential adverse effects on the NNLL and outlet channel cannot be sufficiently 
mitigated, consultation with DFO will be conducted so that FHOSP continues to counterbalance any 
predicted impacts to fish habitat productivity. 

 Monitoring and Follow-up Activities 

Monitoring of the fish habitat compensation measures used to offset effects on productive fish habitats 
is a requirement of the FHOSP Fisheries Act Authorization to evaluate the compensation measures and 
demonstrate their effectiveness to the satisfaction of DFO. FHEC will verify with DFO that the habitat 
compensation measures for the FHOSP, such as the NNLL and its outlet channel, are sufficient to provide 
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offsetting for the incremental increase in fish habitat losses associated with the effects of IPA on 
productive fish habitats in Watercourse MT4. To date, the compensation habitats have been 
constructed and have undergone biological development. A monitoring program approved by DFO is 
currently ongoing and will provide the necessary follow-up to demonstrate the effectiveness of the 
compensation habitats and that the FHOSP will meet the objective of No Net Loss of productive fish 
habitats. Should alternate or additional habitat compensation measures be necessary for potential 
effects on the NNLL and outlet channel because of development in the North Extension Area, 
appropriate monitoring programs for these measures will also be developed in consultation with DFO. 

Construction and operation of watercourse crossings associated with the infrastructure corridor will be 
subject to the standard monitoring activities recommended by the DFO and AEP guidelines for 
watercourse crossings. As a follow-up, regular inspections of the crossings will be conducted for crossing 
maintenance and fish passage maintenance.  

4.5.5. Conclusions 
The fish and fish habitat assessment for IPA identified and assessed the potential valid linkages 
associated with the proposed changes to the approved FHOSP in terms of changes to fish and fish 
habitat within or adjacent to the Extension Areas in the Amended Project Area, as well as in the revised 
closure landscape. The assessment identified changes to the fish and fish habitat conclusions relative to 
the approved FHOSP, as represented by the FHMA. To support the IPA assessment, the baseline fish and 
fish habitat information for the FHOSP was updated through a desktop study and 2020 supplemental 
baseline survey to describe the fish habitat conditions and fish populations for potentially impacted 
aquatic resources in the Extension Areas that were not previously examined. 

Watercourses in the North Extension Area consist of Creek A, a former tributary to the Athabasca River 
that is now the inlet to the NNLL, and Watercourse MT1, a small tributary to McClelland Lake. Based on 
the characteristics of the watercourses, there is limited potential for productive fish habitats to be 
directly affected by the IPA. The portion of Creek A in the proposed footprint of the NED consists of a 
section of defined watercourse that is considered non-fish-bearing and a section that has no defined 
channel and does not provide useable fish habitat. The portion of Watercourse MT1 in the North 
Extension Area will not be affected and does not provide useable fish habitats. 

Watercourses in the East Extension Area consist of several streams, most of which are tributaries to the 
MLWC and one that is a tributary to McClelland Lake. Some of the watercourses are in the footprint of 
the proposed RMS, the infrastructure corridor, or both. Baseline data shows that these watercourses 
have one or more habitat limitations, including small size, poor connectivity because of sections of 
undefined channel, and poor dissolved oxygen levels. Some watercourses showed no useable fish 
habitat while others provide habitats limited in suitability for use to small-bodied forage fish species that 
prefer depositional habitats and have a tolerance for low dissolved oxygen levels. Consistent with this, 
the only fish species captured in any of the MLWC tributaries was Brook Stickleback. 

The assessment of watercourse alterations because of direct disturbance associated with the larger 
footprint for the Amended Project Area identified potential effects for some watercourses. The NED 
footprint in the North Extension Area will physically alter a portion of the Creek A drainage and the RMS 
footprint in the East Extension Area will physically alter portions of the watercourse MT3 and MT4 
drainages. It was determined that Watercourse MT4 is the only affected watercourse that contains 
productive fish habitats that support fish use and that elimination of the habitats in Watercourse MT4 
will result in an incremental increase in the amount of productive fish habitat lost because of the FHOSP, 
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which represents a change from the current approvals. Potential offsetting requirements associated 
with habitat loss in Watercourse MT4 will be further discussed with DFO prior to disturbing the 
watercourse. 

The infrastructure corridor footprint is within the East Extension Area and crosses several watercourses 
that are tributaries to the MLWC. To mitigate potential effects on these watercourses for any required 
crossings, the best management practices and protocols established by the relevant regulatory agencies 
will be incorporated into the watercourse crossing plans, including the DFO Measures to Protect Fish 
and Fish Habitat (DFO 2019) and the Water Act CoPs (GoA 2013a, 2019b) for various types of 
watercourse crossings. The mitigation measures are designed to maintain the productive capacity of the 
watercourse, maintain fish passage, and avoid causing a HADD. The baseline data shows the 
watercourses have low sensitivity to crossing construction because of their low habitat diversity, limited 
potential for downstream transport of sediments because of poor channel definition and presence of 
beaver dams, substrates composed entirely of fine sediments, and lack of sensitive fish populations such 
as sport fish or suckers. Therefore, incorporating the mitigation measures listed by DFO and the Water 
Act CoPs into the crossing plans are considered sufficient to prevent adverse effects of the proposed 
watercourse crossings on fish habitats or fish populations. 

Potential impacts to fish and fish habitat because of indirect effects associated with changes in surface 
water quantity were also assessed. The hydrology assessment identified the following changes in flows 
or water levels with potential linkages to changes in fish and fish habitat relative to the approved 
FHOSP: 

● Creek A – notable (66%) reduction in mean annual flows at closure because of a reduction in 
watershed area. 

● NNLL – a small (0.01 to 0.06 m) reduction in average water level and a notable reduction in 
flows in the NNLL outlet channel at closure when inflows from Creek A will not be sufficient to 
maintain the current water balance of the lake. 

● Stanley Creek – a reduction in flows downstream of FHOSP at closure because of a reduction in 
watershed area resulting from development of the OPTA/ETB. 

As Creek A is not considered fish-bearing upstream of the NNLL inlet, the effects of the flow reductions 
occur in the NNLL and its outlet channel, both of which currently provide productive compensation 
habitats for the FHOSP. The reduction in lake water level has the potential to affect the productive 
capacity of the lake and the reduction in the outlet flows would be expected to have a substantial 
adverse effect on habitat conditions and fish passage in the outlet channel. Because the predicted 
changes in the NNLL and outlet channel will not occur until closure (i.e., after 2063), FHEC will continue 
to examine the issue and use flow and water level monitoring data to understand and refine the 
predictions. The length of time before closure allows for developing a better understanding of the 
hydrology and groundwater flows in the Creek A watershed, as well as understanding the predicted 
impacts. This time also allows for continued optimization of the updated LMCP to investigate options to 
revise the plan in the future to mitigate changes in Creek A flows to acceptable levels. If changes to 
Creek A flows and the potential adverse effects on the NNLL and outlet channel cannot be sufficiently 
mitigated, consultation with DFO will be conducted to ensure FHOSP continue to counterbalance any 
predicted impacts to fish habitat productivity. 

The hydrology assessment determined that there would be a larger reduction in the Stanley Creek 
watershed area and consequent reduction in creek flows downstream of FHOSP relative to the approved 
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FHOSP. However, the majority of the lower Stanley Creek watershed will be restructured by Syncrude, 
with flows directed to the Syncrude Aurora North Project West Pit Lake and from there to the Athabasca 
River. Only the lower-most portion of the original Stanley Creek watershed will continue to drain to the 
Muskeg River. The potential for the IPA to further effect productive fish habitat in Stanley Creek is 
considered negligible because substantial downstream impact to the Stanley Creek watershed is 
expected because of planned development of the Syncrude Aurora North Project. 

Potential impacts to fish and fish habitat because of indirect effects associated with changes in surface 
water quality and aquatic health were also assessed. The analysis determined there was no substantial 
change to the assessment results from the approved FHOSP for the pit lakes or for the receiving 
environment of the Athabasca River. The results of the water quality and aquatic health assessments 
indicate that the conclusions put forward in FHEC (2007, 2010) remain valid. The three pit lakes are 
expected to provide viable aquatic ecosystems and no effects on aquatic health are expected in the 
Athabasca River. Therefore, the fish and fish habitat assessment conclusions for the approved FHOSP 
remain valid and there are no expected chronic or acute effects on aquatic organisms. 

4.6. Aquatics Conclusions 

4.6.1. Residual Effects 
The magnitude of residual effects to aquatic resources due to changes to the mine and closure plan is 
dependent on changes to hydrogeology, hydrology, watercourse alterations, and construction activities 
(notably, the construction of stream crossings). These changes were evaluated in terms of their 
potential impact to fish habitat, water quality and the health of aquatic biota.  

During operations no or negligible effects to receptors due to surface flows or groundwater flowpaths 
are anticipated (groundwater flowpaths are not expected to reach the receptors over the operational 
timeframe). Watercourse disturbance (a portion of Creek A and watercourses MT3 and MT4) due to the 
increase in footprint of the NED is expected to occur during operations. Of the altered watercourses, 
only watercourse MT4 contains productive fish habitat. Elimination of the habitats in Watercourse MT4 
will result in an incremental increase in the amount of productive fish habitat lost because of the FHOSP, 
and compensation habitats will be used to offset the effects and counterbalance the loss of productive 
habitats. Effects to the watercourses due to the construction of crossings is expected to be negligible as 
the watercourses show low habitat diversity, limited potential for downstream transport of sediments, 
and lack of sensitive fish populations. 

In the far future closure case, predicted IWW-influenced groundwater seepage rates to the Athabasca 
and Muskeg rivers are lower than in the previous application (FHEC 2017a), and planned seepage 
collection around OPTA and OPTA East is expected to result in negligible to no impact to Stanley Creek 
due to IWW. Surface water flow changes to Stanley Creek, Creek A, and NNLL resulting from changes to 
the closure plans are anticipated and were evaluated in the context of potential impacts to fish habitat.  

The potential for a reduction in IPA closure flows in Stanley Creek to further effect productive fish 
habitat is considered negligible because substantial downstream impact to the Stanley Creek watershed 
is expected because of planned development of the Syncrude Aurora North Project. Creek A is not 
considered fish-bearing upstream of the NNLL inlet; therefore, the effects of the flow reductions were 
evaluated in NNLL and its outlet channel. The reduction in lake water level has the potential to affect the 
productive capacity of the lake and the reduction in the outlet flows would be expected to have a 
substantial adverse effect on habitat conditions and fish passage in the outlet channel. Because the 
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predicted changes in the NNLL and outlet channel will not occur until closure (i.e., after 2063), FHEC will 
continue to examine the issue and use flow and water level monitoring data to understand and refine 
the predictions. Further details are provided in Section 4.6.2. 

Water quality of the pit lakes was examined as part of this assessment. Operational impacts to water 
quality in the receiving environment were not assessed because the predicted hydrogeological and 
hydrological changes relative to the previously approved application are expected to be negligible. 
Closure impacts to the receiving streams and rivers were also not assessed. Impacts to streams and 
rivers are expected to be negligible because of planned mitigation measures and predicted acceptable 
water quality in the pit lakes. Specifically, water quality in the pit lakes was evaluated in the context of 
creating a viable and sustainable habitat for aquatic biota. The water quality modelling results for the 
three pit lakes, over 6 climate scenarios, showed eight parameters – aluminum, boron, chromium, 
cobalt, mercury, molybdenum, and PAH Groups 2 and 9 – were predicted to be higher than GoA (2018) 
water quality guidelines for the protection of aquatic life and average concentrations calculated in the 
Athabasca River and natural lakes in the region in at least one climate scenario. The aquatic health 
assessment focused on these eight parameters and indicated risk levels ranging from negligible to low. 
This finding, in combination with the overall conservatism of the modelling (i.e., range of climate 
scenarios and cases evaluated) and other assumptions (e.g., metals assumed to be present in most toxic 
form) indicates acceptable conditions of aquatic health for all three pit lakes.  

4.6.2. Monitoring and Follow-up Activities 
Under Condition 4.5.1 of EPEA Approval 151469-01-00 (as amended) a comprehensive Groundwater 
Monitoring Program (GMP) was developed for FHOSP to validate the conclusions of previous and 
current groundwater assessments and to detect any unexpected changes in groundwater quality related 
to mine operations. The GMP for the FHOSP has been approved by AER and consists of installing and 
monitoring groundwater monitoring wells in locations close to the surface water nodes to provide the 
data to show that IWW-influenced groundwater is not migrating at rates in excess of what surface water 
nodes can tolerate. Water levels and water quality will continue to be monitored semi-annually to 
annually for the time it takes to start to observe a reduction in the presence of IWW in the tailings sand. 
Typically, about three pore volumes need to be flushed from the tailings sand to achieve this condition. 
The approach to groundwater monitoring, including the objectives, approach, and reporting, will remain 
consistent with the regulatory requirements. 

Additional groundwater monitoring is expected as a result of the MLWC Operational Plan, which would 
specifically monitor changes in groundwater water levels and groundwater quality in MLWC. This 
additional monitoring would be designed to monitor the conditions within the non-mined portion of the 
MLWC, and the effectiveness of the proposed mitigation measures. 

During Operational and Active Closure periods, FHOSP will install groundwater monitoring wells in 
compliance with its EPEA Approval requirements and is committed to the operation of a seepage control 
system if monitoring results indicate the requirement for such a system. Maintenance of seepage (well) 
control system around the OPTA that will be operational until the groundwater quality reaches 
appropriate water quality benchmarks. The purpose of the seepage control system is to prevent the 
flow of IWW-influenced groundwater seepage into the Muskeg River Watershed and/or across the 
FHOSP lease boundary. 

Operational hydrological monitoring will continue as per approved plans and is reported annually by 
FHOSP to the AER. Comprehensive monitoring programs for closure have not yet been developed but 
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are expected to follow the same general principles of the existing monitoring programs with respect to 
objectives, approach, and reporting process. It is anticipated that monitoring will include pit lake levels 
and flows at the assessment nodes listed in Volume 1, Appendix C. Furthermore, FHOSP will regularly 
verify the lakes water balance as new monitoring records and research findings become available.  

A water quality monitoring program in accordance with prevailing regulations will be implemented prior 
to the integration of the pit lake system with the surrounding environment. Similarly, a post-integration 
monitoring plan will be implemented to monitor water quality of the pit lake system and verify the 
planned water quality objectives. The risks tend to be lowest for pit lakes that discharge directly to the 
Athabasca River (e.g., hazard quotients are lowest for SPL and NPL, and highest for CPL). This provides 
flexibility for adaptation to monitoring results in CPL before contact with the broader receiving 
environment in the Athabasca River. 

If the monitoring data diverges from expected outcomes, FHOSP has several levers available to manage 
the viability of the planned pit lakes and watercourses: 

● Adjust the Pit Lake Water Balance by: 

- Increasing or decreasing the pit lake size to increase or decrease evapotranspiration losses. 
For the SPL, FHOSP has the flexibility to increase the lake size by creating a larger littoral 
zone along the lakes eastern shore, where the water level is close to the terrain elevation. 
FHOSP has the flexibility to decrease the lake size by decreasing the volume of treated 
tailings to be placed (or which may occur by greater than predicted consolidation) in the 
lake and by replacing the volume with overburden along the shorelines. 

- Adjusting the surface grading and the associated drainage plan to re-route surface 
drainage and to increase or to decrease the surface catchment reporting directly to a pit 
lake. 

- Adjusting the micro-topography and ditching network within the pit lake watersheds to 
either enhance runoff (more ditches, greater land slopes between ditches) or reduce 
runoff. 

● The outlet elevation of the lake can be adjusted, as required. The plan for the DDA assumes the 
treated tailings in the DDA will settle during and beyond the operational period. This means that 
the final elevation of treated tailings in the DDA will continue to decrease. Therefore, this 
provides the flexibility to lower the outlet elevation to align with the final closure requirement. 

● Increase the size and/or number of wetlands on the reclaimed landscape to provide additional 
remediation of reclamation waters prior to discharge to the pit lakes. 

● Reduce the initial filling rate to provide additional retention times before discharges from the pit 
lakes. 

● Introduce, as required, additional amount of Athabasca River water into the pit lakes at a rate 
necessary to achieve acceptable water quality. 

● Add nutrients to the pit lakes to elevate the level of production and the biological treatment 
capability; and/or 

● Actively or passively treat the pit lake outflows by adding wetlands and/or settling basins to the 
discharge channels that connect the pit lakes to the receiving environment (e.g. if suspended 
solid concentrations are higher than desired, a sedimentation pond could be designed into the 
pit lake discharge channel). 
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It is acknowledged that there is a lack of long-term study data from existing, functional oil sands pit 
lakes, and that these conclusions will need to be demonstrated over time through on-going research 
programs, monitoring, and implementation of appropriate mitigation and adaptive management 
strategies. Suncor will continue to monitor IWW water chemistry on Suncor’s mines to gather data 
required to validate model predictions. Furthermore, Suncor will continue research by way of design, 
monitoring, and managing aquatic closure landform demonstration facilities (Nikanotee Fen and Lake 
Miwasin) and participate in regional programs, including continued monitoring of Syncrude’s Base Mine 
Lake.  

In the case of potential impacts to NNLL, the predicted changes will not occur until closure (i.e., after 
2063), and FHEC will continue to examine the issue and use flow and water level monitoring data to 
understand and refine the predictions. The length of time before closure allows for developing a better 
understanding of the hydrology and groundwater flows in the Creek A watershed, as well as 
understanding the predicted impacts. This time also allows for continued optimization of the FHOSP 
LMCP to investigate options to revise the plan in the future to mitigate changes in Creek A flows to 
acceptable levels. If changes to Creek A flows and the potential adverse effects on the NNLL and outlet 
channel cannot be sufficiently mitigated, options will be investigated in consultation with DFO to create 
a new fish habitat offsetting facility or provide other offsetting measures to counterbalance any 
predicted impacts to the productivity of the current compensation habitats. 
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5. TERRESTRIAL RESOURCES 

5.1. Introduction 
The following sections evaluate the potential effects on Terrestrial Resources resulting from the Fort 
Hills Oil Sands Project (FHOSP) Integrated Plan Amendment (IPA), including changes to the Approved 
Project Area (Section 1.1.1), the addition of the Extension Areas, as described in Section 1.1, as well as 
an Updated Mine Plan (Volume 1, Section 3), Tailings Management Plan (Volume 1, Section 4) and the 
Life of Mine Closure Plan (LMCP; Volume 1, Appendix A). The Terrestrial Resources evaluated in this 
assessment include terrain and soils, vegetation and wetlands, wildlife, biodiversity, historic resources, 
and traditional land use (TLU) and Indigenous knowledge (IK). The Terrestrial Resources assessments are 
updated based on consideration of the assessment findings in the 2001 Environmental Impact 
Assessment (EIA; TrueNorth 2001) and the 2017 Fort Hills Mine Amendment Application (FHMA; FHEC 
2017a). 

The process to evaluate whether the IPA affects the predicted residual effects on Terrestrial Resources 
identified through previous assessments for the FHOSP included: 

● defining study areas for Terrestrial Resources 

● describing baseline conditions in the study areas 

● completing a linkage analysis to identify valid interactions between the IPA and Terrestrial 
Resource components 

● evaluating direct and indirect changes associated with the IPA and the updated LMCP, and 
comparing those changes to the predicted residual effects in previous assessments for the 
FHOSP 

● reviewing approved mitigation and monitoring (Section 1.3), considering the need for additional 
mitigation and/or monitoring, and describing any gaps that remain between the predicted 
residual effects on Terrestrial Resources associated with the IPA and those identified through 
previous assessments for the FHOSP 

Fort Hills Energy Corporation (FHEC) is committed to incorporating TLU and IK into the planning, and 
reclamation and closure activities of the FHOSP. A description of FHEC approach to consultation and 
incorporation of TLU into the FHOSP is provided in Volume 1, Section 6. 

5.1.1. Study Areas 
As discussed in Section 1.1.1, the Approved Project Area will be changed through the addition of the 
North Extension Area (2,960 ha) and East Extension Area (1,055 ha), for a total addition of 4,015 ha to 
accommodate the expansion of the North External Dump (NED) and to support McClelland Lake 
Wetland Complex (MLWC) infrastructure, as discussed in Volume 1, Sections 2.1, 3.4 and 4.1.4. The 
addition of the Extension Areas to the Approved Project Area results in an increase of the total Project 
Area to 22,251 ha. The Approved Project Area and Extension Areas are referred to as the Amended 
Project Area, as shown in Figure 1.1-1. 
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The study areas used to evaluate Terrestrial Resources are presented in Figure 5.1-1 and are defined as: 

● The footprint, which is the maximum extent of planned ground disturbance associated with the 
IPA and it represents a total of 2,357 ha. 

● The Terrestrial Assessment Boundary, which is defined by a variable width buffer of 
approximately 500 m around the footprint. It falls within the Extension Areas defined in 
Section 1.1.1 and represents the area within which soils and vegetation mapping was 
completed. The Terrestrial Assessment Boundary facilitates the evaluation of indirect effects of 
FHOSP (e.g., noise, dust) on Terrestrial Resources. The total area within the Terrestrial 
Assessment Boundary is 3,156.6 ha and it represents about 79% of the 4,015 ha in the Extension 
Areas. The Terrestrial Assessment Boundary is considered sufficient for the purpose of this 
change assessment because it represents the area within which ground disturbance will take 
place plus about a 500 m buffer. 

Where quantitative values are presented for the North and East Extension Areas in the Terrestrial 
Resources sections, these values represent the Terrestrial Assessment Boundary within the North and 
East Extension Areas and not the full extent of those areas (i.e., the Extension Areas) as described in 
Section 1.1.1. 

The Wildlife baseline summary presented in Section 5.4.2 refers to one additional study area, the 
Terrestrial Study Area (TSA). The TSA was used in the 2001 EIA (TrueNorth 2001) and is defined as 
Alberta-Pacific Forest Industries Inc.’s AJ7 Forest Management Unit. It is 446,000 ha in size and is used in 
the wildlife baseline to help characterize wildlife use in the Extension Areas. 
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5.1.2. Approach 
The effects evaluation system used in the 2001 EIA (TrueNorth 2001) provided a means of identifying 
the relative severity of land use effects on a resource, based on the degree/rate of change in the 
resource from the land use effects, and the apparent trend in the resource health, availability, 
abundance, condition, and contaminant load, among other factors at the time of the assessment. The 
system recognized three classes of change, each with their own level of concern. 

Classes were defined by magnitude of change, and trend in the resource condition. Three magnitude 
categories have been recognized (i.e., <1%; 1 to 10%; >10%), while two trend categories are recognized 
(negative/neutral; positive; Table 5.1-1). 

Table 5.1-1: 2001 Effects Evaluation Parameters 

Magnitude of Change from 
Benchmark 

Trend in Resource 

Positive Negative or Neutral 

Low (<1%) Class 3 Class 3 

Moderate (1 to 10%) Class 3 Class 2 

High (>10%) Class 2 Class 1 
Notes:  
% = percent, > = greater than, < = less than.  

Class 1 Effect: Predicted trend in measurable parameter under projected land use development could 
threaten the sustainability of the resource in the study area and should be considered of management 
concern. Research, monitoring and/or recovery initiatives should be considered under an integrated 
resource management framework. 

Class 2 Effect: Predicted trend in measurable parameter under projected land use development will 
likely result in decline in resource to lower-than-baseline but stable levels in the study area after FHOSP 
closure and into the foreseeable future. Regional management actions such as research, monitoring 
and/or recovery initiatives may be required if additional land use activities are proposed for the study 
area before FHOSP closure. 

Class 3 Effect: Predicted trend in measurable parameter under projected land use development may 
result in slight decline in resource in study area during life of the FHOSP, but resource levels should 
recover to baseline after FHOSP closure. No immediate management initiatives, other than 
requirements for responsible industrial operational practices, are required. 

Valued components (VCs) were selected for each terrestrial discipline and measurement indicators were 
used to evaluate each VC. Results from the current assessment were compared to the 2001 assessment 
to determine if the predictions from 2001 change because of the IPA. Some of the selected VCs or 
measurement indicators were not evaluated in either the 2001 EIA (TrueNorth 2001) or FHMA (FHEC 
2017a) assessment, or their definitions have varied through time as the understanding of Terrestrial 
Resources has evolved over the last two decades. Therefore, the discussion and evaluation of Terrestrial 
Resources often relied on qualitative comparisons for the purpose of this change assessment. 
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5.2. Terrain and Soils 

5.2.1. Introduction 
This section provides an update to the terrain and soils component of the 2001 Environmental Impact 
Assessment (EIA; TrueNorth 2001) and the 2017 Fort Hills Mine Amendment Application (FHMA; FHEC 
2017a) for Fort Hills Oil Sands Project (FHOSP). The baseline conditions presented in Section 5.2.2 
provide the basis from which changes to the effects on terrain and soils predicted in the 2001 EIA and 
FHMA can be evaluated for the IPA, considering the addition of the Extension Areas and the 
corresponding changes to the FHOSP mine and tailings plans, and the updated Life of Mine Closure Plan 
(LMCP; Volume 1, Appendix A). Current FHOSP mitigation, monitoring and follow-up activities are 
reviewed to evaluate if additions are required to reduce potential effects on terrain and soils because of 
the IPA. 

The terrain and soil assessment is supported by information from terrain and soil inspection surveys 
conducted in the Expansion Areas (Golder 2020b), as provided in Appendix 2H. 

5.2.2. Baseline Conditions 
Baseline conditions within the Approved Project Area were previously described (TrueNorth 2001; FHEC 
2017a), and therefore have not been updated for this assessment. An update on the baseline conditions 
for the IPA is provided in the following sections. 

Within the Extension Areas, the Terrestrial Assessment Boundary, as described in Section 5.1.1, is 
3,156.6 ha (2,324.2 ha in the North Extension Area and 832.4 ha in the East Extension Area). The 
Amended Project Area footprint in the North Extension Area covers 1,809.8 ha, and the footprint in the 
East Extension Area covers 547.2 ha (Figure 5.1-1). 

 Methods 
 Desktop Review 

Terrain and soils information was gathered from the following sources: 

● Bedrock Geology of Alberta (Prior et al. 2013) 

● Physiographic Subdivisions of Alberta (Pettapiece 1986)  

● Surficial Geology of Alberta (Fenton et al. 2013) 

● Significant Landforms of Alberta (Alberta Parks 2014) 

● Alberta Water Wells (AEP 2015) 

● Surficial Geology of the Bitumount Area (Bayrock 2005) 

● Soils Inventory of the Alberta Oil Sands (Turchenek and Lindsay 1982) 

● Alberta Soil Names File (Generation 4) User’s Handbook (ASIC 2016) 

● Soil Series Information for Reclamation Planning in Alberta (Pedocan 1993) 

● Paragon soil mapping and inspection data (Paragon 2009, 2015) 

● Fort Hills Environmental Impact Assessment (EIA; TrueNorth 2001) 

● FHMA Application (FHEC 2017a) 
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Field Program 

A terrain and soils field program was completed in 2020 in the Extension Areas in association with a 
vegetation inventory survey. A Survey Intensity Level (SIL) 2 of one inspection point per 2 to 30 ha was 
completed to meet the criteria developed by the Soil Mapping System of Canada: Revised (Mapping 
System Working Group 1981) and adapted by Valentine and Lindstone (1985) within the North and East 
Extension disturbance areas.  

Soil inspection sites were selected to capture the full range of terrain and soils units and were selected 
before completing the field program to represent the natural variability within the landscape. Inspection 
sites were selected using targeted point selection based on existing soil inspection data (Paragon 2009, 
2015), detailed mapping of the surrounding area, pre-field mapping, and other background data that 
was collected (e.g., elevation data, surficial geology, underground facilities geographic information 
system [GIS] layer).  

Soil field data were recorded using electronic tablets (iPads), which allow for direct submission into the 
Golder Associates Ltd. (Golder’s) online database. Soil pits were dug with a shovel and Dutch auger to a 
depth of 1.2 metres (m) for upland mineral soils and augered to organic/mineral contact for organic 
soils. The following data were recorded at each inspection site: 

● latitude and longitude

● soil correlation area (SCA)

● slope class

● aspect

● slope position

● surface expression

● land use

● drainage class

● surficial material

● soil order, great group, subgroup

● soil series

● surface stoniness

Soil series were assigned according to the Alberta Soil Names File (Version 4; ASIC 2016). 

At each inspection site, soil horizons were described based on criteria from the Canadian System of Soil 
Classification (SCWG 1998). The data collected for each soil horizon observed in the field were:  

● horizon depth

● topsoil thickness

● texture

● coarse fragment content

● structure

● consistence

● mottling (abundance, dimension, and contrast)

● colour (hue, value, and chroma)

● presence of carbonates

Additional information on the 2020 terrain and soils field program is provided in Golder 2020b, which is 
provided in Appendix 2H. 
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 Terrain and Soils Mapping and Classification 

A soil map unit (SMU) is a conceptual description of recurring soil and land patterns (Nikiforuk 1998). 
Each SMU differs in some respect from other map units in a survey area and is uniquely identified on a 
soil map. Each individual area (polygon) on the map is a delineation, and a map unit consists of one or 
more components such as soil series and/or soil subgroup variants. The SMUs were assigned by 
grouping soil inspection sites by soil series names outlined in the Alberta Soil Names File (Version 4; ASIC 
2016). As in the 2001 Environmental Baseline Study (TrueNorth 2001), SMUs were determined based on 
diagnostic properties of the principal soil series after which the SMUs have been named. Inclusions of 
other soil series within the SMU can occur as the SMUs are not mapped as pure units. For example, the 
BMT1 unit may not conform to the description of a typical Bitumount profile but the soils predominantly 
found within a specified polygon fall within the range of natural variability that has been interpreted as 
belonging to the Bitumount series. Other series may occur as significant components or inclusions. 
Inclusions usually occupy areas that are too small to be delineated as a different map unit (i.e., <10 to 
15%) at the mapping scale employed (Mapping System Working Group 1981). When describing 
compound SMUs, components (i.e., soils or non-soils) are considered dominant (>60%, by area), 
significant (≥ 10% but ≤ 60%, by area), or inclusion (<10%, by area). The proportion of each soil type is 
defined on a map unit level (dominant, significant, minor), but the proportions of each component may 
vary from delineation to delineation (Mapping System Working Group 1981). 

Preliminary mapping is a critical component of a soil survey, aiding in the selection of soil inspection 
locations and increasing the efficiency of the fieldwork. This mapping was completed before the 2020 
field program and before preliminary SMUs and polygons were developed for the Terrestrial Assessment 
Boundary. Preliminary mapping provides a means to develop a conceptual soil-landscape model, which 
was verified by fieldwork. A preliminary soil legend was also developed to assist field mapping. The soil 
legend consisted of anticipated soil series with the survey area, a key of soil series inclusions within each 
SMU, soil drainage, and dominant slopes within the SMU.  

Preliminary mapping was completed using existing soil mapping and inspection data from Paragon Soil 
and Environmental Consulting Inc. (Paragon 2009, 2015) and publicly available data. Soil profile 
descriptions, slope information, and soil characteristics such as modal topsoil depth, horizon textures, 
soil surficial material, and wind and water erosion risk were attained from Soil Series Information 
outlined in Reclamation Planning in Alberta (Pedocan 1993) and the National Soil: Soils of Alberta 
(CANSIS 2019). Compaction ratings for soils were determined using modified criteria from Lewis et al. 
(1989).  

The surficial material (terrain) map units within the Terrestrial Assessment Boundary were determined 
based on a desktop review of existing mapping, data collected in the field, and were correlated with the 
final soil mapping.  

Final mapping was at a 1:5,000 scale in the footprint and in accordance with the mapping parameters 
following the Soil Mapping System of Canada: Revised (Mapping System Working Group 1981) 
guidelines. Mapping at a 1:5,000 scale was extended beyond the footprint to cover the entire Terrestrial 
Assessment Boundary to allow for potential minor adjustments to the footprint to be made. The 
additional mapping in the Terrestrial Assessment Boundary is presented in the figures for additional 
context but is not included in the table summaries or results discussion. Table summaries and results 
discussion focus on the footprint, which will be the only areas with predicted effects on terrain and soils.  
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 Soil Quality 

Admixing 

Admixing of the topsoil (upper soil horizon or upper lift) with subsoil (lower soil horizons or lower lift) 
can occur during site clearing, contouring, and excavation if there is not a clear division (e.g., colour, 
texture, or structural change) between topsoil and subsoil horizons. Admixing can reduce organic matter 
and carbon content in topsoil materials, which can alter microbiological activity and composition, and 
increase the rate of organic matter decomposition because of soil aeration (Wick et al. 2009).  

Compaction 

Soil quality and the capability for soil to support vegetation communities can be reduced if soil becomes 
compacted. Soil compaction can also influence reclamation success by altering plant establishment and 
subsequent plant growth. Compaction of topsoil and subsoil can lead to a decrease in long-term 
productivity because of an increase in soil bulk density and soil strength, reductions in soil aeration 
(i.e., soil oxygen), reduced water infiltration and available soil water, restricted root growth, reductions 
in soil microbiological activity, and lowered nutrient uptake by vegetation (Heuer et al. 2008; Blouin et 
al. 2008). 

Compaction ratings of soils were determined using criteria modified from Lewis et al. (1989), under 
moist conditions (Table 5.2-1). Gleysolic soils and peaty phases (>10 centimetres [cm] of organic 
material) were assigned compaction ratings based on soil texture under wet (saturated) soil conditions. 
Organic soils were not assigned compaction ratings. 

Table 5.2-1: Criteria for Determining Compaction Ratings of Soils 

Soil Texture 
Compaction Rating(a) 

Dry Moist Wet 

Sandy (sand, loamy sand) Low Low Moderate 

Loamy (sandy loam, loam) Low Moderate High 

Silty (silt, silty loam) Moderate High Very High 

Clayey (sandy clay, silty clay, sandy clay loam, clay loam, silty clay, clay) High Very High Very High 

Notes: 
Source: Modified from Lewis et al. (1989). 
(a)  Based on a coarse fragment content of less than 35% (if coarse fragment content is between 35% and 70% loamy and silty are grouped 

together and compaction rating is moderate, and clayey is high). 

Erosion 

Soil erosion risk is one of the primary concerns for disturbed soils because the removal of vegetation 
cover exposes soil materials to wind and water. Depending on terrain and soil characteristics, with 
continuous exposure of soil to wind or rain, soil materials may be eroded, washed, or blown away and 
may result in the loss of topsoil and a reduction in soil quality. The risk of soil erosion from water and/or 
wind is influenced by many factors including soil particle size, organic matter content, water content, 
permeability, topography, slope gradient, vegetation cover, and natural events (e.g., freeze-thaw), as 
well as human activities that cause soil disturbance (Cruse et al. 2001; Campbell et al. 2002; TAC 2005). 

Soil water erosion potential was determined for mineral SMUs based on methods described in TAC 
(2005; Table 5.2-2 and Table 5.2-3). Water erosion ratings and potentials were assigned to SMUs within 
the Terrestrial Assessment Boundary based on characteristics of terrain and soils (i.e., texture). Water 
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erosion ratings are further refined taking into consideration the terrain for each SMU (i.e., slope length, 
and gradient).  

Table 5.2-2: Criteria for Determining Water Erosion Ratings 

Soil Texture Water Erosion Rating 

Silt, silty loam, loam High 

Sandy loam, silt clay loam, sandy clay loam, silty clay, clay loam(a) Medium 

Sandy clay, clay, heavy clay, loamy sand, sand Low 
Notes: 
Source: Adapted National Guide to Erosion and Sediment Control on Roadway Projects (TAC 2005). 
(a)  Clay loam is not present in TAC (2005); however, clay loam has been included in the Medium range as it is coarser than clay (Low) and finer 

than silt clay (High) in the texture triangle (SCWG 1998). 

Table 5.2-3: Criteria for Determining Water Erosion Potential 

Slope Gradient Water Erosion Rating(a) 
Slope Length 

<70 m >70 m 

0 to 10% 

Low Low Low 

Medium Low Moderate 

High Moderate High 

10 to 20% 

Low Low Moderate 

Medium Moderate High 

High High High 

>20% 

Low Moderate Moderate 

Medium High High 

High High High 

Notes: 
(a) As defined in Table 5.2-2. 
Source: TAC (2005) and City of Calgary (2011). 
<= less than; >= greater than; % = percent; m = metre. 

Wind erosion ratings were assigned to mineral soil SMUs within the Terrestrial Assessment Boundary 
and were based on characteristics of the uppermost mineral soil horizon texture and a dimensionless 
index described by Coote and Pettapiece (1989; Table 5.2-4), with an assumption of disturbed, bare 
soils. Organic soils were not rated for wind erosion.  

Table 5.2-4:  Criteria for Determine Wind Erosion Rating 

Soil Texture Wind Erosion Rating 

Very fine sand, sand, coarse sand, loamy sand, gravelly sand, humic High 

Sandy loam, loam, silty loam, sandy clay loam, sandy clay, mesic Moderate 

Silt, silty clay loam, clay loam, silty clay, clay, heavy clay, fibric Low 
Notes: 
Source: Adapted from Coote and Pettapiece (1989) and Campbell et al. (2002). 
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Reclamation Suitability 

Soil physical and chemical characteristics were used to estimate soil limitations for reclamation. Soil field 
observations and analytical results were compared to the criteria for evaluating the suitability of topsoil 
material (upper lift) and the suitability of subsoil material (lower lift) for re-vegetation in the Northern 
Forest Region, as outlined by the Alberta Soil Advisory Committee in Soil Quality Criteria Relative to 
Disturbance and Reclamation (Alberta Agriculture 1987; Table 5.2-5 and Table 5.2-6). Soil reclamation 
suitability interpretations for individual SMUs within the Terrestrial Assessment Boundary were based 
on the specific physical characteristics. Reclamation suitability classes (Alberta Agriculture 1987) were 
determined for the topsoil material based on modal characteristics and average depths of Litter (L), 
Fermented (F), Humus (H; Agriculture Canada 1982), and A horizons. Reclamation suitability classes for 
the subsoil material were determined based on modal characteristics and average depths of B, BC, and C 
horizons to a depth of 1 m. 

Table 5.2-5:  Topsoil Material Reclamation Suitability Criteria 

Rating/Property Good Fair Poor Unsuitable 

Reaction (pH) 5.0-6.5 4.0-5.0, 6.5-7.5 3.5-4.0, 7.5-9.0 <3.5, >9.0 

Salinity (EC) (dS/m) <2 2-4 4-8 >8 

Texture(a) fSL, vfSL, L, SiL, SL CL, SCL, SiCL LS, SiC, C, HC, S n/a 

Moist consistency Very friable, friable Loose, firm Very firm Extremely firm 
Notes: 
Source: Adapted from Table 8. Criteria for Evaluating the Suitability of Surface Material (Upper Lift) for Re-Vegetation in the Northern Forest 
Region (Alberta Agriculture 1987). 
C = clay; CL = clay loam; fSL = fine sandy loam; HC = heavy clay; L = loam; LS = loamy sand; S = sand; SCL = sandy clay loam; SiC = silty clay; SiCL = 
silty clay loam; SL = sandy loam; SiL = silt loam; vfSL = very fine sandy loam; EC = electrical conductivity; dS/m = deciSiemens per metre; n/a = not 
applicable; < = less than; > = greater than. 
 

Table 5.2-6:  Subsoil Material Reclamation Suitability Criteria 

Rating/Property Good Fair Poor Unsuitable 

Reaction (pH) 5.0-7.0 4.0-5.0, 7.0-8.0 3.5-4.0, 7.5-9.0 <3.5, >9.0 

Salinity (EC) (dS/m) <3 3-5 4-8 >8 

Texture(a) fSL, vfSL, L, SiL, SL CL, SiC, SiCL LS, C, HC, S Bedrock 

Moist consistency Very friable, friable, 
firm 

Loose, very firm Extremely firm Hard rock 

Notes: 
Source: Adapted from Table 8. Criteria for Evaluating the Suitability of Surface Material (Upper Lift) for Re-Vegetation in the Northern Forest 
Region (Alberta Agriculture 1987).  
C = clay; CL = clay loam; fSL = fine sandy loam; HC = heavy clay; L = loam; LS = loamy sand; S = sand; SCL = sandy clay loam; SiC = silty clay; SiCL = 
silty clay loam; SL = sandy loam; SiL = silt loam; vfSL = very fine sandy loam; EC = electrical conductivity; dS/m = deciSiemens per metre; n/a = not 
applicable; < = less than; > = greater than. 
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 Results 
 Desktop Review  

Terrain 

The North Extension Area is within the Athabasca Plain Natural Subregion of Alberta (NRC 2006). 
Terrains in the Athabasca Plain Subregion are described as gently undulating to strongly rolling hills and 
hummocks, and plains with dunes. This Subregion has the largest active dune system in Alberta and 
topography generally ranges from strongly rolling to hummocky in association with sandy and gravelly 
uplands (NRC 2006). A map of the Physiographic Districts of Alberta (Pettapiece 1986) indicates the 
North Extension Area is situated within the Embarras Plain Physiographic District (Pettapiece 1986), 
which is described as a mixture of undulating to level glaciofluvial sediment and undulating to ridged 
eolian sediment. 

The East Extension Area is within the Central Mixedwood Natural Subregion of Alberta, the largest 
Natural Subregion in Alberta (NRC 2006). Terrains in the Central Mixedwood Subregion are comprised 
mainly of gently undulating plains with some hummocky upland inclusions (NRC 2006). The northern tip 
of the East Extension Area is in the Embarras Plain Physiographic District, but the majority of this area is 
within the Johnson Lake Plain Physiographic District, which is described as undulating, coarse textured 
glaciofluvial sediments (Pettapiece 1986).  

Alberta Parks initiated the Terrains of Alberta project in the 1990s to record geomorphic features within 
Alberta as background information on the natural diversity of Alberta (Alberta Parks 2014). Terrains that 
were considered rare, uncommon or an outstanding example of a feature were identified as being 
significant. While the North Extension Area does not have any significant terrains directly associated 
with it, the East Extension Area is within the Fort Hills Kame Delta, which is regarded as an uncommon 
feature (i.e., there are less than 20 known occurrences in Alberta: Alberta Parks 2014). The Fort Hills 
Kame Delta was formed when debris-laden meltwater discharged into a temporary glacial lake lying on, 
in, under or against stagnant glacial ice (ANHIC 1998). Kame deltas have a distinctive flat top and a 
uniformly inclined frontal margin (ANHIC 1998).  

The most detailed (1:250,000 scale) surficial geology mapping for this area has been completed by 
Bayrock (1971, 2005). Fenton et al. (2013) incorporated this surficial geology mapping into the smaller 
scale Surficial Geology of Alberta (1:1,000,000 scale) compilation map; therefore, the extent and type of 
surficial material is generally the same. The surficial geology mapping by Bayrock (1971, 2005) suggests 
the surficial materials in the North Extension Area are glaciofluvial in nature and composed of outwash 
sands deposited by glacial meltwater streams. The sand is described as medium to coarse grained with 
pebbles and small gravel lenses (Bayrock 1971).  

For the East Extension Area, Bayrock (1971, 2005) suggests the surficial materials are characterised by 
sandy glaciofluvial ice-contact deposits and specifically a kame moraine which Bayrock (1971) suggests 
marks one of the terminal positions of the glacier. The northern limit of the East Extension Area extends 
into medium to coarse grained glaciofluvial outwash sands (Bayrock 1971). In comparison, the 
compilation mapping by Fenton et al. (2013) has much of the East Extension Area mapped as an ice 
thrust moraine which forms from the glaciotectonic displacement of blocks or rafts in a more or less 
intact state. The sediments may include syngenetic till and masses of pre-existing sediments (Fenton et 
al. 2013). Fenton et al. (2013) have mapped glaciofluvial sediments at the northern limit of the East 
Extension Area, agreeing with the mapping by Bayrock (1971, 2005).  
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Soils mapping by Turchenek and Lindsay (1982) at a scale of 1:50,000 for the Alberta Oil Sands 
Environmental Research Program has assigned soil series throughout the oil sands area based partly on 
the type of surficial material. The soils within the North Extension Area have formed mainly on sandy 
glaciofluvial outwash plains; however, Turchenek and Lindsay (1982) also suggest there are sandy eolian 
(wind-blown) sediments in this area. The East Extension Area is in an area mapped as sandy ice-contact 
glaciofluvial sediments. The type of surficial material mapped by Turchenek and Lindsay (1982) for the 
Terrestrial Assessment Boundary is generally similar to that mapped by Bayrock (1971, 2005).  

Soils 

The Terrestrial Assessment Boundary is within Soil Correlation Area 20 (SCA 20; AAFC 2016); the Central 
Mixedwood Area of East-Central Alberta (ASIC 2016). The soils in SCA 20 are developed on till in the 
southern areas and glaciolacustrine sediment towards the north with Organic and Gleysolic soils occupying 
very poorly to poorly drained areas (Pedocan 1993). The upland (mineral) deposits are dominated by 
Luvisolic and Brunisolic soils with profile development generally extending to 70 cm in depth.  

The North Extension Area is described as having Dystric Brunisols upland soils (NRC 2006). Mapping 
completed as a part of the Soils Inventory of the Alberta Oil Sands Environmental Research Program 
Study Area (Turchenek and Lindsay 1982) shows the North Extension Area being a combination of 
dominantly Eluviated Dystric Brunisols with considerable amounts of Eluviated Eutric Brunisols. Terric or 
Typic Mesisols were found in the low-lying wetland areas (NRC 2006). The Eluviated Dystric Brunisols 
were developed on very coarse textured glaciofluvial material or very coarse textured eolian surficial 
material. The Eluviated Eutric Brunisols were developed primarily on very coarse textured eolian surficial 
material (Turchenek and Lindsay 1982). Upland Dystric and Eutric Brunisols were dominantly rapidly 
drained with poor to very poor drainage in the low-lying Terric and Typic Brunisols (respectively; 
Turchenek and Lindsay 1982). 

The East Extension Area is described as having upland soils of dominantly Orthic Gray Luvisols with areas 
of Dystric Brunisols and inclusions of Eutric Brunisols (NRC 2006). Mapping by Turchenek and Lindsay 
(1982) for the East Extension Area indicates this area is dominated by Eluviated Dystric Brunisols on 
relatively steep (6 to 30% gradient) hummocky topography. The northwest area of the East Extension 
Area is adjacent to the McClelland Fen and is mapped as dominantly Typic and Fibric Mesisols with 
minor inclusions of Orthic Gleysols (Turchenek and Lindsay 1982). The upland mineral Luvisols are 
developed on medium textured till and Brunisols dominantly developed on coarse textured glaciofluvial 
material (NRC 2006). Gleysols in the northwest of the East Extension Area were developed on very 
coarse textured glaciofluvial or eolian sands (Turchenek and Lindsay 1982). Upland soils are dominantly 
well drained Luvisols and rapidly drained Brunisols with inclusions of imperfectly drained gleyed 
variants. Poorly drained peaty Gleysols and very poorly drained Organics dominate the northwest 
portion of the East Extension Area and low-lying drainage areas (Turchenek and Lindsay 1982).  

 Field Program 
Golder completed field surveys in July 2020 with 78 terrain and soil inspection sites falling within the 
footprint (Golder 2020b; Appendix 2H). Fifty-nine inspection sites were completed in the North 
Extension Area footprint and 19 in the East Extension footprint (Appendix 2H). The locations of 
inspections sites in and near the Terrestrial Assessment Boundary that were collected by Golder (2020b; 
Appendix 2H) and by Paragon (2009, 2015) are shown in Figure 5.2-1.  

The dominant soil types found in the North Extension Area are rapidly, well- to moderately well-drained, 
very coarse textured sandy Brunisols (90%) developed on eolian or glaciofluvial surficial materials. The 
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remaining soil types are dominantly poorly drained Gleysols (8%) developed in low lying areas on very 
coarse textured glaciofluvial and fluvial sediments. Very poorly drained Organic soils (2%) are found in 
the low-lying drainage areas of the North Extension Area. Minor inclusions of upland series in the BMT1 
SMU were included given the small area of each soil series within the larger map unit.  

Brunisolic (41%) and Organic (22%) soils account for a total of 62% of the East Extension Area. The sandy 
Brunisols are rapidly to well and moderately well drained, developed on very coarse textured 
glaciofluvial material. Very poorly drained Organics dominantly consist of mesic fen peat over medium 
to coarse textured till or glaciofluvial material. Luvisolic (24%) and Gleysolic (14%) soils accounted for 
38% of the East Extension Area. Moderately well to well drained Luvisolic soils consist of predominantly 
fine textured material on till or glaciolacustrine material. The remaining soils are poorly drained mineral 
wetlands (Gleysols) developed mainly on sandy glaciofluvial and fluvial materials.  

Descriptions of the SMUs mapped in the Terrestrial Assessment Boundary are outlined in Table 5.2-7. 
Locations and distribution of each SMU are shown in Figure 5.2-2.  
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Table 5.2-7:  Soil Map Units in the Terrestrial Assessment Boundary 
Soil Map 

Unit Series(a) Surficial Material Subgroup Landform Drainage Class 

North Extension Area 

BMT1 Bitumount Glaciofluvial Orthic Gleysol U1h Poor 

FIR1 Firebag Glaciofluvial Eluviated Eutric Brunisol - Rapid 

HLYxs1 Hartley Fen Peat/Till Terric Mesisol - Very Poor 

MAR1 Marguerite Eolian Eluviated Eutric Brunisol U1h Rapid 

MIL1 Mildred Glaciofluvial Eluviated Dystric 
Brunisol U1h Rapid 

MIL2 Mildred Glaciofluvial Eluviated Dystric 
Brunisol U1l Rapid to Well 

MIL6 Mildred Glaciofluvial Eluviated Dystric 
Brunisol U1h Rapid 

MILgl2 Mildred Glaciofluvial Eluviated Dystric 
Brunisol U1l Rapid to 

Imperfect 
MLD1 McClelland Fen Peat Typic Mesisol - Very Poor 

MLDys1 McClelland Fen Peat Typic Mesisol - Very Poor 
MMWco
1 Mamawi (coarse) Fluvial Rego Gleysol - Poor to Very Poor 

MRN1 Mariana Sphagnum Peat/Till Terric Mesisol - Very Poor 

East Extension Area 

BMT1 Bitumount Glaciofluvial Orthic Gleysol - Poor 

BMT20 Bitumount Glaciofluvial Orthic Gleysol - Poor 

BMT21 Bitumount Glaciofluvial Orthic Gleysol - Poor 

BMTfi20 Bitumount Glaciofluvial Orthic Gleysol U1I Poor 

BMTpt1 Bitumount Glaciofluvial Orthic Gleysol - Poor 

DOV1 Dover Glaciolacustrine Orthic Gray Luvisol - Moderately Well 

DOV6 Dover Glaciolacustrine Orthic Gray Luvisol - Moderately Well 

FIR5 Firebag Glaciofluvial Eluviated Dystric 
Brunisol U1h Rapid to Well 

HLY1 Hartley Fen Peat/Till Terric Mesisol O1 to O4 Very Poor 

HLY20 Hartley Fen Peat/Till Terric Mesisol O1 Very Poor 

HLYxs1 Hartley Fen Peat/Glaciofluvial Terric Mesisol O1 Very Poor 

HRR6 Horse River Till Orthic Gray Luvisol U1h Moderately Well 

KNS1 Kinosis Till Orthic Gray Luvisol - Well 

KNS6 Kinosis Till Orthic Gray Luvisol - Well 

MIL1 Mildred Glaciofluvial Eluviated Dystric 
Brunisol U1h Rapid 

MIL2 Mildred Glaciofluvial Eluviated Dystric 
Brunisol - Well 

MIL5 Mildred Glaciofluvial Eluviated Dystric 
Brunisol HR2m Well 

MIL9 Mildred Glaciofluvial Eluviated Dystric 
Brunisol U1h Well 

MLD1 McClelland Fen Peat Typic Mesisol - Very Poor 
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Table 5.2-7:  Soil Map Units in the Terrestrial Assessment Boundary 
Soil Map 

Unit Series(a) Surficial Material Subgroup Landform Drainage Class 

MLDyt1 McClelland Fen Peat Typic Mesisol - Very Poor 

MMW1 Mamawi  Fluvial Rego Gleysol SC1I Poor 

MMW21 Mamawi  Fluvial Rego Gleysol FP3 Poor 

MRN1 Mariana Sphagnum Peat/Till Terric Mesisol - Poor 

MRNxs1 Mariana (sandy) Sphagnum 
Peat/Glaciofluvial Terric Mesisol O2 Very Poor 

STP6 Steepbank Till Rego Gleysol - Poor 

STPpt20 Steepbank 
(peaty) Till Peaty Rego Gleysol - Imperfect 

STPpt6 Steepbank 
(peaty) Till Peaty Rego Gleysol - Imperfect 

ZWA Water - - - - 
Notes: 
(a) Soil series listed are the dominant (>60% by area) soil series, significant (≥ 10% but ≤ 60%, by area), or inclusion (<10%, by area) may occur 

but are not presented in this table. 
co = coarse (greater than 10 coarse than modal group); fi = fine (one textural group finer than modal); pt = peaty organic horizon greater than 
10 cm; xs = sand 30-99 cm; yt = till at 100-200 cm; zz = atypical subgroup (ASIC 2016). 
- = no data; FP3 = confined floodplain, possibly terraced; HR2m = hummocky and ridged, moderate relief; SC1l = valley with confined floodplain; 
O1 = organic – level, flat, horizontal or plateau; O2 = organic – basin (bowl); O4 = organic - sloping; U1h = undulating, high relief; U1l = 
undulating, low relief (CAESA 2001). 
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 Mapping and Classification 

Terrain 

Quantity and Distribution 

The extent of terrain map units within the footprint are presented in Figure 5.2-3 and  
Table 5.2-8. A total of five terrain units were delineated in the North Extension Area. Glaciofluvial is the 
dominant surficial material (1,651.2 ha, 70.1% of the footprint) with significant areas of eolian deposits 
(117.2 ha, 5.0% of the footprint). A total of nine terrain units were delineated in the East Extension Area. 
The dominant surficial material is glaciofluvial (460.4 ha, 19.5% of the footprint) with significant areas of 
till (51.5 ha, 2.2% of the footprint). 

Table 5.2-8:  Terrain Units within the Footprint 

Surficial Material 
Total Area Percentage of Total 

ha % 

North Extension Area 

Eolian 117.2 5.0 

Fen Peat 2.3 0.1 

Fen Peat/Glaciofluvial 5.1 0.2 

Fluvial 1.0 <0.1 

Glaciofluvial 1,651.2 70.1 

None(a) 33.0 1.4 

North Extension Area Subtotal 1,809.8 76.8 

East Extension Area 

Fen Peat 0.7 <0.1 

Fen Peat/Glaciofluvial 6.1 0.3 

Fen Peat/Till 7.6 0.3 

Fluvial 9.2 0.4 

Glaciofluvial 460.4 19.5 

Glaciolacustrine 4.3 0.2 

Sphagnum Peat/Glaciofluvial 0.6 <0.1 

Sphagnum Peat/Till 2.7 0.1 

Till 51.5 2.2 

None(a) 4.1 0.2 

East Extension Area Subtotal 547.2 23.2 

Total 2,357.0 100.0  
Notes:  
Values are rounded for presentation purposes; therefore, totals may not appear exactly equal to the sum of the columns.  
(a) Areas with no surficial material include water polygons and areas of disturbance. 
ha = hectare; % = percentage. 
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Soil 

Quantity and Distribution 

The extent of SMUs and summary of soil series within the footprint are presented in Table 5.2-9. A total 
of nine SMUs were delineated in the North Extension Area, with 28 delineated in the East Extension 
Area. While soils were mapped to the Terrestrial Assessment Boundary, the results discussion is limited 
to the footprint within the Terrestrial Assessment Boundary.  

Table 5.2-9: Soil Map Unit Extents in the Footprint 

Soil Map Unit Soil Type Soil Series 
Total Area Percentage of Area Total 

ha % 

North Extension Area 

BMT1 Transition Bitumount 36.5 1.5 

FIR1 Upland Firebag 13.9 0.6 

HLYxs1 Organic Hartley 5.1 0.2 

MAR1 Upland Marguerite 117.2 5.0 

MIL1 Upland 

Mildred 

1,598.0 67.8 

MIL2 Upland 2.8 0.1 

MILgl2 Upland <0.1 <0.1 

MLD1 Organic McClelland 2.3 0.1 

MMWco1 Transition Mamawi 1.0 <0.1 

Disturbance  -   -  33.0 1.4 

Subtotal 1,809.8 76.8 

East Extension Area 

BMT1 Transition 

Bitumount 

11.6 0.5 

BMT20 Transition 71.3 3.0 

BMT21 Transition 3.2 0.1 

BMTfi20 Transition 7.9 0.3 

BMTpt1 Transition 0.7 <0.1 

DOV1 Upland 
Dover 

0.7 <0.1 

DOV6 Upland 3.6 0.2 

FIR5 Upland Firebag 324.0 13.7 

HLY1 Organic 

Hartley 

7.6 0.3 

HLY20 Organic <0.1 <0.1 

HLYxs1 Organic 6.1 0.3 

HRR6 Upland Horse River 3.5 0.1 

KNS1 Upland 
Kinosis 

0.1 <0.1 

KNS6 Upland 39.1 1.7 

MIL1 Upland 

Mildred 

18.0 0.8 

MIL2 Upland 10.0 0.4 

MIL5 Upland 4.9 0.2 

MIL9 Upland 8.9 0.4 
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Table 5.2-9: Soil Map Unit Extents in the Footprint 

Soil Map Unit Soil Type Soil Series 
Total Area Percentage of Area Total 

ha % 
MLD1 Organic 

McClelland 
0.4 <0.1 

MLDyt1 Organic 0.3 <0.1 

MMW1 Transition 
Mamawi 

6.7 0.3 

MMW21 Transition 2.5 0.1 

MRN1 Organic 
Mariana 

2.7 0.1 

MRNxs1 Organic 0.6 <0.1 

STP6 Transition 

Steepbank 

0.7 <0.1 

STPpt6 Transition 7.3 0.3 

STPpt20 Transition 0.8 <0.1 

ZWA n/a Water 1.0 <0.1 

Disturbance  -   -  3.1 0.1 

Subtotal 547.2 23.2 

Total 2,357.0 100.0 
Notes:  
Values are rounded for presentation purposes; therefore, totals may not appear exactly equal to the sum of the columns.  
ha = hectares; % = percentage; n/a = not applicable; < = less than. 

Approximately 36.1 ha (1.5%) consists of existing disturbances occur within the footprint. These existing 
disturbances have disturbed or removed soils and include, but are not limited to, clearings, industrial 
sites, roads, well sites, and powerline towers/poles (Table 5.2-10).  

Table 5.2-10: Existing Disturbances in the Footprint 

Extension Area Landscape 
Area Percentage of Area Total 

ha % 

North Extension 
Area 

Clearing 7.5 0.3 

Road – Gravel 5.2 0.2 

Road – Unimproved 12.6 0.5 

Well Site – Active 4.4 0.2 

Well Site – Inactive 3.3 0.1 

Subtotal 33.0 1.4 

East Extension 
Area 

Clearing 1.3 0.1 

Powerline Towers/Poles <0.1 <0.1 

Well Site – Active 0.5 <0.1 

Well Site – Inactive 1.2 0.1 

Subtotal 3.1 0.1 

Total 36.1 1.5 
Notes: 
< = less than; ha = hectares. 
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Soil Quality 

Compaction potential and soil erosion (wind and water) have been assessed and are provided in 
Table 5.2-11 for the Terrestrial Assessment Boundary. For the North Extension Ara, compaction 
potential ratings are Low to Moderate, while water erosion potential ratings are predominantly Low, 
with Low to Moderate ratings in the MIL1 and MIL2 SMUs. Wind erosion is High throughout the North 
Extension Area. Compaction potential ratings in the East Extension Area are variable from Low to Very 
High depending on the topsoil textural class. In the East Extension Area, the water erosion potential 
ratings are Low, with substantial areas of Low to Moderate and Moderate, while the wind erosion is 
High and High to Moderate with inclusions of Low erosion ratings. 

Table 5.2-11: Soil Sensitivities in the Terrestrial Assessment Boundary 

SMU 
Dominant 

Topsoil 
Horizon 

Dominant 
Percent 

Range (%) 

Dominant 
Slope Length 

(m) 
Compaction Rating Wind Erosion 

Rating 

Water Erosion 
Potential 

Rating 

North Extension Area 

BMT1 Sand 0 to 5 2 Moderate High Low 

FIR1 Loamy very 
fine Sand 2 to 5 3 to 4 Low High Low 

HLYxs1 n/a 0.5 to 2 3 to 4 n/a n/a Low 

MAR1 Sand 2 to 9 3 to 4 Low High Low 

MIL1 Sand 0 to 30 3 to 4 Low High Low to 
Moderate 

MIL2 - - - - - - 

MILgl2 - - - - - - 

MLD1 n/a n/a 3 to 4 n/a n/a n/a 

MMWco1 Sand 0 to 0.5 2 Moderate High Low 

East Extension Area 

BMT1 - - - - - - 

BMT20 Sand to 
Sandy Loam 0.5 to 9 3 to 4 Moderate to High Moderate to 

High 
Low to 
Moderate 

BMT21 - - - - - - 

BMTfi20 Sandy Loam 0 to 0.5 2 Moderate to High Moderate Low 

BMTpt1 Sand 2 to 5 3 to 4 Moderate High Low 

DOV1 Silty Clay 2 to 5 3 to 4 Very High Low Low to 
Moderate 

DOV6 Silty Clay 6 to 9 3 to 4 Very High Low Low to 
Moderate 

FIR5 Sand to 
Loamy Sand 2 to 45 3 to 4 Low to Moderate Low to High Low to 

Moderate 

HLY1 n/a 0 to 2 3 to 4 n/a n/a n/a 

HLY20 n/a n/a 3 to 4 n/a n/a n/a 

HLYxs1 n/a 0 to 0.5 3 to 4 n/a n/a n/a 

HRR6 Clay 6 to 9 3 to 4 Very High Low Low 

KNS1 - - - - - - 
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Table 5.2-11: Soil Sensitivities in the Terrestrial Assessment Boundary 

SMU 
Dominant 

Topsoil 
Horizon 

Dominant 
Percent 

Range (%) 

Dominant 
Slope Length 

(m) 
Compaction Rating Wind Erosion 

Rating 

Water Erosion 
Potential 

Rating 

KNS6 
Sand, Loamy 
Sand to 
Sandy Loam 

2 to 5 3 to 4 Low to Moderate Moderate to 
High 

Low to 
Moderate 

MIL1 Sand 16 to 30 3 to 4 Low High Moderate 

MIL2 Loamy Sand 2 to 5 3 to 4 Low High Low 

MIL5 Loamy Sand 6 to 9 3 to 4 Low High Low 

MIL9 Sand 30 to 45 3 to 4 Low High Moderate 

MLD1 n/a - 3 to 4 n/a n/a n/a 

MLDyt1 n/a 0 to 2 3 to 4 n/a n/a n/a 

MMW1 Sand 0 to 0.5 2 Moderate High Low 

MMW21 Loam 0 to 0.5 2 High Moderate Moderate 

MRN1 - - - - - - 

MRNxs1 Loamy Sand 2 to 5 3 to 4 n/a High Low 

STP6 - - - - - - 

STPpt6 - - - - - - 

STPpt20 - - - - - - 

ZWA n/a n/a n/a n/a n/a n/a 

Notes: 
- = not collected during field surveys or to be collected in future soil surveys; m = metres; n/a = not applicable. 
Slope length class: 1 = 0 to 25 m; 2 = 25 to 50 m; 3 = 50 to 100 m; 4 = 100 to 500 m; 5 = 500 to 1,000; 6 = >1,000 m. 
co = coarse (greater than 10 coarse than modal group); fi = fine (one textural group finer than modal); gl = gleyed; pt = peaty 
organic horizon greater than 10 cm; xs = sand 30-99 cm; yt = till at 100-200 cm (ASIC 2016). 

Reclamation Suitability 

Reclamation suitability has been assessed and are provided in Table 5.2-12 for the Terrestrial 
Assessment Boundary based on the published suitability ratings in the Soil Series Information for 
Reclamation Planning in Alberta, Volume 2 (Pedocan 1993). Reclamation suitability are dominantly Good 
with inclusions of Poor suitability for topsoil and Poor to Good for subsoil in the North Extension Area. 
Reclamation suitability are dominantly Good to Poor for topsoil and Poor to Fair for subsoil in the East 
Extension Area. 

Table 5.2-12: Reclamation Suitability in the Footprint 

Soil Series Material(a) Consistency Texture pH Electrical 
Conductivity  Overall Rating 

North Extension Area 

Bitumount 
Topsoil  -   -   -   -  - 
Subsoil Fair Poor Fair Good Poor 

Firebag 
Topsoil Good Good Good Good Good 
Subsoil Good Good Fair Good Fair 

Hartley(b) 
Topsoil  -   -   -   -   -  
Subsoil Good Fair Good Good Fair 
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Table 5.2-12: Reclamation Suitability in the Footprint 

Soil Series Material(a) Consistency Texture pH Electrical 
Conductivity  Overall Rating 

Marguerite(c) 
Topsoil  -   -   -   -   -  
Subsoil Good Good Good  -  Good 

Mildred 
Topsoil Fair Poor Fair Good Poor 
Subsoil Fair Poor Good Good Fair 

McClelland 
Topsoil  -   -   -   -   -  
Subsoil  -   -   -   -   -  

Mamawi(d) 
Topsoil  -   -   -   -   -  
Subsoil Good Fair  -   -  Fair 

East Extension Area 

Bitumount 
Topsoil  -   -   -   -  - 
Subsoil Fair Poor Fair Good Poor 

Dover 
Topsoil Good Good Good  -  Good 
Subsoil Good Poor Fair  -  Poor 

Firebag 
Topsoil Good Good Good Good Good 
Subsoil Good Good Fair Good Fair 

Hartley(b) 
Topsoil  -   -   -   -   -  
Subsoil Good Fair Good Good Fair 

Horse River 
Topsoil Good Good Good Good Good 
Subsoil Fair Poor Good Good Poor 

Kinosis 
Topsoil  -   -   -   -   -  
Subsoil Good Good  -   -  Fair 

Mildred 
Topsoil Fair Poor Fair Good Poor 
Subsoil Fair Poor Good Good Fair 

McClelland 
Topsoil  -   -   -   -   -  
Subsoil  -   -   -   -   -  

Mamawi 
Topsoil  -   -   -   -   -  
Subsoil Good Fair  -   -  Fair 

Mariana(b) 
Topsoil  -   -   -   -   -  
Subsoil Good Fair Good Good Fair 

Steepbank(d) 
Topsoil  -   -   -   -   -  
Subsoil Good Fair  -   -  Fair 

Notes: 
Reclamation suitability ratings have been assigned based on ratings developed in the Soil Series Information for Reclamation 
Planning in Alberta, Volume 2 (Pedocan 1993). 
(a) Topsoil (A horizon) and upper subsoil (B horizon) values were evaluated for reclamation suitability ratings. 
(b) Suitability ratings evaluated based on the McClelland-xc (Terric Mesisol) profile. 
(c) Suitability ratings evaluated based on the Ruth Lake (Eluviated Eutric Brunisol) profile. 
(d) Suitability ratings evaluated based on the Ells River (Rego Gleysol) profile. 
- = no existing data, or material is not present to assess (e.g., organic/LFH horizons or organic profiles). 
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5.2.3. Change Assessment 
This section summarizes the incremental effects of the Extension Areas on terrain and soils and places 
these effects within the context of previous environmental assessments (EAs) completed for FHOSP. The 
Approved Project Area covers approximately 18,236 ha. The Amended Project Area includes the 
Approved Project Area and Extension Areas and represents an increase of 4,015 ha (22%). The footprint 
is 2,357.0 ha and is mostly in the Extension Areas; however, 108.7 ha occurs within the previously 
Approved Project Area and is therefore not considered in the change assessment. A total of 2,248.2 ha 
will be developed as the footprint within the Terrestrial Assessment Boundary (3,156.6 ha) and 
represents an increase of 12% from the Approved Project Area. 

 Methods 

A linkage analysis was completed to identify potential valid linkages to terrain and soils resources 
associated with the proposed IPA changes to the FHOSP. Valid linkages were assessed for both the 
operations and closure phase of FHOSP. Invalid linkages were not carried forward in the assessment. 
Results of the linkage analysis are presented in Table 1-1 in Section 1.2.1. 

Previous regulatory applications for FHOSP were reviewed as described in Section 1.1. Specifically, the 
2001 EIA (TrueNorth 2001) and FHMA (FHEC 2017a) were reviewed to verify whether mitigation 
measures identified in these applications remains applicable to FHOSP and to identify any new 
mitigation measures required to reduce effects of the IPA on terrain and soils resources. The predicted 
changes to terrain and soils resources in the Terrestrial Assessment Boundary because of the IPA and 
updated LMCP were inferred based on changes to valued components (VCs) and compared to 
predictions from the 2001 EIA (TrueNorth 2001) and FHMA (FHEC 2017a).  

 Valued Components 

Valued components were identified using many factors including potential interactions with FHOSP and 
physical attributes of the biophysical environment. Terrain and soils were selected as a VC based on 
providing the physical foundation for functioning aquatic and terrestrial ecosystems, and local biological 
processes (Table 5.2-13). 

Table 5.2-13:  Terrain and Soils Valued Component 

Valued 
Component Rationale Measurement Indicators 

TrueNorth Fort Hills 
Environmental Impact 

Assessment 2001(a) 

Fort Hills Mine 
Amendment 

Application 2017(b) 

Terrain and 
Soils 

Provide physical structure 
and foundation for aquatic 
and terrestrial ecosystems 

Quantity and distribution 
of terrain units Evaluated Evaluated 

Quantity and distribution 
of SMUs Evaluated Evaluated 

Soil quality Evaluated Not evaluated 

Notes: 
(a) TrueNorth (2001). 
(b) FHEC (2017a). 
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Some of the measurement indicators of the Terrain and Soils VC were not evaluated in the 2001 EIA 
(TrueNorth 2001) or FHMA (FHEC 2017a) assessment, or their definitions have varied through time as 
land capability classification and discussions of soil quality have evolved through the last two decades. 
However, the discussion of soil quality and quantity and terrain quantity and distribution have 
sufficiently similar attributes for comparison purposes in this assessment. 

 Mitigation Measures and Anticipated Residual Effects 
 Mitigation Measures 

The key mitigation measures for the potential effects of the IPA are the reclamation activities planned 
for the FHOSP in the updated LMCP (Volume 1, Appendix A). Additionally, existing operational 
mitigation and monitoring programs will continue to be implemented as described in earlier applications 
listed in Section 1.3. No additional mitigation measures were identified as required specifically for the 
Extension Areas. 

 Change Assessment 

The following proposed changes have the potential to alter the previously assessed effects on terrain 
and soils resources: 

● expanding the footprint into the Extension Areas 

● modification of the closure landscape as part of the updated LMCP 

These changes are assessed in the following sections in terms of changes to the availability for terrain 
and soils resources, respectively, during operations and post-closure. 

Terrain 

Quantity and Distribution  
The loss or alteration of the terrain has been evaluated based on the change in surficial material as well 
as the change in terrain. During operations, 2,248.2 ha of surficial material, including 1,701.8 ha in the 
North Extension Area and 547.2 ha in the East Extension Area, will be affected. The net changes in the 
context of the Terrestrial Assessment Boundary as a result of the IPA are shown in Table 5.2-5. The net 
change in each surficial material owing to construction and operations of the IPA accounts for 
2,248.2 ha, which is 10.5% of the Approved Project Area. 

Surficial material (including existing disturbed soils and water) in the Terrestrial Assessment Boundary 
that will be disturbed are presented in Table 5.2-14. The majority of surficial material disturbed in the 
North Extension Area are glaciofluvial deposits (1,549.1 ha, 7.6% of the Approved Project Area), 
followed by 117.2 ha of eolian deposits (0.6% of the Approved Project Area).  

Disturbance in the East Extension Area is dominantly in areas of glaciofluvial deposits (460.1 ha, 2.4% of 
the Approved Project Area), followed by 51.5 ha of till deposits (0.3% of the Approved Project Area).  
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Table 5.2-14: Summary of Effects on Surficial Material in the Terrestrial Assessment Boundary 

Surficial Material  
Area in the Terrestrial 
Assessment Boundary 

Effects 
Loss or Alteration in 

Terrestrial 
Assessment Boundary 

because of the IPA 

Percent Change 
compared with 

Approved Project Area 

ha ha % 

North Extension Area 

Eolian 117.2 117.2 0.6 

Fen Peat 14.0 2.3 <0.1 

Fen Peat/Glaciofluvial 10.2 5.1 <0.1 

Fluvial 1.0 1.0 <0.1 

Glaciofluvial 2,128.7 1,549.1 7.6 

Sphagnum Peat/Till 0.6 0.0 <0.1 

None(a) 52.5 26.3 0.1 

North Extension Area Subtotal 2,324.2 1,701.8 8.3 
East Extension Area 

Fen Peat 7.0 0.7 <0.1 

Fen Peat/Glaciofluvial 6.2 6.1 <0.1 

Fen Peat/Till 14.7 7.6 <0.1 

Fluvial 9.3 9.2 0.1 

Glaciofluvial 702.6 460.1 2.4 

Glaciolacustrine 4.3 4.3 <0.1 

Sphagnum Peat/Glaciofluvial 0.6 0.6 <0.1 

Sphagnum Peat/Till 3.6 2.7 <0.1 

Till 78.7 51.5 0.3 

None(a) 5.3 4.1 <0.1 

East Extension Area Subtotal 832.4 547.2 2.9 

Total 3,156.6 2,248.2 10.5 

Notes: 
(a) Areas denoted as “none” are areas of open water or existing disturbances where surficial materials have been altered 

or disturbed. 
ha = hectares; IPA = Integrated Plan Amendment; % = percentage; < = less than. 

Loss of terrain associated with the addition of the Extension Areas is predicted to be low to moderate 
for the Amended Project Area. The surficial geology for a substantial part of northern Alberta has not yet 
been surveyed or mapped. Review of relevant publications and, hence, compilation of all available 
information is not yet complete. Neither are all known element occurrences mapped, particularly those 
within protected areas. During the desktop review (Section 5.2.2.2.1) the Fort Hills Kame Delta was 
identified as an outstanding occurrence (ANHIC 1998). The quality and level of detail of information in 
the provincial database is inconsistent, reflecting the varying extent and quality of the surveys and 
studies. The Fort Hills Kame Delta was not identified in the 2001 EIA (TrueNorth 2001) or the FHMA 
(FHEC 2017a), and the outstanding occurrence has been disturbed within the Approved Project Area 
(6,688.5 ha, 40.2% of the total Fort Hills Kame Delta) and will be disturbed during the construction and 
operations as a result of the IPA. An additional 547.4 ha will be disturbed by the East Extension Area, 
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which is 8.2% of the total Fort Hills Kame Delta within the Approved Project Area. Through effective 
implementation of mitigation measures, effects from FHOSP activities are not expected to result in a 
measurable environmental change to terrain quantity and distribution relative to the Baseline Case. 

Soil 

Soils from the footprint will continue to be salvaged in compliance with the requirements of 
Environmental Protection and Enhancement Act (EPEA) Approval No. 151469-01-00 (as amended). Soils 
will be placed on reclamation areas at variable depths, based on the updated LMCP (Volume 1, 
Appendix A), which is a change requested in this Application from the requirements in the FHMA (FHEC 
2017a) as well as based on the target ecosite phases or wetland types planned for specific reclamation 
areas. Terrain types included within the current LMCP (FHEC 2017a) are the same as the updated LMCP 
(Volume 1, Appendix A) operating areas; therefore, no terrain changes are expected in terms of unique 
terrains to be developed at closure. The potential effects of the implementation of the IPA on terrain 
and soils are considered in the updated LMCP, which include effective use of salvaged soils, and 
provides the basis for achieving equivalent land capability for the reclaimed FHOSP.  

Soil Quantity and Distribution 

Three types of soils are identified in the Terrestrial Assessment Boundary: upland, transition, and 
organic. Within these types there are 12 SMUs in the North Extension Area and 30 SMUs in the East 
Extension Area (Table 5.2-15). 

During operations, 2,248.2 ha of SMUs, including 1,701.0 ha in the North Extension Area and 547.3 ha in 
the East Extension Area will be affected. The net changes in soil types in the context of the Terrestrial 
Assessment Boundary as a result of the IPA are presented in Table 5.2-15. The net change in each soil 
type owing to construction and operations of the IPA accounts for 2,248.2 ha, which is 10.5% of the 
Approved Project Area. 

Soil map units and non-soil types (including existing disturbed soils and water) in the Terrestrial 
Assessment Boundary that will be disturbed are presented in Table 5.2-15 and Table 5.2-16. Most soils 
disturbed in the North Extension Area are upland soils (1,630.5 ha, 8.0% of the Approved Project Area) 
while a smaller amount will be transitional (36.9 ha, 0.2% of the Approved Project Area) and organic soil 
series (7.4 ha, <0.1% of the Approved Project Area). The majority of the North Extension Area will be 
built in areas of Mildred (1,499.4 ha, 7.4% of the Approved Project Area) and Marguerite (117.2 ha, 0.6% 
of the Approved Project Area) soil types. 

Most soils disturbed in the East Extension Area are upland soils (412.8 ha, 2.2% of the Approved Project 
Area) while a smaller amount will be transitional (112.7 ha, 0.6% of the Approved Project Area) and 
organic soil series (17.7 ha, 0.1% of the Approved Project Area). The majority of the East Extension Area 
will be built on Firebag (324.0 h, 1.7% of the Approved Project Area), Bitumount (94.7 ha, 0.5% of the 
Approved Project Area), and Mildred (41.8 ha, 0.2% of the Approved Project Area) soil types. 
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Table 5.2-15: Summary of Effects of Soil Series and Soil Map Units in the Terrestrial Assessment 
Boundary 

Soil Series Soil Map Units 

Area in the 
Terrestrial 

Assessment 
Boundary 

Effects 
Loss or Alteration in 

Terrestrial Assessment 
Boundary because of the 

IPA 

Percent Change compared 
with Approved Project Area 

ha ha % 

North Extension Area 
Upland Soil Types 
Firebag FIR1 32.4 13.9 0.1 
Marguerite MAR1 117.2 117.2 0.6 

Mildred 

MIL1 2,034.7 1,496.5 7.4 
MIL2 2.8 2.8 <0.1 
MIL6 17.9 0.0 <0.1 
MILgl2 3.8 0.1 <0.1 

Upland Soil Subtotal 2,208.9 1,630.5 8.0  
Transition Soil Types 
Bitumount BMT1 37.1 35.9 0.2 
Mamawi MMWco1 1.0 1.0 0.0 

Transition Soil Subtotal 38.0 36.9 0.2 
Organic Soil Types 
Hartley HLYxs1 10.2 5.1 <0.1 

McClelland 
MLD1 13.5 2.3 <0.1 
MLDys1 0.5 0.0 <0.1 

Mariana MRN1 0.6 0.0 <0.1 
Organic Soil Subtotal 24.8 7.4 <0.1 

Disturbances 52.5 27.3 0.2 
North Extension Area Total 2,324.2 1,701.0 8.3 

East Extension Area 
Upland Soil Types 

Dover 
DOV1 0.7 0.7 <0.1 
DOV6 3.6 3.6 <0.1 

Firebag 
FIR5 471.1 324 1.7 
FIR8 2.9 0 <0.1 

Horse River HRR6 3.5 3.5 <0.1 

Kinosis 
KNS1 21.2 0.1 <0.1 
KNS2 2.5 0 <0.1 
KNS6 39.1 39.1 0.2 

Mildred 

MIL1 29.3 18 0.1 
MIL2 53.9 10 0.1 
MIL5 4.9 4.9 <0.1 
MIL9 8.9 8.9 <0.1 

Upland Soil Subtotal 641.5 412.8 2.2 
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Table 5.2-15: Summary of Effects of Soil Series and Soil Map Units in the Terrestrial Assessment 
Boundary 

Soil Series Soil Map Units 

Area in the 
Terrestrial 

Assessment 
Boundary 

Effects 
Loss or Alteration in 

Terrestrial Assessment 
Boundary because of the 

IPA 

Percent Change compared 
with Approved Project Area 

ha ha % 
Transition Soil Types 

Bitumount 

BMT1 14.5 11.6 0.1 
BMT20 103.0 71.3 0.4 
BMT21 3.2 3.2 <0.1 
BMTfi20 10.3 7.9 <0.1 
BMTpt1 0.7 0.7 <0.1 

Mamawi 
MMW1 6.7 6.7 <0.1 
MMW21 2.6 2.5 <0.1 

Steepbank 
STP6 4.4 0.7 <0.1 
STPpt6 7.3 7.3 <0.1 
STPpt20 0.8 0.8 <0.1 

Transition Soil Subtotal 153.4 112.7 0.6 
Organic Soil Types 

Hartley 
HLY1 12.2 7.6 <0.1 
HLY20 2.5 <0.1 <0.1 
HLYxs1 6.2 6.1 <0.1 

McClelland 
MLD1 0.4 0.4 <0.1 
MLDys1 6.3 0 <0.1 
MLDyt1 0.3 0.3 <0.1 

Mariana 
MRN1 3.6 2.7 <0.1 
MRNxs1 0.6 0.6 <0.1 

Organic Soil Subtotal 32.2 17.7 0.1 
Water 1.0 0.0 <0.1 

Disturbances 4.3 3.1 <0.1 
East Extension Area Total 832.4 547.3 2.9 

Total 3,156.6 2,248.2 10.5 
Notes:  
Values are rounded for presentation purposes; therefore, totals may not appear exactly equal to the sum of the columns.  
(a) Some map units contain sub-dominant parent material and inclusions, however only dominant parent material are 

included in this table.  
co = coarse (greater than 10 coarse than modal group); gl = gleyed; ha = hectares; IPA = Integrated Plan Amendment; xs = sand 
30 to 99 cm (ASIC 2016); % = percent; < = less than; - = not applicable. 

Soil loss associated with the addition of the Extension Areas is predicted to be low to moderate for the 
Amended Project Area. Some soil types were not assessed in 2001; therefore, predictions between the 
2001 EIA and the IPA cannot be directly compared. Nevertheless, with effective implementation of 
mitigation measures, effects from IPA activities are not expected to change the high-level predictions for 
soil loss in the 2001 EIA (TrueNorth 2001). 
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Table 5.2-16: Summary of Effects on Soil Types in the Terrestrial Assessment Boundary 

Soil Types 
Area in the Terrestrial 
Assessment Boundary 

Effects 
Loss or Alteration in 

Terrestrial 
Assessment Boundary 

because of the IPA 

Percent Change 
Compared with 

Approved Project 
Area(a) 

ha ha % 

Upland 2,850.4 2,043.2 9.7 

Transition 191.4 149.6 0.8 

Organic/Wetland 57.0 25.1 0.1 

Water 1.0 0.0 <0.1 

Disturbance 56.8 30.4 0.2 

Total 3,156.6 2,248.2 10.5 

Notes: 
Values are rounded for presentation purposes; therefore, totals may not appear exactly equal to the sum of the columns.  
(a) Evaluated from the 2017 updated closure values (FHEC 2017a), assumes that Upland soil types also includes Transition 

soils. 
ha = hectares; IPA = Integrated Plan Amendment; < = less than; % = percent. 

 Soil Quality 

Soil quality in the Terrestrial Assessment Boundary was determined qualitatively and quantitatively 
through an evaluation of potential physical, chemical, and biological property changes to soil because of 
site preparation, operations, and reclamation. Assessing changes to soil quality is important because 
topsoil will be salvaged for future reclamation. The final salvage volume will vary depending on site-
specific conditions. The effect of IPA activities on soil quality was determined from an analysis of 
changes to each of the individual criteria based on studies reported in literature and results of various 
reclamation research including (but not limited to): 

● Wind erosion and surface stability (Campbell et al. 2001) 
● Effects of tillage and compaction on productivity (Heuer et al. 2008) 
● Compaction and water content on productivity (Blouin et al. 2008) 
● Soil handling (Hargis and Redente 1984) 
● Water erosion (Torri and Borselli 2012) 

Activities associated with the IPA are expected to result in direct and indirect changes to soil quality. In 
the absence of mitigation measures, activities associated with the IPA have the potential to directly 
cause compaction and rutting, admixing, and erosion, which can cause changes to the physical, 
chemical, and biological properties of soil. The extent of changes would vary depending on existing soil 
conditions. Ultimately, changes to soil quality will influence the suitability of soil for use during 
reclamation. 

Changes to soil quality influence the ability of soil to support other environmental components 
(e.g., vegetation). Soil removal, soil salvage, soil placement, and stockpiling will occur during the site 
preparation and operations phase and remaining stockpiled soil will be placed during reclamation. By 
implementing soil salvage and reclamation techniques and environmental best management practices, 
salvaged soils can be returned to the landscape to effectively support natural plant communities. 
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Surface disturbances as a result of the activities associated with the IPA may result in the following 
effects on soil quality: 

● Compaction and rutting could alter soil structure and increase resistance to root penetration 
(decrease soil quality) 

● Soil handling could decrease soil productivity because of admixing and soil storage in stockpiles 

● Spills and leaks could decrease soil quality because of contamination 

● Reduction in soil pH and base saturation because of acid deposition from FHOSP activities and 
regional emissions 

Soil compaction, admixing, erosion, leaks and spills, and acid deposition are not quantifiable and are 
therefore discussed qualitatively in the following subsections. 

According to current understanding of reclaimed ecosystems, soil quality can be retained if the following 
aspects are met: 

● The amount of soil (e.g., volume) available for replacement is not reduced 

● Soil quality is retained using best practices for soil handling and storage 

● Appropriate mitigation measures are employed such as annual monitoring of erosion control, 
vegetation cover, slope stability for all affected sites (e.g., soil stockpiles, and windrows) 

Admixing 

If admixing of the topsoil and subsoil were to occur during activities associated with the IPA, the seed 
bank, soil organic matter, and surface organic horizons would be diluted, leading to a decrease in soil 
quality. The depth of topsoil material salvaged will be dependent on landscape position and soil 
drainage conditions and will be identified based on site-specific soil conditions at the time of salvage. 
Soils in the Terrestrial Assessment Boundary were generally uniform in texture throughout the soil 
profile. Therefore, it is not anticipated that admixing would result in textural changes in topsoil material.  

Spills and Leaks 

Tanks and storage facilities at the plant site will be designed and operated to current industry practice 
and code requirements (TrueNorth 2001). Spills and leaks may still occur, and FHEC will adhere to the 
mitigation measures described in the 2020 Groundwater Monitoring Plan (Integrated Sustainability 
2021) to aid in early detection and mitigation measures of any spills or leaks. Reporting of spills and 
leaks will be as outlined in the Release Reporting (FHEC 2018) guidelines including the documentation of 
situation specific information that requires immediate regulatory notifications. Through effective 
implementation of mitigation measures, effects from activities associated with the IPA are not expected 
to result in a measurable environmental change to soil quality relative to the Baseline Case. 

Compaction 

Soils in the Terrestrial Assessment Boundary vary in sensitivity to compaction depending on soil texture 
and soil moisture. The North Extension Area is dominantly comprised of upland soil types (2,208.9 ha), 
which have a Low compaction risk rating because of sandy soil texture in comparatively well drained 
upland positions (Table 5.2-17). Transition soil types in the North Extension Area (38.0 ha) have 
Moderate compaction risk rating because of sandy textured soil under predominantly wet soil 
conditions. Organic soils in the North Extension Area (24.8 ha) are unrated for sensitivity to compaction. 
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Upland soil types in the East Extension Area (641.5 ha) have compaction risk ratings ranging between 
Low to Very High (Table 5.2-17). Soils within the Dover (4.1 ha) and Horse River (3.5 ha) soil series have a 
Very High compaction risk rating because of silty clay and clay soil textures. However, most upland soil 
types within the East Extension Area have a Low to Moderate compaction risk rating because of coarser 
sand, loamy sand, and sandy loam soil textures. Transition soil types (153.4 ha) have Moderate to High 
compaction risk ratings because of sandy to loam textured soil under predominantly wet soil conditions. 
Organic soils in the East Extension Area (32.2 ha) are unrated for sensitivity to compaction. 

Table 5.2-17: Summary of Compaction Rating by Area of Soil Type in the Terrestrial Assessment 
Boundary 

Soil Type Compaction Rating 

Area in the 
Terrestrial 

Assessment 
Boundary 

Effects 

Loss or Alteration in 
Terrestrial 

Assessment 
Boundary because 

of the IPA 

Percent Change 
compared with 

Approved Project Area 

ha ha % 

North Extension Area 

Upland Soil Subtotal Low 2,208.9 1,630.4 8.0 

Transition Soil Subtotal Moderate 38.0 36.9 0.2 

Organic Soil Subtotal n/a 24.8 7.4 <0.1 

Disturbances n/a 52.5 26.3 0.1 

North Extension Area Subtotal 2,324.2 1,701.0 8.3 

East Extension Area 

Upland Soil Subtotal Low to Very High 641.5 412.8 2.2 

Transition Soil Subtotal Moderate to High 153.4 112.7 0.6 

Organic Soil Subtotal n/a 32.2 17.7 0.1 

Water n/a 1.0 0.0 <0.1 

Disturbances n/a 4.3 3.1 <0.1 

East Extension Area Subtotal 832.4 547.3 2.9 

Total 3,156.6 2,248.2 10.5 

Notes: 
Values are rounded for presentation purposes; therefore, totals may not appear exactly equal to the sum of the columns. 
ha = hectares; n/a = not applicable; IPA = Integrated Plan Amendment; < = less than; % = percent. 

Soil compaction associated with the addition of the Extension Areas is predicted to be low for the 
Amended Project Area. Some soil types were not assessed in the 2001 EIA; therefore, comparisons 
between the 2001 EIA and the IPA cannot be made. Nevertheless, with effective implementation of 
mitigation measures, effects from activities associated with the IPA are not expected to change the 
predictions for soil loss in the 2001 EIA (TrueNorth 2001). 
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Erosion 

The IPA has the potential to affect a total of 2,208.9 ha of upland soil SMUs with Low to Moderate water 
erosion potential and High wind erosion potential in the North Extension Area, as described in 
Table 5.2-18. Up to 38.0 ha of transition soil SMUs with Low to Moderate water erosion potential and 
High wind erosion potential will also be affected. No wind erosion potential has been defined for the 
24.8 ha of organic soils with Low water erosion potential for shallow organic sites.  

The IPA has the potential to affect a total of 641.5 ha of upland soil SMUs with Low to Moderate water 
erosion potential ratings and Low to High wind erosion potential in the East Extension Area. 
Additionally, up to 153.4 ha of transition soil SMUs with Low to Moderate water erosion potential 
ratings and Moderate to High wind erosion potential will also be affected (Table 5.2-18). Although the 
majority of the 32.2 ha of organic soils within the Terrestrial Assessment Boundary are not applicable for 
assessing water and wind erosion potential ratings, 0.6 ha of the MRNxs1 soil series have Low water 
erosion potential and High wind erosion ratings. 

Table 5.2-18: Summary of Water Erosion and Wind Erosion by Area of Soil Type in the Terrestrial 
Assessment Boundary 

Soil Types Water Erosion 
Potential Rating 

Wind Erosion 
Rating 

Area in the 
Terrestrial 

Assessment 
Boundary 

Effects 
Loss or Alteration 

in Terrestrial 
Assessment 
Boundary 

because of the 
IPA 

Percent Change 
compared with 

Approved 
Project Area 

ha ha % 
North Extension Area 
Upland Soil Subtotal Low to Moderate  High 2,208.9 1,630.4 8.0 
Transition Soil 
Subtotal Low  High 38.0 36.9 0.2 

Organic Soil Subtotal Low  n/a 24.8 7.4 <0.1 
Disturbances n/a n/a 52.5 26.3 0.1 

North Extension Area Subtotal 2,324.2 1,701.0 8.3 
East Extension Area 
Upland Soil Subtotal Low to Moderate  Low to High 641.5 412.8 2.2 
Transition Soil 
Subtotal Low to Moderate  Moderate to High 153.4 112.7 0.6 

Organic Soil Subtotal n/a or Low  n/a or High 32.2 17.7 0.1 
Water n/a n/a 1.0 0.0 <0.1 
Disturbances n/a n/a 4.3 3.1 <0.1 

East Extension Area Subtotal 832.4 547.3 2.9 
Total  3,156.6 2,248.2 10.5 

Notes: 
Values are rounded for presentation purposes; therefore, totals may not appear exactly equal to the sum of the columns. 
ha = hectares; n/a = not applicable; IPA = Integrated Plan Amendment; < = less than; % = percentage. 
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Soil erosion potential associated with the addition of the Extension Areas is predicted to be low for the 
Amended Project Area. Soil disturbance from the IPA could further increase the potential for water and 
wind erosion if mitigation measures are not applied. Through effective implementation of mitigation 
measures, the activities associated with the IPA are not expected to change the predicted effects on soil 
quality from water or wind erosion as described in the 2001 EIA (TrueNorth 2001). 

Reclamation Suitability 

The IPA has the potential to affect 2,208.9 ha of upland soil with Good to Poor topsoil suitability and 
Good to Fair subsoil suitability in the North Extension Area (Table 5.2-19). Additionally, transitional soil 
(38.0 ha) with Fair to Poor subsoil suitability, and 24.8 ha of organic soils with Fair subsoil suitability in 
the Hartley SMUs will be affected. No topsoil suitability was identified for transitional or organic soils in 
the North Extension Area. 

Alteration of soil within the East Extension Area due to the IPA has the potential to affect 641.5 ha of 
upland soil with Good to Poor topsoil suitability and Fair to Poor subsoil suitability (Table 5.2-19). Within 
the East Extension Area, transitional soil (153.4 ha) with Fair to Poor subsoil suitability, and 32.2 ha of 
organic soils with Fair subsoil suitability in the Hartley and Mariana SMUs will be affected. No topsoil 
suitability was identified for transitional or organic soils in the East Extension Area. 
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Table 5.2-19: Summary of Effects of Soil Series and Soil Map Units in the Terrestrial Assessment Boundary 

Soil Series Material 

Reclamation 
Suitability 

Rating 

Area in the Terrestrial 
Assessment Boundary Effects 

Loss or Alteration in 
Terrestrial Assessment 

Boundary because of the IPA 

Percent Change compared with 
Approved Project Area 

ha ha % 
North Extension Area 
Upland Soil Types 

Firebag 
Topsoil Good 

32.4 13.9 0.1 
Subsoil Fair 

Marguerite 
Topsoil  -  

117.2 117.2 0.6 
Subsoil Good 

Mildred 
Topsoil Poor 

2,059.2 1,499.4 7.4 
Subsoil Fair 

Upland Soil Subtotal 2,208.9 1,630.5 8.0  
Transition Soil Types 

Bitumount 
Topsoil  -  

37.1 35.9 0.2 
Subsoil Poor 

Mamawi 
Topsoil  -  

1.0 1.0 0.0 
Subsoil Fair 

Transition Soil Subtotal 38.0 36.9 0.2 
Organic Soil Types 

Hartley 
Topsoil  -  

10.2 5.1 <0.1 
Subsoil Fair 

McClelland 
Topsoil  -  

14.0 2.3 <0.1 
Subsoil  -  

Mariana 
Topsoil  -  

0.6 0.0 <0.1 
Subsoil  -  

Organic Soil Subtotal 24.8 7.4 <0.1 
Disturbances 52.5 27.3 0.2 

North Extension Area Total 2,324.2 1,701.0 8.3 
East Extension Area 
Upland Soil Types 

Dover 
Topsoil Good 

4.3 4.3 <0.1 
Subsoil Poor 

Firebag 
Topsoil Good 

474.0 324 1.7 
Subsoil Fair 

Horse River 
Topsoil Good 

3.5 3.5 <0.1 
Subsoil Poor 

Kinosis 
Topsoil  -  

62.8 39.2 0.2 
Subsoil Fair 

Mildred 
Topsoil Poor 

97.0 41.8 0.2 
Subsoil Fair 

Upland Soil Subtotal 641.5 412.8 2.2 
Transition Soil Types 

Bitumount 
Topsoil  -  

131.7 94.7 0.5 
Subsoil Poor 

Mamawi 
Topsoil  -  

9.3 9.2 <0.1 
Subsoil Fair 

Steepbank 
Topsoil  -  

12.4 8.8 <0.1 
Subsoil Fair 

Transition Soil Subtotal 153.4 112.7 0.6 
Organic Soil Types 

Hartley 
Topsoil  -  

20.9 13.7 <0.1 
Subsoil Fair 

McClelland 
Topsoil  -  

7.0 0.7 <0.1 
Subsoil  -  

Mariana 
Topsoil  -  

4.2 3.3 <0.1 
Subsoil Fair 

Organic Soil Subtotal 32.2 17.7 0.1 
Water 1.0 0.0 <0.1 

Disturbances 4.3 3.1 <0.1 
East Extension Area Total 832.4 547.3 2.9 

Total 3,156.6 2,248.2 10.5 
Notes:  
Values are rounded for presentation purposes; therefore, totals may not appear exactly equal to the sum of the columns.  
(a)  Some map units contain sub-dominant parent material and inclusions; however, only dominant parent materials are included in this table.  
co = coarse (greater than 10 coarse than modal group); gl = gleyed; ha = hectares; IPA = Integrated Plan Amendment; xs = sand 30 to 99 cm (ASIC 2016); % = percent; < = less 
than; - = not applicable. 
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Loss of Good to Fair topsoil and subsoil because of the IPA is predicted to be low for the Amended 
Project Area.  

Particulate Deposition 

Aerial deposition of particulate emissions can change soil quality by altering soil pH, nutrient availability, 
and the composition of soil organisms (Rusek and Marshall 2000; Chen et al. 2017). Air dispersion 
modelling was used to predict the maximum monthly deposition rate of total suspended particulate 
matter (TSP) for three cumulative effects assessment cases, as defined in the air quality assessment 
(Section 2), namely the Baseline Case, Application Case 1, and Application Case 2. The Baseline Case 
represents FHOSP operations before the changes associated with the IPA are implemented. Application 
Case 1 represents maximum estimated FHOSP emissions after the IPA changes are implemented 
(i.e., maximum emissions after 2024) for mine fleet exhaust emissions. Application Case 2 represents the 
maximum estimated FHOSP emissions after the IPA changes are implemented for TSP, largely driven by 
road dust emissions. Additional details on the assessment cases are provided in Section 2. 

There are two Alberta Ambient Air Quality Guidelines (AAAQGs) in place for TSP deposition, also 
referred to as dustfall. The AAAQG for residential and recreational areas is 53 milligrams per 100 square 
centimetre per 30 days (mg/100 cm2/30 days), and the AAAQG for commercial and industrial areas is 
158 mg/100 cm2/30 days (AEP 2019b). The AAAQGs apply for areas outside of developed areas, where 
public access is not restricted (AEP 2013).  

A comparison of the predicted maximum monthly TSP deposition rate is presented in Table 5.2-20. The 
maximum predictions are presented at the Amended Project Area Boundary and within the Air Quality 
Study Area, which is a 100 by 100 km square approximately centred on FHOSP, as shown in Figure 5.2-4. 
The predicted maximum monthly TSP deposition rate contours are also presented graphically in 
Figure 5.2-4. 

Locally, the predicted maximum 30-day TSP deposition rates at the Amended Project Area Boundary are 
in compliance with both AAAQGs in all assessment cases and are shown to decrease from the Baseline 
Case to Application Case 1 to Application Case 2 as the mining activities move from the southwest 
corner of the FHOSP footprint to the centre of the FHOSP footprint, away from the Amended Project 
Area Boundary where TSP deposition rates are assessed for compliance with the AAAQGs. Although TSP 
emissions are shown to increase in Application Case 1 and Application Case 2 (as discussed in Section 2), 
the deposition rates predicted at the Amended Project Area Boundary are shown to decrease because 
of the larger areas from which the emissions are released (i.e., lower emission intensity) and the 
location of TSP emission sources being farther from the Amended Project Area Boundary.  

Regionally, the maximum TSP deposition contours outside of the Amended Project Area Boundary 
remain relatively unchanged with increasing distance from the Amended Project Area Boundary. The 
higher predicted deposition rates are centred on the areas where active mining is taking place at each 
oil sands mine in the air dispersion model. The maximum predicted deposition rate within the Air 
Quality Study Area remains unchanged between assessment cases. The areas of predicted exceedance 
of the AAAQGs are localized to within the Amended Project Area Boundary and are not widespread. The 
results demonstrate that the IPA will have a positive change on the maximum TSP deposition rates at 
the Amended Project Area Boundary and no measurable effect regionally. 
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Table 5.2-20: Predicted Maximum Monthly Total Suspended Particulate Deposition Rates 

Location AAAQG 
Maximum Monthly TSP Deposition Rate 

(mg/100 cm2/30 days)(a) 

Baseline Case Application Case 1 Application Case 2 

Amended Project Area Boundary 
53(b), 158(c) 

32.9 28.3 17.6 
Within Air Quality Study Area 268.2 268.2 268.2 

Notes:  
(a) Maximum predictions within the Air Quality Study Area exclude predictions within developed areas. 
(b) AAAQG for residential and recreational areas. 
(c) AAAQG for commercial and industrial areas.  
AAAQG = Alberta Ambient Air Quality Guideline; mg/100cm2/30 days = milligram per 100 square centimetres per 30 days; TSP = 
total suspended particulate matter. 
 

Closure 

Comparisons between the current LMCP and the updated LMCP for soil placement prescriptions and 
substrate at Closure are provided in Figure 5.2-5 and Figure 5.2-6, respectively. The current LMCP 
included reclamation of 13,886.0 ha (94.1%) of terrain and soils in the Approved Project Area 
(Table 5.2-21). Under the updated LMCP, a total of 17,439 ha (95.6%) will be reclaimed, which includes 
15,191 ha (83.3%) in the Approved Project Area and 2,247 ha (45.5%) in the Terrestrial Assessment 
Boundary (Table 5.2-21, Figure 5.2-5). For the Approved Project Area, the updated LMCP reflects a net 
increase of 1,305.5 ha (7.2%) in reclaimed area relative to the current LMCP, which accounts for the 
additional disturbance in the Extension Areas (Table 5.2-21). For the Terrestrial Assessment Boundary, 
the updated LMCP reflects a net increase of 3,553 ha (17.3 %) in reclaimed area relative to the current 
LMCP. Soil placement areas for the Terrestrial Assessment Boundary, consisting of surface soil (SS) and 
subsurface soil (SB), will increase by 1,715.2 ha (8.4%) and organic placement areas, consisting of peat 
mineral mix (PMM), will increase by 1,837.8 ha (9.0%). Reclamation in the Terrestrial Assessment 
Boundary will include 2,247.5 ha of soil placement and organic material placement with no additional 
water areas. 

The updated LMCP confirms that adequate soil resources are available for salvage to complete 
reclamation of FHOSP (Table 5.2-21, Figure 5.2-5). Therefore, no changes are required to the residual 
effect predictions for terrain and soils for the FHOSP in terms of salvage and use of soils for reclamation. 
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Table 5.2-21: Comparison of 2017 and IPA Closure Planning in the Approved and Terrestrial 
Assessment Boundary 

Map Code 

Current Life of Mine 
Closure Plan 

Updated Life of Mine Closure Plan 
Total Area 
(Approved 

Project Area and 
Terrestrial 

Assessment 
Boundary) 

Approved Project Area 
Terrestrial 

Assessment 
Boundary 

ha % of 
Total ha ha % of 

Total ha % of 
Total 

0.20 m SSC/0.30 m SBC 4,937.0 33.5  -  - - - - 
0.20 m SSC/Variable 
SBC (0.15m average) - - 6,470.3 5,591.7 30.7 878.6 39.1 

0.25 m SSF/0.25 m SBF 2,100.0 14.2 - - - - - 
0.20 m SSF/Variable 
SBF (0.15m average) - - 2,281.9 1,935.5 10.6 346.4 15.4 

0.20 PMM 1,311.0 8.9 8,575.0 7,552.5 41.4 1,022.5 5.6 
0.50 PMM 5,538.0 37.5 5.5 5.5 0.0 0.0 0.0 
1.5m PMM  -  0.0 106.3 106.3 0.6 0.0 0.0 

Subtotal 13,886.0 94.1 17,439.0 15,191.5 83.3 2,247.5 45.5 
Lake No Soil Placement 830.0 5.6 1,449.9 1,449.9 8.0 0.0 0.0 
Areas Reclaimed before 
2021 (NNLL) 35.0 0.2 33.9 33.9 0.2 0.0 0.0 

Total 14,751.0 100.0 18,922.8 16,675.3 100.0 2,247.5 100.0 
Notes:  
The total areas shown in the table are less than the total Approved Project Area because not all areas of the footprint are disturbed and 
reclaimed (Figure 5.2-5). 
- = no data; ha = hectares; m = metres; NNLL = no net loss lake; SBC = subsoil coarse; SBF = subsoil fine; SSC = surface soil coarse; SSF = surface 
soil fine;  
% = percent. 
  



Twp.97 Rge.11
W4M

Twp.96 Rge.9
W4M

Twp.98 Rge.11
W4M

Twp.97 Rge.9
W4M

Twp.98 Rge.10
W4M

Twp.96 Rge.10
W4M

Twp.98 Rge.9
W4M

Twp.96 Rge.11
W4M

Pierr e River

Stanley Cr eek

Calumet River

Eymundson Creek

M usk
e g Riv

er

Tar River

McClelland
Lake

FORT MCKAY
174C

460000

460000

470000

470000

63
60

00
0

63
60

00
0

63
70

00
0

63
70

00
0

LEGEND
CUTOFF WALL

CURRENT TRUE NORTH ROAD

FUTURE APPROVED TRUE
NORTH ROAD

WATERCOURSE

APPROVED PROJECT AREA

EAST TOE BERM AREA NOT
INCLUDED IN THE APPROVED
BOUNDARY IN 2017

EXTENSION AREAS

FIRST NATION RESERVE

NON-MINED PORTION OF MLWC

WATERBODY

SOIL PRESCRIPTION
0.20 M SSC/VARIABLE SBC
(0.15M AVERAGE) - 2021

0.2 0M SSC/0.30M SBC - 2017

0.20 M SSF/VARIABLE SBF (0.15M
AVERAGE) - 2021

0.25 M SSF/0.25M SBF - 2017

0.20 M PMM

0.50 M PMM

1.5 M PEAT

LAKE - NO SOILS PLACED

NO NET LOSS LAKE

PA
TH

: I
:\C

LI
E

N
TS

\S
U

N
C

O
R

\2
01

38
99

0\
M

ap
pi

ng
\P

ro
du

ct
s\

0_
IP

A\
S

oi
l\F

ig
_5

-2
-5

_S
oi

l_
Pl

ac
em

en
t_

P
re

sc
rip

tio
n_

R
ev

0.
m

xd
  

IF
 T

H
IS

 M
EA

SU
R

E
M

EN
T 

D
O

ES
 N

O
T 

M
AT

C
H

 W
H

AT
 IS

 S
H

O
W

N
, T

H
E 

SH
EE

T 
SI

ZE
 H

A
S 

B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
S

I B
25

m
m

0

CLIENT

FORT HILLS ENERGY CORPORATION
PROJECT

FORT HILLS INTEGRATED PLAN AMENDMENT

TITLE

SOIL PLACEMENT PRESCRIPTION

   0 5.2-5
PROJECT NO. CONTROL REV. FIGURE

20138990

2021-12-01 

CM

AB/LB

JP

ZG

CLIENT

PROJECT NO.

YYYY-MM-DD

DESIGNED

PREPARED

REVIEWED

APPROVED

REFERENCE(S)
ALBERTA DIGITAL BASE DATA MAY BE OBTAINED FROM GEOGRATIS, © DEPARTMENT OF
NATURAL RESOURCES CANADA. ALL RIGHTS RESERVED OR ALTALIS LTD.© GOVERNMENT OF
ALBERTA 2021. ALL RIGHTS RESERVED.
PROJECTION: UTM ZONE 12   DATUM: NAD 83

Twp.97 Rge.11
W4M

Twp.97 Rge.10
W4M

Twp.96 Rge.9
W4M

Twp.98 Rge.11
W4M

Twp.97 Rge.9
W4M

Twp.98 Rge.10
W4M

Twp.96 Rge.10
W4M

Twp.98 Rge.9
W4M

Twp.96 Rge.11
W4M

Pier reRiver

Stanley C re ek

Calumet River
Eym

u n ds onCreek

Musk eg
River

Ta rRiver

McClelland
Lake

East
Extension

North
Extension

FORT MCKAY
174C

460000

460000

470000

470000

63
60

00
0

63
60

00
0

63
70

00
0

63
70

00
0

0 2.5 5

1:115,000 KILOMETRES

0 2.5 5

1:115,000 KILOMETRES

UPDATED LIFE OF MINE CLOSURE PLANCURRENT LIFE OF MINE CLOSURE PLAN

1. SSC - SURFACE SOIL COARSE
2. SSF - SURFACE SOIL FINE
3. PMM - PEAT MINERAL MIX

4. SBC - SUBSOIL COARSE
5. MLWC - MCCLELLAND LAKE WETLAND COMPLEX

NOTE(S)



OPTA
Dedicated

Disposal Area

OPTA East Stage 1
and Stage 2

NPTA

CPTA

North In Pit Dump
Mine Dump North

Plant Area

Twp.97 Rge.11
W4M

Twp.96 Rge.9
W4M

Twp.98 Rge.11
W4M

Twp.97 Rge.9
W4M

Twp.98 Rge.10
W4M

Twp.96 Rge.10
W4M

Twp.98 Rge.9
W4M

Twp.96 Rge.11
W4M

Pierr e River

Stanley Cr eek

Calumet River

Eymundson Creek

M usk
e g Riv

er

Tar River

McClelland
Lake

FORT MCKAY
174C

460000

460000

470000

470000

63
60

00
0

63
60

00
0

63
70

00
0

63
70

00
0

LEGEND
CUTOFF WALL

CURRENT TRUE NORTH ROAD

FUTURE APPROVED TRUE
NORTH ROAD

WATERCOURSE

APPROVED PROJECT AREA

EAST TOE BERM AREA NOT
INCLUDED IN THE APPROVED
BOUNDARY IN 2017

EXTENSION AREAS

FIRST NATION RESERVE

NON-MINED PORTION OF MLWC

WATERBODY

SUBSTRATE
CLEAN SAND

TAILINGS SAND

PLANT AREA

OVERBURDEN DUMP

TREATED FT

NO INFILL

PA
TH

: I
:\C

LI
E

N
TS

\S
U

N
C

O
R

\2
01

38
99

0\
M

ap
pi

ng
\P

ro
du

ct
s\

0_
IP

A\
S

oi
l\F

ig
_5

-2
-6

_S
ub

st
ra

te
_C

lo
su

re
_R

ev
0.

m
xd

  

IF
 T

H
IS

 M
EA

SU
R

E
M

EN
T 

D
O

ES
 N

O
T 

M
AT

C
H

 W
H

AT
 IS

 S
H

O
W

N
, T

H
E 

SH
EE

T 
SI

ZE
 H

A
S 

B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
S

I B
25

m
m

0

CLIENT

FORT HILLS ENERGY CORPORATION
PROJECT

FORT HILLS INTEGRATED PLAN AMENDMENT

TITLE

SUBSTRATE AT CLOSURE

    0 5.2-6
PROJECT NO. CONTROL REV. FIGURE

20138990

2021-12-06 

CM

LB

JP

ZG

CLIENT

PROJECT NO.

YYYY-MM-DD

DESIGNED

PREPARED

REVIEWED

APPROVED

NOTE(S)

REFERENCE(S)

1. CPTA - CENTRE PIT TAILINGS AREA
2. NPTA - NORTH PIT TAILINGS AREA
3. OPTA - OUT-OF-PIT TAILINGS AREA

ALBERTA DIGITAL BASE DATA MAY BE OBTAINED FROM GEOGRATIS, © DEPARTMENT OF
NATURAL RESOURCES CANADA. ALL RIGHTS RESERVED OR ALTALIS LTD.© GOVERNMENT OF
ALBERTA 2021. ALL RIGHTS RESERVED.
PROJECTION: UTM ZONE 12   DATUM: NAD 83

OPTA

South Dedicated
Disposal Area

OPTA East Stage 1

NPTA 2

CPTA 1

North In Pit Dump

Overburden Sand

Centre Dedicated
Disposal Area

Plant Area

East In Pit Dump

NPTA 1

SPTA

Mine Dump

CPTA 2

North East Dump

Twp.97 Rge.11
W4M

Twp.97 Rge.10
W4M

Twp.96 Rge.9
W4M

Twp.98 Rge.11
W4M

Twp.97 Rge.9
W4M

Twp.98 Rge.10
W4M

Twp.96 Rge.10
W4M

Twp.98 Rge.9
W4M

Twp.96 Rge.11
W4M

Pier reRiver

Stanley C re ek

Calumet River
Eym

u n ds onCreek

Musk eg
River

Ta rRiver

McClelland
Lake

East
Extension

North
Extension

FORT MCKAY
174C

460000

460000

470000

470000

63
60

00
0

63
60

00
0

63
70

00
0

63
70

00
0

0 2.5 5

1:115,000 KILOMETRES

0 2.5 5

1:115,000 KILOMETRES

CURRENT LIFE OF MINE CLOSURE PLAN UPDATED LIFE OF MINE CLOSURE PLAN

4. SPTA - SOUTH PIT TAILINGS AREA
5. MLWC - MCCLELLAND LAKE WETLAND COMPLEX



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

5-43 | Page 

5.2.4. Monitoring and Follow-up Activities 
FHEC is committed to a full range of monitoring and testing programs as part of the conditions of its 
EPEA Approval No. 151469-01-00 (as amended), consistent with the 2001 EIA (TrueNorth 2001) or FHMA 
(FHEC 2017a) assessments. For terrain and soils, the monitoring and testing programs include: 

● Air emissions and quality monitoring 

● Land and reclamation monitoring 

● Life of Mine Closure Plan 

This EA did not identify changes in the 2001 predictions in association with the development in the 
Extension Areas. As well, no new effects were identified during the change assessment. The updated 
LMCP (Volume 1, Appendix A) and the Reclamation Monitoring Program, when developed, will be 
applied to the Amended Project Area and are predicted to adequately mitigate adverse effects on 
terrain and soils resources from the IPA. No new monitoring or follow-up activities are required. 

5.2.5. Conclusions 
The terrain and soils change assessment for the IPA was completed to determine if predicted changes to 
terrain and soils in the 2001 EIA and the FHMA would remain valid with the addition of the Extension 
Areas. A linkage analysis was completed to identify potential valid linkages to terrain and soils resources 
associated with the proposed changes to the FHOSP. Valid linkages were assessed for both the 
operations and closure phase of the IPA and included: 

● Terrain quantity and distribution 

● Soil quantity and distribution 

● Soil quality 

This assessment found that the incremental and cumulative effects predictions from 2001 for terrain 
and soils resources continue to be valid with the addition of the Extension Areas. Mitigation measures 
identified in the 2001 EIA and FHMA will continue to be implemented. No additional mitigation 
measures were identified. The Reclamation Monitoring Program, when developed, and terrain and soils 
resources commitments tied to the updated LMCP are appropriate for capturing predicted effects 
related to terrain and soils resources. No additional monitoring is required. 

5.3. Vegetation and Wetlands 

5.3.1. Introduction 
This section provides an update to the vegetation, wetland, and forest resources component of the 
original Environmental Impact Assessment (EIA; TrueNorth 2001) and the 2017 Fort Hills Mine 
Amendment Application (FHMA; FHEC 2017a) for the Fort Hills Oil Sands Project (FHOSP). The baseline 
conditions presented in Section 5.3.2 provide the basis from which changes to the effects on vegetation, 
wetland, and forest resources predicted in the 2001 EIA and FHMA can be evaluated for the Integrated 
Plan Amendment (IPA), considering the addition of the Extension Areas and the corresponding changes 
to the FHOSP mining and tailings plans and the Life of Mine Closure Plan (LMCP; Volume 1, Appendix A). 
Current FHOSP mitigation, monitoring and follow-up activities are reviewed to evaluate if additions are 
required to reduce potential effects on vegetation, wetland, and forest resources due to the IPA.  
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The assessment includes evaluation of: 

● ecological land classification of land cover types 

● riparian communities 

● wetlands 

● old growth forests 

● listed plants/ecological plant communities 

● listed plant potential 

● limited distribution land cover types 

● traditional use plants 

The vegetation and wetlands assessment is supported by information from field surveys to collect 
baseline vegetation and wetland information in the Extension Areas (Golder 2020c), as provided in 
Appendices 2I, 2J and 2K. 

5.3.2. Baseline Conditions 
Baseline conditions within the Approved Project Area were described in previous FHOSP environmental 
assessments (EAs) and regulatory applications (TrueNorth 2001; FHEC 2007, 2010, 2017a), and therefore 
have not been updated for this assessment. An update on the baseline conditions for the IPA is provided 
in Section 5.3.3.  

Within the Extension Areas, the Terrestrial Assessment Boundary, as described in Section 5.1.1, is 
3,156.6 ha (2,324.2 ha in the North Extension Area and 832.4 ha in the East Extension Area). The 
footprint in the North Extension Area covers 1,809.8 ha, and the footprint in the East Extension Area 
covers 547.2 ha (Figure 5.1-1). 

 Methods 
 Field Surveys 

Wetland and vegetation baseline data were collected by two Golder Associates Ltd. (Golder) biologists 
on July 11 to 20, 2020 to support the understanding of baseline vegetation, wetland, and forest 
resources conditions in the Terrestrial Assessment Boundary before development (Golder 2020c). 
Vegetation inventory surveys were completed in upland and wetland areas. A minimum of one plot per 
dominant upland vegetation type was completed, and more vegetation plots were completed for 
vegetation types that covered greater area within the modified footprint. Plots were surveyed in a 
representative area within the mapped vegetation polygon and were approximately 10 x 10 metres (m). 
At each vegetation inventory plot, the data collected were: 

● Plot coordinates. 

● Natural subregion and ecosite classification (AEP 2019c, 2020b) or wetland classification 
according to the Alberta Wetland Classification System (AWCS; GoA 2015b). 

● Soil nutrient and moisture regimes. 

● Soil characteristics (including texture, organic soil type, peat depth). 

● Hydrology data, if applicable. 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

5-45 | Page 

● Vegetation data (for each stratum, dominant plant species were identified, and percent cover 
assigned). 

● Land use and disturbance type. 

● Required updates to vegetation polygons, ecosite phase or wetland classifications (detailed 
notes were taken in a field book and field maps were marked up). 

● Plant community photographs. 

● GPS tracks and points. 

A systematic meander search pattern was used in areas with high potential for listed plants 
(e.g., seepage areas, habitat edges, riparian areas, fens, marshes), as per the Alberta Native Plant 
Council (ANPC) guidelines for listed plant surveys (ANPC 2012). Incidental sightings of listed vascular 
plant species (ACIMS 2018), non-vascular plant species (ACIMS 2017a), lichens (ACIMS 2017b), plant 
communities (ACIMS 2017c), or invasive species identified as noxious or prohibited noxious in the Weed 
Control Regulation (Province of Alberta 2010) were documented and photographed. 

Wetland data were collected to meet the requirements for a field-based wetland assessment under the 
Alberta Wetland Policy (GoA 2013b) as described in the Alberta Wetland Identification and Delineation 
Directive (GoA 2015c), the Guide to the Alberta Wetland Rapid Evaluation Tool – Actual (ABWRET-A) for 
the Boreal and Foothills Natural Regions (GoA 2016), and the Alberta Wetland Assessment and Impact 
Report Directive (GoA 2017). Wetland classification followed the AWCS (GoA 2015b).  

Water Act approvals have been granted for the Approved Project Area. The Alberta Wetland Policy 
applies to the area within the Terrestrial Assessment Boundary that falls outside of the Approved Project 
Area boundary. Therefore, wetland assessment data collection targeted the area outside the existing 
Water Act Approval boundary. A vegetation inventory was also completed at each wetland assessment 
point. One field point was collected per wetland class present within each wetland complex 
(i.e., contiguous wetland polygons with different wetland classes surrounded by upland land cover units) 
and from a representative subsample of discrete wetland polygons not in complexes. Most field points 
were situated within the Extension Areas where direct wetland impacts are expected to occur. 

 Land Cover and Wetlands 

A comprehensive desktop interpretation of historical and recent aerial photographs was completed in 
conjunction with a review of topographic information to delineate land cover types including upland and 
wetland boundaries, and to assess drainage patterns, watersheds, and catchment areas in the 
Terrestrial Assessment Boundary.  

Land cover types were delineated through interpretation of recent stereo aerial imagery by a Golder 
biologist using softcopy technology at a scale of approximately 1:5,000. Softcopy mapping incorporates 
the functionality of both geographical information system (e.g., ArcGIS) and PurVIEW® software, where 
hardcopy aerial photographs at scales of 1:30,000 or 1:40,000 were scanned at 10 to 15 microns and 
merged with provincial digital elevation model (DEM) data to create digital files that were viewed in 
three dimensions (3D) on a computer monitor with the aid of specialized 3D glasses. Using this system, a 
Golder biologist interpreted the imagery (i.e., delineated individual polygons based on moisture and 
nutrient regime and tree canopy information) and classified the uplands following the Ecological Land 
Classification System (ELC; AEP 2019c, 2020b), and the wetlands following the Alberta Wetland 
Classification System (AWCS; GoA 2015b).  
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Descriptions of ecosite phases, wetland types, and other land cover types mapped in the Terrestrial 
Assessment Boundary are provided in Guide to Ecological Sites of the Central Mixedwood Subregion 
(AEP 2019c), Guide to Ecological Sites of the Athabasca Plain Subregion (AEP 2020b), and the Alberta 
Wetland Classification System (GoA 2015b). Miscellaneous land cover types and disturbance cover types 
are described in Appendix 2I. 

 Riparian Communities 

Potential riparian communities in the Terrestrial Assessment Boundary were mapped using available 
data provided by the Government of Alberta (AEP 2011). These data sets identify areas associated with 
lotic features (stream and rivers) based on a DEM grid of satellite imagery. Riparian areas mapped 
include the land adjacent to streams rivers, wetlands, and lakes that are strongly influenced by the 
presence of water.  

 Old Growth Forest 

Old growth forests have high structural and functional diversity and provide some of the highest habitat 
value available for plants and animals (Timoney 1998). Stands of old growth forest in the western boreal 
forest are uncommon because of both natural disturbances (i.e., frequency of fire cycle) and 
anthropogenic disturbances (i.e., timber harvest; Weir et al. 2000). 

Old growth forest classification in this analysis follows the work presented by Schneider (2002), which is 
based on stand age of the dominant species. White spruce and balsam fir dominant stands are 
considered old growth at 140 years, jack pine stands at 120 years, and deciduous leading stands at 
100 years (including mixedwoods). Stand age estimates for the Terrestrial Assessment Boundary are 
based on Alberta Vegetation Inventory (AVI) data.  

 Listed Plants/Ecological Communities and Listed Plant Potential  

Listed plants in Alberta are represented by species included on the current Alberta Conservation 
Information Management System (ACIMS) tracking and watch lists (ACIMS 2017a; 2017b; 2018). The 
General Status of Alberta Wild Species (Alberta Environment and Sustainable Resource Development) 
list is no longer maintained for plant species. The ACIMS tracking list include species of high priority 
because they are rare or there is a conservation concern (Kemper 2009). Species on the watch list are 
typically taxa that have restricted distributions in Alberta but are common in their range. 

At the national level, listed plant species are assessed by the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) and then legally listed pursuant to the Species at Risk Act (SARA) and 
denoted by five rarity definitions or classes (COSEWIC 2017): 

● Special Concern: A species that may become a threatened or an endangered species because of 
a combination of biological characteristics and identified threats. 

● Threatened: A species likely to become endangered if limiting factors are not reversed. 

● Endangered: A species facing imminent extirpation or extinction. 

● Extirpated: A species that is no longer existing in the wild in Canada but occurring elsewhere. 

● Extinct: Any species that no longer exists. 

Species listed by COSEWIC and SARA were documented during vegetation surveys. 
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As with listed plants, ACIMS also develops a tracking and watch list of ecological communities that are 
considered high priority because they are of ecological and social importance, vulnerable to disturbance 
or uncommon or special in some way (ACIMS 2015b). The lists serve as a focus for data gathering to 
increase our collective knowledge and understanding of these elements of Alberta’s biodiversity 
(Allen 2014). The presence of listed ecological communities was evaluated by comparing data from field 
surveys with the tracking list (ACIMS 2015b), the listed ecological community descriptions (Allen 2014), 
and based on an ACIMS database search. 

Listed plant potential relates to the potential of a particular habitat type to support listed plants 
(i.e., taxa included on the ACIMS tracking and watch lists; ACIMS 2018). A listed plant potential ranking 
of high, moderate, or low was assigned to each land cover type in the Terrestrial Assessment Boundary 
based on an evaluation of listed plant records from the Central Mixedwood and Athabasca Plain Natural 
Subregions (AEP 2019c, 2020b).  

 Limited Distribution Land Cover Types 

Following land cover mapping, land cover types that represented less than one percent (<1%) of the 
Terrestrial Assessment Boundary were classified as Limited Distribution Land Cover Types because they 
represent potentially unique land cover types in the region. 

 Traditional Use Plant Potential 

Traditional use plant potential relates to the potential of a particular habitat type to support traditional 
use plants. A traditional use plant potential ranking of high, moderate, or low was assigned to each land 
cover type in the Terrestrial Assessment Boundary based on an evaluation of traditional use plant 
records from the Central Mixedwood and Athabasca Plain Natural Subregions (AEP 2019c, 2020b).  

 Timber Resources 

Alberta Vegetation Inventory is a forestry-based vegetation inventory largely used through the Green 
Area of Alberta in forest management. Alberta Vegetation Inventory is interpreted from aerial 
photography and delineates and defines vegetation stands based on species composition, height, 
density, and age among other attributes (ASRD 2005). Timber productivity, determined using a Timber 
Productivity Rating (TPR), is “the potential timber productivity of a forest stand based on height and age 
of dominant and co-dominant trees of the leading species” (ASRD 2005). Each AVI polygon represents a 
unique forest stand and is assigned a TPR, including good, medium, fair, and unproductive types. Among 
many uses, AVI data are used to quantify timber volumes on the landbase for planning purposes and to 
identify unproductive or non-forested areas.  

Total forest volume, including deciduous and coniferous volumes, was calculated for each stand type 
using a combination of the AVI data (i.e., TPR, canopy density, canopy composition, moisture regime and 
stand height) for the Athabasca Plain and Central Mixedwood Natural Subregions (NRC 2006) and the 
2020 to 2021 Boreal Stand Volume TDA Table (GoA 2020). Tree stands with a TPR value of unproductive 
and wet moisture regime were excluded from the timber productivity assessment as per the Northeast 
Alberta Timber Harvest Planning and Operating Ground Rules (Alberta Agriculture and Forestry 2018). 

 Results 

The North Extension Area is within the Athabasca Plain Natural Subregion of Alberta (ACIMS 2015a; NRC 
2006). Landforms in the Athabasca Plain Natural Subregion include gently undulating to strongly rolling 
hills and hummocks, and plains with dunes. Upland soils are typically rapidly drained Dystric Brunisols, 
and Terric or Typic Mesisols occur in wetlands. Characteristic upland forests include aspen (Populus 
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tremuloides), white birch (Betula papyrifera), Alaska birch (Betula neoalaskana) and jack pine (Pinus 
banksiana) either as mixed or pure stands. Wetlands cover approximately 25% of the Athabasca Plain 
Natural Subregion, and the most common wetland types are wooded, shrubby, and graminoid fens (NRC 
2006; AEP 2020b). The upland vegetation communities in the North Extension Area are composed of a 
significant portion of regenerating forest with burned uplands covering over half of the North Extension 
Area.  

The East Extension Area is within the Central Mixedwood Natural Subregion of Alberta (ACIMS 2015a; 
NRC 2006). Landforms in the region are comprised mainly of gently undulating plains with some 
hummocky upland inclusions (NRC 2006). Medium-textured upland soils are mainly Orthic Gray Luvisols, 
and coarse-textured upland soils are usually Dystric, but are sometimes Eutric Brunisols. In upland areas, 
a mix of aspen dominated deciduous stands, aspen and white spruce (Picea glauca) stands, and white 
spruce dominated stands are typical of till and lacustrine areas, and jack pine forests occur over more 
coarse substrates (NRC 2006). In lowland areas, wooded bogs are typically acidic, nutrient poor, with 
relatively low plant species diversity, while wooded fens have slightly higher pH values and higher plant 
species diversity. 

 Field Surveys  
Data were collected from 82 vegetation survey sites in the Terrestrial Assessment Boundary  
(Table 5.3-1; Figure 5.3-1). Based on these data, a species list including scientific and common names for 
all vascular and non-vascular plants observed in the Terrestrial Assessment Boundary was created and is 
provided in Appendix 2I. 
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Table 5.3-1: Land Cover Types in the Terrestrial Assessment Boundary 

Land Cover Type(a) Description Area (ha) Proportion of Terrestrial 
Assessment Boundary (%) Number of Survey Plots 

Athabasca Plain Natural Subregion (North Extension Area) 
Upland Vegetation 
c1 bearberry/lichen – jack pine 151.1 5 1 

d1 blueberry – jack pine-trembling aspen (Alaska 
birch) 4.5 <1 2 

f4 buffaloberry-alder/jack pine-white spruce 6.7 <1 0 
Upland Subtotal 162.3 5 3 

Wetlands 
F-G graminoid fen 0.6 <1 0 
F-S shrubby fen 4.1 <1 2 
F-Wc wooded coniferous fen 5.9 <1 0 
M-G(II) temporary graminoid marsh <0.1 <1 1 
M-G(III) seasonal graminoid marsh 0.2 <1 1 
S-S(II) temporary shrubby swamp 3.5 <1 5 
S-S(III) seasonal shrubby swamp 9.4 <1 1 

Wetland Subtotal 23.7 <1 8 
Miscellaneous Land Cover Types 
BuU burned uplands 1,604.7 51 32 

Meadow undifferentiated graminoid or forb dominated 
area 3.6 <1 0 

Miscellaneous Subtotal 1,608.2 51 32 
Disturbances 
CC Cutblock 459.0 15 14 
DIS Disturbance 71.0 2 0 

Disturbance Subtotal 530.0 17 14 
Athabasca Plain (North Extension Area) Subtotal 2,324.2 74 59 

Central Mixedwood Natural Subregion (East Extension Area) 
Upland Vegetation 
b1 blueberry jack pine-aspen 104.9 3 1 
b2 blueberry aspen-white birch 0.1 <1 0 
b3 blueberry aspen-white spruce 7.0 <1 0 
b4 blueberry – white spruce-jack pine 25.73 1 0 
c1 Labrador tea-mesic jack pine-black spruce 33.27 1 4 
d1 low-bush cranberry aspen 109.2 3 1 
d2 low-bush cranberry aspen-white spruce 129.5 4 3 
d3 low-bush cranberry white spruce 16.9 <1 0 
g1 Labrador tea-subhygric black spruce-jack pine 6.9 <1 0 

Upland Subtotal 433.7 14 9 
Wetlands 
B-Wc wooded coniferous bog 9.2 <1 3 
F-G graminoid fen <0.1 <1 0 
F-S shrubby fen 6.8 <1 0 
F-Wc wooded coniferous fen 9.1 1 2 
M-G (III) seasonal graminoid marsh 0.6 <1 0 
M-G (IV) semi-permanent graminoid marsh 3.8 <1 1 
S-S (III) seasonal shrubby swamp 3.3 <1 2 
S-Wc wooded coniferous swamp 133.7 4 4 
W (V) permanent shallow open water(b) 1.5 <1 2 

Wetland Subtotal 168.0 5 22 
Disturbances 
CC cutblock 198.8 6 0 
DIS disturbance 31.9 1 0 

Disturbance Subtotal 230.5 7 0 
Central Mixedwood (East Extension Area) Subtotal 832.4 26 22 

Total 3,156.6 100 82 
Notes: 
(a) Ecosite phase name (AEP 2019c, 2020b). 
(b) Shallow Open Water <2 m deep. 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the individual values. 
ha= hectare; m = metres; % = percent; < = less than. 
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 Land Cover  

The Terrestrial Assessment Boundary covers a total area of 3,156.6 ha and contains: 

● 13 terrestrial ecosite phases (three in the Athabasca Plain and ten in the Central Mixedwood) 

● 10 wetland types 

● two miscellaneous land cover types 

● two anthropogenic disturbance types 

A summary of the proportion of the Terrestrial Assessment Boundary covered by each land cover type is 
provided in Table 5.3-1. A map of land cover type distribution in the Terrestrial Assessment Boundary is 
shown in Figure 5.3-1. The North Extension Area is wholly within the Athabasca Plain Natural Subregion 
and the East Extension Area is entirely within the Central Mixedwood Natural Subregion (Table 5.3-1;  
Figure 5.3-1). 

The Terrestrial Assessment Boundary is characterized by forested upland communities with stands of 
jack pine on dry sites, aspen and white spruce in more mesic areas, and black spruce in areas 
transitioning into wetlands. Upland vegetation communities cover 1,770.5 ha (56%) in the North 
Extension Area, of which 1,604.7 ha (51%) has been recently burned (i.e., <15 years since fire) and in 
shrubby to pole-sapling regeneration phases (Table 5.3-1). The bearberry/lichen – jack pine (c1) was the 
most common unburned terrestrial vegetation type in the North Extension Area. The East Extension 
Area has not been recently burned and the low-bush cranberry aspen-white spruce (d2) ecosite phase 
was the most common terrestrial vegetation type, covering 129.5 ha (4%) of the Terrestrial Assessment 
Boundary.  

Wetlands are uncommon in the North Extension Area, covering 23.7 ha (<1%) of the Terrestrial 
Assessment Boundary (Table 5.3-1). The most common wetland type in the North Extension Area is the 
seasonal shrubby swamp, covering 9.4 ha (<1%) of the Terrestrial Assessment Boundary. In the East 
Extension Area, wetlands are more common and cover 168.0 ha (5%) of the Terrestrial Assessment 
Boundary. The most common wetland type in the East Extension Area is the wooded coniferous swamp, 
covering 133.7 ha (4%) of the Terrestrial Assessment Boundary. In total, wetlands cover 191.7 ha (6%) of 
the Terrestrial Assessment Boundary. 

Anthropogenic disturbances are situated throughout the Terrestrial Assessment Boundary, and include 
areas where vegetation has been cleared, such as borrow areas, well sites, clearings, roads, rights-of-
way (ROW), trails, and seismic lines. Existing disturbances cover 530.0 ha (17%) of the North Extension 
Area and 230.5 ha (7%) of the East Extension Area (Table 5.3-1). 
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 Wetlands 

Wetlands are ecosystems that are saturated with water long enough to promote formation of water 
altered soils, growth of water tolerant vegetation, and various kinds of biological activity adapted to wet 
environments (GoA 2015b). Wetlands function in many ways. From a hydrological perspective, they 
store water, delay the downslope movement of runoff, and contribute water to streams during dry 
periods (GoA 2016). Wetlands improve water quality by cooling water, retaining sediment, phosphorus, 
and nitrate, and exporting organic nutrients (GoA 2016). The ecological functions of wetlands include 
providing habitat for fish, invertebrates, amphibians, waterfowl, songbirds, raptors, mammals, and 
native plants (GoA 2016). A summary of wetland types and extent in the Terrestrial Assessment 
Boundary are provided in Table 5.3-1. Wetlands cover 191.7 ha (6%) of the Terrestrial Assessment 
Boundary, of which 23.7 ha (<1%) are in the North Extension Area and 168.0 ha (5%) are in the East 
Extension Area (Table 5.3-1). Peatlands, which are wetlands with more than 40 cm of accumulated peat 
(GoA 2015b), cover <1% and 3% of the wetland area in the North and East Extension Areas within the 
Terrestrial Assessment Boundary, respectively. Mineral wetlands, which are wetlands with mineral soils 
and/or organic soils with less than 40 cm of peat accumulation (GoA 2015b), cover <1% and 17% of the 
wetland area in the North and East Extension Areas within the Terrestrial Assessment Boundary, 
respectively. In total, 119 wetland polygons were mapped in the Terrestrial Assessment Boundary: 16 
wetland polygons in the North Extension Area and 103 wetland polygons in the East Extension Area. 
Vegetation plots were established in 26 of the 119 wetlands (22%). Of these, eight were in the North 
Extension Area and 18 were in the East Extension Area.  

Wetland type and location within the Terrestrial Assessment Boundary are shown in Figure 5.3-2, and 
further details are provided in Section 4.3. The contribution of surface water and groundwater to 
wetlands is described in Section 4.2 and Section 4.3. 
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 Riparian Communities 

Riparian habitat occurs in a transition zone between aquatic and terrestrial ecosystems (Austin et al. 2008) 
and is defined as areas adjacent to rivers and lakes, or ephemeral, intermittent, or perennial streams, that 
differ from surrounding uplands in plant and animal diversity and productivity (Environment Canada 2013). 
While these areas represent a small portion of a given watershed and are not listed as a specific fish 
habitat, streambanks and shorelines provide habitat ‘edge’ with high diversity. 

Riparian communities are distributed throughout the Terrestrial Assessment Boundary, and are 
associated with streams, rivers, and lakes (Table 5.3-2; Figure 5.3-3). Total riparian area, including 
undisturbed habitat, burned areas, and cutblocks, is 195.1 ha (6% of the Terrestrial Assessment 
Boundary). Undisturbed habitat covers 120.1 ha (62% of the riparian zone; 4% of the Terrestrial 
Assessment Boundary) and includes all terrestrial ecosites and wetlands shown in Table 5.3-1, except for 
blueberry – jack pine-trembling aspen (Alaska birch; d1) and buffaloberry-alder/jack pine-white spruce 
(f4) in the Athabasca Plain Natural Subregion, and blueberry aspen-white spruce (b3), Labrador tea-
subhygric black spruce-jack pine (g1), wooded coniferous bog (B-Wc) and temporary shrubby swamp  
(S-S[II]) in the Central Mixedwood Natural Subregion. In the North Extension Area, burned riparian areas 
cover 36.4 ha (19% of the riparian zone; 1% of the Terrestrial Assessment Boundary) and cutblock 
riparian areas cover 31.9 ha (16% of the riparian zone; 1% of the Terrestrial Assessment Boundary). In 
the East Extension Area, there are no burned riparian areas and cutblock riparian areas cover 6.64 ha 
(3% of the riparian zone; <1% of the Terrestrial Assessment Boundary). Disturbed areas were 
conservatively classified as non-riparian; however, some vegetated disturbances, such as rights-of-ways 
(ROWs) or seismic lines, might provide some riparian function, such as water filtration and erosion 
control along streambanks. 

Table 5.3-2: Riparian Communities in the Terrestrial Assessment Boundary 

Riparian Community Type Area (ha) Proportion of Riparian 
Zone (%) 

Proportion of 
Terrestrial Assessment 

Boundary (%) 
Athabasca Plain Natural Subregion (North Extension Area) 
Undisturbed Riparian Community 25.16 13 1 
Burned Riparian Community 36.44 19 1 
Cutblock Riparian Community 31.87 16 <1 

Athabasca Plain (North Extension Area) Subtotal 93.5 48 3 
Central Mixedwood Natural Subregion (East Extension Area) 
Undisturbed Riparian Community 94.97 49 3 
Burned Riparian Community 0.0 0 0 
Cutblock Riparian Community 6.64 3 <1 

Central Mixedwood (East Extension Area) Subtotal 101.6 52 3 
Riparian Total 195.1 100 6 

Notes: 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
ha= hectare; % = percent; < = less than. 
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 Old Growth Forest 

Old growth forest is estimated to cover 405.8 ha (13%) of the Terrestrial Assessment Boundary  
(Table 5.3-3). The East Extension Area accounts for 96% (389.3 ha) of estimated old growth forest stands 
that occur within the Terrestrial Assessment Boundary (Figure 5.3-4). The North Extension Area was 
burned during wildfire events in 2011 and as a result there are few old growth forest stands present 
(16.5 ha; 4%). The low-bush cranberry aspen-white spruce (d2) ecosite phase is the most abundant old 
growth forest type and accounts for 32% (129.5 ha) of estimated old growth forest in the Terrestrial 
Assessment Boundary (Table 5.3-3). 

Table 5.3-3: Area and Proportion of Old Growth Forests in the Terrestrial Assessment Boundary 

Land Cover 
Type(a) Description Area (ha) Proportion of Old 

Growth (%) 

Proportion of 
Terrestrial Assessment 

Boundary (%) 

Athabasca Plain Natural Subregion (North Extension Area) 

c1 bearberry/lichen – jack pine 12.6 3 <1 

d1 blueberry – jack pine-trembling aspen (Alaska birch) 1.9 <1 <1 

f4 buffaloberry-alder/jack pine-white spruce 2.0 <1 <1 

Athabasca Plain (North Extension Area) Subtotal 16.5 4 <1 

Central Mixedwood Natural Subregion (East Extension Area) 

b1 blueberry jack pine-aspen 102.9 25 3 

b2 blueberry aspen-white birch 0.1 <1 <1 

b3 blueberry aspen-white spruce 7.0 2 <1 

b4 blueberry – white spruce-jack pine 25.7 6 1 

c1 Labrador tea-mesic jack pine-black spruce 9.3 2 <1 

d1 low-bush cranberry aspen 101.2 25 3 

d2 low-bush cranberry aspen-white spruce 129.5 32 4 

d3 low-bush cranberry white spruce 13.6 3 <1 

Central Mixedwood (East Extension Area) Subtotal 389.3 96 12 

Old Growth Forest Total 405.8 100 13 

Notes: 
(a) Ecosite phase name (AEP 2019c, 2020b). 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
ha= hectare; % = percent; < = less than. 
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 Listed Plants/Ecological Communities and Listed Plant Potential 

No listed species were found within the Terrestrial Assessment Boundary. The results of the ACIMS 
database search or field-based rare plant surveys do not preclude the potential for listed plant species 
to be present within the Terrestrial Assessment Boundary.  

No listed plant communities (Appendix 2J) were identified in the Terrestrial Assessment Boundary. 

Land cover types ranked high for listed plant potential in the North Extension Area included terrestrial 
vegetation types (i.e., bearberry/lichen – jack pine [c1] and buffaloberry-alder/jack pine-white spruce 
[f4]) and wetlands (shrubby swamp [S-S]) and covers 170.7 ha (5%) of the Terrestrial Assessment 
Boundary (Table 5.3-4; Figure 5.3-5). Land cover types ranked high for listed plant potential in the East 
Extension Area included terrestrial vegetation types (i.e., Labrador tea-mesic jack pine-black spruce [c1] 
and Labrador tea-subhygric black spruce-jack pine [g1]) and wetlands (wooded coniferous fen [F-Wc], 
shrubby swamp [S-S], and wooded coniferous swamp [S-Wc]) and cover 186.6 ha (6%) of the Terrestrial 
Assessment Boundary. Land cover types ranked moderate for listed plant potential covered 4.0 ha (<1%) 
and 277.7 ha (9%) in the Extension Area within the Terrestrial Assessment Boundary, respectively. The 
North Extension Area is dominated by land cover types ranked low for listed plant potential (2,139.4 ha; 
68%). In the East Extension Area, land cover types ranked low for listed plant potential cover (367.0 ha; 
12%). Listed plants often occupy less common ecological niches within a given land cover type; 
therefore, association of listed plants with land cover classes should be considered an approximation. 
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Table 5.3-4: Listed Plant Potential for Land Cover Types in the Terrestrial Assessment Boundary 
Land Cover 

Type(a) Description Area (ha) Proportion of Terrestrial 
Assessment Boundary (%) 

Athabasca Plain Natural Subregion (North Extension Area) 
High Rank Listed Plant Potential 
c1 bearberry/lichen – jack pine 151.1 5 
f4 buffaloberry-alder/jack pine-white spruce 6.7 <1 
F-Wc wooded coniferous fen 5.9 <1 
S-S shrubby swamp 12.9 <1 

High Rank Subtotal 176.6 5 
Moderate Rank Listed Plant Potential 
F-S shrubby fen 4.0 <1 

Moderate Rank Subtotal 4.0 <1 
Low Rank Listed Plant Potential 
d1 blueberry – jack pine-trembling aspen (Alaska birch) 4.5 <1 
F-G graminoid fen 0.6 <1 
M-G  graminoid marsh 0.2 <1 
BuU burned upland 1,604.7 51 
CC cutblock 459.0 15 
DIS disturbance 71.0 2 

Low Rank Subtotal 2,140.0 68 
Unranked 
Meadow undifferentiated graminoid or forb dominated area 3.6 <1 

Unranked Subtotal 3.6 <1 
Central Mixedwood Natural Subregion (East Extension Area) 
High Rank Listed Plant Potential 
c1 Labrador tea-mesic jack pine-black spruce 33.3 1 
g1 Labrador tea-subhygric black spruce-jack pine 6.9 <1 
F-Wc wooded coniferous fen 9.1 <1 
S-S  shrubby swamp 3.3 <1 
S-Wc wooded coniferous swamp 134.0 4 

High Rank Subtotal 186.6 6 
Moderate Rank Listed Plant Potential 
b2 blueberry aspen-white birch 0.1 <1 
b3 blueberry aspen-white spruce 7.0 <1 
d1 low-bush cranberry aspen 109.2 3 
d2 low-bush cranberry aspen-white spruce 129.5 4 
d3 low-bush cranberry white spruce 16.9 <1 
B-Wc wooded coniferous bog 8.2 <1 
F-S shrubby fen 6.8 <1 

Moderate Rank Subtotal 277.7 9 
Low Rank Listed Plant Potential 
b1 blueberry jack pine-aspen 104.9 3 
b4 blueberry – white spruce-jack pine 25.73 1 
F-G graminoid fen 0.0 <1 
M-G  graminoid marsh 4.4 <1 
W-(V) permanent shallow open water(b) 1.5 <1 
CC cutblock 198.6 6 
DIS disturbance 31.9 1 

Low Rank Subtotal 367.0 12 
Total 3,156.6 100 

Notes: 
(a) Ecosite phase name (AEP 2019c, 2020b). 
(b) Shallow Open Water <2 m deep. 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
ha= hectare; m = metres; % = percent; < = less than.  
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 Limited Distribution Land Cover Types 

Nine land cover types are of limited distribution (i.e., cover <1%) in the North Extension Area and 15 
land cover types are of limited distribution in the East Extension Area (Table 5.3-5; Figure 5.3-6). The 
land cover types of limited distribution cover a combined total of 125.4 ha (4%) of the Terrestrial 
Assessment Boundary. 

Table 5.3-5: Land Cover Types with Less than One Percent Cover in the Terrestrial Assessment 
Boundary 

Land Cover 
Type(a) Description Area (ha) Proportion of Terrestrial 

Assessment Boundary (%) 
Athabasca Plain Natural Subregion (North Extension Area) 

d1 blueberry – jack pine-trembling aspen (Alaska 
birch) 4.5 <1 

f4 buffaloberry-alder/jack pine-white spruce 6.7 <1 
F-G graminoid fen 0.6 <1 
F-S shrubby fen 4.1 <1 
F-Wc wooded fen 5.9 <1 
M-G(II) temporary graminoid marsh 0.0 <1 
M-G(III) seasonal graminoid marsh 0.2 <1 
S-S(II) temporary shrubby swamp 3.5 <1 
S-S(III) seasonal shrubby swamp 9.4 <1 

Athabasca Plain (North Extension Area) Subtotal 34.9 1 
Central Mixedwood Natural Subregion (East Extension Area) 
b2 blueberry aspen-white birch 0.1 <1 
b3 blueberry aspen-white spruce 7.0 <1 
b4 blueberry – white spruce-jack pine 25.7 <1 
d3 low-bush cranberry white spruce 16.9 <1 
g1 Labrador tea-subhygric black spruce-jack pine 6.9 <1 
B-Wc wooded coniferous bog 9.2 <1 
F-G graminoid fen 0.0 <1 
F-S shrubby fen 6.02 <1 
F-Wc wooded fen 9.0 <1 
M-G (III) seasonal graminoid marsh 0.6 <1 
M-G (IV) semi-permanent graminoid marsh 3.8 <1 
S-S (III) seasonal shrubby swamp 3.3 <1 
W (V) permanent shallow open water(b) 1.5 <1 

Central Mixedwood (East Extension Area) Subtotal 90.5 3 
Total 125.4 4 

Notes: 
(a) Ecosite phase name (AEP 2019c, 2020b). 
(b) Shallow Open Water <2 m deep. 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
ha = hectare; m = metres; % = percent; < = less than. 
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 Traditional Use Plant Potential 

Traditional use plants are plants used by Indigenous peoples as part of their traditional lifestyle. Plant 
use varies, and includes food, ceremonial, medicinal, and other purposes. Traditional use plants were 
documented throughout the Terrestrial Assessment Boundary in both terrestrial ecosite phases and 
wetland types (Table 5.3-6; Figure 5.3-7). High rank traditional use plant potential land cover types were 
prevalent in the North Extension Area, accounting for a total of 1,611.4 ha (51% of the Terrestrial 
Assessment Boundary) and were less common in the East Extension Area (422.2 ha; 13% of the 
Terrestrial Assessment Boundary). High cover for the burned uplands land cover type (1,604.7 ha; 51% 
of the Terrestrial Assessment Boundary) contributed to the high overall cover of high rank traditional 
use plant potential land cover types. Moderate rank traditional use plant potential land cover types 
covered 161.5 ha (5%) and 172.7 ha (5%) of the Extension Area within the Terrestrial Assessment 
Boundary, respectively. Low rank traditional use plant potential land cover types covered 547.6 ha (17%) 
and 236.4 ha (7%) of the Extension Area within the Terrestrial Assessment Boundary, respectively. There 
was one unranked land cover type (i.e., meadow) that covered 3.6 ha (<1%) of the Terrestrial 
Assessment Boundary. 
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Table 5.3-6: Traditional Use Plant Potential for Each Land Cover Type in the Terrestrial Assessment Boundary 
Land Cover 

Type(a) Description Area (ha) Proportion of Terrestrial Assessment 
Boundary (%) 

Athabasca Plain Natural Subregion (North Extension Area) 
High Rank Traditional Use Plant Potential 
f4 buffaloberry-alder/jack pine-white spruce 6.7 <1 
BuU burned uplands 1,604.7 51 

High Rank Subtotal 1,611.4 51 
Moderate Rank Traditional Use Plant Potential 
c1 bearberry/lichen – jack pine 151.1 5 
d1 blueberry – jack pine-trembling aspen (Alaska birch) 4.5 <1 
F-Wc wooded fen 5.9 <1 

Moderate Rank Subtotal 161.5 5 
Low Rank Traditional Use Plant Potential 
F-G graminoid fen 0.6 <1 
F-S shrubby fen 4.0 <1 
M-G(II) temporary graminoid marsh 0.0 <1 
M-G(III) seasonal graminoid marsh 0.2 <1 
S-S(II) temporary shrubby swamp 3.5 <1 
S-S(III) seasonal shrubby swamp 9.4 <1 
CC cutblock 459.0 15 
DIS disturbance 71.0 2 

Low Rank Subtotal 547.6 17 
Unranked 
Meadow undifferentiated graminoid or forb dominated area 3.6 <1 

Unranked Subotal 3.6 <1 
Central Mixedwood Natural Subregion (East Extension Area) 
High Rank Traditional Use Plant Potential 
b4 blueberry – white spruce-jack pine 25.73 1 
d1 low-bush cranberry aspen 109.2 3 
d2 low-bush cranberry aspen-white spruce 129.5 4 
d3 low-bush cranberry white spruce 16.9 <1 
g1 Labrador tea-subhygric black spruce-jack pine 6.9 <1 
S-Wc wooded coniferous swamp 134.0 4 

High Rank Subtotal 422.2 13 
Moderate Rank Traditional Use Plant Potential 
b1 blueberry jack pine-aspen 104.9 3 
b2 blueberry aspen-white birch 0.1 <1 
b3 blueberry aspen-white spruce 7.0 <1 
c1 Labrador tea-mesic jack pine-black spruce 33.3 1 
F-S shrubby fen 6.8 <1 
F-Wc wooded coniferous fen 9.1 <1 
B-Wc wooded coniferous bog 8.2 <1 
S-S (III) seasonal shrubby swamp 3.3 <1 

Moderate Rank Subtotal 172.7 5 
Low Rank Traditional Use Plant Potential 
F-G graminoid fen 0.0 <1 
M-G (III) seasonal graminoid marsh 0.6 <1 
M-G (IV) semi-permanent graminoid marsh 3.8 <1 
W (V) permanent shallow open water(b) 1.5 <1 
CC cutblock 198.6 6 
DIS disturbance 31.9 1 

Low Rank Subtotal 236.4 7 
Notes: 
(a) Ecosite phase name (AEP 2019c, 2020b). 
(b) Shallow Open Water <2 m deep. 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the individual values. 
ha= hectare; m = metres; % = percent; < = less than. 
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 Timber Resources 

Total merchantable timber in the Terrestrial Assessment Boundary is 49,601 cubic metres per hectare 
(m3/ha; Table 5.3-7). Most of the merchantable timber that occurs in the Terrestrial Assessment 
Boundary are within the East Extension Area (43,360 m3/ha). The North Extension Area was burned 
during wildfire events in 2011 and as a result the volume of merchantable timber is much lower 
(6,241 m3/ha) compared to the East Extension Area, which was not burned. The low-bush cranberry 
aspen-white spruce (d2) ecosite phase in the Central Mixedwood Natural Subregion accounts for largest 
volume (11,682 m3/ha) of productive timber in the Terrestrial Assessment Boundary (Table 5.3-7,  
Figure 5.3-8). 

Table 5.3-7:  Volume of Merchantable Timber in the Terrestrial Assessment Boundary 
Land Cover 

Type(a) Description Volume of Merchantable Timber (m3/ha) 

Athabasca Plain Natural Subregion (North Extension Area) 

c1 bearberry/lichen – jack pine 3,185 

d1 blueberry – jack pine-trembling aspen (Alaska birch) 1,285 

f4 buffaloberry-alder/jack pine-white spruce 712 

F-Wc wooded fen 1,059 

Athabasca Plain (North Extension Area) Subtotal 6,241 

Central Mixedwood Natural Subregion (East Extension Area) 

b1 blueberry jack pine-aspen 8,017 

b2 blueberry aspen-white birch 114 

b3 blueberry aspen-white spruce 2,169 

b4 blueberry – white spruce-jack pine 3,420 

c1 Labrador tea-mesic jack pine-black spruce 1,797 

d1 low-bush cranberry aspen 8,631 

d2 low-bush cranberry aspen-white spruce 11,682 

d3 low-bush cranberry white spruce 2,843 

g1 Labrador tea-subhygric black spruce-jack pine 242 

B-Wc wooded bog 582 

S-Wc wooded coniferous swamp 3,640 

Central Mixedwood (East Extension Area) Subtotal 43,360 

Merchantable Timber Total 49,601 

Notes: 
(a) Ecosite phase name (AEP 2019c, 2020b). 
m3/ha = cubic meters per hectare. 
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5.3.3. Change Assessment 
This section summarizes the incremental effects of the IPA on vegetation, wetlands and forest resources 
and places these effects within the context of previous EAs completed for the FHOSP. The Approved 
Project Area covers approximately 18,236 ha within the Athabasca Plain Natural Subregion of Alberta 
and the Central Mixedwood Natural Subregion of Alberta (ACIMS 2015a; NRC 2006). The Amended 
Project Area includes the Approved Project Area and Extension Areas and represents an increase of 
4,015 ha (22%). The total footprint is 2,357.0 ha and is mostly in the Extension Areas; however, 108.7 ha 
occurs within the previously Approved Project Area and is therefore not considered in the change 
assessment. A total of 2,248.2 ha will be developed as the footprint within the Extension Areas and 
represents an increase of 12% from the Approved Project Area. 

 Methods 

A linkage analysis was completed to identify potential valid linkages to vegetation, wetland and forest 
resources associated with the proposed IPA changes to FHOSP. Valid linkages were assessed for both the 
operations and closure phase of FHOSP. Invalid linkages were not carried forward in the assessment. 
Results of the linkage analysis are presented in Table 1-1 in Section 1.2.1. 

Previous regulatory applications for FHOSP were reviewed as described in Section 1.1. Specifically, the 
2001 EIA (TrueNorth 2001) and FHMA (FHEC 2017a) were reviewed to verify whether mitigation 
identified in these applications remains applicable to FHOSP and to identify any new mitigation required 
to reduce effects of the IPA on vegetation, wetland, and forest resources. The predicted changes to 
vegetation, wetland, and forest resources in the Extension Areas because of the IPA and updated LMCP 
were inferred based on changes to valued components and compared to predictions in the 2001 EIA 
(TrueNorth 2001) and the FHMA (FHEC 2017a).  

 Valued Components 

The vegetation, wetland and forest resources assessment identified valued components (VCs) to focus 
the assessment. Vegetation, wetland, and forest resource VCs have been identified as being rare, 
unique, diverse, sensitive, ecologically important, or regionally significant, and were selected based on 
vulnerability, resource value, monitoring value, and social importance. The identification of VCs also 
aligns with guidance provided for oil sands mine developments in Alberta (GoA 2013c; 2019a) and are 
defined in Table 5.3-8. 
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Table 5.3-8: Vegetation Valued Components 

Valued Component Rationale 

TrueNorth Fort 
Hills Environmental 
Impact Assessment 

2001(a) 

Fort Hills Mine 
Amendment 

Application 2017(b) 

Wetlands 

Wetlands are important boreal forest ecosystems 
for which reclamation is uncertain because of 
complex interrelated hydrological, chemical, and 
biotic conditions. Wetlands are biologically diverse 
habitats, and they provide ecological functions to 
maintain both terrestrial and freshwater 
biodiversity. 

Evaluated 
(definition/mapping 
inventory has 
changed since the 
2001 EIA) 

Evaluated 

Riparian 
communities 

Riparian communities provide habitats for plants, 
invertebrates, fish, amphibians, birds, and 
mammals, and therefore contribute significantly to 
local and regional biodiversity. They often function 
as regional wildlife movement corridors that link 
otherwise unconnected habitats. 

Not evaluated Not evaluated 

Old growth forest 

Old growth stands are uncommon in the boreal 
forest; their limited distribution is in part because 
of the fire regime and relatively short fire return 
intervals. Old growth forests are recognized for 
their contribution to biodiversity and ecological 
functions not found in younger aged stands. 
Among other functions, they provide important 
habitat for fauna, genetic diversity to nearby tree 
stands, carbon sequestration, and unique 
microhabitats.  

Evaluated Evaluated 

Listed plants, listed 
ecological 
communities, and 
listed plant potential 

Plants and communities with restricted spatial, 
ecological, and temporal distributions. Evaluated Evaluated 

Limited distribution 
land cover types 

Potentially unique land cover types covering <1% 
of the Terrestrial Assessment Boundary 

Evaluated (as 
uncommon ecosite 
phases) 

Evaluated 

Traditional use 
plants 

Plants traditionally used by Indigenous peoples for 
food, medicine, or spiritual purposes. Not evaluated Not evaluated 

Forest resources 
The height and age of dominant and co-dominant 
trees of the leading species is used to determine 
the potential timber productivity of a forest stand. 

Evaluated  Not evaluated (no 
changes predicted) 

Notes: 
(a) TrueNorth (2001). 
(b)  FHEC (2017a). 
< = Lesser than; % = percentage; EIA =environmental impact assessment. 

Some of the VCs listed in Table 5.3-8 were not evaluated in the 2001 EIA (TrueNorth 2001) or the FHMA 
(i.e., riparian communities; FHEC 2017a) or their definitions have varied through time (e.g., land cover 
types/ecosite phases, wetlands) as ecological community inventories have evolved through the last two 
decades. However, they represent sufficiently similar ecological types for qualitative comparison 
purposes in this assessment. 
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 Mitigation Measures and Anticipated Residual Effects 
 Mitigation Measures 

The key mitigation measures for the potential effects of the IPA are the reclamation activities planned 
for the FHOSP in the updated LMCP (Volume 1, Appendix A). In addition to the updated LMCP, FHEC will 
complete specific operation mitigation measures to reduce effects of the FHOSP on vegetation, wetland, 
and forest resources during operations, as described in the 2001 EIA (TrueNorth 2001) and the FHMA 
(FHEC 2017a). No additional mitigation measures were identified as required specifically for the IPA. 

 Change Assessment 

The following proposed changes have the potential to alter the previously assessed effects on 
vegetation, wetland, and forest resources: 

● expanding the footprint into the Extension Areas 

● modification of the closure landscape as part of the updated LMCP 

Changes to the vegetation, wetlands and forest resources VCs during operations and post-closure is 
discussed in the following subsections. 

Wetlands 

Wetlands cover 191.7 ha (6%) of the Terrestrial Assessment Boundary, of which 23.7 ha (<1%) are in the 
North Extension Area and 168.0 ha (5%) are in the East Extension Area (Table 5.3-9). Peatlands cover 
<1% and 3% of the wetland area in the North and East Extension Areas within the Terrestrial Assessment 
Boundary, respectively. Mineral wetlands cover <1 and 17% of the wetland area in the North and East 
Extension Areas within the Terrestrial Assessment Boundary, respectively. During operations, 135.4 ha 
of wetland area will be affected. The loss of 135.4 ha of wetlands is <1% of the Approved Project Area. 
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Table 5.3-9: Summary of Effects of Wetland and Open Water Land Cover Types in the Terrestrial 
Assessment Boundary 

Wetland and 
Open Water Land 

Cover Type 
Description 

Area in the 
Terrestrial 

Assessment 
Boundary [ha] 

Effects 
Loss or Alteration in 
Area because of the 

IPA 
[ha] 

Percent Change 
compared with 

Approved Project 
Area 

Athabasca Plain Natural Subregion (North Extension Area) 
Organic Wetland Units  
F-G Graminoid fen 0.6 0.0 0 
F-S Shrubby fen 4.1 1.8 <-1 
F-Wc Wooded coniferous fen 5.9 0.0 0 

Organic Wetlands Subtotal 10.6 1.8 <-1 
Mineral Wetland Units 
M-G (II) Temporary Graminoid Marsh <0.1 0.04 <-1 
M-G (III) Seasonal Graminoid Marsh 0.2 0.2 <-1 

S-S (II) Temporary shrubby swamp 3.5 3.5 <-1 
S-S (III) Seasonal Shrubby Swamp 9.4 4.6 <-1 

Mineral Wetlands Subtotal 13.2 8.7 <-1 
Wetland Subtotal 23.7 10.4 <-1 

Upland Vegetation  162.3 116.6 <-1 
Disturbances 2,134.7 1,574.3 -7 

Total 2,324.2 1,701.1 -7 
Central Mixedwood Natural Subregion (East Extension Area) 
Organic Wetland Units  

B-Wc Wooded Coniferous Bog 9.2 1.5 <-1 
F-G Graminoid Fen <0.1 <0.1 <-1 
F-S Shrubby Fen 6.8 6.8 <-1 

F-Wc Wooded Coniferous Fen 9.1 9.1 <-1 
Organic Wetlands Subtotal 25.1 17.4 <-1 

Mineral Wetland Units 
M-G (III) Seasonal Graminoid Marsh 0.6 0.5 <-1 
M-G (IV) Semi-permanent graminoid marsh 3.8 3.8 <-1 
S-S (III) Seasonal Shrubby Swamp 3.3 3.0 <-1 
S-Wc Wooded Coniferous Swamp 133.7 98.8 <-1 

Mineral Wetlands Subtotal 141.4 106.1 <-1 
Open Water Units  

W (V) Permanent Shallow Open Water 1.5 1.5 <-1 
Wetland Subtotal 168.0 125.0 <-1 

Upland Vegetation  433.7 321.7 -2 
Disturbances 230.5 100.5 <-1 

Total 832.2 547.2 -3 
Notes:  
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values.  
ha = hectare; % = percent; < = less than; IPA = Integrated Plan Amendment. 
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Wetland loss associated with the addition of the Extension Areas is predicted to be low within the 
Amended Project Area. These predictions align with those from the 2001 EIA (TrueNorth 2001), resulting 
in no change to the original effect predictions for wetlands, which ranged from low to high. A Wetland 
Assessment and Impact Report (WAIR) that meets Alberta Wetland Policy directives and guidelines (GoA 
2015b,c, 2017) will be submitted before disturbance to address wetland losses and compensation 
requirements. 

Riparian Communities 

Riparian communities are distributed throughout the Terrestrial Assessment Boundary and total riparian 
area, including undisturbed habitat, burned areas, and cutblocks, is 195.1 ha (6% of the Terrestrial 
Assessment Boundary; Table 5.3-10). Undisturbed habitat covers 120.1 ha (62% of the riparian zone; 4% 
of the Terrestrial Assessment Boundary). In the North Extension Area, burned riparian communities 
cover 36.4 ha (19% of the riparian zone; 1% of the Terrestrial Assessment Boundary) and cutblock 
riparian communities cover 31.9 ha (16% of the riparian zone; 1% of the Terrestrial Assessment 
Boundary). In the East Extension Area, there are no burned riparian areas and cutblock riparian areas 
cover 6.6 ha (3% of the riparian zone; <1% of the Terrestrial Assessment Boundary).  

During operations, 130.2 ha of riparian area will be affected within the Terrestrial Assessment Boundary. 
The loss of 130.2 ha of riparian communities is <1% of the Approved Project Area.  

Table 5.3-10: Summary of Effects on Riparian Communities in the Terrestrial Assessment Boundary 

Riparian Community Type 

Area in the 
Terrestrial 

Assessment 
Boundary [ha] 

Effects 
Loss or Alteration 
in Area because of 

the IPA  
[ha] 

Percent Change 
compared with 

Approved Project 
Area 

Athabasca Plain Natural Subregion (North Extension Area) 
Undisturbed Riparian Community 25.2 11.0 <-1 
Burned Riparian Community 36.4 27.3 <-1 
Cutblock Riparian Community 31.9 26.7 <-1 

Athabasca Plain (North Extension Area) Subtotal 93.5 65.0 <-1 
Central Mixedwood Natural Subregion (East Extension Area) 
Undisturbed Riparian Community 95.0 62.7 <-1 
Burned Riparian Community 0.0 0.0 0 
Cutblock Riparian Community 6.6 2.5 <-1 

Central Mixedwood (East Extension Area) Subtotal 101.6 65.2 <-1 
Riparian Total 195.1 130.2 <-1 

Notes:  
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values.  
ha = hectare; % = percent; < = less than IPA = Integrated Plan Amendment. 

Riparian community loss associated with the addition of the Extension Areas is predicted to be low for 
the Amended Project Area. Riparian communities were not assessed in the 2001 EIA (TrueNorth 2001); 
therefore, predictions between the 2001 EIA (TrueNorth 2001) and the IPA cannot be compared. 
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Old Growth Forest 

Old growth forest is estimated to cover 405.8 ha (13%) of the Terrestrial Assessment Boundary  
(Table 5.3-11). The East Extension Area accounts for 96% (389.3 ha) of estimated old growth forest 
stands that occur within the Terrestrial Assessment Boundary. The North Extension Area was burned 
during wildfire events in 2011 and as a result there are few old growth forest stands present (16.5 ha; 
4%; Table 5.3-11). 

During operations, 306.3 ha of old growth forest will be affected within the Terrestrial Assessment 
Boundary (Table 5.3-11). The loss of 306.3 ha of old growth forest is 2% of the Approved Project Area 
(Table 5.3-11).  

Table 5.3-11: Summary of Effects on Old Growth Forests in the Terrestrial Assessment Boundary 

Land Cover 
Type Description 

Area in the 
Terrestrial 

Assessment 
Boundary [ha] 

Effects 

Loss or Alteration 
in Area because of 

the IPA 
[ha] 

Percent Change 
compared with 

Approved Project 
Area 

Athabasca Plain Natural Subregion (North Extension Area) 

c1 bearberry/lichen – jack pine 12.6 11.9 <-1 

d1 blueberry – jack pine-trembling aspen (Alaska birch) 1.9 1.9 <-1 

f4 buffaloberry-alder/jack pine-white spruce 2.0 1.2 <-1 

Athabasca Plain (North Extension Area) Subtotal 16.5 15.1 <-1 

Central Mixedwood Natural Subregion (East Extension Area) 

b1 blueberry jack pine-aspen 102.9 92.3 <-1 

b2 blueberry aspen-white birch 0.1 0 0 

b3 blueberry aspen-white spruce 7.0 2.7 <-1 

b4 blueberry – white spruce-jack pine 25.7 14.6 <-1 

c1 Labrador tea-mesic jack pine-black spruce 9.3 4.8 <-1 

d1 low-bush cranberry aspen 101.2 49.1 <-1 

d2 low-bush cranberry aspen-white spruce 129.5 114.2 <-1 

d3 low-bush cranberry - white spruce 13.6 13.6 <-1 

Central Mixedwood (East Extension Area) Subtotal 389.3 291.2 -2 

Old Growth Forest Total 405.8 306.3 -2 

Notes:  
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values.  
ha = hectare; % = percent; < = less than; IPA = Integrated Plan Amendment. 

Old growth forest loss associated with the addition of the Extension Areas is predicted to be moderate 
for the Amended Project Area and this prediction aligns with the 2001 EIA (TrueNorth 2001). 
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Listed Plants, Listed Ecological Communities, and Listed Plant Potential 

Land cover types ranked high for listed plant potential in the North Extension Area included terrestrial 
vegetation types (i.e., bearberry/lichen – jack pine [c1] and buffaloberry-alder/jack pine-white spruce 
[f4]) and wetlands (shrubby swamp [S-S]) and cover 170.7 ha (5%) of the Terrestrial Assessment 
Boundary (Table 5.3-12). Land cover types ranked high for listed plant potential in the East Extension 
Area included terrestrial vegetation types (i.e., Labrador tea-mesic jack pine-black spruce [c1] and 
Labrador tea-subhygric black spruce-jack pine [g1]) and wetlands (wooded coniferous fen [F-Wc], 
shrubby swamp [S-S], and wooded coniferous swamp [S-Wc]) and cover 186.6 ha (6%) of the Terrestrial 
Assessment Boundary (Table 5.3-12). Land cover types ranked moderate for listed plant potential 
covered 4.0 ha (<1%) and 277.7 ha (9%) in the North and East Extension Areas within the Terrestrial 
Assessment Boundary, respectively (Table 5.3-12). The North Extension Area is dominated by land cover 
types ranked low for listed plant potential (2,139.4 ha; 68%). In the East Extension Area, land cover 
types ranked low for listed plant potential cover (367.0 ha; 12%).  

During operations, 252.1 ha of high listed plant potential habitat, including 118.1 ha in the North 
Extension Area and 134.0 ha in the East Extension Area, will be affected within the Terrestrial 
Assessment Boundary (Table 5.3-12). A total of 281.7 ha of moderate listed plant potential habitat, 
including 1.8 ha in the North Extension Area and 196.7 ha in the East Extension Area, will be affected 
(Table 5.3-12). A total of 1,789.6 ha of low listed plant potential habitat, including 1,574.6 ha in the 
North Extension Area and 215.1 ha in the East Extension Area, will be affected (Table 5.3-12). The loss of 
533.8 ha of high and moderate listed plant potential habitat is 3% of the Approved Project Area. The loss 
of 252.1 ha of only high listed plant potential habitat is 1% of the Approved Project Area. 
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Table 5.3-12: Summary of Effects on Potential Listed Plant Habitat in the Terrestrial Assessment Boundary 

Land Cover Type Description Area in the Terrestrial Assessment 
Boundary [ha] 

Effects 
Loss or Alteration in Area because 

of the IPA [ha] 
Percent Change compared with 

Approved Project Area 

Athabasca Plain Natural Subregion (North Extension Area) 
High Listed Plant Potential 
c1 Bearberry/lichen – jack pine 151.1 104.1 <-1 
f4 Buffaloberry-alder/jack pine-white spruce 6.7 5.9 <-1 
F-Wc Wooded coniferous fen 5.9 0.0 0 
S-S Shrubby swamp 12.9 8.1 <-1 

High Listed Plant Potential Subtotal  176.6 118.1 <-1 
Moderate Listed Plant Potential 
F-S Shrubby fen 4.0 1.8 <-1 

Moderate Listed Plant Potential Subtotal 4.0 1.8 <-1 
Low Listed Plant Potential 
d1 Blueberry – jack pine-trembling aspen (Alaska birch) 4.5 4.5 <-1 
F-G Graminoid fen 0.6 0.0 0 
M-G  Graminoid marsh 0.2 0.2 <-1 
BuU Burned upland 1,604.7 1,203.9 -7 
CC Cutblock 459.0 330.7 -2 
DIS Disturbance 71.0 39.7 <-1 

Low Listed Plant Potential Subtotal 2,140.0 1,574.6 -9 
Unranked 
Meadow Undifferentiated graminoid or forb dominated area 3.6 2.1 <-1 

Athabasca Plains Subtotal 2,323.6 1,696.6 -9 
Central Mixedwood Natural Subregion (East Extension Area) 
High Listed Plant Potential 
c1 Labrador tea-mesic jack pine-black spruce 33.3 17.8 <-1 
g1 Labrador tea-subhygric black spruce-jack pine 6.9 6.9 <-1 
F-Wc Wooded coniferous fen 9.1 9.1 <-1 
S-S  Shrubby swamp 3.3 3.0 <-1 
S-Wc Wooded coniferous swamp 134.0 98.8 <-1 

High Listed Plant Potential Subtotal 186.6 135.4 <-1 
Moderate Listed Plant Potential 
b2 Blueberry aspen-white birch 0.1 0.0 0 
b3 Blueberry aspen-white spruce 7.0 2.7 <-1 
d1 Low-bush cranberry aspen 109.2 57.1 <-1 
d2 Low-bush cranberry aspen-white spruce 129.5 114.2 <-1 
d3 Low-bush cranberry white spruce 16.9 14.5 <-1 
B-Wc Wooded coniferous bog 8.2 1.5 <-1 
F-S Shrubby fen 6.8 6.8 <-1 

Moderate Listed Plant Potential Subtotal 277.7 196.7 -1 
Low Listed Plant Potential 
b1 Blueberry jack pine-aspen 104.9 94.1 <-1 
b4 Blueberry – white spruce-jack pine 25.73 14.6 <-1 
F-G Graminoid fen 0.0 0.0 0 
M-G  Graminoid marsh 4.4 4.3 <-1 
W-(V) Permanent shallow open water(b) 1.5 1.5 <-1 
CC Cutblock 198.6 84.5 <-1 
DIS Disturbance 31.9 16.0 <-1 

Low Listed Plant Potential Subtotal 367.0 215.1 -1 
Central Mixedwood Subtotal 831.3 547.6 -3 

Total 3,156.6 2,244.2 -12 
Notes:  
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the individual values.  
ha = hectare; % = percent; < = less than; IPA = Integrated Plan Amendment.
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Moderate and high potential rare plant habitat loss associated with the addition of the Extension Areas 
is predicted to be moderate for the Amended Project Area. These predictions align with those from the 
2001 EIA (TrueNorth 2001), resulting in no change to the moderate effect prediction for high listed plant 
potential habitat.  

Limited distribution land cover types 

Nine land cover types are of limited distribution (i.e., cover <1%) in the North Extension Area and 
15 land cover types are of limited distribution in the East Extension Area (Table 5.3-13). The land cover 
types of limited distribution cover a combined total of 125.4 ha (4%) of the Terrestrial Assessment 
Boundary.  

During operations, 85.2 ha of limited distribution land cover types, including 20.5 ha in the North 
Extension Area and 64.8 ha in the East Extension Area, will be affected within the Terrestrial Assessment 
Boundary (Table 5.3-13). The loss of 85.2 ha of limited distribution land cover types is <1% of the 
Approved Project Area. 
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Table 5.3-13: Summary of Effects on Limited Distribution Land Cover Types in the Terrestrial 
Assessment Boundary 

Land Cover 
Type Description 

Area in the 
Terrestrial 

Assessment 
Boundary [ha] 

Effects 

Loss or Alteration in 
Area because of the IPA  

[ha] 

Percent Change 
compared with 

Approved Project 
Area 

Athabasca Plain Natural Subregion (North Extension Area) 

d1 Blueberry – jack pine-trembling aspen (Alaska 
birch) 4.5 4.5 <-1 

f4 Buffaloberry-alder/jack pine-white spruce 6.7 5.9 <-1 
F-G Graminoid fen 0.6 0.0 0 
F-S Shrubby fen 4.1 1.8 <-1 
F-Wc Wooded fen 5.9 0.0 0 
M-G(II) Temporary graminoid marsh 0.0 0.0 0 
M-G(III) Seasonal graminoid marsh 0.2 0.2 <-1 
S-S(II) Temporary shrubby swamp 3.5 3.5 <-1 
S-S(III) Seasonal shrubby swamp 9.4 4.6 <-1 

Athabasca Plain (North Extension Area) Subtotal 34.9 20.5 <-1 

Central Mixedwood Natural Subregion (East Extension Area) 
b2 Blueberry aspen-white birch 0.1 0 0 
b3 Blueberry aspen-white spruce 7.0 2.6 <-1 
b4 Blueberry – white spruce-jack pine 25.7 14.6 <-1 
d3 Low-bush cranberry white spruce 16.9 14.5 <-1 
g1 Labrador tea-subhygric black spruce-jack pine 6.9 6.9 <-1 
B-Wc Wooded coniferous bog 9.2 1.5 <-1 
F-G Graminoid fen 0.0 0.0 0 
F-S Shrubby fen 6.02 6.8 <-1 
F-Wc Wooded fen 9.0 9.1 <-1 
M-G (III) Seasonal graminoid marsh 0.6 0.5 <-1 
M-G (IV) Semi-permanent graminoid marsh 3.8 3.8 <-1 
S-S (III) Seasonal shrubby swamp 3.3 3.0 <-1 
W (V) Permanent shallow open water(b) 1.5 1.5 <-1 

Central Mixedwood (East Extension Area) Subtotal 90.5 64.8 <-1 
Total 125.4 85.2 <-1 

Notes:  
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values.  
ha = hectare; % = percent; < = less than; IPA = Integrated Plan Amendment. 
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Limited distribution land cover type loss associated with the addition of the Extension Areas is predicted 
to be low for the Amended Project Area. These predictions align with those from the 2001 EIA 
(TrueNorth 2001), resulting in no change to the low to moderate effect prediction for limited 
distribution land cover types.  

Traditional Use Plants 

Traditional use plants were documented throughout the Terrestrial Assessment Boundary in both 
terrestrial ecosite phases and wetland types (Table 5.3-14). High rank traditional use plant potential land 
cover types were prevalent in the North Extension Area, accounting for a total of 1,611.4 ha (51% of the 
Terrestrial Assessment Boundary) and were less common in the East Extension Area (422.2 ha; 13% of 
the Terrestrial Assessment Boundary). Moderate rank traditional use plant potential land cover types 
covered 161.5 ha (5%) and 172.7 ha (5%) of the North and East Extension Areas within the Terrestrial 
Assessment Boundary, respectively. Low rank traditional use plant potential land cover types covered 
547.6 ha (17%) and 236.4 ha (7%) of the North and East Extension Areas within the Terrestrial 
Assessment Boundary, respectively.  

During operations, 1,515.8 ha of high rank traditional use plant potential habitat, including 1,209.8 ha in 
the North Extension Area and 306.0 ha in the East Extension Area, will be affected within the Terrestrial 
Assessment Boundary (Table 5.3-14). A total of 243.6 ha of moderate rank traditional use plant potential 
habitat, including 108.7 ha in the North Extension Area and 134.9 ha in the East Extension Area, will be 
affected resulting in a loss of 72.9% of the resource (Table 5.3-14). A total of 486.9 ha of low rank 
traditional use plant potential habitat, including 380.5 ha in the North Extension Area and 106.4 ha in 
the East Extension Area, will be affected (Table 5.3-14). The loss of 1,759.4 ha of high and moderate rank 
traditional use plant potential habitat is 10% of the Approved Project Area (Table 5.3-14).  
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Table 5.3-14: Summary of Effects on Traditional Use Plant Potential Land Cover Types in the Terrestrial Assessment Boundary 

Land Cover Type Description 
Area in the Terrestrial 
Assessment Boundary 

[ha] 

Effects 
Loss or Alteration in Area 

because of the IPA 
[ha] 

Percent Change compared 
with Approved Project Area 

Athabasca Plain Natural Subregion (North Extension Area) 
High Traditional Use Plant Potential 
f4 Buffaloberry-alder/jack pine-white spruce 6.7 5.9 <1 
BuU Burned uplands 1,604.7 1,203.9 -6 

High Traditional Use Plant Potential Subtotal  1,611.4 1,209.8 -6 
 
Moderate Traditional Use Plant Potential 
c1 Bearberry/lichen – jack pine 151.1 104.1 <-1 
d1 Blueberry – jack pine-trembling aspen (Alaska birch) 4.5 4.5 <-1 
F-Wc Wooded fen 5.9 0.0 0 

Moderate Traditional Use Plant Potential Subtotal 161.5 108.7 <-1 
Low Traditional Use Plant Potential 
F-G Graminoid fen 0.6 0.0 0 
F-S Shrubby fen 4.0 1.8 <-1 
M-G(II) Temporary graminoid marsh 0.0 0.0 0 
M-G(III) Seasonal graminoid marsh 0.2 0.2 <-1 
S-S(II) Temporary shrubby swamp 3.5 3.5 <-1 
S-S(III) Seasonal shrubby swamp 9.4 4.6 <-1 
CC Cutblock 459.0 330.7 -2 
DIS Disturbance 71.0 39.7 <-1 

Low Traditional Plant Potential Subtotal 547.6 380.5 -2 
Unranked 
Meadow Undifferentiated graminoid or forb dominated area 3.6 2.1 <-1 

Athabasca Plain Natural Subregion (North Extension Area) Subtotal 2,324.1 1,426.9 -9 
Central Mixedwood Natural Subregion (East Extension Area) 
High Traditional Use Plant Potential 
b4 Blueberry – white spruce-jack pine 25.73 14.6 <-1 
d1 Low-bush cranberry aspen 109.2 57.1 <-1 
d2 Low-bush cranberry aspen-white spruce 129.5 114.2 <-1 
d3 Low-bush cranberry white spruce 16.9 14.5 <-1 
g1 Labrador tea-subhygric black spruce-jack pine 6.9 6.9 <-1 
S-Wc Wooded coniferous swamp 134.0 98.8 <-1 

High Traditional Use Plant Potential Subtotal  422.2 306.0 -2 
Moderate Traditional Use Plant Potential 
b1 Blueberry jack pine-aspen 104.9 94.1 <-1 
b2 Blueberry aspen-white birch 0.1 0.0 0 
b3 Blueberry aspen-white spruce 7.0 2.7 <-1 
c1 Labrador tea-mesic jack pine-black spruce 33.3 17.8 <-1 
F-S Shrubby fen 6.8 6.8 <-1 
F-Wc Wooded coniferous fen 9.1 9.1 <-1 
B-Wc Wooded coniferous bog 8.2 1.5 <-1 
S-S (III) Seasonal shrubby swamp 3.3 3.0 <-1 

Moderate Traditional Use Plant Potential Subtotal 172.7 134.9 <-1 
Low Traditional Use Plant Potential 
F-G Graminoid fen 0.0 0.0 0 
M-G (III) Seasonal graminoid marsh 0.6 0.5 <-1 
M-G (IV) Semi-permanent graminoid marsh 3.8 3.8 <-1 
W (V) Permanent shallow open water(b) 1.5 1.5 <-1 
CC Cutblock 198.6 84.5 <-1 
DIS Disturbance 31.9 16.0 <-1 

Low Traditional Plant Potential Subtotal 236.4 106.4 <-1 
Central Mixedwood Natural Subregion (East Extension Area) Subtotal 831.3 547.2 -3 

Total 3,155.4 1,974.1 -12 
Notes:  
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the individual values.  
ha = hectare; % = percent; < = less than; IPA = Integrated Plan Amendment. 
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Moderate and high rank traditional use plant habitat loss associated with the addition of the Extension 
Areas is predicted to be moderate for the Amended Project Area. Traditional use potential land cover 
types were not assessed in the 2001 EIA (TrueNorth 2001); therefore, predictions between the 2001 EIA 
(TrueNorth 2001) and the IPA cannot be compared. 

Forest Resources 

Total merchantable timber in the Terrestrial Assessment Boundary is 96,794.3 m3 (Table 5.3-15). Most of 
the merchantable timber that occurs in the Terrestrial Assessment Boundary is within the East Extension 
Area (85,185.3 m3). The North Extension Area was burned during wildfire events in 2011 and as a result 
the volume of merchantable timber is much lower (11,608.0 m3) compared to the East Extension Area, 
which was not burned.  

Table 5.3-15: Summary of Effects on Forest Resources in the Terrestrial Assessment Boundary 

Land Cover Type Description 
Volume of Merchantable 
Timber in the Terrestrial 

Assessment Boundary [m3] 

Effects 
Loss or Alteration of 

Volume because of the 
IPA [m3] 

Athabasca Plain Natural Subregion (North Extension Area) 
c1 Bearberry/lichen – jack pine 9,856.9 9,523.8 
d1 Blueberry – jack pine-trembling aspen (Alaska birch) 551.9 551.9 
f4 Buffaloberry-alder/jack pine-white spruce 944.8 944.8 
F-Wc Wooded fen 252.4 0.0 

Athabasca Plain (North Extension Area) Subtotal 11,608.9 11,020.5 
Central Mixedwood Natural Subregion (East Extension Area) 
b1 Blueberry jack pine-aspen 1,7762.7 16,581.3 
b2 Blueberry aspen-white birch 11.8 0.0 
b3 Blueberry aspen-white spruce 1,427.9 874.8 
b4 Blueberry – white spruce-jack pine 4,445.1 2,659.2 
c1 Labrador tea-mesic jack pine-black spruce 3,884.3 2,983.5 
d1 Low-bush cranberry aspen 20,441.4 12,786.9 
d2 Low-bush cranberry aspen-white spruce 25,807.6 25,844.7 
d3 Low-bush cranberry white spruce 3,631.5 3,434.0 
g1 Labrador tea-subhygric black spruce-jack pine 829.8 829.8 
B-Wc Wooded bog 357.7 43.0 
S-Wc Wooded coniferous swamp 6,026.3 4,850.9 

Central Mixedwood (East Extension Area) Subtotal 85,185.3 71,406.6 
Merchantable Timber Total 96,794.3 82,431.9 

Notes:  
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values.  
ha = hectare; % = percent; m3 = cubic metres IPA = Integrated Plan Amendment. 
 

During operations, 82,431.9 m3 of merchantable timber, including 11,020.5 m3 in the North Extension 
Area and 71,406.6 m3 in the East Extension Area, will be affected (Table 5.3-14).  

Merchantable timber loss associated with the addition of the Extension Areas is predicted to be 
moderate for the Amended Project Area. Merchantable timber losses were not assessed using the 
relative magnitude scale in the 2001 EIA (TrueNorth 2001); therefore, predictions between the 2001 EIA 
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(TrueNorth 2001) and the IPA cannot be directly compared. However, land capability for forestry was 
predicted to meet or exceed pre-disturbance conditions based on reclamation and closure plans at the 
time.  

 Closure 

The current LMCP included reclamation of 14,884 ha of uplands (12,739 ha; 85.6%), wetlands (348 ha; 
2.3%) and deep water (1,797 ha; 12.1%) in the Approved Project Area (Table 5.3-16, Figure 5.3-8). In the 
updated LMCP (Volume 1, Appendix A), a total of 18,923 ha will be reclaimed, which includes 16,675 ha 
in the Approved Project Area and 2,248 ha in the Extension Areas (Table 5.3-16, Figure 5.3-8). For the 
Approved Project Area, the updated LMCP (Volume 1, Appendix A) reflects a net increase of 1,791 ha in 
reclaimed area relative to the current LMCP (Table 5.3-16). Remaining undisturbed areas within the 
Approved Project Area outside of the footprint are not included in the closure plan. Between the current 
and updated LMCP for the Approved Project Area, upland area reclamation will increase by 1,615 ha and 
wetland area by 214 ha (Table 5.3-16). There is a net loss of deep-water relative to the current LMCP 
because of a slightly smaller pit lake. Reclamation in the Extension Areas will include 2,248 ha of uplands 
and no wetland or deep water (Table 5.3-16). 

Table 5.3-16: Reclaimed Upland and Wetland Landcover Types Within the Extension Areas 

Land Cover Type Description 
Current Life of Mine 

Closure Plan 

Updated Life of Mine Closure Plan 
Approved Project 

Area Extension Areas 

[ha] [% of Total] [ha] [% of Total] [ha] [% of Total] 
Uplands 
a Lichen 2,553 17.2 2,012 12.1 386 17.2 
b Blueberry 2,476 16.6 3,580 21.5 493 21.9 
c Labrador-tea mesic 0 <0.1 0 0 0 0 
d Low-bush cranberry 4,120 27.7 6,047 36.1 1,063 47.3 
e Dogwood 1,488 10 1,565 9.4 306 13.6 
f Horsetail 91 <1 89 0.5 0 0 
g Labrador-tea subhygric 1,801 12.1 1,057 6.3 0 0 
h Labrador-tea/horsetail 210 1.4 6 0 0 0 

Uplands Subtotal 12,739 85.6 14,354 86.1 2,248 100 
Wetlands and Aquatic 
B Bog 

348 2.3 

0 0.0 0 0.0 

F 
Fen 106 0.6 0 0.0 
Rich Fen 0 0 0 0.0 

M Marsh 272 1.6 0 0.0 
W Shallow Open Water 0 0 184 1.6 0 0.0 

Wetlands Subtotal 348 2.3 562 3.4 0 0.0 
Total Uplands and Wetlands 13,087 87.9 14,917 89.5 2,248 100 

Water 1,797 12.1 1,759 10.5 0 0.0 
Uplands, Wetlands and Water Total 14,884 100 16,675 100.0 2,248 100 

Notes: 
ha = hectare; % = percent. 
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The reclaimed upland and wetland types are expected to be typical of the oil sands region and will be 
similar although not necessarily identical to pre-development conditions. The predicted areas and 
proportions of upland and wetland areas for the updated LMCP are similar to those predicted under the 
current LMCP with a net increase in area overall reflecting the net increase in overall footprint. These 
predictions align with those made from the 2001 EIA (TrueNorth 2001), resulting in no change to the 
effect predictions for vegetation VCs at post closure.  

5.3.4. Monitoring and Follow-up Activities 
FHEC is committed to a full range of monitoring and testing programs as part of the conditions of its 
Environmental Protection and Enhancement Act (EPEA) Approval No. 151469-01-01 (as amended). 
Programs applicable to vegetation, wetland, and forest resources include: 

• Fort Hills 2020 Mine Reclamation Plan (2020 to 2022; FHEC 2020a)  

• The updated LMCP (Volume 1, Appendix A), which includes aspects for upland and wetland type 
distribution on the post-disturbance landscape, forest growth and yield monitoring on reclaimed 
lands and reforestation/regeneration monitoring for revegetation of reclaimed lands. 

The change assessment did not identify changes in the 2001 EIA (TrueNorth 2001) predictions as a result 
of the IPA. As well, no new effects were identified during the change assessment. The existing FHOSP 
2020 Mine Reclamation Plan (2020 to 2022; FHEC 2020a) and the updated LMCP (Volume 1, Appendix A) 
capture the predicted effects related to vegetation, wetland, and forest resources VCs for the FHOSP 
and are appropriate for application to the Extension Areas. No new monitoring or follow-up activities 
are required. 

5.3.5. Conclusions 
The vegetation, wetland and forest resources change assessment for the IPA was completed to 
determine if predicted changes to vegetation, wetland, and forest resources in the 2001 EIA and the 
FHMA would remain valid with the addition of the Extension Areas. A linkage analysis was completed to 
identify potential valid linkages to vegetation, wetland and forest resources associated with the 
proposed IPA changes to FHOSP. Valid linkages were assessed for both the operations and closure phase 
of FHOSP and included: 

● riparian communities 

● wetlands 

● old growth forests 

● listed plants/ecological plant communities 

● listed plant potential 

● limited distribution land cover types 

● traditional use plants 
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This assessment found that the incremental and cumulative effects predictions from the 2001 EIA 
(TrueNorth 2001) for vegetation, wetland and forest resources continue to be valid with the addition of 
the IPA. A Wetland Assessment and Impact Report (WAIR) that meets Alberta Wetland Policy directives 
and guidelines (GoA 2015b,c, 2017) will be submitted before disturbance to address wetland losses and 
compensation requirements. 

Mitigation measures identified in the 2001 EIA and FHMA will continue to be implemented. No 
additional mitigation is identified. The Reclamation Monitoring Program and vegetation, wetland and 
forest resources commitments tied to the updated LMCP are appropriate for capturing predicted effects 
related to vegetation, wetland, and forest resources. No new monitoring is required. 

5.4. Wildlife 

5.4.1. Introduction 
This section provides an update to the wildlife component of the 2001 Environmental Impact 
Assessment (EIA; TrueNorth 2001) and the 2017 Fort Hills Mine Amendment (FHMA; FHEC 2017a) for 
the Fort Hills Oil Sands Project (FHOSP). The baseline conditions presented in Section 5.4.2 provide the 
basis from which changes to the effects on wildlife predicted in the 2001 EIA and FHMA can be 
evaluated for the IPA, considering the addition of the Extension Areas and the corresponding changes to 
the FHOSP mining and tailings plans and the Life of Mine Closure Plan (LMCP; Volume 1, Appendix A). 
Current FHOSP mitigation, monitoring and follow-up activities are reviewed to evaluate if additions are 
required to reduce potential effects on wildlife because of the IPA. 

The baseline summary presented in this document is focused on the Extension Areas as described in 
Section 5.4.2. Information from a broader area, based on the Alberta-Pacific Forest Industries Inc.’s AJ7 
Forest Management Unit (446,000 hectares [ha]) and referred to as the Terrestrial Study Area (TSA) in 
the 2001 EIA (TrueNorth 2001), is also presented because it helps characterize wildlife use of the 
Extension Areas. 

5.4.2. Baseline Conditions 
Baseline conditions within the Approved Project Area were described in previous FHOSP EIAs, 
environmental assessments (EAs) and regulatory applications (TrueNorth 2001; FHEC 2007, 2010, 
2017a), and therefore, have not been updated for this assessment. An update on the baseline conditions 
for the IPA is provided in the following sections.  

Within the Extension Areas, the Terrestrial Assessment Boundary, as described in Section 5.1.1, is 
3,156.6 ha (2,324.2 ha in the North Extension Area and 832.4 ha in the East Extension Area). The 
additional footprint in the North Extension Area covers 1,809.8 ha, and the additional footprint in the 
East Extension Area covers 547.2 ha (Figure 5.1-1). 
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 Methods 

Wildlife baseline information has been collected in the TSA since the 1970s, with detailed information 
provided as part of the original FHOSP application (TrueNorth 2001). Wildlife surveys since that time 
have included a variety of project specific and regional programs in the vicinity of the Amended Project 
Area (Table 5.4-1). For this supplemental baseline section, wildlife data were collected by completing a 
desktop review of existing information, including: 

● Fort Hills Oil Sands Project Application and EIA (TrueNorth 2001) 

● Wildlife Mitigation and Monitoring Plan (FHEC 2017c) 

● Comprehensive Wildlife Report for the FHOSP (FHEC 2017e) 

● Wildlife field surveys conducted for adjacent or nearby projects and programs (Table 5.4-1) 

● Published literature, field guides, and range maps 

● Provincial and federal websites and databases 

● Existing regulatory documents and consultant reports for projects in the broader oil sands 
region 
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Table 5.4-1:  Wildlife Baseline Surveys in and Around the Extension Areas, 2000 through 2020 
Project Survey Type Purpose Date Location Reference 

Ungulate aerial 
Koch Fort Hills Project  

Aerial survey 

Document the distribution and 
abundance of ungulates  

Jan 14 and Mar 9 to 12, 2000 Original FHOSP lease Golder 2000 
FHOSP Amendment Application 2007 Feb 6, 2006 Out-of-Pit tailings area (OPTA) portion of the 10-year development area  FHEC 2007 
Wildlife Habitat Effectiveness and 
Connectivity Project 

Document the distribution and 
abundance of moose winters of 2010, 2011, 2012 3,262 km2 study area north of Fort McMurray along the Athabasca River and major 

tributaries including the Muskeg River catchment Bohm et al. 2012 

Winter track and camera traps 
Koch Fort Hills Project 

Winter track Document the distribution and relative 
abundance of winter active mammals 

Jan 18 to 21, 28 to 30, 2000 FHOSP lease Golder 2000 
FHOSP Amendment Application 2007 Feb 10 to 12, 2006 OPTA portion of the 10-year development area FHEC 2007 
FHOSP Phase II Jan 2010 Attachment I Mar 4 to 6, 2008 FHOSP lease FHEC 2010, Attachment I 
Nocturnal amphibian 
FHOSP Phase II Jan 2010 Attachment I 

Nocturnal amphibian – point 
count 

Document the distribution and 
abundance of calling toads in breeding 
wetlands 

Jun 8 to 9, 2000 FHOSP lease FHEC 2010, Attachment I 
TrueNorth Fort Hills EIA 2001 Jun 5 to 8, 2000 Al-Pac’s A7J management unit TrueNorth 2001, Vol. 5, Sec. 10 
FHOSP Amendment Application 2007 Jun 5 to 7, 2007 FHOSP lease FHEC 2010, Attachment I 
Amphibian tadpole search/egg mass search 
TrueNorth Fort Hills EIA 2001 

Amphibian tadpole search Document the presence of breeding 
amphibians 

Jul 5 to 8, 2001 MLWC TrueNorth 2001, Vol. 5. Sec. 10 
FHOSP Amendment Application 2007 Jul 26, 2006 FHOSP lease FHEC 2010, Attachment I 
Pellet group  
TrueNorth Fort Hills EIA 2001 

Pellet group  Establish habitat use for upland game 
birds, snowshoe hare and ungulates 

May 9 to 14, 2000 Al-Pac’s A7J management unit TrueNorth 2001, Vol. 5, Sec. 10 
FHOSP Phase II Jan 2010 Attachment I May 8 to 9, 13 to 14, 2007 FHOSP North Mine FHEC 2010, Attachment I 
Bat mist netting and echolocation 

FHOSP Amendment Application 2007 Bat mist netting and 
echolocation 

Document the presence and relative 
abundance of bat species Aug 15 to 19, 2005; Aug 11 to 15, 2006 10-year development area, No Net Loss Lake location FHEC 2007 

Nocturnal owl 
FHOSP Amendment Application 2007 

Nocturnal owl Document the distribution and relative 
abundance of nocturnal owls 

date unknown 2000 FHOSP lease FHEC 2007 
FHOSP Phase II Jan 2010 Attachment I Apr 15 to 18, 2002 FHOSP lease FHEC 2010, Attachment I 
FHOSP Amendment Application 2007 Apr 18 to 20, 2006 OPTA portion of the 10-year development area FHEC 2007 
Raptor broadcast 
FHOSP Amendment Application 2007 

Broadcast raptor Document the distribution and 
abundance of forest hawks 

May 29, 2006 NNLL location FHEC 2010, Attachment I 
FHOSP Amendment Application 2007 May 19 to 20, 2005; May 11 to 15, 2006 10-year development area FHEC 2007 
FHOSP Phase II Jan 2010 Attachment I May 10 to 12, 2007 North Mine FHEC 2010, Attachment I 
Breeding songbird/marsh bird/ common nighthawk 
TrueNorth Fort Hills EIA 2001 

Breeding songbird – point 
counts 

Establish the density of male songbird 
territories  

Jun 10 to 14, 2000 Al-Pac’s A7J management unit TrueNorth 2001, Vol. 5, Sec. 10 
TrueNorth Fort Hills EIA 2001 Additional 
Information Jul 6 to 8, 2001 MLWC TrueNorth 2001, Vol. 5, Sec. 10 

FHOSP Amendment Application 2007 Breeding songbird – point 
counts 

Establish the density of male songbird 
territories  Jun 5 to 11, 2006 OPTA portion of the 10-year development area FHEC 2007 

FHOSP Phase II Jan 2010 Attachment I Breeding songbird – point 
counts 

Establish the density of male songbird 
territories 

Jun 8 to 10, 2007 FHOSP lease FHEC 2010, Attachment I 
FHOSP Phase II Jan 2010 Attachment I Jun 11 to 13, 2008 FHOSP lease FHEC 2010, Attachment I 

FHOSP Amendment Application 2007 Broadcast yellow rail 
Document the distribution and 
abundance of yellow rail and sora, 
potentially other marsh birds 

Jul 25, 2006; Jun 5 to 7, 2007 10-year development area (2006); OPTA portion of the 10-year development area (2007) FHEC 2007 
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Table 5.4-1:  Wildlife Baseline Surveys in and Around the Extension Areas, 2000 through 2020 
Project Survey Type Purpose Date Location Reference 

Waterbird 
FHOSP Phase II Jan 2010 Attachment I 

Waterbird migration Document the distribution and relative 
abundance of migratory waterbirds  

May 2, 2008 FHOSP lease FHEC 2010, Attachment I 
FHOSP Phase II Jan 2010 Attachment I Sep 3, 2008 FHOSP lease FHEC 2010, Attachment I 
Wildlife Effectiveness and Connectivity Studies 

Wildlife Habitat Effectiveness and 
Connectivity Project Moose movement monitoring 

Document the movement of moose 
relative to oil sands development in 
the Athabasca River valley and its 
tributaries, using GPS radio telemetry 

2010, 2011, 2012 3,262 km2 study area north of Fort McMurray along the Athabasca River and major 
tributaries including the Muskeg River catchment Bohm et al. 2012, 2013.  

Wildlife Habitat Effectiveness and 
Connectivity Project Wolf movement monitoring 

Document the movement of wolves 
relative to oil sands development in 
the Athabasca River valley and its 
tributaries, using GPS radio telemetry 

2012 to 2015 Study area north of Fort McMurray along the Athabasca River and major tributaries 
including the Muskeg River catchment Bohm et al. 2012; Boutin et al. 2015 

Wildlife Habitat Effectiveness and 
Connectivity Project 

River valley habitat use 
monitoring 

100 remote cameras were placed 
along five rivers within the Athabasca 
River watershed, including the Muskeg 
River, and adjacent uplands 

2010 to 2012 year-round Study area north of Fort McMurray along the Athabasca River and major tributaries 
including the Muskeg River catchment Bohm et al. 2012 

Mitigation and Monitoring Results for FHO 

Comprehensive Monitoring Report Incidental and human wildlife 
interactions 

Monitor wildlife on the mine site using 
the Fort Hills Wildlife Reporting Tool 2014 to 2017 The FHOSP mine site FHEC 2017e 

Notes: 
km2 = square kilometres; NNLL = No Net Loss Lake; FHOSP = Fort Hills Oils Sands Project; MLWC = McClelland Lake Wetland Complex; OPTA = Out-of-Pit Tailings Area.
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Baseline conditions are described for the following broad species groups: 

● Large mammals 

● Furbearing mammals 

● Bats 

● Songbirds and Allies 

● Game birds 

● Waterbirds and Marshbirds 

In addition, a list of wildlife species of concern that have been observed, or that have the potential to 
occur in the Extension Areas was created. Species of concern included species listed as “At Risk,” “May 
Be At Risk,” and “Sensitive” under the Alberta Environment and Parks (AEP) Wild Species Status Search 
(GoA 2015d), species listed under Schedule 1: List of Wildlife Species at Risk of the Species at Risk Act 
(SARA; Government of Canada 2021c), species assessed by the Committee of Endangered Wildlife in 
Canada (COSEWIC 2020), and traditionally important species.  

The criteria used to identify wildlife species of concern that have potential to be affected by the IPA 
includes: 

● Detection in the Extension Areas during field surveys conducted for historical or nearby projects 
(i.e., during surveys outlined in Table 5.4-1). 

● Records in the Extension Areas, as per the provincial Fish and Wildlife Information Management 
System (FWMIS) database (AEP 2021b). 

● Records in the Extension Areas, as per e-Bird (2021). 

● Range overlap with and suitable habitat to satisfy life history requirements (e.g., foraging, 
breeding, overwintering) present in the Extension Areas.  

 Results 

The North Extension Area falls within the Athabasca Plain Natural Subregion of Alberta (ACIMS 2015a; 
NRC 2006). The East Extension Area falls within the Central Mixedwood Natural Subregion of Alberta 
(ACIMS 2015a; NRC 2006). These natural subregions are described in Section 5.3. The landscape is 
characterized by interspersed upland and wetland habitat over gently undulating plains and hummocks 
to strongly rolling hills. 

 Large Mammals 

Several large mammal species may occur in the Extension Areas. There are no federal listed large 
mammal species with ranges that overlap the Extension Areas (Government of Canada 2021d). Canada 
lynx (Lynx canadensis) is listed as a ‘Sensitive’ species in Alberta (GoA 2015d). 

Canada lynx use habitat where their primary prey snowshoe hare (Lepus americanus) is found 
(i.e., extensive shrub understorey in mixed and coniferous forests habitats). During surveys in the 
Central Mixedwood Natural Subregion, lynx scat was found in aspen-white spruce/dogwood (e2), aspen-
white spruce/low bush cranberry (d2), and white spruce/low bush cranberry (d3) ecosite phases during 
2000 pellet group surveys (Golder 2000). Snow tracking data found tracks in both d2 and e2 ecosite 
phases (Golder 2000). Data shows that while snowshoe hares were found in many ecosite phases in the 
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Central Mixedwood Natural Subregion, lynx were observed in d2, d3, and e2 ecosite phases (Paragon 
2015). The East Extension Area contains 146.4 ha of d2 and d3 habitats. No e2 habitat is found within 
the East Extension Area (Table 5.4-2). The North Extension Area is within the Athabasca Plain Natural 
Subregion, which was not surveyed by Golder (2000) or Paragon (2015). In the Athabasca Plain 
subregion, mixed and coniferous forests ecosites that have an extensive shrub understorey include 
blueberry-jack pine-aspen (d1), aspen-white spruce/blueberry-rose (d2), and aspen-birch-black 
spruce/green alder-blueberry (f1). There is 4.5 ha of d1 habitat in the North Extension Area and no d2 or 
f1 habitat (Table 5.4-2). 

Table 5.4-2: Ecosite Phases and Area of Moderate and High-Quality Habitats for Large Mammals 

Species 
Ecosite Phases(a) Area (ha) 

Central Mixedwood Athabasca Plain East Extension 
Area 

North Extension 
Area 

Canada Lynx d2, d3, e2 d1, d2, f1 146.4 4.5 

Moose and Gray 
Wolf 

d1, d2, d3, F-S, S-S(II), 
S-S(III) 

f1, f2, g2, g3, F-S, S-S(II), 
S-S(III) 265.8 16.9 

Black Bear (high 
berry-producing) d1, d2, d3 d1, f4 255.7 11.2 

Black Bear 
(moderate berry-
producing) 

g1 c1 6.9 151.1 

Notes:  
(a)  Ecosite phase name (AEP 2019c, 2020b). 
ha = hectares. 

Moose (Alces alces) have socio-economic and traditional value and are an important prey species in the 
boreal forest. No evidence was found suggesting that moose avoid areas near mines (Boutin et al. 2015). 
The 2001 EIA field studies found that moose had the highest track density in d1 habitat and the highest 
pellet group density in shrubby rich fen (k2) habitat and were only recorded in deciduous dominated 
habitat communities within the TSA (TrueNorth 2001). Winter track count and ungulate aerial surveys 
conducted in 2006 confirmed that d2 contained the highest concentration of moose observations. 
Moose tracks were most commonly recorded in white spruce-jack pine/blueberry (b4) habitat during 
winter track surveys in 2006 (FHEC 2007). Habitat selection studies of moose conducted for the WHEC 
(2015) study in the region overlapping the Extension Areas found that moose were often found in shrub, 
fen, and swamp habitats with strong selection for dogwood and cranberry understorey. In the North 
Extension Area (i.e., Athabasca Plain subregion), ecosites selected by moose (i.e., shrub, fen, and swamp 
habitats) include buffaloberry-alder/aspen (f1), buffaloberry-alder aspen-white spruce (f2), 
fern/horsetail-poplar-white spruce (g2), fern/horsetail-poplar-aspen (Alaskan birch; g3), shrubby fen  
(F-S), and shrubby swamp (S-S[II], S-S[III]). There are 16.9 ha of fen F-S, S-S(II), and S-S(III) habitat in the 
North Extension Area and no f1, f2, g2, or g3 habitat. In 2021, the successional state of 1,604.7 ha of 
burned area (during 2011) in the North Extension Area is likely to provide suitable forage for moose. 
Ecosites selected by moose in the East Extension Area (i.e., Central Mixedwood subregion) include d1, 
d2, d3, F-S, S-S(II), and S-S(III) habitats. There are 265.8 ha of these habitats in the East Extension Area. 

Gray wolves (Canis lupus) have socio-economic and traditional value and are important predators in the 
boreal forest. Wolves are expected to use habitats where their main prey base (i.e., ungulates) is found. 
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Black bears (Ursus americanus) have high socio-economic and traditional value. In east-central Alberta, 
black bears feed largely on carrion during the spring and rely heavily on berries during the summer and 
early fall (Young and Ruff 1982; Ruff 1978). Black bears use many forest types for resting, travelling and 
escape (Zapisocki et al. 1998). High quality berry-producing ecosite phases are lowbush 
cranberry/blueberry/buffaloberry-aspen/white-spruce dominated habitats (i.e., d1, d2, d3 [Central 
Mixedwood] and d1, f4 [Athabasca Plain]) with moderate quality berry-producing habitat considered to 
be black spruce/jack pine (g1 [Central Mixedwood] and c1 [Athabasca Plain]) habitats. Pellet group 
surveys completed in 1999 and 2000 found black bear scats in Central Mixedwood aspen-white 
spruce/blueberry (b3), d2, and d3 ecosite phases. In addition, dens were recorded in e2 and treed poor 
fen (j1) ecosite phases (Paragon 2015). The East Extension Area contains 255.7 ha of high-quality berry 
producing habitat and 6.9 ha of moderate-quality berry producing habitat. The North Extension Area 
contains 11.2 ha and 151.1 ha of high- and moderate-quality berry producing habitats, respectively. 

 Furbearing Mammals 

American marten (Martes americana) is an important species for trappers. Marten are most closely 
associated with mature forests that have a lot of coarse woody debris. A single marten scat was 
identified during pellet count surveys in balsam poplar-white spruce/dogwood (e2) habitat (TrueNorth 
2001) and above average track density was recorded in the same habitat with the highest density being 
in treed bog (i1) habitat (TrueNorth 2001). Marten tracks were found in 11 of 16 ecosite phases 
surveyed during 2006 winter track surveys (FHEC 2007); however, the highest density of tracks was 
recorded in aspen-white spruce/blueberry (b3) habitat during 2008 surveys (FHEC 2010). There are 
7.0 ha of b3 habitat and no treed bog habitat in the East Extension Area (Table 5.4-3). In the North 
Extension Area, blueberry – jack pine-trembling aspen (Alaska birch; d1) habitat may provide suitable 
foraging cover for marten. There are 4.5 ha of d1 habitat in the North Extension Area (Table 5.4-3) 

Table 5.4-3: Ecosite Phases and Area of Moderate and High-Quality Habitats for Furbearing Mammals 

Species 
Ecosite Phases(a) Area (ha) 

Central Mixedwood Athabasca Plain East Extension 
Area 

North Extension 
Area 

American Marten b3, i1 d1 7.0 4.5 

Snowshoe Hare d2, g1, h1, i2, j1, k2 F-S 136.4 4.1 
Notes: 
(a)  Ecosite phase name (AEP 2019c, 2020b). 
ha = hectares. 

Snowshoe hare is a primary prey species for many carnivores in the boreal forest and is a species of local 
concern to traditional land users. Though common in the region, the snowshoe hare can undergo 
fluctuations on a 9-to-11-year cycle leading to large variations in populations from year to year. 
The snowshoe hare is a generalist forest species that can be found in many ecosite phases. The highest 
observed snowshoe hare track density in the Central Mixedwood subregion was recorded in the black 
spruce-Labrador tea (g1 [Central Mixedwood] and h1, i1, j1 [Athabasca Plain]) ecosite phases (TrueNorth 
2001). Winter track surveys conducted by Golder (2000) in the Central Mixedwood subregion confirmed 
above average track density for the species in the same three ecosite phases; however, d2 and white 
spruce-black spruce/Labrador tea/horsetail (h1) and shrubby bog/fen ecosite phases (i2, k2, F-S, B-S) 
contained the highest track densities during this survey. During 2006 winter track count surveys, the 
highest density of snowshoe hare tracks were found in the h1 ecosite phase, while during 2008 winter 
track count surveys the highest density of tracks were observed in the g1 ecosite phase (FHEC 2010). 
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There are 136.4 ha of d2 and g1 habitat in the East Extension Area and no h1, i2, j1, and k2 habitats 
(Table 5.4-3). There are 4.1 ha of shrubby fen habitat in the North Extension Area and no other habitats 
that had high snowshoe hare track densities (Table 5.4-3).  

 Bats 

There are two species at risk bats with potential to use habitats in the Extension Areas: little brown 
myotis (Myotis lucifugus) and northern myotis (Myotis septentrionalis). Both species are listed as 
‘Endangered’ under the SARA because of white-nose syndrome (WNS), a deadly fungal disease caused 
by Pseudogymnoascus destructans that affects bats while hibernating and has decimated northeastern 
North American populations (Government of Canada 2021d). As of 2019 (the most recent data 
available), WNS has not been reported in Alberta (WNSRT 2019). 

All Canadian bat species have three primary habitat requirements: hibernacula, roosts, and foraging 
areas. Maternity roost sites and, especially, hibernacula are considered to be the main limiting habitat 
features for little brown myotis and northern myotis (COSEWIC 2013a). Maternity roost sites for little 
brown myotis are typically in buildings, under bridges, in rock crevices, or in cavities in tall, 
large-diameter trees that are in the early to middle stages of decay (COSEWIC 2013a). Northern myotis 
typically roost in in cavities in tall, decaying, large-diameter trees (COSEWIC 2013a). In the Extension 
Areas, deciduous trees, such as trembling aspen (Populus tremuloides) and white birch (Betula 
papyrifera), are the primary tree species that could provide sufficiently large cavities required by 
females with pre-volant young (Psyllakis and Brigham 2006; Willis et al. 2006; Park and Broders 2012). 
Deciduous-dominated habitat in the East Extension Area include b2, b3, d1, and d2 ecosites; there are 
245.7 ha of these ecosite types in the East Extension Area (Table 5.4-4). There are no deciduous-
dominated ecosites in the North Extension Area (Table 5.4-4). 

Hibernacula are likely the most limiting habitat feature for little brown and northern myotis because 
specific physiological requirements restrict the number of sites that provide suitable overwintering 
habitat. Hibernacula that typically support large numbers of little brown and northern myotis are 
abandoned mines and caves; rock cliffs may provide minor hibernacula (COSEWIC 2013a). During the 
fall, little brown and northern myotis swarm near the entrances of hibernacula to mate before 
hibernating (COSEWIC 2013a). There are no rock cliffs, abandoned mines, or caves in the Extension 
Areas. 

Little brown myotis typically forage over water (COSEWIC 2013a). Northern myotis forage in forested 
areas, typically along creeks (Henderson and Broders 2008) or forest edges (COSEWIC 2013a). Both 
species avoid large open fields and clearcuts (COSEWIC 2013a). There are 1.5 ha of open water in the 
East Extension Area and no open water in the North Extension Area (Table 5.4-4). 

Table 5.4-4: Ecosite Phases and Area of Moderate and High-Quality Habitats for Little Brown Myotis 

Habitat Type 

Ecosite Phases(a) Area (ha) 

Central Mixedwood 
subregion 

Athabasca Plain 
subregion 

East Extension 
Area (Central 
Mixedwood) 

North Extension 
Area (Athabasca 

Plain) 
Maternity 
roosting habitat b3, d1, d2 - 245.7 0.0 

Foraging habitat W (V) - 1.5 0.0 
Notes:  
(a)  Ecosite phase name (AEP 2019c, 2020b). 
ha = hectares. 
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 Songbirds and Allies 

Songbirds include all birds in Order Passeriformes, excluding corvids (e.g., American crow [Corvus 
brachyrhynchos], Canada jay [Perisoreus canadensis]). Allies to songbirds are corvids, woodpeckers, 
nighthawks, and swallows. There are 15 songbird and ally species of concern that may breed in the East 
Extension and/or North Extension Areas (Table 5.4-5). 

Bank swallow (Riparia riparia) and barn swallow (Hirundo rustica) are Threatened species under SARA 
(Government of Canada 2021c). Both species typically nest close to water for foraging (COSEWIC 2011, 
2013b). Bank swallows’ nest in sandy or silty soil banks (e.g., cliffs; COSEWIC 2013b; Garrison and Turner 
2020). Barn swallows typically establish nests under overhangs on man-made structures (e.g., buildings, 
equipment; COSEWIC 2011; Brown and Brown 2020). Rusty blackbird (Euphagus carolinus) is a species of 
Special Concern under SARA (Government of Canada 2021c) that nests in riparian areas surrounding 
beaver ponds, bogs, and swamps (COSEWIC 2006; Avery 2013). Common yellowthroat (Geothlypis 
trichas) and eastern phoebe (Sayornis phoebe) are Sensitive species in Alberta (GoA 2015d) that nest in 
riparian areas surrounding lakes and wetlands (Guzy and Ritchison 1999; Weeks 2011). Western wood-
pewee (Contopus sordidulus) is a riparian nesting species (Bemis and Rising 1999) that May be At Risk in 
Alberta (GoA 2015d). Alder flycatchers (Empidonax alnorum) nest in wet shrubby areas (Lowther 1999). 
There are 168.3 ha of wetland habitat in the East Extension Area and 23.6 ha of wetland habitat in the 
North Extension Area (Table 5.4-5). 
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Table 5.4-5: Ecosite Phases and Area of Moderate and High-Quality Habitats for Songbirds and Allies 

Species 

Ecosite Phases(a) Area (ha) 

Central Mixedwood 
subregion 

Athabasca Plain 
subregion 

East Extension 
Area (Central 
Mixedwood) 

North Extension 
Area (Athabasca 

Plain) 
Bank Swallow, 
Barn Swallow, 
Rusty Blackbird, 
Common 
Yellowthroat, 
Eastern Phoebe, 
Western Wood-
Pewee, Alder 
Flycatcher 

B-Wc, F-G, F-S, F-Wc, 
M-G (III), M-G (IV), S-

S(II), S-S(III), S-Wc, 
W(V) 

B-Wc, F-G, F-S, F-Wc, 
M-G (III), M-G (IV), S-

S(II), S-S(III), S-Wc, W(V) 
168.3 23.6 

Blackburnian 
Warbler, Brown 
Creeper, Cape 
May Warbler, 
Least Flycatcher, 
Western Tanager 

b1, b3, d2 
(mixedwood forest) d1 (mixedwood forest) 241.4 4.5 

d1 (deciduous forest) ̶ 109.2 0 

b4, c1, d3, g1 
(coniferous forest) 

c1, f4 (coniferous 
forest) 82.8 157.8 

Olive-sided 
flycatcher, 
common 
nighthawk 

CC Meadow 
CC 230.6 503.6 

Black-backed 
woodpecker ̶ BuU 0 1,604.7 

Notes:  
(a)  Ecosite phase name (AEP 2019c, 2020b). 
ha = hectares. 

Blackburnian warbler (Setophaga fusca), brown creeper (Certhia americana), and Cape May warbler 
(Setophaga tigrina) are all Sensitive species in Alberta (GoA 2015d) that rely on mature coniferous or 
mixedwood forests (Baltz and Latta 1998; Morse 2004; Poulin et al. 2013). Least flycatcher (Empidonax 
minimus) and western tanager (Piranga ludoviciana) are Sensitive songbird species in Alberta (GoA 
2015d) that are associated with open to semi-open forests (Hudon 1999; Tarof and Briskie 2008). There 
are 241.4 ha, 109.2 ha, and 82.8 ha of mixedwood, deciduous, and coniferous forest types, respectively, 
in the East Extension Area (Table 5.4-5). There are 4.5 ha and 157.8 ha of mixedwood and coniferous 
forest types, respectively, in the North Extension Area; there is no deciduous forest in the North 
Extension Area (Table 5.4-5). 

Olive-sided flycatcher (Contopus cooperi) is a Threatened Species under SARA (Government of Canada 
2021c) that breeds in forest edge, forest openings and open to semi-open forests (COSEWIC 2007a; 
Altman and Sallabanks 2012). Common nighthawk (Chordeiles minor) is a species of Special Concern 
under SARA (Government of Canada 2021c). Common nighthawks breed in a variety of open habitats 
including forest clearings, recently logged areas, and open forests (COSEWIC 2007b; Brigham et al. 
2011). There are 230.6 and 503.6 ha of clearcut, cutline, clearing, powerline right-of-way, well site, and 
meadow habitat in the East and North Extension Areas, respectively (Table 5.4-5). 

Black-backed woodpecker (Picoides arcticus) is a Sensitive species in Alberta (GoA 2015d) that breeds in 
recently burned and coniferous forests (Tremblay et al. 2016). There are 1,604.7 ha of burned upland 
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habitat in the North Extension Area and no burned upland habitat in the East Extension Area  
(Table 5.4-5). 

 Game Birds 

Game birds, such as grouse, have high socio-economic value. Sharp-tailed grouse (Tympanuchus 
phasianellus) is a Sensitive species in Alberta (GoA 2015d). Ruffed grouse (Bonasa umbellus) and spruce 
grouse (Falcipennis canadensis) are important game species. 

Ruffed grouse are closely associated with trembling aspen forests (Rusch et al. 2000). Spruce grouse 
prefer jack pine (Pinus banksiana) dominated forests (Schroeder et al. 2018; Connelly et al. 1998). Sharp-
tailed grouse perform mating rituals on communal breeding grounds or ‘leks’. In the boreal forest, leks 
are typically found in shrubby, open clearings (Cornell University 2019). Throughout the spring, summer, 
and fall sharp-tailed grouse use shrubby, open habitats and bog edges (Cornell University 2019). In the 
winter, sharp-tailed grouse occupy taller shrub and tree habitats for protection from inclement weather 
(Cornell University 2019). 

There is no aspen forest in the North Extension Area and 109.2 ha of aspen forest (b2 and d1 ecosites) in 
the East Extension Area (Table 5.4-6). There are 162.3 ha of jack pine-dominated forest (c1, d1, f4 
ecosites) in the North Extension Area and 138.1 ha of jack pine-dominated forest (b1, c1 ecosites) in the 
East Extension Area (Table 5.4-6). There are 10.1 and 16.9 ha of shrubby fen and swamp habitats (F-S, S-
S(II), S-S(III)) in the East and North Extension Areas, respectively (Table 5.4-6). 

Table 5.4-6: Ecosite Phases and Area of Moderate and High-Quality Habitats for Game Birds 

Species 

Ecosite Phases(a) Area (ha) 

Central Mixedwood 
subregion 

Athabasca Plain 
subregion 

East Extension 
Area (Central 
Mixedwood) 

North Extension 
Area (Athabasca 

Plain) 
Ruffed Grouse d1 - 109.2 0 
Spruce Grouse b1, c1 c1, d1, f4 138.1 162.3 
Sharp-tailed 
Grouse F-S, S-S(II), S-S(III) F-S, S-S(II), S-S(III) 10.1 16.9 

Notes:  
(a)  Ecosite phase name (AEP 2019c, 2020b). 
ha = hectares. 

 Waterbirds and Marshbirds 

Waterbirds are birds that live on or near water and include waterfowl (ducks and geese), loons, grebes, 
terns, and gulls. Marshbirds are wading species and include herons, rails, sandpipers, plovers, cranes, 
and bitterns. Yellow rail (Coturnicops noveboracensis) is the only federally listed waterbird or marshbird 
that has potential to occur in the Extension Areas and is a species of Special Concern under SARA 
(Government of Canada 2021c). Yellow rails nest in shallow, grassy fens and marshes, and wet meadows 
(COSEWIC 2009; Leston and Bookhout 2015). There are 0.6 ha and 0.8 ha of graminoid fen and marsh 
habitats in the East and North Extension Areas, respectively (Table 5.4-7).  

Other “Sensitive” marshbird species that have been recorded in the North and/or East Extension areas 
include black tern (Childonias niger), sora (Porzana carolinus), American bittern (Botaurus lentiginosus), 
and sandhill crane (Grus canadensis; GoA 2015d). Soras and American bitterns nest in wetlands that are 
dominated by emergent vegetation (particularly cattail [Typha latifolia]; Lowther et al. 2009; Melvin and 
Gibbs 2012). Black terns nest in shallow lakes and wetlands with a moderate amount of emergent 
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vegetation (Heath et al. 2020). There are 3.8 and 0 ha of semi-permanent graminoid marsh habitat in the 
East and North Extension Areas, respectively (Table 5.4-7). Sandhill cranes nest in open, graminoid 
marshes adjacent to wooded areas (Gerber et al. 2014). There are 0.6 and 0.2 ha of temporary and 
seasonal graminoid marsh habitat in the East and North Extension Areas, respectively (Table 5.4-7). 

Table 5.4-7: Ecosite Phases and Area of Moderate and High-Quality Habitats for Waterbirds and 
Marshbirds 

Species 

Ecosite Phases(a) Area (ha) 

Central Mixedwood 
subregion 

Athabasca Plain 
subregion 

East Extension 
Area (Central 
Mixedwood) 

North Extension 
Area (Athabasca 

Plain) 
Yellow Rail M-G(II), M-G(III), F-G M-G(II), M-G(III), F-G 0.6 0.8 
Black Tern, 
American Bittern, 
Sora 

M-G(IV) M-G(IV) 3.8 0 

Sandhill Crane M-G(II), M-G(III) M-G(II), M-G(III) 0.6 0.2 
Notes:  
(a)  Ecosite phase name (AEP 2019c, 2020b). 
ha = hectares. 

 Species of Special Concern 

A list of wildlife species of concern that have been observed, or have the potential to occur, in the 
Extension Areas is provided in Table 5.4-8. A total of 30 wildlife species of concern have been detected 
or have the potential to occur within the Extension Areas including 24 birds and six mammals. Of these, 
seven birds and five mammals were only recorded during baseline studies for the TrueNorth (2001) EIA 
and their exact location in the TSA (i.e., Forest Management Unit AJ7) is unknown.  

No designated woodland caribou (Rangifer tarandus caribou) ranges, key wildlife and biodiversity zones, 
or environmentally significant areas overlap the Extension Areas (AEP 2021b). No historical observations 
of Canadian toad (Bufo hemiophrys) or northern leopard frog (Lithobates pipiens) have been recorded in 
the Extension Areas (TrueNorth 2001; AEP 2021b). 
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Table 5.4-8: Wildlife Species of Concern Potentially Observed in the Extension Areas 

Species Common Name Scientific Name Provincial Status(a) Federal Status 
(COSEWIC)(b) Federal Status (SARA)(c) Observed in the North 

Extension Area? 

Observed in the 
East Extension 

Area? 
Habitat Requirements(i)  

Birds 

American bittern Botaurus lentiginosus Sensitive - - Yes(f) Yes(f) marshes, swamps, moist meadows, wet alder, or willow thickets; occasionally in drier meadows, 
but always in areas with dense growth of vegetation 

alder flycatcher Empidonax alnorum Sensitive - - Yes(d,h) Yes(h) wet, shrubby areas 

American kestrel Falco sparverius Sensitive - - Yes(f) Yes(f) semi-open areas with trees for hunting, cliffs, or man-made structures for nesting; woodland 
edges, burns, meadows, and transmission line rights of way 

bald eagle Haliaeetus leucocephalus Sensitive Not at Risk - Yes(f) Yes(f) large bodies of water with relatively little human disturbance; tall trees for nesting and roosting 

bank swallow Riparia riparia Sensitive Threatened Threatened: Schedule 1 Yes(f) Yes(f) soil banks including cliffs or man-made disturbances, with nearby water for foraging 

barn swallow Hirundo rustica Sensitive Threatened Threatened: Schedule 1 Yes(f) Yes(f) uses man-made structures for nesting often close to water 

barred owl Strix varia Sensitive - - Yes(d) No 
mixedwood forests with large deciduous trees, particularly along lakeshores and stream valleys; 
breeding habitat must have densely foliaged trees for roosting and large trees with suitable 
cavities for nesting 

black-backed woodpecker Picoides arcticus Sensitive - - Yes(f,h) Yes(f,h) burns, mixed or coniferous forests 

blackburnian warbler Dendroica fusca Sensitive - - Yes(f) Yes(f) mature coniferous or mixedwood forest with large stands of white spruce 

black tern Chlidonias niger Sensitive Not at Risk - Yes(f) Yes(f) shallow lakes, marshes, sloughs, ponds, and wet meadows with moderate amounts of emergent 
vegetation 

broad-winged hawk Buteo platypterus Sensitive - - No Yes(d) in woodlands, generally near forest edge at clearings and wet areas 

brown creeper Certhia americana Sensitive - - Yes(h) Yes(h) Mature coniferous, mixed, and deciduous forests 

Cape May warbler Dendroica tigrina Sensitive - - Yes(h) No Mature spruce and balsam fir forests 

common nighthawk Chordeiles minor Sensitive Threatened Threatened: Schedule 1 Yes(d,h) No open or semi-open habitats in a variety of areas; forest clearings, burnt-over areas, gravel pits, 
barren rock, and beaches 

common yellowthroat Geothlypis trichas Sensitive - - Yes(h) No shrubby areas, typically near water 

eastern phoebe Sayornis phoebe Sensitive - - Yes(d) No woodland and edge habitats near water 

great gray owl Strix nebulosa Sensitive Not at Risk - Yes(f,h) Yes(f,h) coniferous, deciduous and mixedwood areas, usually near water sources such as muskegs, 
marshes, and wet meadows 

least flycatcher Empidonax minimus Sensitive - - Yes(d,h) No semi-open, second-growth, and mature deciduous and mixedwood forests 

olive-sided flycatcher Contopus cooperi May Be At Risk Threatened Threatened: Schedule 1 Yes(d,h) Yes(d) burns, open coniferous forest, clearings adjacent to lakes, streams and meadows, bogs and 
swamps dominated by spruce and tamarack 

ruffed grouse(g) Bonasa umbellus Secure - - Possibly (f) Possibly (f) deciduous and coniferous forests, most abundant in early-successional forests dominated by 
aspens and poplars 

rusty blackbird Euphagus carolinus Sensitive Special Concern Special Concern: 
Schedule 1 Yes(h) Yes(d) conifer-dominated beaver ponds, bogs, and swamps 

sora Porzana carolinus Sensitive - - Yes(h) No shallow to moderate depth wetlands dominated by emergent vegetation 

sandhill crane Grus canadensis Sensitive - - Yes(h) No open, wet sedge marshes adjacent to wooded areas 

sharp-tailed grouse Tympanuchus phasianellus Sensitive - - Yes(h) No leks are typically found in shrubby, open clearings 

spruce grouse(g) Falcipennis canadensis Secure - - Yes(f,h) Possibly (f) always closely associated with conifer-dominated forests, and prefer dense, relatively young, 
successional stands 

western tanager Piranga ludoviciana Sensitive - - Yes(e,h) Yes (h) open coniferous and mixedwood forests 

western wood-pewee Contopus sordidulus May Be At Risk - - Yes(d,h) Yes(d) open woodlands and forest edges adjacent to lakes, rivers, and wetlands 
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Table 5.4-8: Wildlife Species of Concern Potentially Observed in the Extension Areas 

Species Common Name Scientific Name Provincial Status(a) Federal Status 
(COSEWIC)(b) Federal Status (SARA)(c) Observed in the North 

Extension Area? 

Observed in the 
East Extension 

Area? 
Habitat Requirements(i)  

yellow rail Coturnicops noveboracensis Undetermined Special Concern Special Concern: 
Schedule 1 Possibly (f) Possibly (f) graminoid marshes and fens 

Mammals 
American marten(g) Martes americana Secure - - Possibly (f) Possibly (f) mature, particularly coniferous forests with ample coarse woody debris 

black bear(g) Ursus americanus Secure Not at Risk - Possibly (f) Possibly (f) coniferous and mixedwood forests 

Canada lynx Lynx canadensis Sensitive Not at Risk - Possibly (f) Possibly (f) coniferous and mixedwood forest 

gray wolf(g) Canis lups Secure Not at Risk  Possibly (f) Possibly (f) forested areas, willow wetlands, riparian aspen, cutlines, and other linear disturbances; habitat 
choices depend on prey and ease of travel 

little brown myotis Myotis lucifugus May Be At Risk Endangered Endangered: Schedule 1 Yes(d) No can be found in a variety of forest types, typically hibernate in caves during winter and roost in 
large-diameter deciduous trees or buildings during summer 

moose(g) Alces Secure - - Possibly(f) Possibly (f) prefer mixedwood forests and riparian areas during the summer; coniferous forest provides food 
and cover during the winter 

northern myotis Myotis septentronalis May Be At Risk Endangered Endangered: Schedule 1 Yes(d) No can be found in a variety of forest types, typically hibernate in caves during winter and roost in 
large-diameter deciduous trees during summer 

Notes:  
(a)  GoA (2015c). 
(b)  COSEWIC (2020). 
(c)  Government of Canada (2021c). 
(d)  AEP (2021b). 
(e)  TrueNorth (2001). 
(f)  Observed in the TSA, exact location unknown (TrueNorth 2001). 
(g)  Traditional use species. 
(h)  e-Bird (2021). 
(i)  Sources include: Birds of the World Online (2021); Ehrlich et al. (1988); Godfrey (1986); Government of Canada (2021c), Pattie and Fisher (1999); Russel and Bauer (2000); Semenchuk (1992); Smith (1993). 
- = Indicates that there is currently no assessment for the species; COSEWIC = Committee on the Status of Endangered Wildlife in Canada; SARA = Species at Risk Act. 
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5.4.3. Change Assessment 
This section summarizes the incremental effects of the IPA on wildlife and places these effects within 
the context of previous EAs completed for the FHOSP. The Approved Project Area covers approximately 
18,236 ha. The Amended Project Area includes the Approved Project Area and Extension Areas and 
represents an increase of 4,015 ha (22%). The total footprint is 2,357.0 ha and is mostly in the Extension 
Areas; however, 108.7 ha occurs within the Approved Project Area and is therefore not considered in 
the change assessment. A total of 2,248.2 ha will be developed as the footprint within the Extension 
Areas and represents an increase of 12% from the Approved Project Area. 

 Methods 

A linkage analysis was completed to identify potential valid linkages to wildlife associated with the 
proposed changes to the approved FHOSP mine plan. Valid linkages were assessed for both the 
operations and closure phase of IPA. Invalid linkages were not carried forward in the assessment. 
Results of the linkage analysis are presented in Table 1-1 in Section 1.2.1. 

Previous regulatory applications for FHOSP were reviewed as described in Section 1.1. Specifically, the 
2001 EIA (TrueNorth 2001) and FHMA (FHEC 2017a) were reviewed to verify whether mitigation 
identified in these applications remains applicable to FHOSP and to identify any new mitigation required 
to reduce effects of the IPA on wildlife.  

The predicted changes to wildlife in the Extension Areas because of the IPA and updated LMCP were 
inferred based on changes to habitat and compared to predictions in the 2001 EIA (TrueNorth 2001) as 
well as the FHMA (FHEC 2017a).  

 Valued Components 

Identification of valued components (VCs) aligns with guidance provided for oil sands mine 
developments in Alberta (GoA 2013c). The wildlife VCs and the rationale for their selection are 
presented in Table 5.4-9.  
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Table 5.4-9: Wildlife Valued Components 

Valued 
Component Rationale 

TrueNorth Fort Hills 
Environmental 

Impact Assessment 
2001(a) 

Fort Hills Mine 
Amendment 

Application 2017(b) 

Large Mammals 

Canada lynx is listed as a ‘Sensitive’ species in Alberta 
Moose have socio-economic and traditional value and 
are an important prey species in the boreal forest 
Gray wolves have socio-economic and traditional 
value and are important predators in the boreal 
forest. 
Black bears have high socio-economic and traditional 
value. 

Canada lynx, Moose, 
and Black Bear were 
evaluated 

Canada lynx, Moose, 
and Black Bear were 
evaluated 

Furbearing 
Mammals 

American marten is an important species for trappers. 
Snowshoe hare is a primary prey species for many 
carnivores in the boreal forest and is a species of local 
concern to traditional land users. 

Marten and 
Snowshoe hare were 
evaluated 

Marten and 
Snowshoe hare were 
evaluated 

Bats 
Little brown myotis and northern myotis are listed as 
‘Endangered’ under the SARA because of white-nose 
syndrome. 

Not evaluated Not evaluated 

Songbirds and 
Allies 

Many listed species with the potential to occur within 
the Amended Project Area and representative of 
various habitat types. 

Evaluated Evaluated 

Game birds Game birds have high socio-economic value. Sharp-
tailed grouse is a Sensitive species in Alberta. 

Ruffed grouse was 
evaluated  Not evaluated 

Waterbirds and 
Marshbirds 

Yellow rail is federally listed as a species of Special 
Concern under SARA. 

Yellow rail was 
evaluated  

Waterbirds 
evaluated 

Notes: 
(a) TrueNorth (2001). 
(b) FHEC (2017a).  
SARA = Species at Risk Act. 

The wildlife VCs represent wildlife species groups that have the potential to be affected by the IPA and 
include species that are listed provincially or federally as well as species or species groups that are of 
importance to Indigenous communities. 

 Mitigation Measures and Anticipated Residual Effects 
 Mitigation Measures 

The key mitigation measures for the potential effects of the IPA are the reclamation activities planned 
for FHOSP in the updated LMCP, which is described in Volume 1, Appendix A. In addition to the updated 
LMCP, the FHEC will complete specific mitigation measures to reduce effects of the IPA on wildlife 
during operations as described in the 2001 EIA, the FHMA (FHEC 2017a), the Wildlife and Mitigation 
Monitoring Plan (WMMP; FHEC 2017c), and the Bird Protection Plan (FHEC 2015). No additional 
mitigation measures are identified specifically for the Extension Areas. However, the current WMMP, 
which monitors habitat connectivity, will be reviewed, and extended to the Expansion Areas if required 
to capture wildlife movement around the southern perimeter of McClelland Lake. 
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 Change Assessment 

The following proposed changes have the potential to alter the previously assessed effects on wildlife: 

● expanding the FHOSP footprint into the Extension Areas 

● modification of the closure landscape as part of the updated LMCP 

The following subsections discuss changes to habitat availability, mortality risk and movement for 
wildlife VCs during FHOSP operations and post-closure.  

General Habitat Availability - Operations 

The Approved Project Area covers approximately 18,236 ha within the Athabasca Plain Natural 
Subregion of Alberta and the Central Mixedwood Natural Subregion of Alberta (ACIMS 2015a; NRC 
2006). The Extension Areas will increase the Approved Project Area by 4,015 ha (22%; Figure 5.3-1). The 
area developed within the Extension Areas will be 2,248.2 ha, which is an increase of 12% from the 
Approved Project Area. 

Previous human disturbance in the footprint within the Extension Areas accounts for 470.9 ha (21%) of 
the 2,248.2 ha to be developed (an increase of 3% from the Approved Project Area). Previous human 
disturbances include cutblocks, cleared areas, cutlines/trails, powerline rights-of-way (ROW), towers and 
poles and both active and inactive wellsites. There are also 1,203.9 ha (54%) of wildfire disturbance in 
the footprint within the Extension Areas, with 100% of wildfire disturbance occurring in the North 
Extension Area. The area is in a 10-year successional state in 2021 as the wildfire occurred in 2011. The 
remaining area that has not been disturbed by human development or wildfire is 172.6 ha (8%) of the 
2,248.2 ha, which will be altered by the IPA (an increase of <1% from the Approved Project Area). 

This will result in a moderate change in available habitat during operations using the criteria from the 
2001 EIA (TrueNorth 2001). The 2001 EIA predicted high levels of regional cumulative loss of habitat 
availability for mammals and bird communities. The exception was Canadian toad, which was predicted 
to have possible habitat enhancement opportunities with creation of surface water features, assuming 
suitable water quality. Canadian toad is not included in this assessment. The addition of the Extension 
Areas will not change the 2001 EIA predication level of a high cumulative effect during operations. 

Habitat Availability for Wildlife Groups - Operations 

Changes to wildlife VC habitat availability due to the IPA are presented in Table 5.4-10. The following 
paragraphs qualitatively compare the changes for each wildlife group to the predictions in the 2001 EIA 
(TrueNorth 2001). Overall, the addition of the Extension Areas does not change the high-level 
predictions pertaining to wildlife habitat that were made in the 2001 EIA. 

Moderate and high-quality habitat loss associated with the addition of the Extension Areas is predicted 
to be low to moderate for large mammals using the Amended Project Area. The addition of the 
Extension Areas to the edges of the Approved Project Area boundary are not predicted to change the 
high incremental and cumulative effects predictions for large mammals from the 2001 EIA. 

Moderate and high-quality habitat loss associated with the addition of the Extension Areas is predicted 
to be low for furbearing mammals and bats using the Amended Project Area. Bats were not assessed in 
the 2001 EIA, however, moderate and high-quality habitat loss for mammals in general was moderate at 
a Project level and high for cumulative effects. The IPA is not expected to alter these predictions. 
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Moderate and high-quality habitat loss associated with the addition of the Extension Areas is predicted 
to be low for riparian, deciduous, and coniferous bird communities present in the Amended Project 
Area. A moderate loss of habitat is predicted for mixedwood bird communities, olive-sided flycatcher 
and black-backed woodpeckers present in the Amended Project Area. In particular, 1,203.9 ha of burned 
upland in the North Extension Area that provides moderate to high quality black-backed woodpecker 
habitat will removed during operations. Project contributions in 2001 were predicted to be low to 
moderate during operations and cumulative effects were predicted to be high. The IPA is not expected 
to alter these predictions. 

Game birds were not specifically assessed in the 2001 EIA. However, ruffed grouse was evaluated and 
potential effects in 2001 were predicted to be low to moderate during operations whereas cumulative 
effects were predicted to be high. Effects on game bird habitat availability are predicted to be low to 
moderate with the addition of the Extension Areas and therefore the IPA is not predicted to change the 
high level incremental and cumulative effects predictions from the 2001 EIA. 

Yellow rail was evaluated as an indicator of waterbirds and marshbirds in the 2001 EIA. Potential effects 
on yellow rail were predicted to be low to moderate during operations whereas cumulative effects were 
predicted to be high. Effects on waterbird and marshbird habitat availability are predicted to be low 
with the addition of the Extension Areas, and therefore the IPA is not predicted to change the high level 
incremental and cumulative effects predictions from the 2001 EIA. 
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Table 5.4-10: Changes to High and Moderate Habitat Availability within the Terrestrial Assessment Boundary for each Wildlife Valued Component 

Valued Component Species 
Ecosite Phases(a) Total Area Available (ha) in 

the Terrestrial Assessment 
Boundary 

Percent of Terrestrial 
Assessment Boundary 

Total Area Impacted (ha) in 
the Terrestrial Assessment 

Boundary 

Percent Change compared 
with Approved Project 

Area Central Mixedwood Athabasca Plain 

Large 
Mammals 

Canada Lynx d2, d3, e2 d1, d2, f1 151.0 4.8 133.2 0.7 
Moose and Gray Wolf d1, d2, d3, F-S, S-S(II), S-S(III) f1, f2, g2, g3, F-S, S-S(II), S-S(III) 282.7 9.0 205.4 1.1 
Black Bear (high berry-producing) d1, d2, d3 d1, f4 266.8 8.5 196.1 1.1 
Black Bear (moderate berry-producing) g1 c1 158.0 5.0 111.0 0.6 

Furbearing Mammals 
American Marten b3, i1 d1 11.5 0.4 7.2 <0.1 
Snowshoe Hare d2, g1, h1, i2, j1, k2 F-S 140.5 4.5 122.8 0.7 

Bats 
Little brown myotis (maternity roosting habitat) b3, d1, d2 - 245.7 7.8 173.9 1.0 
Little brown myotis (foraging habitat) W (V) - 1.5 <0.1 1.5 <0.1 

Songbirds and Allies 

Bank Swallow, Barn Swallow, Rusty Blackbird, Common 
Yellowthroat, Eastern Phoebe, Western Wood-Pewee, Alder 
Flycatcher 

B-Wc, F-G, F-S, F-Wc, M-G (III), M-G 
(IV), S-S(II), S-S(III), S-Wc, W(V) 

B-Wc, F-G, F-S, F-Wc, M-G (III), M-G 
(IV), S-S(II), S-S(III), S-Wc, W(V) 192.7 6.1 135.0 0.7 

Blackburnian Warbler, Brown Creeper, Cape May Warbler, 
Least Flycatcher, Western Tanager 

b1, b3, d2 (mixedwood forest) d1 (mixedwood forest) 245.9 7.8 215.5 1.2 
d1 (deciduous forest) ̶ 109.2 3.5 57.1 0.3 

b4, c1, d3, g1 (coniferous forest) c1, f4 (coniferous forest) 240.6 7.6 163.7 0.9 

Olive-sided flycatcher, common nighthawk CC 
Meadow 

CC 
734.2 23.3 459.9 2.5 

Black-backed woodpecker ̶ BuU 1,604.7 50.8 1,203.9 6.6 

Game Birds 
Ruffed Grouse d1 - 109.2 3.5 57.1 0.3 
Spruce Grouse b1, c1 c1, d1, f4 300.5 9.5 226.4 1.2 
Sharp-tailed Grouse F-S, S-S(II), S-S(III) F-S, S-S(II), S-S(III) 27.0 0.9 11.1 0.1 

Waterbirds and 
Marshbirds 

Yellow Rail M-G(II), M-G(III), F-G M-G(II), M-G(III), F-G 1.4 <0.1 0.7 <0.1 
Black Tern, American Bittern, Sora M-G(IV) M-G(IV) 3.8 0.1 3.8 <0.1 
Sandhill Crane M-G(II), M-G(III) M-G(II), M-G(III) 0.8 <0.1 0.7 <0.1 

Notes:  
(a)  Ecosite phase name (AEP 2019c, 2020b). 
ha = hectares. 

 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

5-102 | Page 

General Habitat Availability – Post Closure 

The current LMCP included reclamation of 14,884 ha of uplands, wetlands, and deep water in the 
Approved Project Area (Table 5.4-11, Figure 5.3-8). Under the updated LMCP, a total of 18,923 ha will be 
reclaimed, which includes 16,675 ha in the Approved Project Area and 2,248 ha in the Extension Areas 
(Table 5.4-11, Figure 5.3-8). For the Approved Project Area, the updated LMCP reflects a net increase of 
1,791 ha in reclaimed area relative to the current LMCP (Table 5.4-11). Reclaimed uplands will increase 
by 1,615 ha and reclaimed wetlands increase by 214 ha. There is a net loss of deep water in the updated 
LMCP compared to the current LMCP because of a slightly smaller pit lake. Reclamation in the Extension 
Areas will include 2,248 ha of uplands and no wetlands or deep water. 

The 2001 EIA (TrueNorth 2001) predicted that the residual Project effect post closure would be a 
gradual increase in habitat availability relative to operations through progressive reclamation. 
Reclaimed habitats were predicted to become suitable for wildlife over time. At the cumulative scale, 
the effects on habitat loss were predicted to be high post closure. The incremental and cumulative 
effects predictions from the 2001 EIA for habitat availability post closure will continue to be valid with 
the addition of the Extension Areas. 
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Table 5.4-11: Habitat Availability at Closure Within the Extension Areas 

Map Code Description 
Current Life of Mine Closure Plan 

Updated Life of Mine Closure Plan 
Approved Project Area Extension Areas 

[ha] [% of Total] [ha] [% of Total] [ha] [% of Total] 
Uplands 
a lichen 2,553 17.2 2,012 12.1 386 17.2 

b blueberry 2,476 16.6 3,580 21.5 493 21.9 

c Labrador-tea mesic <0.1 <0.1 0 0 0 0 

d Low-bush cranberry 4,120 27.7 6,047 36.3 1,063 47.3 

e dogwood 1,488 10 1,565 9.4 306 13.6 

f horsetail 91 <1 89 0.5 0 0 

g Labrador-tea subhygric 1,801 12.1 1,057 6.3 0 0 

h Labrador-tea/horsetail 210 1.4 6 <1 0 0 

Uplands Subtotal 12,739 85.6 14,354 86.1 2,248 100 

Wetlands and Aquatic 
i Bog 

348 2.3 562 3.4 0 0 
j Fen 

k Rich Fen 

l Marsh 

Wetlands Subtotal 348 2.3 562 3.4 0 0 

Total Uplands and Wetlands 13,087 87.9 14,917 89.5 2,248 100.0 

Water 1,797 12.1 1,759 10.5 0 0 

Total-Uplands, Wetlands and Water 14,884 100.0 16,675 100 2,248 100.0 

Notes:  
ha = hectares, % = percent, < = less than.
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Mortality Risk for Wildlife Groups  

Both direct and indirect risks of mortality were assessed in the 2001 EIA (TrueNorth 2001). Direct 
sources of mortality include vehicle-wildlife collisions, direct destruction of dens, hibernacula and nests, 
and from contact by wildlife, particularly aquatic and semi-aquatic species, with potentially toxic 
releases from mine operations. Mitigation measures designed to avoid or reduce direct mortality risk 
are described in the current WMMP (FHEC 2017c). 

Mortality risk predictions in the 2001 EIA for operations included occasional wildlife mortalities from 
collisions with project vehicles on Highway 63, potential nest destruction and loss of young-of-year birds 
from land clearing during the May 1 to August 1 reproductive period. The existing mitigation will be 
applied to the the Extension Areas during operations. Key mitigation to avoid or reduce mortality effects 
includes 30 kilometre per hour (km/hr) to 50 km/hr speed limits, and completion of land clearing 
outside of the bird reproductive period. If land clearing is required during the bird reproductive period, 
then FHOSP will seek regulatory approval and complete required pre-disturbance actions. The 
incremental effects predictions from the 2001 EIA for mortality risk will continue to be valid with the 
addition of the Extension Areas. 

Indirect mortality risk was assumed to increase from disturbances that improve access. Improved access 
may result in increased mortality through wildlife harvest from hunting or trapping. In the 2001 EIA, 
indirect mortality risk was assessed by applying a 500 m buffer to disturbances to reduce security 
habitat availability. Indirect mortality risk was assessed for lynx, moose, and black bear. Indirect 
mortality risk predictions in the 2001 EIA for operations included moderate incremental security habitat 
loss and high cumulative security habitat loss. Without a 500 m buffer, the Extension Areas will reduce 
habitat availability by 133 ha for lynx, 205 ha for moose and 307 ha for black bear (Table 5.4-10). There 
are existing cutblocks, cleared areas, cutlines/trails, powerline ROW, towers and poles, and both active 
and inactive wellsites within the Extension Areas so security habitat availability may already be limited 
before implementation of the IPA. The addition of a 500 m buffer to footprint in the Extension Areas will 
overlap these existing developments and is not predicted to change the 2001 EIA prediction of 
moderate level of security habitat loss. Consistent with predictions in the 2001 EIA, progressive 
reclamation is predicted to increase security habitat availability over time. 

Connectivity for Moose and Black Bear – Operations 

Habitat fragmentation can lead to local reductions in numbers when populations become isolated and 
barriers to dispersal occur (Wilcove et al. 1986; Primack 1993). Barriers to dispersal can be overt and 
include physical blockages of movement such as blockages created by a fenced highway or other 
impermeable development. Less overt barriers to dispersal can also occur, such as areas of relatively 
high road density and human activity. When animal movements become impaired or impeded, declines 
are accelerated because of the loss of access to key habitats and disruptions in demographic and genetic 
interactions (Walker and Craighead 1997). 

Habitat connectivity for moose and black bear were assessed in the 2001 EIA (TrueNorth 2001), using a 
species’ general ability to disperse through the landscape, during either population dispersal processes 
or seasonal foraging patterns. A Linkage Zone Hazard (LZH) model was used to estimate habitat 
connectivity through a modelling technique that considered the distribution of important habitats, 
riparian areas, and areas of human disturbance across the landscape. For both moose and black bear, 
the adapted LZH model supplants general forest cover with mapping of preferred foraging habitats to 
better indicate areas where movement would be promoted through gains to energy budgets. The LZH 
model assigns numerical grades, with higher values assigned to areas with impediments to movement 
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(greater access and human developed sites) and lower values to increasingly suitable habitats and 
riparian areas. 

No defined movement corridors were identified in the 2001 EIA. The Athabasca River valley does appear 
to be seasonally important to moose, but seasonal movements tend to be towards and away from the 
Athabasca River rather than along it (TrueNorth 2001). Measures listed in the 2001 EIA and the current 
WMMP (FHEC 2017c) to mitigate potential effects on habitat availability, habitat connectivity and core 
security are the same for this assessment. 

Moose 

Because of their dependence on browse and herbaceous vegetation as a primary food source, moose 
tend to prefer early successional vegetation interspersed with mature forest stands that are used for 
thermal and escape cover. Consequently, many developments in forest-dominated settings can, through 
localized forest removal, reclamation, and regrowth, improve habitat suitability for moose in the 
medium- to long-term provided that high levels of human activity do not persist at or around the 
reclaimed sites.  

The North Extension Area consists of 1,794.3 undisturbed hectares of which 1,604.7 ha is burned habitat 
from a fire in 2011. It is predicted that 1,203.9 ha of the burned habitat will be developed in North 
Extension Area. This burned habitat area would be in the early successional vegetation stage as of 2021 
and may be a preferred habitat for moose. However, in the 2001 EIA (TrueNorth 2001), this area would 
have been intact during realized baseline (i.e., with existing disturbances present) and not considered 
early successional. Thus, habitat conditions during realized baseline and in 2021 at burned areas are 
assumed to be of similar suitability. Comparing the East Extension Area to the habitat availability and 
LZH maps created in the 2001 EIA for moose, small areas of low to moderate habitat for moose may be 
affected by the development in these areas. Moose movements around the south-western end of 
McClelland Lake may be further constrained than predicted in 2001; however, the effects on habitat 
connectivity were already predicted to be high at a cumulative level. The current WMMP, which 
monitors habitat connectivity, will be reviewed and extended to the Extension Areas if required to 
capture wildlife movement around the southern perimeter of McClelland Lake.  

The 2001 EIA noted that the loss of habitat connectivity because of the combined effects of sensory 
disturbance and creation of physical barriers was expected to exert the greatest potential effects. 
Effects on habitat connectivity were predicted to be moderate at a project level during operations and 
high at the cumulative level for moose. The IPA is not predicted to change the incremental and 
cumulative effects predictions from the 2001 EIA. 

Black Bear 

Because of their dependency on berry-producing shrubs as a primary source of food, and because of 
their preference for forested habitats, black bears tend to prefer forest stands with moderately high 
(70% to 80%) canopy coverage and berry-shrub understorey. Provided that high levels of human activity 
do not persist at or around disturbed or reclaimed sites, many developments in forest-dominated 
settings can, through localized forest removal and reclamation/regrowth, improve potential habitat 
suitability for black bear in the medium- to long-term. Human activity, however, is considered to lead to 
reduced habitat effectiveness for black bear around human facilities (AENV 1993).  

In 2001, there was considerable fragmentation of suitable habitat, and associated loss of habitat 
connectivity for black bear. Much of this was along the southern and central portions of the TSA, 
including the southern half of the Athabasca River valley. The IPA was predicted to result in a northward 
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extension of effects on habitat connectivity for black bear in the TSA. Comparing the Extension Areas to 
the habitat availability and connectivity maps created in the 2001 EIA (TrueNorth 2001) for black bear, 
areas of low to moderate habitat for black bear may be affected by the development in these areas. 

In the 2001 EIA, loss of habitat connectivity because of the combined effects of sensory disturbance and 
creation of physical barriers was expected to exert the greatest potential effects. Effects on habitat 
connectivity were predicted to be moderate at a project level during operations and high at the 
cumulative level for black bear. The IPA is not predicted to change the incremental and cumulative 
effects predictions from the 2001 EIA. 

Connectivity for Moose and Black Bear – Closure 

Habitat connectivity is linked to habitat availability and the organization of patches of habitat on the 
landscape. The 2001 EIA (TrueNorth 2001) predicted that the residual Project effect post closure would 
be a gradual increase in habitat availability as habitat that is progressively reclaimed during operations 
becomes established and begins to function as wildlife habitat. All disturbed areas will be reclaimed 
upon mine closure and these areas will developed into habitats that are predicted to become suitable 
for wildlife over the long-term.  

The 2001 EIA noted that FHOSP was predicted to restore some of the cumulative losses in habitat 
connectivity for moose and black bear post closure. These predictions continue to be valid with the 
addition of the Extension Areas and with consideration of the updated LMCP. 

5.4.4. Monitoring and Follow-up Activities 
Fort Hills Energy Corporation (FHEC) is committed to a full range of monitoring and testing programs as 
part of the conditions of the FHOSP Environmental Protection and Enhancement Act (EPEA) Approval No. 
151469-01-00 (as amended) These programs include: 

● WMMP (FHEC 2017c) 

● Bird Protection Plan (FHEC 2015) 

The change assessment did not identify changes in the 2001 EIA (TrueNorth 2001) predictions as a result 
of the IPA with the exception of potential constraints on medium to large mammal movement around 
the south-western edge of McClelland Lake. This potential constraint does not change the overall 
predictions from the 2001 EIA. As well, no new effects were identified during the change assessment. 

The existing WMMP (FHEC 2017c) and Bird Protection Plan (FHEC 2015) capture the predicted effects 
related to wildlife habitat availability, connectivity, and mortality for FHOSP and are appropriate for 
application to the Extension Areas, with the exception of the south-western edge of McClelland Lake. 
The current WMMP will be reviewed and extended to the Extension Areas, if required, to capture 
wildlife movement around the southern perimeter of McClelland Lake.   
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5.4.5. Conclusions 
The wildlife change assessment for the IPA was completed to determine if predicted changes to wildlife 
in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 2017a) would remain valid with the addition of 
the Extension Areas. A linkage analysis was completed to identify potential valid linkages to wildlife 
associated with the proposed changes to the approved FHOSP mine plan. Valid linkages were assessed 
for both the operations and closure phase of the IPA and included changes in habitat quality and 
quantity, changes in connectivity, and changes in mortality risk. Mitigation measures identified in the 
2001 EIA and FHMA will continue to be implemented through the existing WMMP and Bird Protection 
Plan and can be applied to the Amended Project Area. No new mitigation or monitoring is required. 
Application of these plans to the Amended Project Area should consider potential changes to wildlife 
movement around the south-western edge of McClelland Lake. 

5.5. Biodiversity 

5.5.1. Introduction 
This section provides an update to the biodiversity component of the 2001 Environmental Impact 
Assessment (EIA; TrueNorth 2001) and the 2017 Fort Hills Mine Amendment Application (FHMA; FHEC 
2017a) for Fort Hills Oil Sands Project (FHOSP). The baseline conditions presented in Section 5.5.2 
provide the basis from which changes to the effects on biodiversity predicted in the 2001 EIA and FHMA 
can be evaluated for the IPA, considering the addition of the Extension Areas and the corresponding 
changes to the FHOSP mine and tailings plans, and the updated Life of Mine Closure Plan (LMCP). 
Current FHOSP mitigation, monitoring and follow-up activities are reviewed to evaluate if additions are 
required to reduce potential effects on biodiversity because of the IPA. 

5.5.2. Baseline Conditions 
Baseline conditions within the Approved Project Area were described in previous FHOSP EIAs, 
environmental assessments (EA) and regulatory applications (TrueNorth 2001; FHEC 2007, 2010, 2017a), 
and therefore, have not been updated for this assessment. An update on the baseline conditions 
associated with the IPA is provided in this section. 

 Methods 

Baseline conditions for biodiversity were described based on mapping (Section 5.3, Vegetation, 
Methods) and field data collected in and around FHOSP since the 1970s, with detailed information 
provided as part as part of the 2001 EIA (TrueNorth 2001). Land cover types were mapped in the 
Terrestrial Assessment Boundary, which represents a total of 3,156.6 ha or about 79% of the total 
4,015 ha in the Extension Areas.  

The Biodiversity assessment summarizes landscape intactness in the Terrestrial Assessment Boundary 
and describes the capability of the landscape to support diverse, natural ecosystems. Species-level 
information presented in the Fish and Fish Habitat (Section 4.5), Vegetation, Wetlands and Forest 
Resources (Section 5.3), and Wildlife (Section 5.4) disciplines was used to provide a more holistic 
understanding of the biological resources supported by the Extension Areas. The Biodiversity 
assessment also incorporated traditional views of biodiversity as presented in the Traditional Land Use 
(TLU) assessment. A detailed description of the IPA area specific and regional information reviewed and 
considered during the preparation of this baseline report is provided in the relevant discipline sections. 
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 Results 

There are no designated woodland caribou (Rangifer tarandus caribou) ranges, key wildlife and 
biodiversity zones or environmentally significant areas within the Extension Areas. However, beyond the 
Extension Areas, the closest woodland caribou range is the Richardson range, situated 13 kilometres 
(km) to the northeast of the North Extension Area. The caribou range provides unique habitat consisting 
of late seral stage conifer forests and treed peatlands interspersed with upland hilly areas that provides 
food and protection from predators (ECCC 2019).  

The Athabasca River Valley is considered a Key Wildlife and Biodiversity Zone and is situated 1.6 km west 
of the North Extension Area. This area contains the topographic variation and site productivity 
conditions that provide increased levels of biodiversity and good winter browse conditions in proximity 
to forest and topographic cover (GoA 2015e). The McClelland Lake Wetland Complex (MLWC), which is 
to the north and/or east of the Extension Areas, is a large wetland complex consisting of both patterned 
and non pattered fens and is known to support a high diversity of plant species including rare 
bryophytes, vascular plants, and uncommon insects (Bedford and Godwin 2003). 

The McClelland Lake area is on the traditional lands of Fort McKay First Nation (FMFN), Fort McKay 
Métis Nation (FMMN), Fort McMurray 468 First Nation (FM468FN), Athabasca Chipewyan First Nation 
(ACFN), Mikisew Cree First Nation (MCFN), and Fort Chipewyan Métis Association Local 125 (FCMA) and 
has been used for traditional purposes for generations by regional Indigenous communities. Numerous 
cultural sites, cabins and trails surround the lake and adjoining wetlands, and the area still holds value to 
Indigenous community members for traditional, cultural, and spiritual activities (FHEC 2020b).  

 Landscape and Ecosystem Intactness 

Landscape intactness is described by summarizing natural ecosystems and communities, disturbances, 
old growth forests and riparian habitat in the Terrestrial Assessment Boundary. Major land uses in the 
vicinity of the FHOSP are oil and gas production, forestry, traditional uses, and recreational uses. 
Although human land uses are prevalent on the landscape and many habitats have been modified by 
people including natural habitat in the Approved Project Area, the Extension Areas contain a diversity of 
natural ecosystems. 

Natural ecosystems and communities in the Terrestrial Assessment Boundary are characteristic of those 
generally found in the boreal forest of the Athabasca Oil Sands Region. The Extension Areas overlap two 
natural subregions, each comprised of a heterogeneous patchwork of terrestrial and wetland 
ecosystems interspersed among lakes and rivers. Within this patchwork, some ecosystems and 
communities have higher potential to support biodiversity (e.g., wetlands, riparian areas); however, 
these ecosystems and communities do not exist in isolation and it is the interaction of all-natural 
ecosystems, along with the absence of anthropogenic disturbance, that are important in the 
maintenance of an intact landscape.  

A total of 2,369 ha (76%) of the Terrestrial Assessment Boundary is comprised of natural ecosystems 
(Table 5.5-1). The remaining 24% of the Terrestrial Assessment Boundary is comprised of anthropogenic 
disturbances. The North Extension Area in the Athabasca Plain natural subregion comprises 1,794.3 ha 
(57%) of the natural ecosystems while the East Extension Area in the Central Mixedwood natural 
subregion comprises 601.8 ha (19%). 
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Table 5.5-1: Natural Ecosystem and Community types in the Terrestrial Assessment Boundary 

Natural Subregion Landcover Type Area [ha] Percent of Terrestrial 
Assessment Boundary 

Athabasca Plain - North Extension Area 
Terrestrial 
 Mixedwood  4.5 <1 
 Coniferous 157.8 5 
Wetland 
 Fen 10.6 <1 
 Marsh 0.2 <1 
 Swamp 12.9 <1 
Miscellaneous 
 Meadow 3.6 <1 
 Burned Upland 1,604.7 51 
Athabasca Plain Subtotal 1,794.3 57 
Central Mixedwood - East Extension Area 
Terrestrial 
 Broadleaf 109.3 4 
 Mixedwood  241.4 8 
 Coniferous 82.8 3 
Wetland 
 Bog 9.2 <1 
 Fen 15.9 <1 
 Marsh 4.4 <1 
 Swamp 137.3 4 
 Water 1.5 <1 
Central Mixedwood Subtotal 601.8 19 
Total 2,396.1 76 

Notes: 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
ha = hectare, < = less than.  

 Disturbances on the Landscape 

Landscape fragmentation results from human disturbance breaking-up natural areas into smaller and 
more isolated patches (Morrison et al. 1998). Fragmentation of natural, forested, old growth or riparian 
habitat by human developments (e.g., mines, cutblocks, roads) might have effects on wildlife 
distribution and mortality (Dzus 2001). Baseline landscape fragmentation provides important context in 
terms of landscape-level changes that can adversely affect biodiversity (Jalkotzy et al. 1997). 
Disturbances in the Terrestrial Assessment Boundary are shown in Table 5.5-2. Existing disturbance 
comprises 760.5 ha or 24% of the Terrestrial Assessment Boundary and most of this disturbance consists 
of cutblocks (i.e., 657.6 ha or 21%). 
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Table 5.5-2: Disturbances in the Terrestrial Assessment Boundary 

Disturbance 
Category Type Soil 

Disturbance 
North Extension Area 

[ha] 
East Extension Area 

[ha] 

Percent of 
Terrestrial 

Assessment 
Boundary 

Linear 
Disturbance 

Cutline/Trail No 18.5 8.7 1 
Powerline ROW No 0 18.9 1 
Powerline Tower/Pole No 0 <1 <1 
Gravel Road Yes 10.3 0 <1 
Unimproved Road Yes 11.2 0 <1 

Industrial 
Industrial Site Yes 8.4 0 <1 
Active Well Site Yes 5.3 0.5 <1 
Inactive Well Site Yes 3.8 2.4 <1 

Low Impact 
Disturbance 

Clearing No 13.5 1.3 <1 
Cutblocks No 458.9 198.7 21 

Total 529.9 230.6 24 
Notes: 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
ha = hectare; ROW = rights-of-way. 

 Riparian Communities and Old Growth Forests  

The relative biodiversity potential of riparian communities is intrinsically high, independent of the land 
cover type within which they occur. Riparian areas are important for biodiversity because they provide 
unique habitat for plants, invertebrates, fish, amphibians, birds, and mammals. Riparian zones often 
function as regional wildlife movement corridors linking otherwise unconnected habitats (Damschen et 
al. 2006; Haddad et al. 2002). While these areas represent a small portion of a given watershed and are 
not listed as a specific fish habitat, streambanks and shorelines provide habitat ‘edge’ with high diversity 
and have important roles in the maintenance of water quality and temperature regulation. Fish live on 
the edge of streams and make more use of the edge than the middle of the channel (Fitch et al. 2003). 
About 195.1 ha (6%) of the Terrestrial Assessment Boundary consists of riparian communities, with half 
in the North Extension Area and half in the East Extension Area. Most of the riparian communities in the 
East Extension Area are undisturbed whereas less than a third of those in the North Extension Area are 
undisturbed. A more detailed breakdown of riparian community type is presented in Table 5.3-3, 
Section 5.3.2 of the Vegetation, Wetland, and Forest Resources assessment. 

Old growth forests are recognized for their contribution to biodiversity values, and ecological function 
not found in younger-aged stands, including important habitat for animals, and providing a reservoir of 
genetic diversity. Old growth forests also provide several additional functions, including carbon 
sequestration and micro-habitat creation. Species diversity and structural characteristics of old growth 
forests (e.g., large living and dead trees, natural forest gaps) develop slowly and are difficult to replace 
once lost. Old growth is uncommon and declining within the boreal forest in Canada where late-
successional forest types are being converted to early successional forest types as a result of fire and 
disturbance caused by humans (Mosseler et al. 2003; Weir et al. 2000). White spruce and balsam fir 
stands are considered old growth at 140 years, jack pine stands at 120 years and deciduous and 
mixedwood stands at 100 years (Schneider 2002). There is a total of 405.8 ha (13%) of old growth forest 
in the Terrestrial Assessment Boundary, with almost all of it (389.3 ha or 12%) in the East Extension 
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Area. A detailed breakdown old growth forest by land cover type is presented in Table 5.3-4, 
Section 5.3.2 of the Vegetation, Wetland, and Forest Resources assessment. 

 Species Level Biodiversity 

No listed plant species or listed plant communities were found within the Extension Areas (Section 5.3.2 
of the Vegetation, Wetland, and Forest Resources assessment). A total of 30 wildlife species of concern 
have been detected or have the potential to occur within the Extension Areas including 24 birds and six 
mammals. Of these, seven birds and five mammals were only recorded during baseline studies for the 
2001 EIA (TrueNorth 2001) and their exact location in the Terrestrial Study Area (i.e., Forest 
Management Unit AJ7) is unknown. Provincially and/or federally listed wildlife species confirmed in the 
Extension Areas based on the Fisheries and Wildlife Management Information System (FWMIS; AEP 
2021b) and e-Bird (2021) records are summarized in Table 5.5-3. A total of 20 birds and two mammal 
species with provincial or federal status have been recorded in the Extension Areas. The Extension Areas 
have some habitat suitable for forage fish species; however, there is no potential for large-bodied sport 
fish or sucker species to be present. 
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Table 5.5-3: Provincially and/or Federally Listed Wildlife Species Observed(a,b) in the Extension 
Areas 

Species Common Name Scientific Name Provincial Status(c) Federal Status 
(COSEWIC)(d) 

Federal Status 
(SARA)(e) 

Birds 
alder flycatcher Empidonax alnorum Sensitive - - 

barred owl Strix varia Sensitive - - 

black-backed woodpecker Picoides arcticus Sensitive - - 

blackburnian warbler Dendroica fusca Sensitive - - 

black tern Chlidonias niger Sensitive Not at Risk - 

broad-winged hawk Buteo platypterus Sensitive - - 

brown creeper Certhia americana Sensitive - - 

Cape May warbler Dendroica tigrina Sensitive - - 

common nighthawk Chordeiles minor Sensitive Threatened Threatened: Schedule 1 

common yellowthroat Geothlypis trichas Sensitive - - 

eastern phoebe Sayornis phoebe Sensitive - - 

great gray owl Strix nebulosa Sensitive Not at Risk - 

least flycatcher Empidonax minimus Sensitive - - 

olive-sided flycatcher Contopus cooperi May Be At Risk Threatened Threatened: Schedule 1 

rusty blackbird Euphagus carolinus Sensitive Special Concern 
Special Concern: 

Schedule 1 

sora Porzana carolinus Sensitive - - 

sandhill crane Grus canadensis Sensitive - - 

sharp-tailed grouse 
Tympanuchus 
phasianellus 

Sensitive - - 

western tanager Piranga ludoviciana Sensitive - - 

western wood-pewee Contopus sordidulus May Be At Risk - - 
Mammals 
little brown myotis Myotis lucifugus May Be At Risk Endangered Endangered: Schedule 1 

northern myotis Myotis septentronalis May Be At Risk Endangered Endangered: Schedule 1 

Notes:  
(a) GoA (2015d). 
(b) COSEWIC (2020). 
(c) Government of Canada (2021c). 
(d) AEP (2021b). 
(e) e-Bird (2021). 
- = Indicates that there is currently no assessment for the species; COSEWIC = Committee on the Status of Endangered Wildlife 
in Canada; SARA = Species at Risk Act. 

Indigenous communities rely on the local biodiversity. This includes big game, bird, furbearer, berry, 
tree, and medicinal plant sites in the areas surrounding McClelland Lake, some of which overlap with, or 
are in the vicinity of the Extension Areas (FHEC 2020b). Indigenous communities reported that large 
animals have been hunted all around McClelland Lake, furbearing animals were extensively trapped 
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along the north and east shores of McClelland Lake, and historic and current plant harvesting areas 
occur around the lake (Golder 2012).  

Indigenous communities have reported that moose meat is still considered healthy in the area, and that 
beavers are abundant, but there has been an overall decline in wildlife species in the area over the last 
10 years (FHEC 2020b). Berries appeared smaller in size, but plants in general were considered 
abundant. Indigenous communities noted that McClelland Lake used to support larger fish, but only 
small fish are present now (FHEC 2020b). The area is still considered culturally important, and there are 
several cabins and campsites that have been mapped in the area; however, some values considered 
important for teaching and the transfer of knowledge have been degraded (FHEC 2020b). 

5.5.3. Change Assessment 
This section summarizes the incremental effects of the IPA on biodiversity and places these effects 
within the context of previous EAs completed for the FHOSP. The Approved Project Area covers 
approximately 18,236 ha. The Amended Project Area includes the Approved Project Area and Extension 
Areas and represents an increase of 4,015 ha (22%). The total disturbance footprint is 2,357 ha and is 
mostly in the Extension Areas; however, 108.7 ha occurs within the Approved Project Area and is 
therefore not considered in the change assessment. A total of 2,248.2 ha will be developed as the 
Project footprint within the Extension Areas and represents an increase of 12% from the Approved 
Project Area. 

 Methods 

A linkage analysis was completed to identify potential valid linkages to biodiversity associated with the 
proposed changes to the Approved Project Area. Valid linkages were assessed for both the operations 
and closure phase of the IPA. Invalid linkages were not carried forward in the assessment. Results of the 
linkage analysis are presented in Table 1-1 in Section 1.2.1. 

The list of previous regulatory applications, as shown in Section 1.1, were reviewed for this EA. 
Specifically, the 2001 EIA (TrueNorth 2001) and FHMA (FHEC 2017a) were reviewed to verify whether 
mitigation identified in these applications remains applicable to FHOSP and to identify any new 
mitigation required to reduce effects of the IPA on biodiversity.  

The predicted changes to biodiversity in the Extension Areas because of the IPA and updated LMCP were 
inferred based on changes to habitat and compared to predictions in the 2001 EIA (TrueNorth 2001) as 
well as the FHMA (FHEC 2017a). 

 Valued Components 

Identification of valued components (VCs) aligns with guidance provided for oil sands mine 
developments in Alberta (GoA 2013c). The biodiversity assessment considered landscape intactness as 
its VC. Landscapes are defined as an interacting mosaic of ecosystems and disturbances (Noss and Harris 
1986). An intact landscape is one that can support a variety of life and ecosystem function equivalent to 
what might be expected in the absence of human disturbance. Thus, a landscape without any human 
disturbance would be considered fully intact, whereas a landscape entirely modified by human 
disturbance (e.g., a mine) is considered to be no longer intact because it has lost most of the attributes 
required to support a diversity of life and associated ecosystem functions. Within the Lower Athabasca 
Region, the landscape is being managed to achieve economic, environmental, and social objectives (GoA 
2012a). The landscape VC specifically aligns with Indigenous concerns pertaining to landscape alteration 
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and degradation, and it facilitates a holistic assessment that reflects the interdependence of all levels of 
biodiversity in the maintenance of a healthy environment capable of supporting traditional activities. 

The metrics used to evaluate the landscape intactness are presented in Table 5.5-4. The biodiversity 
assessment summarizes landscape intactness in the Terrestrial Assessment Boundary and describes the 
ability of the landscape to support diverse, natural ecosystems and a diversity of species in the Extension 
Areas. 

Table 5.5-4  Biodiversity Valued Components 

Valued 
Component Metric(a) Rationale 

TrueNorth Fort Hills 
Environmental Impact 

Assessment 2001(b) 

Fort Hills Mine 
Amendment 

Application 2017(c) 

Landscape 
intactness 

Natural and 
Disturbed 
Habitat 

Provides a context as to how 
fragmented the landscape is into 
smaller and more isolated 
patches. 

Evaluated indirectly by 
forest patch metrics Not evaluated 

Species 
Diversity 

Represents the ability of an 
ecosystem to support species 
that may be rare on the 
landscape. 

Evaluated Assessed in discipline 
specific sections 

Notes: 
(a)  The biodiversity assessment considered changes in the amount and distribution of these metrics with the addition of the 

Extension Areas relative to the Approved Project Area. 
(b) TrueNorth (2001). 
(c)  FHEC (2017a). 
 

 Mitigation Measures and Anticipated Residual Effects 
 Mitigation Measures 

The key mitigation measures for the potential effects of the IPA are the reclamation activities planned 
for FHOSP, as described in the updated LMCP (Volume 1, Appendix A). In addition to the updated LMCP, 
FHEC will complete specific operational mitigation measures to reduce effects of the IPA on biodiversity 
during operations, as described in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 2017a). No 
additional mitigation is identified. 

 Change Assessment 

The following proposed changes have the potential to alter the previously assessed effects on 
biodiversity: 

● expanding the FHOSP footprint into the Extension Areas 

● modification of the closure landscape as part of the updated LMCP 

The following subsections discuss changes to natural and disturbed habitat and species diversity during 
FHOSP operations and post-closure. 
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Natural and Disturbed Habitat 

Natural habitat in the North and East Extension Areas will be reduced by 1,334 ha and 447 ha, 
respectively (Table 5.5-5). This represents an additional 7% and 2% loss as compared to the Approved 
Project Area of 18,236 ha (Table 5.5-5). Most of the natural habitat lost in the North Extension Area will 
be burned upland (1,207 ha) and coniferous forests (110 ha). Most of natural habitat lost in the East 
Extension Area will be mixedwood forests (211 ha) and swamps (102 ha). Overall, the Extension Areas 
represent an approximate 10% loss of natural habitat compared to the Approved Project Area. The loss 
of natural habitat was addressed in the 2001 EIA (TrueNorth 2001). It was noted then that the residual 
effects on biodiversity were considered moderate. The additional loss of natural habitat adjacent to the 
Approved Project Area is likewise predicted to be moderate. Existing mitigation and monitoring activities 
will be applied to the Extension Areas.  

Table 5.5-5: Change in the Amount of Natural Habitat in the Terrestrial Assessment Boundary 

Natural 
Subregion Landcover Type 

Area in the Terrestrial 
Assessment Boundary 

at Baseline [ha] 

Extension Areas Impacts 
Loss or Alteration in 
Area Due to the IPA 

[ha] 

% Change compared with 
Approved Project Area 

(18,236 ha) 
Athabasca Plain - North Extension Area 
Terrestrial 
 Mixedwood  4.5 -4.5 <-1 
 Coniferous 157.8 -110.1 -1 
Wetland 
 Fen 10.6 -1.8 <-1 
 Marsh 0.2 -0.2 <-1 
 Swamp 12.9 -8.1 <-1 
Miscellaneous 
 Meadow 3.6 -2.1 <-1 
 Burned Upland 1,604.7 -1,207.6 -7 
Athabasca Plain Subtotal 1,794.3 -1,334.3 -7 
Central Mixedwood – East Extension Area 
Terrestrial 
 Broadleaf 109.3 -57.1 <-1 
 Mixedwood  241.4 -211.0 -1 
 Coniferous 82.8 -53.7 <-1 
Wetland 
 Bog 9.2 -1.5 <-1 
 Fen 15.9 -15.9 <-1 
 Marsh 4.4 -4.3 <-1 
 Swamp 137.3 -101.8 -1 
 Water 1.5 -1.5 <-1 
Central Mixedwood Subtotal 601.8 -446.7 -2 
Total 2,396.1 -1,781.0 -10 

Notes: 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
< = less than; % = percent; ha=hectare; IPA = Integrated Plan Amendment.  
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The IPA overlaps with existing disturbances on the landscape at baseline, however, there is a net 
increase in disturbed habitat equivalent to the loss of natural habitat in the Extension Areas  
(Table 5.5-6). The North External Dump (NED) and associated clearing and soil salvage activities overlap 
331 ha of existing cutblocks in the North Extension Area. The development of an infrastructure corridor, 
reclamation material stockpiles and associated clearing and soil salvage activities in East Extension Area 
overlap 84 ha of cutblocks on the landscape at baseline. The Extension Areas have been sited to overlap 
and abut existing disturbance to the extent possible to reduce habitat loss and fragmentation of more 
intact portions of the remaining landscape. Nevertheless, the additional 7 and 2% disturbance in the 
North and East Extension Areas, respectively, as compared to the Approved Project Area of 18,236 ha, 
represents a moderate reduction in the intactness of the landscape surrounding the Approved Project 
Area.  

Disturbances were not evaluated directly in the 2001 EIA, but rather indirectly through metrics such as 
forest patch sizes and landscape edges. It was predicted that effects from the FHOSP would slightly 
reduce the number of forest patches and reduce the average forest patch size. The 2001 EIA predicted 
an increase in the length of forest edges as a result of Project disturbances. Alterations and increases in 
the amount of disturbance and edge habitat associated with the IPA is not predicted to alter the 2001 
EIA conclusions for biodiversity. The existing mitigation and monitoring activities will be applied to the 
Extension Areas. 

  



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

5-117 | Page 

Table 5.5-6: Change in the Amount of Disturbed Habitat in the Terrestrial Assessment Boundary 

Disturbance 
Category Type Soil 

Disturbance 

Area in Terrestrial 
Assessment 

Boundary at Baseline 
[ha] 

Extension Areas 
Loss or 

Alteration in 
Area Due to the 

IPA [ha] 

Percent Change 
compared with 

Approved Project Area 
(18,236 ha) 

North Extension Area 

Linear 
Disturbance 

Cutline/Trail No 18.5 -13.4 -<1 
Gravel Road Yes 10.3 -5.2 -<1 
Unimproved 
Road Yes 11.2 -7.8 -<1 

Industrial 
Industrial Site Yes 8.4 0 -<1 
Active Well Site Yes 5.3 -3.8 -<1 
Inactive Well Site Yes 3.8 -3.3 -<1 

Low Impact 
Disturbance 

Clearing No 13.5 -6.2 -<1 
Cutblocks No 458.9 -330.7 -2 

Project 
Developments 

Clearing and Soil 
Salvage Yes 0.0 623.5 3 

North External 
Dump Yes 0.0 1,186.3 7 

North Extension Area Total 529.9 1439.4 8 
East Extension Area 
Linear 
Disturbance 

Cutline/Trail No 8.7 -5.8 -<1 
Powerline ROW No 18.9 -0.0 -<1 

Industrial Active Well Site Yes 0.5 -0.5 -<1 
Inactive Well Site Yes 2.4 -1.2 -<1 

Low Impact 
Disturbance 

Clearing No 1.3 -1.3 -<1 
Cutblocks No 198.7 -84.5 -<1 

Project 
Developments 

Clearing and soil 
salvage Yes 0.0 303.3 2 

Infrastructure 
corridor Yes 0.0 161.6 1 

Reclamation 
Material 
Stockpile 

Yes 0.0 82.3 -<1 

East Extension Area Total 230.6 453.9 2 
Total 760.5 1,893.2 10 

Notes: 
Some numbers are rounded for presentation purposes. Therefore, it may appear that the totals do not equal the sum of the 
individual values. 
< = less than; % = percent; ha=hectare; IPA = Integrated Plan Amendment.  

Species Diversity 

The largest landcover types potentially lost in the North Extension Area are burned upland and 
coniferous forest, which equates to habitat loss for sensitive species such as common nighthawks, black-
backed woodpeckers, olive-sided flycatchers, and other coniferous bird communities detected at 
baseline (Section 5.4.2). In the East Extension Area, swamps and mixedwood forest represent the largest 
landcover types potentially lost, which are habitat for sensitive species including American bitterns, 
great gray owls, rusty blackbirds and soras. The anticipated losses of riparian areas and old growth 
forests are presented in the Vegetation, Wetlands and Forest Resource assessment (Section 5.3.3). Old 
growth forests, of which 306 ha will be affected as a result of the Extension Areas (15 ha in the North 
Extension Area and 291 ha in the East Extension Area), are home to many bird species that prefer 
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mature forest stands for nesting. Old growth forest loss associated with the addition of the Extension 
Areas is predicted to be moderate for the Amended Project Area. This prediction aligns with that from 
the 2001 EIA (TrueNorth 2001) Riparian areas, of which 130 ha will be affected as a result of the IPA 
(65 ha in the North Extension Area and 65 ha in the East Extension Area), are used by many species such 
as gray wolves, moose, and many breeding birds. Riparian areas support important biodiversity 
functions as they provide a unique transition between aquatic and terrestrial ecosystems. Riparian 
community loss associated with the addition of the Extension Areas is predicted to be low for the 
Amended Project Area. Riparian communities were not assessed in the 2001 EIA; therefore, predictions 
between the 2001 EIA and this assessment cannot be compared. 

Closure 

The potential effects of the implementation of the IPA on biodiversity are considered in the updated 
LMCP (Volume 1, Appendix A). The predicted residual effects on biodiversity are updated based on 
changes to the closure landscape, as described in the updated LMCP (Volume 1, Appendix A).  

The predicted area of each landcover type in the post-closure landscape based on the current LMCP 
(FHEC 2017) and the updated LMCP (Volume 1, Appendix A), and the difference in area for each ecosite 
phase and wetland type between the two plans, is detailed in Table 5.5-7. The changes in landcover type 
at closure are most notable in amounts of wetland lost as the closure landcover types are entirely 
upland (coniferous and mixedwood forests). However, there is a 214 ha net increase of reclaimed 
wetlands in the updated LMCP compared to the current LMCP. 

Table 5.5-7: Summary of Natural Ecosystems at Closure  

Landcover Type at 
Closure 

Current LMCP 
Approved 

Project Area 
(Updated LMCP) 

Extension Areas (Updated LMCP) 

Area at 
Closure [ha] 

Percent 
of Total 

(%) 

Area 
[ha] 

Percent 
of Total 

(%) 

North Extension Area at 
Closure [ha] 

East Extension Area at 
Closure [ha] 

Percent 
of Total 

(%) 
Coniferous (a, c, and g 
ecosites) 4,354 29 

3,069 18.4 
386 0 17 

Mixedwood (b, d, e, f, 
and h ecosites) 8,385 56 

11,286 67.7 
1,315 547 83 

Wetlands 348 2 562 3.4 0 0 0 
Water 1,797 12 1,759 10.5 0 0 0 
Total 14,884 100 16,675 100.0 1,701 547 100 

Notes: 
Totals are not equal to the sum of the Approved or Extension Areas s because only disturbed habitat within these areas will be 
reclaimed at closure. 
h/a = hectare; LMCP = Life of Mine Closure Plan; % = percent. 

The anticipated effects due to the IPA are consistent with predicted residual effects identified in the 
2001 EIA (TrueNorth 2001) that anthropogenic vegetated areas (reclaimed areas) will have increased 
following closure. These reclaimed areas tend to be more uniform as compared to the pre-disturbance 
landscape. However, the closure landscape from the 2001 EIA was updated in 2017 (FHMA), and again 
with the updated LMCP to create a more interconnected landscape, especially with the inclusion of 
littoral zones around pit lakes and shallow open water wetlands. These will help create a landscape 
more representative of pre-disturbance conditions than was presented in the closure plan in the 2001 
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EIA. The total area of mature forest will decline while areas of young forest will increase. This results in a 
decrease in areas of high deadwood, which provide ideal habitat for mammals and bird species. Areas of 
high plant and bird species richness are also expected to decline. These effects were predicted to be 
moderate at closure during the 2001 EIA and there are no changes to this prediction with the addition of 
the Extension Areas. 

5.5.4. Monitoring and Follow-up Activities 
FHEC is committed to a full range of monitoring and testing programs as part of the conditions of the 
FHOSP Environmental Protection and Enhancement Act (EPEA) Approval No. 151469-01-00 (as 
amended). These programs will include: 

● Reclamation monitoring of plant species recovery on surface mined reclaimed landscapes 
(TrueNorth 2001; FHEC 2020b, 2021b).  

● Regional monitoring of biodiversity with an emphasis on species diversity (TrueNorth 2001; 
FHEC 2017b). 

● Land and reclamation monitoring (FHEC 2017a). 

5.5.5. Conclusions 
The biodiversity change assessment for the IPA was completed to determine if predicted changes to 
biodiversity in the 2001 EIA (TrueNorth 2001) and the FHMA (FHEC 2017a) would remain valid with the 
addition of the Extension Areas. A linkage analysis was completed to identify potential valid linkages to 
biodiversity associated with the proposed changes to the Approved Project Area. The IPA is expected to 
reduce natural habitat and increase disturbance on the landscape in the North and East Extension Areas 
by 1,701 ha and 547 ha, respectively. This assessment found that the incremental effects predictions in 
the 2001 EIA and FHMA are still valid for the Extension Areas with the exception that additional wetland 
habitat will be lost and not replaced at closure. A Wetland Assessment and Impact Report (WAIR) that 
meets Alberta Wetland Policy directives and guidelines will be submitted prior to disturbance to address 
wetland losses and compensation requirements. The mitigation measures and monitoring plans from 
the 2001 EIA and FHMA are still valid and will be applied to the Extension Areas. 

5.6. Historic Resources 

5.6.1. Introduction 
Historic resources are defined by the Alberta Historical Resource Act (HRA; GoA 2000) as: 

any work of nature or of humans that is primarily of value for its palaeontological, archaeological, 
prehistoric, historic, cultural, natural, scientific or aesthetic interest, including but not limited to, a 
palaeontological, archaeological prehistoric, historic or natural site, structure or object. 

The Alberta HRA (GoA 2000) requires that proposed projects get HRA approval before initiating any 
development activities if those activities are likely to result in the alteration of, damage to or destruction 
of a historic resource. Currently Alberta Culture, Multiculturalism, and Status of Women (ACMSW) 
follows a footprint-based approach during HRA review, either approving or issuing requirements for 
specific project components as they are finalized. To comply with this requirement, a Statement of 
Justification (SoJ) and Historic Resources (HR) application for currently proposed footprints in the 
Amended Project Area have been submitted to ACMSW (Application #19485134, submitted April 29, 
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2021). Additional applications may be required as new footprints are proposed for in the Amended 
Project Area. The baseline conditions used to assess historic resources within the Amended Project Area, 
the potential effects on historic resources as a result of the mine changes, and mitigation measures to 
be implemented are discussed in Section 1.2. Baseline conditions within the Approved Project Area were 
described in previous Fort Hills Oil Sands Project (FHOSP) environmental assessments (EAs) and 
regulatory applications (TrueNorth 2001; FHEC 2007, 2010, 2017a), and therefore, have not been 
updated for this assessment. 

This historic resources assessment is supported by information on the HRA requirements provided in 
Appendix 2L. 

 Baseline Conditions 
 Methods 

Baseline conditions within the Extension Areas were assessed based on a review of ACMSW databases 
(Listing of Historic Resources [ACMSW 2021], Web Feature Service data downloaded July 3, 2020), a site 
file search identifying all known historic resource sites and investigations in the area, and applicable 
permit reports. Available aerial imagery and light detection and ranging (LiDAR) imagery was used to 
identify high potential landforms both within and outside of previously assessed areas. 

 Results 

Historic resource studies have been conducted at FHOSP and surrounding area since 1976. Of these, 
21 permitted studies overlap or are immediately adjacent to the Extension Areas (Figure 5.6-1 and 
Figure 5.6-2; Table 5.6-1). These Historical Resources Impact Assessments (HRIAs) have identified seven 
historic resource sites within the North Extension Area (Figure 5.6-1). No known sites overlap the East 
Extension Area, though site HiOu-84 is situated just south (approximately 50 metres (m); Figure 5.6-2). 
The North Extension Area overlaps lands with an Historic Resource Value (HRV) designation of 5p on the 
Listing of Historic Resources, Current Edition (ACMSW 2021; the Listing) because of its proximity to the 
Athabasca River and its associated drainages. No HRVs have been assigned to lands within the East 
Extension Area on the Listing. 
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Table 5.6-1:  Previous Historical Resources Impact Assessment Studies Overlapping or Immediately 
Adjacent to the Integrated Plan Amendment Extension Areas 

Permit 
Number Survey type Date Extension Area 

Relevance Project Name Sites Assessed 
Overlapping Project 

78-056 HRIA  1978 North Alsands lease 13, highway survey n/a 

79-118  HRIM and 
HRIA  1979  North Fort Hills Townsite and Airport  n/a 

80-090 HRIA  1980 North and East Slave River Hydro Dam Feasibility Study; 
Wood Buffalo National Park n/a 

80-091  HRIA  1980  North Alsands Energy Corridor - Fort Hills Townsite 
and Alsands Lease 13  HiOu-2 

80-133  HRIA  1980  East NOVA Petro-Canada Oil Sands Mining 
Project - Core Drilling  n/a 

81-106 HRIA  1981 North and East Slave River Hydro Dam Feasibility Study n/a 

00-130 HRIA 2000 / 
2001 North  TrueNorth Energy Fort Hills Oil Sands Project n/a 

01-228  HRIA  2001  North TrueNorth Energy Fort Hills Oil Sands 
Project  n/a 

01-319 HRIA  2001/ 2002 East Alberta-Pacific Forest Industries Inc. Forestry 
Management Area 2001-2002 AOP n/a 

03-334 HRIA  2003/ 2004 East Alberta-Pacific Forest Industries Inc. Forestry 
Management Area 2003-2004 AOP n/a 

06-270  HRIA  2006  North Fort Hills Oil Sands project, lease areas 437 
& 438  

HjOv-8, HiOu-2, 79, 
80, 81, 82, 83 

06-271 HRIA 2006 East Fort Hills Oil Sands project out of pit tailings 
area amended plant site water intake facility n/a 

07-259 HRIA 2007 / 
2008 North Shell Jackpine Expansion and Pierre River 

mining areas n/a 

07-234 HRIA 2007 / 
2008 North Fort Hills Oil Sands Project gap areas water 

intake facility n/a 

08-070  HRIA  2008  East Enbridge Pipelines Fort Hills Delivery 
System  n/a 

10-293 HRIA 2010 North PTI Group Fort Hills Project n/a 

16-066 HRIA 2016 / 
2017 North Northland 2015 post-impact audit and 2016 

Historical Resources Management Plan n/a 

17-138 HRIA 2017 East Fort Hills Post-Vegetation Removal n/a 

18-025 HRIA 2018 / 
2019 North Alberta-Pacific Forest Industries 2018 forest 

harvest plans n/a 

18-137 HRIA 2018 / 
2019 North Fort Hills NED and RMS 2019 OSE Program, 

portions adjacent to North Extension n/a 

18-178 HRIA 2018 North Fort Hills MSL Expansion 2018-2022 
Developments n/a 

19-011 HRIA 2019 /2020 North Alberta-Pacific Forest Industries Inc. 2019 
forest harvest plans n/a 

Notes:  
HRIA = Historical Resources Impact Assessment; HRIM = Historical Resources Impact Mitigation; n/a = not applicable. 
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North Extension Area 

The most pertinent data for the North Extension Area are the HRIAs conducted under ASA Permits 79-
118, 80-091, 01-228, and 06-270 (Wood 1979; Ronaghan 1981; Gryba et al. 2001; Woywitka 2007). The 
studies under Permits 79-118 and 80-091 were conducted for the originally proposed FHOSP townsite 
and airport. The surveys focused on visual examination of cutlines and extensive shovel testing along the 
edges of the cutlines. One site, HiOu-2, was identified in the North Extension Area under Permit 80-091, 
which consists of a small scatter of nine flakes. This site was assigned a low significance at the time (HRV 
of 0). 

The HRIA under Permit 01-228 was primarily focused on the initial component of the FHOSP and the 
majority of work was concentrated outside of the Amended Project Area, though, according to the 
survey coverage map presented in the report, a large area was surveyed on foot within the North 
Extension Area (Gryba et al. 2001). However, the report does not describe what observations were 
made within this part of the program and what the extent of these inspections were. 

The HRIA conducted under Permit 06-270 covered off a large portion of the North Extension Area, 
targeting high potential areas along the edge of the MLWC, tributary streams and terraces of the 
Athabasca River, and other high potential sand dune features and ecotones. Within the North Extension 
Area, new archaeological sites (HiOu-79 to 83) were recorded around the margins of the McClelland 
Lake Wetland Complex (MLWC) and one new archaeological site, HjOv-8, was recorded along a tributary 
creek feeding into the Athabasca River. All currently have HRVs of zero, indicating that no further work is 
required at these sites, though Woywitka (2007) had recommended 6 m2 of Stage 1 excavation at HiOu-
79 and 8 m2 of Stage 1 excavation at HjOv-8. It is unclear from the documents reviewed whether the 
mitigation recommendations were supported by ACMSW or have ever been completed. This study also 
revisited site HiOu-2. Stage 1 excavation of 6 m2 was recommended following the assessment 
(Woywitka 2007) but again, it is unclear whether these mitigation recommendations were supported by 
ACMSW. There is no record that the follow up excavation was completed, but the site currently has an 
HRV of 0 indicating no further work is required. Review of the HRA response to the 06-270 HRIA would 
confirm any outstanding requirements at these sites as they all may be affected by the IPA.  

Additional HRIAs conducted in the North Extension Area include recent studies for forestry projects 
under Permits 16-066, 18-025, and 19-011. For Permit 16-066, overlapping cutblocks and access roads 
were considered low potential and not subject to infield assessment. The reports for Permits 18-025 and 
19-011 are not currently available so it is unknown if any infield assessment was completed for 
overlapping roads. Studies under Permits 80-091, 81-106, 07-259, and 07-234 were completed for 
adjacent projects and do not have assessment areas that directly overlap. 

East Extension Area 

For the East Extension Area, the HRIAs conducted under Permits 80-133, 01-319, 03-334, and 08-070 
provide relevant historic resources information (McCullough 1980; Gibson 2002; Gibson and Blaikie-
Birgit 2006; Murphy 2009). Permit 80-133 appears to have completed intensive pedestrian traverses and 
shovel testing along proposed access roads and drilling locations within the north lobe of FHOSP, along 
the south edge, and just northwest of the East Extension Area but no description was provided 
regarding these areas (McCullough 1980).  

Permits 01-319 and 03-334 were conducted for forestry programs throughout the FHOSP to the south of 
the MLWC. Field inspections were limited within the East Extension Area itself under both permits, with 
most overlapping cutblocks and access roads considered to be low potential. Areas assessed include a 
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post impact audit along two roads in the southeast and central portions of the East Extension Area 
(Permit 03-334) as well as a survey under winter conditions along one creek crossing on the west edge 
of the East Extension Area (Permit 01-319; Figure 3B).  

Permit 08-070 was for a proposed pipeline delivery system for FHOSP area. This study consisted of a 
linear survey and shovel testing program that was conducted through the south and central portions of 
the East Extension Area. Site HiOu-84 was recorded just outside of the East Extension Area during this 
survey and given an HRV of 0. No further work was recommended for the section of the pipeline route 
within the East Extension Area. 

These studies indicated that the southern portions of the East Extension Area are generally sloped and 
not situated near to any substantial water sources. Areas in the west and north portions of the East 
Extension Area have been less adequately assessed and LiDAR data indicates several landforms 
associated with drainages into the MLWC that may have high potential for historic resources.  

Summary and Alberta Culture, Multiculturalism, and Status of Women Review 

The review of previous HRIAs indicates that there is good baseline data for the FHOSP area, particularly 
in the North Extension Area, but that there are gaps where in-field assessments have not been 
conducted. Several high potential areas (or “target areas”) overlapping the currently proposed 
footprints within the Amended Project Area were outlined within a SoJ and HR Application submitted to 
ACMSW on April 29, 2021 (Application #19485134). In response, ACMSW issued HRA Requirements 
(HRA# 4750-11-0152; Appendix 2L) for a targeted HRIA within the following areas: 

North Extension Area: 

a. LSDs 1-3, 6, and 7, Sect. 12-98-10-W4M 

b. LSDs 2, 3, and 7, Sect. 98-9-W4M 

East Extension Area: 

c. LSDs 13 and 14, Sect. 8-97-9-W4M 

d. LSDs 1, 3 to 11, and 13 to 15, Sect. 17-97-9-W4M 

e. LSDs 13 to 15, Sect. 16-97-9-W4M 

f. LSDs 2 and 3, Sect. 21-97-9-W4M 

Cutoff Wall (water management design feature considered within the MLWC Operational Plan) 

g. LSDs 3, 6, and 7, Sect. 29-97-9-W4M 

All requirements will be addressed by Fort Hills Energy Corporation (FHEC) before development activity 
occurs, as required under the Alberta Historical Resources Act. 

All known archaeological sites overlapping the Amended Project Area currently have an HRV status of 
zero, indicating that they have limited interpretative significance and that no further assessment or 
mitigation work is required by ACMSW. The HRA Requirements letter (HRA# 4750-11-0152; Appendix 2L) 
confirms there are no further HRA requirements at site HiOu-2 relative to current and future projects. 
Review of the HRA response to the 06-270 HRIA is needed to confirm the discrepancies between the 
report/site form recommendations and the current site statuses for HiOu-79 and HjOv-8 if future work is 
anticipated in these areas. 
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5.6.2. Change Assessment 

 Methods 

It is not completely known what effect the change in the Extension Areas will have on historic resources. 
For those areas of the Amended Project Area that have previously been investigated for historic 
resources, the effect will be negligible because historic resources were not identified there. For the 
areas with gaps in survey coverage the effect is unknown until the required HRIA investigations have 
been completed.  

The HRA Requirements letter (HRA# 4750-11-0152; Appendix 2L) confirms there are no further HRA 
requirements at site HiOu-2 relative to current and future projects; therefore, the site is considered to 
be adequately mitigated and effects on the site will be negligible. All other known archaeological sites in 
the Amended Project Areas currently have an HRV status of zero, indicating no further work is required, 
though, as noted in Section 5.6.1.1.2, there are some discrepancies between the report/site form 
recommendations and the current site statuses for HiOu-79 and HjOv-8. The significance of effects on 
these resources will depend on whether the previous studies conducted at these sites have adequately 
mitigated the sites and should be confirmed with ACMSW if footprints are planned in this area at a 
future date. 

 Mitigation Measures and Anticipated Residual Effects 

Alberta Culture, Multiculturalism, and Status of Women responded to the SoJ and HR application 
submitted on April 29, 2021 by issuing HRIA requirements related to changes to the FHOSP footprint due 
to the IPA (HRA# 4750-11-0152; Appendix 2L). The HRIA must be conducted by a provincially qualified 
consulting archaeologist working under a valid archaeological research permit. An HRIA always includes 
a field component and must be accompanied by a final report and further recommendations submitted 
to ACMSW. Depending on the findings of the HRIA, further study may be required. Ground disturbance 
activities for the IPA can only be initiated once HRA approval for the IPA has been granted. Completion 
of the HRA# 4750-11-0152 requirements will result only in HRA approval for the specific components 
included in Historic Resource Application #19485134, not for the entire Amended Project Area. 
Additional applications will be required as new footprints are proposed for the Amended Project Area. 

During Project related ground disturbance activities following HRA approval, there is potential, however 
small, for historic resources to be encountered in areas where previous assessments have been carried 
out or no assessment was deemed necessary. If unanticipated historic resources are identified during 
any phase of development, the discovery must be reported to the Heritage Division of ACMSW, as per 
Section 31 of the HRA (GoA 2000). All activity in the area is to cease until a provincially qualified 
consulting archaeologist can assess the findings and/or the activities are approved to proceed by 
ACMSW. 

Provided that the above mitigation measures are implemented, no residual effects are anticipated. This 
is consistent with previous assessments for the Approved Project Area (TrueNorth 2001; FHEC 2007, 
2010, 2017a).  

5.6.3. Monitoring and Follow-up Activities 
With implementation of the mitigation measures described in Section 5.6.2.2, no monitoring or follow-
up activities are anticipated. 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 
 

5-127 | Page 

5.6.4. Conclusions 
The Extension Areas overlap lands with high potential for historic resources that have not been subject 
to previous in-field assessment. Review of the IPA by ACMSW has determined that an HRIA is required. 
The HRIA will be completed before development in the Extension Areas. HRA approval is required before 
any development activities. Provided all HRA requirements are addressed before construction, no 
residual effects on historic resources are anticipated. 

5.7. Traditional Land Use and Indigenous Knowledge  

5.7.1. Introduction 
The Fort Hills Oil Sands Project (FHOSP) Integrated Plan Amendment (IPA) Application includes the 
addition of the North Extension Area and East Extension Area (Extension Areas), within the Amended 
Project Area, and an updated Life of Mine Closure Plan (LMCP). The IPA has the potential to affect 
Indigenous traditional land use (TLU). This section presents an update to the TLU component of the 
2001 Environmental Impact Assessment (EIA; TrueNorth 2001) and the 2017 Fort Hills Mine Amendment 
Application (FHMA; FHEC 2017a) for the FHOSP. 

The TLU baseline conditions have been updated to reflect the Extension Areas. Potential changes to the 
effects on TLU that were assessed in the 2001 EIA and FHMA were evaluated based on the Extension 
Areas and updated LMCP. Additional mitigation, monitoring, and follow-up activities have also been 
identified to reduce potential effects on TLU because of the proposed changes.  

5.7.2. Study Areas 
The TLU baseline report completed for the 2001 EIA (TrueNorth 2001 – Section 13.1.3) presents three 
study areas that were used for describing baseline conditions and assessing potential effects on TLU, 
including: 1) the traditional territory of Fort McKay First Nation (FMFN); 2) the terrestrial study area 
(Forest Management Unit A7J and the upper reaches of the Athabasca River to the Embarras River); and 
3) Registered Fur Management Areas (RFMAs) #2137 and #1650.  

Baseline conditions for the FHOSP were originally defined in the 2001 EIA (TrueNorth 2001 – Volume 2, 
Section 13). The updated baseline conditions presented in Section 5.7.3 describes TLU for the Amended 
Project Area. The description focuses on the Extension Areas, and RFMAs overlapping with, or in the 
vicinity of the Amended Project Area, including #1661, #2331, #2137, #1714, and #1650 (Figure 5.7-1), 
to capture any potential direct or indirect effects extending beyond the Amended Project Area. 

5.7.3. Baseline Conditions 
The updated baseline conditions are described for potentially affected Indigenous communities related 
to current use of lands and resources for traditional purposes, and includes hunting and trapping, plant 
gathering (e.g., berries and medicinal plants), fishing, and use of cultural or spiritual sites, habitation 
sites (e.g., cabins or camps), and travel routes (e.g., water routes, trails, roads) used to access these 
areas.  

The updated baseline conditions describe TLU separately for each of the potentially affected Indigenous 
communities for the Amended Project Area and overlapping or adjacent RFMAs that Indigenous 
communities have reported having historic or current ties to.  
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 Methods  
 Project Consultation and Engagement 

Suncor Energy Operating Inc. (SEOI or Suncor) consultation and engagement activities with potentially 
affected Indigenous communities are described in Volume 1, Section 7.0. Suncor on behalf of FHEC, is 
actively consulting with Indigenous communities regarding the IPA to gather meaningful input, to 
identify and address concerns, including those related to TLU. As additional TLU information becomes 
available from potentially affected Indigenous communities through the consultation and engagement 
process, it will be considered in IPA planning and design. 

Suncor engages with the following Indigenous communities on FHOSP activities:  

● Athabasca Chipewyan First Nation (ACFN)  

● Fort McKay First Nation (FMFN) 

● Fort McKay Métis Nation (FMMN) 

● Fort McMurray No. 468 First Nation (FM468FN) 

● Mikisew Cree First Nation (MCFN) 

● Fort Chipewyan Métis Association (Local No.125; FCMA)  

● McMurray Métis (Local No.1935; MM1935)  

 Literature Review 

TLU baseline information was gathered from a literature review of publicly available sources relevant to 
the IPA, including studies and baseline reports prepared for the IPA, reports prepared by or on behalf of 
Indigenous communities for other oil sands applications in the vicinity of FHOSP, and regional studies 
prepared by or on behalf of Indigenous communities.  

Through their consultation and engagement program, Suncor requested permission from Indigenous 
communities to use publicly available sources of information prepared for other projects or regional 
studies, for the purposes of the IPA.  

The following publicly available sources related to the IPA were reviewed: 

● Volume 2: Environmental Baseline Study. Application for Approval of the Fort Hills Oil Sands 
Project. Section 13: Traditional Land Use and Environmental Knowledge (TrueNorth 2001) 

● Volume 3: Environmental Impact Assessment. Application for Approval of the Fort Hills Oil Sands 
Project. Section 13: Traditional Land Use and Environmental Knowledge (TrueNorth 2001) 

● Traditional Ecological Knowledge and Family History for RFMA # 2137. Prepared for TrueNorth 
Energy (HEM 2002) 

● McClelland Lake Wetland Complex 2019 Progress Report Water Act Approval No. 151636-01 
Condition 3.12 Fort Hills Oil Sands Project (FHEC 2020b) 

● Fort McKay Métis Nation and Fort McKay First Nation McClelland Lake Traditional Land Use 
Study: Suncor Fort Hills Oil Sands Project. Prepared for McKay Métis Sustainability Centre and 
Fort McKay Sustainability Development (Dyck and Firth 2020) 

● Mikisew Cree First Nation Cultural Indicators for McClelland Lake and Fen. October 3, 2019 
(Leech and Firelight 2019) 
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The following publicly available sources prepared by or on behalf of Indigenous communities for other 
oil sands project applications in the vicinity of the IPA were reviewed: 

● Mikisew Cree First Nation Knowledge and Use Report and Assessment for Canadian Natural 
Resources Limited’s Proposed Horizon North Pit Extension Project. April 2019 (Candler and 
Firelight 2019) 

● Mikisew Cree First Nation Indigenous Knowledge and Use Report and Assessment for Shell 
Canada’s proposed Jackpine Mine Expansion, Pierre River Mine and Redclay Compensation Lake 
(Candler and Firelight 2012) 

● Mikisew Cree Use of Lands and Resources in the Vicinity of the Proposed Shell - Jack Pine and 
Shell - Pierre River Operations (Elias 2010)  

● Cumulative Impacts to FMFN#468. Traditional Lands & Lifeways. Shell Jackpine Mine Expansion 
and Pierre River Mine. Report for Regulatory Hearings (Labour et al. 2012) 

● Affidavits prepared by Fort McMurray #468 First Nation with respect to Shell’s Jackpine Mine 
Expansion Project (Cheecham 2011; Cree 2011) 

● Traditional Land Use Environmental Setting for the Jackpine Mine Expansion & Pierre River Mine 
Project. Prepared for: Shell Canada Limited. Prepared by: Golder Associates Ltd. December 2007 
(Golder 2007) 

● Traditional Land Use Study. Mikisew Cree First Nation. Total Joslyn North Mine Project. Final 
Report (Conacher et al. 2010) 

● Métis Traditional Land Use and Occupancy Study: Teck Resources Limited – Frontier Oil Sands 
Mine Project. October 2014 (Willow Springs 2014) 

The following publicly available regional studies prepared by or on behalf of Indigenous communities 
were reviewed: 

● Mark of the Métis. Traditional Knowledge and Stories of the Métis peoples of northeastern 
Alberta (McMurray Métis 1935; MM1935 2012)  

● Nistawayaw “Where Three Rivers Meet” Fort McMurray #468 First Nation Traditional Land Use 
Study (FM468FN 2006) 

 Results 
 McClelland Lake Wetland Complex  

Regional Indigenous communities have been practicing traditional activities in the McClelland Lake area 
for generations. Numerous cultural sites, cabins, and trails surround the lake and adjoining wetlands, 
and the area still holds value to Indigenous community members for traditional, cultural, and spiritual 
purposes (FHEC 2020b).  

A summary of mapped Indigenous Knowledge and TLU shared by Indigenous communities participating 
on the McClelland Lake Wetland Complex (MLWC Sustainability Committee, including FMFN, FMMN, 
MCFN, ACFN and FCMA) is presented in Figure 2-1 of FHEC (2020b). Big game, bird, furbearer, berry, 
tree, and medicinal plant sites are mapped in the area surrounding McClelland Lake, some of which 
overlap with, or are in the vicinity of the Amended Project Area (FHEC 2020b).  
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Historic and current trapping and hunting areas are mapped south and east of McClelland Lake in 
Figure 2-1 of FHEC (2020b), overlapping with the East Extension Area. Several regional Indigenous 
communities reported having a long history of harvesting plants from the MLWC, and historic and 
current plant gathering areas are mapped around the lake (Figure 2-1 of FHEC 2020b). Cabins are 
situated around McClelland Lake, close to the Athabasca River and south of the East Extension Area, 
while fishing sites are mapped on the Athabasca River (FHEC 2020b).  

Indigenous communities have reported that moose meat is still considered healthy in the McClelland 
Lake area, and that beavers are abundant, but there has been an overall decline in wildlife species in the 
area over the last 10 years (FHEC 2020b). Berries appeared smaller in size, but plants in general were 
considered abundant. Indigenous communities noted that McClelland Lake used to support larger fish, 
but only small fish are present there now (FHEC 2020b). The McClelland Lake area remains culturally 
important to regional Indigenous communities; however, it was noted that some values considered 
important for teaching and the transfer of knowledge have been degraded (FHEC 2020b).  

 Athabasca Chipewyan First Nation 

The Amended Project Area holds high ecological, subsistence, cultural, and spiritual importance for 
people from ACFN. In association with their participation on the MLWC Sustainability Committee, ACFN 
has conducted an Indigenous Knowledge and TLU Study for the MLWC that is currently under 
finalization. Completion of the work has been delayed because of the COVID-19 pandemic. Once 
available, updates to ACFN’s Indigenous Knowledge and TLU information for the Amended Project Area 
can be provided in future submissions associated with FHOSP. 

 Fort Chipewyan Métis Association Local 125 

The Amended Project Area holds high ecological, subsistence, cultural and spiritual importance for 
people from FCMA. FCMA participates on the MLWC Sustainability Committee and has conducted an 
Indigenous Knowledge and TLU Study for the MLWC that is currently under finalization. Completion of 
the work has been delayed because of the COVID-19 pandemic. Once completed, FCMA Indigenous 
Knowledge and TLU cultural and intellectual property for this area can be incorporated in future FHOSP 
submissions under the requirements and approval of the FCMA. 

 Fort McKay First Nation and Fort McKay Métis Nation  

FMFN and FMMN community members have been using the McClelland Lake area for generations, and 
particularly the Faichney family, which includes members of FMMN and FMFN, have a long history of 
traditional use and connection to the MLWC and surrounding area (Dyck and Firth 2020; TrueNorth 
2001; HEM 2002). The MLWC and surrounding area was described as critical for the practice of rights-
based activities that are integral to members’ way of life, including TLU, culture, history, and wellbeing 
(Dyck and Firth 2020).  

A total of 275 land use sites were identified by FMMN and FMFN in the Amended Project Area, defined 
as a 2 km buffer around FHOSP and the McClelland Lake watershed (Table 3, Figure 3 of Dyck and Firth 
2020). Of these sites, 115 represent subsistence sites, and include hunting, plant harvesting (wood, 
berries, and medicinal plants), collecting water, processing and drying meat, and the collection of eggs 
(Figure 3 of Dyck and Firth 2020). Subsistence sites are concentrated around the MLWC in Figure 3 of 
Dyck and Firth (2020) and are also mapped along the Fort Chipewyan Winter Road, and the entire 
Amended Project Area.  

Many community members indicated they hunt regularly in the Amended Project Area, where moose, 
bear, ducks, and caribou are hunted (Dyck and Firth 2020). In addition to hunting, several sites were 
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identified for drying and smoking meat. Hunting moose in particular is a critical activity where hunters 
can provide for their families and support the wider community with meat, and trapline #2137, which 
overlaps the south part of McClelland Lake and East Extension Area, is considered a very productive area 
for moose (Dyck and Firth 2020; TrueNorth 2001; HEM 2002; Golder 2007). Bird and egg harvesting is 
also practiced in the Amended Project Area, and key species harvested include ducks, ‘mud/black hens’, 
‘greenheads’, ‘pinheads’, Canada geese, cranes, and mallards (Dyck and Firth 2020).  

A total of 21 trapping sites were identified in the Amended Project Area that are used by FMMN and 
FMFN for subsistence and commercial purposes (Dyck and Firth 2020). Before the 1960s, trapping was 
practiced over a wide area on trapline #2137, and particularly around McClelland Lake, near the Firebag 
River, and along the Athabasca River (TrueNorth 2001; HEM 2002). The area along the Athabasca River 
and west of the Fort Chipewyan Winter Road was still considered good for trapping in 2000 (HEM 2002). 
Trapping is critical to the way of life for FMMN and FMFN, and the Amended Project Area is highly 
valued for its diversity of furbearers. Furbearers that are commonly trapped include mink, squirrels, 
weasels, ‘chickens’, beavers, and muskrats (Dyck and Firth 2020). 

Three RFMAs, or traplines, held by FMMN and FMFN members are in the Amended Project Area, 
including #2137, #1650 and #1714. Traplines are associated with connection with land and place-based 
knowledge that is transferred to future generations. Trapline #2137 overlaps with the East Extension 
Area and is described as “a multi-generational Faichney family trapline that is core to the family’s way of 
life, and a connection to their past and future” (p. 22 of Dyck and Firth 2020). Trapline #1650 is 
approximately 5 km southwest of the East Extension Area and parallels the Athabasca River, and 
traditional activities were mapped in the vicinity of FHOSP, including hunting and trapping, berry and 
medicinal plant gathering (Figures 13-3, 13-5, and 13-9 of TrueNorth 2001; Figures 4 to 6 of HEM 2002).  

Community members stated that they gather edible and medicinal plants in the Amended Project Area 
and the wetlands provide excellent habitat conditions for certain medicinal plants (Dyck and Firth 2020; 
TrueNorth 2001; HEM 2002). The area where the fen meets McClelland Lake was described as a key 
harvesting site for medicinal plants, where wild mint, rat root, sweetgrass, red willow, and diamond 
willow fungus are collected (Dyck and Firth 2020). Community members also pick berries while camping 
or staying in cabins with their families, and the MLWC is a productive area for berries, where Saskatoon 
berries, pin cherries, blueberries, and low-bush cranberries/mooseberries are harvested. Plant 
availability is important to FMMN and FMFN for the transfer of Indigenous Knowledge and language to 
younger generations (Dyck and Firth 2020). 

Water from McClelland Lake is used for drinking, which sustains harvesters while out on the land 
practicing subsistence activities (Dyck and Firth 2020). The clean water of McClelland Lake connects 
community members to preferred hunting and plant gathering sites. FMMN and FMFN reported that 
beaver was an important moderator of the water levels in the lake and fen complex (Dyck and Firth 
2020).  

Fishing for subsistence purposes was reported to be not as common today as it was in the past because 
of perceptions of contamination in the waterways around Fort McKay, including on trapline #2137 
(TrueNorth 2001; HEM 2002). There were no fishing sites intersecting with the Amended Project Area 
(Figures 13-6 and 13-7 of TrueNorth 2001) and fishing was practiced at McClelland Lake in the past 
(Golder 2007). Fishing by Fort McKay community members mostly occurs in lakes and tributary streams 
(TrueNorth 2001; Golder 2007). Important fish species were reported to include Whitefish, Walleye 
(local name is Pickerel), Northern Pike (local name is Jackfish), Ling Cod, Goldeye, Grayling, Lake rout, 
Chub, and Perch (TrueNorth 2001; Golder 2007).  
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FMMN and FMFN identified 33 habitation sites in the Amended Project Area, which include cabins, 
campsites, staging and processing areas, gathering places, and caches (Dyck and Firth 2020). Habitation 
sites served as important staging areas for accessing lands and resources and gathering areas for family 
and friends. Cabins and campsites are considered culturally and spiritually important to FMMN and 
FMFN, and cabins in particular play a critical role in the transfer of knowledge and Indigenous values to 
youth. One habitation site overlaps with the North Extension Area, with the majority of FMFN and 
FMMN habitation sites centered around McClelland Lake and along the Athabasca River (Table 3, 
Figure 3 of Dyck and Firth 2020).  

Transportation sites in the Amended Project Area includes roads, trails, and water routes on the 
landscape, which create a large network connecting community members to land use sites. A total of 39 
transportation sites were recorded in the Amended Project Area, and Figure 3 of Dyck and Firth (2020) 
shows that several sites overlap with the Amended Project Area, including the Fort Chipewyan Winter 
Road. In general, traditional trail networks and linear disturbances are still used by community members 
today, and the increase in seismic lines, pipeline and utility corridors, forestry cutlines and logging roads 
have increased access throughout the region (TrueNorth 2001).  

A total of 26 cultural and spiritual sites were identified in the Amended Project Area, representing burial 
sites, ceremonial sites, spiritual places, teaching places, and places of traditional stories, all of which are 
tied to the MLWC and surrounding area. Some of these sites overlap with the North Extension Area 
(Figure 3 of Dyck and Firth 2020). Community members indicated that the whole region is considered 
culturally and spiritually significant because of their multi-generational family history in the Amended 
Project Area, which is embedded in land use activities.  

Community members also identified 14 Indigenous landscape sites (e.g., place names, orientation 
points, and gathering places) in or adjacent to the Amended Project Area, including near McClelland 
Lake (Figure 3 of Dyck and Firth 2020). Indigenous landscapes, such as traditional place names and 
orientation points, are passed down through generations.  

A total of 27 sites representing wildlife habitat and other ecological resources that sustain the 
biodiversity necessary to support land use activities were identified in the Amended Project Area, 
including habitat for beaver, moose, rabbits, bears, mink, squirrels, weasels, and chickens (Dyck and 
Firth 2020). Community members also noted that the Amended Project Area was important habitat for 
several bird species, including mallards, black ducks, ‘hell divers’ (brown ducks), ‘pin heads’, snow geese, 
and ‘teal ducks’. The area where the fen meets the lake was noted as critical nesting habitat for ducks, 
and important habitat for furbearers and moose.  

 Fort McMurray 468 First Nation 

Fort McMurray No. 468 First Nation TLU areas and sites overlap with the Amended Project Area (Labour 
et al. 2012; FM468FN 2006). Large game habitat and harvesting sites, and bird hunting sites are mapped 
around McClelland Lake and along the Athabasca River (Figures 7 and 8 of Labour et al. 2012; Cheecham 
2011; Cree 2011), and along the Firebag River corridor and the Fort Chipewyan Winter Road (Cheecham 
2011; Cree 2011). Large mammals that are hunted include moose, bison, woodland caribou, deer, and 
bear (FM468FN 2006; Cheecham 2011; Cree 2011). Birds that are hunted include ducks, geese, grouse, 
and ptarmigan (FM468FN 2006; Cheecham 2011; Cree 2011).  

Furbearer harvesting areas were identified on the north side of McClelland Lake, and approximately 
5 km west and southwest of the lake, potentially intersecting the Amended Project Area (Figure 8 of 
Labour et al. 2012). Trapping areas were also mapped along the Athabasca River corridor and Firebag 
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River corridor in Cheecham (2011). Important species for trapping include beaver, muskrat, lynx, 
marten, fisher, ermine, squirrel, wolf, fox, wolverine, rabbit, mink, and otter (FM468FN 2006; Cheecham 
2011; Cree 2011).  

There were no berry and plant gathering sites mapped in the vicinity of the Amended Project Area in 
Figure 9 of Labour et al. (2012); however, plant and berry gathering sites were mapped along the 
Athabasca River corridor, Firebag River corridor, the Fort Chipewyan Winter Road and south of 
McClelland Lake in Cheecham (2011) and Cree (2011). Blueberries, raspberries, high-bush and low-bush 
cranberries, Saskatoon berries, chokecherries, gooseberries, and various medicines are gathered 
(Cheecham 2011; Cree 2011). Fishing was traditionally practiced in the Athabasca River and McClelland 
Lake (Figure 8 of Labour et al. 2012; Cheecham 2011; Cree 2011). In general, harvested fish include 
whitefish, pike, walleye, burbot, grayling, and suckers, with goldeye also being fished historically 
(FM468FN 2006; Cheecham 2011; Cree 2011). 

 McMurray Métis Local 1935 

Historic and current traplines with ties to the MM1935 and considered culturally important areas in the 
vicinity of the Amended Project Area include #1275, #1661 and #2331 (Figure 9 of Willow Springs 2014). 
Subsistence hunting areas were mapped along the Athabasca River, in the vicinity of the North 
Extension Area (p.128 of MM1935 2012; Figure 8 of Willow Springs 2014). Moose, deer, and bison were 
identified as important large game, and trapped furbearers include wolverine, beavers, wolf, marten, 
mink, lynx, squirrels, rabbit, and muskrat (Willow Springs 2014). A large area reflecting wildlife habitat 
that extends from the Birch Mountains to just south of McClelland Lake, intersecting the East Extension 
Area, was also mapped (Figure 2 of Willow Springs 2014). 

Berry gathering areas were identified along the Fort Chipewyan Winter Road, which intersects the North 
Extension Area, from Bitumount to the Firebag River, along the Athabasca River and around McClelland 
Lake (MM1935 2012; Willow Springs 2014). Berries gathered include blueberries, raspberries, Saskatoon 
berries, hazelnuts, strawberries, cranberries, pin cherries, and rosehips (MM1935 2012; Willow 
Springs 2014). Plant harvesting sites were also identified along the Athabasca River and around 
McClelland Lake, where fiddlehead, dandelion, rhubarb, tiger lily, rat root, and yarrow are gathered, 
among other species (MM1935 2012). Grayling, walleye, northern pike, and jackfish are fished in the 
Athabasca River (Willow Springs 2014) and northern pike was traditionally fished in McClelland Lake 
(MM1935 2012).  

The banks of the Athabasca River were historically inhabited by several extended Métis families, and 
many of these cabin sites are still used by trappers, residents, and Métis harvesters (Willow 
Springs 2014). A cabin site and cultural/spiritual site are located at Mile 64 on the east side of the 
Athabasca River and approximately 1.5 km east of the North Extension Area, and other cabin sites are 
on the Athabasca River further north (Figure 4 of Willow Springs 2014). Sled Island, approximately 3 km 
north of the North Extension Area on the Athabasca River, was also identified as a culturally important 
site where historic hunting and trapping was practiced (Willow Springs 2014). The Athabasca River itself 
was noted as having cultural importance to MM1935.  

Several trails were mapped in Figure 3 of Willow Springs (2014) paralleling both sides of the Athabasca 
River and adjacent to FHOSP. A snowmobile trail (potentially the Fort Chipewyan Winter Road) and 
cutlines from Bitumount and Klassen’s Landing to the Ronald and Diana Lakes area are currently used by 
MM1935 members. The Athabasca River continues to be used by MM1935 to access hunting and 
trapping areas, cabins, and culturally important sites along the Athabasca River (Willow Springs 2014).  
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 Mikisew Cree First Nation 

McClelland Lake and the surrounding area holds very high cultural importance to MCFN members, and 
the area has been regularly used for traditional, cultural, and spiritual practices for generations (Leech 
and Firelight 2019). The McClelland Lake area is recognized by MCFN as an ecologically critical area and 
considered a focal point for MCFN knowledge and use. Given the proximity of McClelland Lake and fen 
to Fort McMurray, the area serves as a peaceful sanctuary away from the city where community 
members can practice traditional activities throughout the year (Leech and Firelight 2019). MCFN 
members hold connections with families from Fort McKay, particularly the Faichney family who are the 
holders of trapline #2137 overlapping the south part of McClelland Lake and the East Extension Area. 

MCFN have mapped several subsistence use sites along the Fort Chipewyan Winter Road and to the 
south, which intersects the North Extension Area, and around McClelland Lake (Figure 6 of Candler and 
Firelight 2012; Figure 2 of Candler and Firelight 2019). Numerous traditional use values are also mapped 
along the Athabasca River corridor.  

The area south of McClelland Lake and around the Jackpine Mine Expansion Project was reported to be 
used for large and small game hunting, trapping, berry, and medicinal plant gathering (Candler and 
Firelight 2012). Large animals and birds hunted by MCFN include moose, woodland caribou, wood bison, 
elk, deer, bear, ducks, geese and ‘chickens’ (e.g., grouse; Candler and Firelight 2012, 2019; Leech and 
Firelight 2019). A large area reflecting an environmental use value is mapped south of McClelland Lake 
and was reported to be high value moose and woodland caribou habitat (Figure 6 of Candler and 
Firelight 2012; Figure 2 of Candler and Firelight 2019). The entire McClelland Lake area was reported to 
have productive moose habitat, and the area is considered good for hunting and is still used for trapping 
(Conacher et al. 2010). Trapping was practiced in the McClelland Lake area, where beaver, coyote, 
fisher, fox, hare, lynx, marten, mink, muskrat, otter, rabbit, skunk, squirrel, weasel, wolf, and wolverine 
were harvested (Elias 2010b; Leech and Firelight 2019). 

Berry gathering sites were identified on the north side of McClelland Lake and medicinal plants are 
gathered in the muskeg by McClelland Lake (Figure 4-2of Conacher et al. 2010), where cranberries, 
blueberries, raspberries, muskeg tea, mint, tamarack bark and balsam are gathered (Leech and Firelight 
2019). Fishing for pickerel and jackfish was practiced in McClelland Lake in the past, although one MCFN 
member indicated that traditional fishing still occurs in the lake (Conacher et al. 2010). Fish species 
reported to be harvested in general by MCFN include burbot, goldeye, jackfish, suckers, trout, walleye, 
whitefish, pike, and pickerel (Elias 2010b).  

Habitation use values are centred around McClelland Lake, and cultural use values are on the east shore 
of the lake and south of the Fort Chipewyan Winter Road, potentially intersecting the North Extension 
Area (Figure 2 of Candler and Firelight 2019). Some of the cabins are owned by members of other 
Indigenous communities in the region but are shared with MCFN members through familial or friendship 
ties (Candler and Firelight 2012). It was also noted that there are gravesites around McClelland Lake 
(Leech and Firelight 2019).  

The Fort Chipewyan Winter Road, which intersects with the North Extension Area, and the Athabasca 
River were identified as transportation use values (Conacher et al. 2010; Figure 2 of Candler and Firelight 
2019). In the past, MCFN members would travel to McClelland Lake from Fort McKay along an 
unspecified creek, where they would pick blueberries, hunt, and fish. A water route extending from the 
Athabasca River to McClelland Lake, which overlaps FHOSP, was also used in the past (Candler and 
Firelight 2012).  
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MCFN members reported that the area plays an important role in teaching and the transfer of 
knowledge to younger generations, where the community has access to a diversity of resources and 
abundant sources of healthy wild foods (Leech and Firelight 2019). The area provides a sense of place 
and belonging and is a sacred place because of the abundance of medicines it provides and are 
harvested, particularly in the wetlands. The wetland complex around McClelland Lake serves as an 
important water filtration system for water flowing north into the Firebag River and is considered one of 
the few clean water sources left that run into the Athabasca River (Leech and Firelight 2019).  

MCFN members reported they have observed changes to the McClelland Lake area over the years, 
including fewer birds, muskrats, and beavers, which they attribute in part to lower water levels in the 
lake (Leech and Firelight 2019). They also reported that there are signs of declining health in the 
McClelland Lake area which they attribute to industrial development, including but not limited to, 
poorer air quality, increased noise, thin and unhealthy animals, fewer insects, and changes in bird 
migration patterns. Community members also indicated that water levels have greatly decreased over 
the past 10 years, which has affected the vegetation around the lake and created unsuitable habitat 
conditions for muskrats and larger species of fish since it now freezes to the bottom each winter (Leech 
and Firelight 2019).  

5.7.4. Change Assessment 
The change assessment for TLU identifies and assesses potential effects on TLU associated with the IPA, 
including any changes to the predicted incremental and cumulative effects on TLU from FHOSP that 
were assessed in the 2001 EIA (TrueNorth 2001). 

 Methods 

A linkage analysis was completed to identify potential linkages between the IPA, which includes the 
addition of the Extension Areas and updated LMCP (Volume 1 Appendix A), and effects on TLU. Linkages 
identified as valid were assessed for the operations and closure phases of the IPA. Linkages identified as 
invalid (e.g., no interaction between the IPA and TLU) were not carried forward in the assessment. 
Results of the linkage analysis are presented in Table 1-1 in Section 1.1.  

The 2001 EIA considered potential effects of FHOSP on key traditionally used resources (wildlife, fish, 
and plants) and the associated harvesting activities (hunting, trapping, fishing, and gathering; 
Section 13.4 of TrueNorth 2001). In the 2001 EIA, Key Indicator Resources (KIRs) were selected to focus 
the EIA and that represent characteristics of TLU, including traditional lands, wildlife habitat, vegetation, 
and fish habitat (Table 13-3 of TrueNorth 2001). Similar Valued Components [VCs] were used for the 
updated assessment with the addition of two VCs:  

● Traditional lands (direct disturbance to lands use for hunting, trapping, gathering, and 
cultural/spiritual activities). 

● Traditional resources (changes to the availability of wildlife, vegetation, and fish). 

● Physical Access (changes to land-based travel routes used to access traditional use areas and 
resources). 

● Experience of traditional practices (sensory disturbance from changes in noise and air quality). 

The potential effects associated with the IPA were qualitatively assessed and compared with the 
previously assessed effects on TLU from FHOSP as described in Volume 2, Section 13.5 of TrueNorth 
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Energy (2001). The mitigation measures were also reviewed to determine if they were still applicable to 
the IPA. 

The assessment of effects on traditional resources draws on the results from other technical 
components including wildlife (Section 5.4.3.3.2), vegetation and wetlands (Section 5.3.3.3.2) and fish 
(Section 4.5.4). To assess the effects of the IPA on the experience of traditional practices associated with 
sensory disturbances, the results of the noise assessment (Section 3.3), and air quality assessment 
(Section 2.6 and 2.7) are discussed in the context of TLU. 

The 2001 EIA (TrueNorth 2001) focused on TLU for the community of Fort McKay and registered trapline 
holders of RFMA #2137 and #1650 overlapping the Approved Project Area footprint. The TLU change 
assessment takes a conservative approach and assesses effects on TLU collectively for regional 
Indigenous communities who have identified historic or current traditional use of the Amended Project 
Area, including current or historic ties to traplines in the Amended Project Area. In addition, the indirect 
effects of the IPA on TLU, including changes in wildlife movement and sensory disturbances, have the 
potential to extend beyond the trapline boundaries that overlap the Amended Project Area.  

 Mitigation Measures and Anticipated Residual Effects  
 Mitigation Measures 

The primary mitigation for reducing potential effects of FHOSP on TLU was progressive or phased 
reclamation of mine areas to restore land use opportunities as quickly as possible (TrueNorth 2001) and 
is still applicable for the IPA. The updated LMCP outlines the reclamation activities planned for the IPA 
(Volume 1, Appendix A). Suncor is continuing to work closely with potentially affected Indigenous 
communities to make sure traditionally important values and resources are reflected in the LMCP. 

Specific mitigation measures will be implemented during operations to reduce effects on wildlife 
(Section 5.4.3.3.1), vegetation and wetlands (Section 5.3.3.3.1), and fish and fish habitat 
(Section 4.5.3.3), which are applicable to TLU.  

Specific mitigation measures related to noise (Section 3.4) and air quality, including dust management 
(Section 2.6.1.1) are applicable to TLU associated with reducing the potential for sensory disturbances 
on land users.  

In addition, mitigation measures presented in Volume 3, Section 17 of the 2001 EIA (TrueNorth 2001) for 
resource use are also applicable to TLU, particularly mitigation measures related to reducing potential 
effects on physical access.  

The Fort Chipewyan Winter Road intersects with the North Extension Area and is the primary access to 
Fort Chipewyan between October and April and is used by trappers to access their traplines, as well as 
other Indigenous land users to access harvesting areas (TrueNorth 2001). Throughout the life of FHOSP, 
a safe public access route through the active FHOSP area will be maintained to allow existing levels of 
use on the winter road to continue. This will involve periodic adjustment of the road alignment through 
the FHOSP area to accommodate development (TrueNorth 2001). Access to the Bitumount Tower and 
the Northlands logging road will also be maintained to the degree possible during FHOSP operations. At 
closure, access roads and trails used for traditional purposes will be restored to pre-development 
conditions unless otherwise advised by the provincial government (TrueNorth 2001).  

Suncor will continue engaging with potentially affected Indigenous communities to understand their 
interests and concerns about the IPA and develop meaningful solutions and mitigation. This includes 
continuing to support communities in collecting and documenting TLU information and Indigenous 
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Knowledge, and opportunities to provide input and direction on the MLWC Operational Plan and 
monitoring and mitigation activities for the MLWC through their participation on the Sustainability 
Committee.  

 Change Assessment Results 

The proposed changes to FHOSP, including the expanded Project footprint and modification to the 
closure landscape, has the potential to affect TLU through direct disturbance to land used for hunting, 
trapping, gathering, and cultural/spiritual activities, changes in the availability of traditional resources, 
and changes in physical access and sensory disturbances (e.g., noise, dust). The residual effects of the 
IPA are discussed in the following subsections, within the context of the 2001 EIA for TLU (TrueNorth 
2001). 

Traditional Lands 

Direct disturbance in the Extension Areas during operations will result in additional loss of traditional 
lands used by Indigenous communities for traditional activities. The Approved Project Area covers a 
total of 18,236 ha, and with the addition of the Extension Areas the footprint will increase by 4,015 ha 
(22%; Section 1.1.1). The area developed within the Extension Areas will be 2,248.2 ha, which is an 
increase of 12% from the Approved Project Area. However, 470.9 ha (21%) in the Extension Areas is 
already disturbed from human activity (e.g., cutblocks, cleared areas, cutlines/trails, powerline rights-of-
way [ROW], well sites) and 1,203.9 ha (54%) in the North Extension Area is already disturbed from 
wildfires. The remaining area that will be altered in the Extension Areas is 172.6 ha, representing an 
increase of <1% from the Approved Project Area (Section 5.4.3.3.2).  

Trapline #2137 is 27,114.9 ha, and the Approved Project Area will disturb 42.6% (11,554.2 ha) of the 
trapline. The Extension Areas will directly disturb an additional 1,057.4 ha, accounting for 46.5% of total 
disturbance to trapline #2137 from the Amended Project Area. The trapline and McClelland Lake area is 
of particular cultural and ecological significance to FMFN and FMMN members, and MCFN members 
through familial connections. Trapline #2331 is 29,206.9 ha, and the Approved Project Area will disturb 
5.7% (1,658 ha) of the trapline. The North Extension Area will account for an additional loss of 
2,957.3 ha and 15.8% (4,615.3 ha) of total disturbance to trapline #2331 because of the Amended 
Project Area. MM1935 reported having current or historic ties to the trapline. 

There are no known habitation sites (e.g., cabins or camps) or burial sites in the Extension Areas that will 
be directly disturbed. Indirect disturbance (e.g., sensory disturbance) to cultural sites, including cabins 
and camp sites, is discussed under the experience of traditional practices.  

The TLU assessment in the 2001 EIA (TrueNorth 2001) predicted high localized effects on hunting, 
trapping and plant gathering areas, and high cumulative effects on lands from regional development. 
Cumulative effects of land disturbance were predicted to have a substantial effect on opportunities for 
Fort McKay community members to practice traditional land activities in, or in the vicinity of, historical 
traditional harvesting areas and along the Athabasca River. It was noted that preferred areas for hunting 
and trapping on trapline #2137, including the south shores of McClelland Lake and near the Firebag 
River, would not be directly affected by FHOSP.  

The addition of the Extension Areas will not change the 2001 EIA predictions of high incremental and 
cumulative effects during operations to traditional lands potentially used by regional Indigenous 
communities for hunting, trapping, plant gathering, and cultural or spiritual activities.  
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The current LMCP includes reclamation of 14,884 ha of uplands, wetlands, and deep water in the 
Approved Project Area, which has increased to 18,923 ha in the updated LMCP (Volume 1, Appendix A), 
reflecting the net increase in the Amended Project Area footprint (Section 5.3.3.4). Of this, 16,675 ha 
will be reclaimed in the Approved Project Area and 2,248 ha will be reclaimed in the Extension Areas.  

During post-closure, the disturbed areas will be reclaimed to an equivalent land capability, including 
consideration of TLU values, and the lands should become available again for traditional activities; 
however, Indigenous communities expressed concerns about the ability of reclaimed land to support 
future land use practices in the 2001 EIA (TrueNorth 2001). This concern is still echoed today by regional 
Indigenous communities, particularly related to the ability of reclamation to return the land to pre-
development conditions and restore the cultural landscape, as well as the loss of inter-generational 
transfer of knowledge because of the length of time it takes before land is reclaimed.  

In the 2001 EIA, FHOSP had been designed to facilitate phased reclamation, and it was expected that 
reclamation of disturbed areas would begin after the first seven years of operation (Section 13.5.2.3 
TrueNorth 2001). The current LMCP states that permanent reclamation will begin in 2018, with the final 
revegetation activities being completed at No Net Loss Lake (NNLL). Permanent reclamation would 
continue through 2060 with significant wetland and aquatics reclamation occurring as East Pit Lake is 
established followed by the establishment of North Pit Lake. In the updated LMCP (Volume 1, 
Appendix A), timelines are consistent with the current LMCP showing a phased reclamation approach 
through the mine life.  

The incremental and cumulative effects on traditional lands post-closure were not explicitly assessed in 
the 2001 EIA (TrueNorth 2001); however, the incremental effects from the IPA and high regional 
cumulative effects on traditional lands during operations remain applicable at post-closure given the 
length of time before the Amended Project Area will be reclaimed and traditional activities can continue 
in the area, as well as the concerns raised by Indigenous communities about the ability of reclamation to 
be successful.  

Traditional Resources 

The 2001 EIA (TrueNorth 2001) assessed the potential effects of FHOSP on the distribution and 
abundance of wildlife, fish, and vegetation resources, drawing on the assessment conclusions of other 
technical components applicable to TLU.  

The following discussion on potential effects on traditional resources summarizes the results of the 
change assessment for wildlife (Section 5.4.3.2), vegetation and wetlands (Section 5.3.3.3) and fish and 
fish habitat (Section 4.5.4), which are discussed in the context of the TLU assessment for the 2001 EIA.  

Wildlife 

The wildlife change assessment determined that, in general, the addition of the Extension Areas does 
not alter the predictions that were made in the 2001 EIA (Section 5.4.3.3.2). During operations, 
incremental effects of FHOSP on habitat availability were predicted to be high for moose, moderate for 
other mammals (e.g., furbearers) and low to moderate for game birds and water birds in the 2001 EIA 
(Volume 3, Section 17 of TrueNorth 2001). Indirect mortality risk from increased harvesting was 
predicted to be moderate for mammals (e.g., lynx, moose, and black bear) and incremental effects of 
direct wildlife mortality were predicted from occasional mortalities because of vehicle collisions and 
land clearing. Key mitigations to avoid or reduce mortality effects includes 30 to 50 km/hr speed limits, 
and completion of land clearing outside of the bird reproductive period. Effects of FHOSP on loss of 
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habitat connectivity from sensory disturbances and physical barriers was predicted to be moderate for 
moose and black bear.  

The wildlife change assessment noted that wildlife movements, particularly for moose, around the west 
and south of McClelland Lake may be further constrained than predicted in the 2001 EIA because of the 
Extension Areas (Section 5.4.3.2). The McClelland Lake area was reported to provide productive moose 
habitat and is a key moose hunting area for several Indigenous communities; therefore, changes in 
moose movements around McClelland Lake is predicted to affect hunting activities during operations.  

Cumulative effects on wildlife habitat availability, mortality risk and habitat connectivity (e.g., wildlife 
movement) were predicted to be high for wildlife in general in the 2001 EIA (Volume 3, Section 17 of 
TrueNorth 2001), which remains applicable to the IPA.  

The TLU assessment for the 2001 EIA predicted that hunting and trapping success would be limited 
during operations in the vicinity of developments because of a combination of decreased suitable 
wildlife habitat, and increased competition for wildlife resources from increased access and higher 
recreational use in the region (Section 13.5.3.1 of TrueNorth 2001). These factors combined have led to 
Indigenous land users having to travel further away to access resources for hunting and trapping. With 
consideration of the wildlife change assessment results, the 2001 EIA predictions of adverse incremental 
and high cumulative effects on traditional wildlife resources are expected to remain for the IPA.  

During post-closure, the wildlife change assessment determined that the 2001 EIA predictions remain 
unchanged with the addition of the Extension Areas (Section 5.4.3.2). The assessment indicated there 
would be a gradual increase in habitat availability over the long-term through progressive reclamation 
during operations and complete reclamation at closure. The updated LMCP is predicted to increase 
small wetlands in the Approved Project Area relative to the current LMCP, increasing waterfowl habitat 
potential, and upland game bird habitat, with potential positive effects for some traditionally used 
species (e.g., waterfowl, grouse; TrueNorth 2001). Reclamation was predicted to restore some of the 
cumulative losses in habitat connectivity for black bear and moose post-closure, and this prediction 
remains applicable with the addition of the Extension Areas and with consideration of the updated 
LMCP (Section 5.4.3.2). The predicted increase in wildlife mortality during FHOSP construction and 
operations will be reduced post-closure. 

At the regional cumulative scale, effects on wildlife habitat availability and connectivity were predicted 
to be high post-closure. This prediction remains valid for the IPA, and by extension, high regional 
cumulative effects on wildlife resources at post-closure are predicted to continue to affect wildlife 
availability for traditional hunting and trapping post-closure.  

Vegetation 

The vegetation and wetlands change assessment assessed the effects of the Extension Areas on 
traditional use plant potential, and of the updated LMCP on vegetation and wetlands in general 
(Section 5.3.3.3.2). During operations, there will be a loss of 1,759.4 ha of high and moderate rank 
traditional use plant potential habitat in the Extension Areas, representing 10% of the Approved Project 
Area (Section 5.3.3.3.2). Of this, 1,318.5 ha will be lost in the North Extension Area, and 440.9 ha will be 
lost in the East Extension Area. The loss of moderate and high rank traditional use plant habitat 
associated with the addition of the Extension Areas was predicted to be moderate for the Amended 
Project Area.  

These predictions align with the results of the TLU assessment for the 2001 EIA for gathering that 
predicted a decline in ecosites associated with traditional use plant species in the Terrestrial Study Area, 
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and in RFMA #2137 and #1650 (Section 13.5.3.3 of TrueNorth 2001). It was also noted that the preferred 
gathering areas around McClelland Lake and associated fen, and on RFMA #2137 and #2331, will remain 
undisturbed, which remains applicable with the IPA. Cumulative regional effects of development on 
traditional vegetation resources remains high, as assessed in the TLU assessment for the 2001 EIA 
(TrueNorth 2001).  

During post-closure, the current LMCP includes reclamation of 14,884 ha in the Approved Area, which 
has increased to 18,923 ha in the Amended Project Area with the updated LMCP (Section 5.3.3.4). For 
the Approved Project Area, this represents an increase of 1,615 ha of reclaimed uplands, 214 ha of 
reclaimed wetlands, and a net loss of deep water, while the Extension Areas will include 2,248 ha of 
reclaimed uplands and no wetlands or deep water. The reclaimed upland and wetland areas predicted in 
the updated LMCP are similar to those predicted under the current LMCP, with a net increase in area 
overall reflecting the larger Amended Project Area footprint, and they also align with the effects 
predicted in the 2001 EIA for vegetation at post closure (Section 5.3.3.4). 

The TLU assessment for the 2001 EIA did not include reclaimed areas in disturbance calculations at post 
closure to assess availability of traditional plant resources, because confidence levels by Indigenous 
communities in reclamation for productive vegetation species is low (Section 13.5.3.3 of TrueNorth 
2001). Given the lack of confidence Indigenous communities have expressed in the ability of reclaimed 
areas to be restored to pre-development conditions or that align with their cultural values, it is unknown 
if traditional plants, particularly medicines that are considered sacred, would be harvested on the post-
closure landscape. Indigenous communities should continue to be involved in reclamation planning and 
on-going monitoring, to provide input on the use of traditionally important species and whether 
reclaimed areas have been restored to conditions considered appropriate for traditional activities. 

Fish 

The 2001 EIA did not include an assessment on traditional fishing, because FHOSP was predicted to have 
no direct effects on Moose (Gardiner) Lake, or the tributaries of the Athabasca River, where fishing was 
reported to be practiced by community members of Fort McKay (Section 13.5.3.2 of TrueNorth 2001). 

The fish and fish habitat change assessment (Section 4.5.3) assessed the direct and indirect effects of 
the Extension Areas and the updated LMCP on fish habitat and fish populations during operations and 
closure. Creek A is the only watercourse in the Amended Project Area with documented presence of 
large-bodied fish species and supports sport fish populations, including Burbot (Lota lota), Mountain 
Whitefish (Prosopium williamsoni) and Northern Pike (Esox lucius) and one sucker species – Longnose 
Sucker (Catostomus catostomus), all of which are species identified as important for harvesting by 
Indigenous communities (Section 5.7.3.2). These fish species were found in the lower 300 m of Creek A, 
which was used historically for seasonal rearing and feeding activities because of its accessibility from 
the Athabasca River. Creek A runs through the North Extension Area and was formerly a tributary of the 
Athabasca River, but the lower-most portion of the watercourse (approximately 200 m long) was 
redirected as part of construction of the FHOSP No Net Loss Lake (NNLL) and the creek is now the inlet 
to the NNLL (Section 4.5.2). There is no potential for large-bodied sport fish or sucker species to be 
present in any of the MLWC or McClelland Lake tributary watercourses in or adjacent to the East 
Extension Area. 

The fish and fish habitat change assessment determined that the North External Dump (NED) footprint 
in the North Extension Area will physically alter a portion of the Creek A drainage; however, this portion 
of Creek A is considered non-fish-bearing and elimination of the portion of Creek A in the NED footprint 
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is not considered to have any direct adverse effects on fish populations or productive fish habitats 
(Section 4.5.3.2.1).  

Potential impacts to fish and fish habitat because of indirect effects associated with changes in surface 
water quantity were also assessed (Section 4.5.4.3). At closure, a small reduction in average water level 
and a notable reduction in flows in the NNLL outlet channel is predicted when inflows from Creek A will 
not be sufficient to maintain the current water balance of the lake. The NNLL and its outlet channel both 
currently provide productive fish compensation habitats for the FHOSP (Section 4.5.4). The reduction in 
lake water level has the potential to affect the productive capacity of the lake and the reduction in the 
outlet flows would be expected to have a substantial adverse effect on habitat conditions and fish 
passage in the outlet channel. Because the predicted changes in the NNLL and outlet channel will not 
occur until closure (i.e., 2060), FHEC will continue to examine the issue and use flow and water level 
monitoring data to understand the predicted impacts and mitigate changes in Creek A flows to 
acceptable levels if needed. If changes to Creek A flows and the potential adverse effects on the NNLL 
and outlet channel cannot be sufficiently mitigated, consultation with DFO will be conducted to ensure 
FHOSP continue to counterbalance any predicted impacts to fish habitat productivity (Section 4.5.4). 

Potential impacts to fish and fish habitat because of indirect effects associated with changes in surface 
water quality and aquatic health were also assessed (Section 4.5.4.4). The analysis determined there 
was no substantial change to the assessment results from the approved FHOSP for the pit lakes or for 
the receiving environment of the Athabasca River; therefore, the three pit lakes are expected to provide 
viable aquatic ecosystems and no effects on aquatic health are expected in the Athabasca River 
(Section 4.5.5). 

Quality of Resources  

Perceptions of contamination of resources and traditional foods associated with the IPA and subsequent 
effects to human health is a major concern for Indigenous communities. Effects associated with the IPA 
on air quality, and water quality and aquatic health, were assessed in Section 2 and Section 4.4, 
respectively, and the results of the effects assessment for human health are in Section 6.  

The human health assessment conclusions indicated that the contribution of chemical emissions from 
the IPA to the cumulative short-term and long-term exposures (acute and chronic) was typically 
negligible, and the predicted ground-level air concentrations of the compounds of interest (except 
particulate matter with a mean aerodynamic diametre of 2.5 microns or less [PM2.5]) were below their 
corresponding regulatory guideline in the community of Fort McKay, indicating a low health risk. 
Predicted ground-level air concentrations of PM2.5 in the community of Fort McKay are consistent 
between the Baseline Case and Application Case 1 and decrease slightly under Application Case 2. All 
chemicals except manganese were below their health-based drinking water quality guidelines; however, 
since the manganese guideline is based on an improbable exposure scenario, the health risks associated 
with the predicted water concentrations for the initial and far future timeframes are predicted to be low 
(Section 6.5). 

Physical Access 

The 2001 EIA for resource use predicted no changes in access along existing travel routes during 
operations, including to the Fort Chipewyan Winter Road, and no increased access potential 
(Section 12.6.1 of TrueNorth 2001). Roads and utility corridors developed for FHOSP will not allow public 
access and will be progressively reclaimed during operations as they become unnecessary. High levels of 
regional cumulative increase in linear access were also predicted.  
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Similar results were predicted for TLU related to access (Section 13.5.3 of TrueNorth 2001) and remain 
valid for the IPA, including continued access to the McClelland Lake area throughout FHOSP operations 
(Section 13.5.1.5 of TrueNorth 2001). Additional mitigations related to access management in the 
McClelland Lake area will be addressed as part of the MLWC Operational Plan and Sustainability 
Committee ongoing work. Increased access in the region from cumulative effects was predicted to have 
negative effects on traditional land users, because of the regional increase in recreational users and 
competition for resources, leading to decreased hunting and trapping success. The high regional 
cumulative effects of increased access predicted in the 2001 EIA are applicable to the IPA.  

Post-closure, there were no effects predicted for access in the 2001 EIA, because traditionally used 
access roads and trails will be restored to preconstruction conditions and there are no opportunities for 
enhanced access (Section 12.6.1 of TrueNorth 2001). These results remain applicable for the IPA. 
Cumulative negative effects of increased access in the region post-closure predicted in the 2001 EIA are 
applicable to the IPA. 

Experience of Traditional Practices  

Changes to the experience of traditional practices from sensory disturbances, including noise and air 
quality, were not assessed in the TLU assessment for the 2001 EIA (TrueNorth 2001) but is included in 
the IPA assessment to address concerns expressed by Indigenous communities about the effects of 
sensory disturbances on their experience practicing traditional activities.  

Noise 

A noise assessment for the IPA was conducted in accordance with Alberta Energy Regulator (AER) 
Directive 038: Noise Control (Section 8.3). The noise assessment used computer models to predict 
cumulative noise levels for Baseline Case and Application Case. Baseline Case reflects the Approved 
Project and Application Case reflects FHOSP with the addition of the proposed IPA. In accordance with 
AER Directive 038, both Baseline Case and Application Case considered the potential for cumulative 
effects from natural and non-industrial noise sources and from existing or approved third-party 
industrial facilities within 10 km of FHOSP (i.e., Canadian Natural Resources Limited Horizon, Horizon 
South, Muskeg River and Expansion, Jackpine and Expansion; Syncrude Canada Limited Aurora North). 

The noise assessment concluded that the IPA will comply with AER Directive 038. However, in both 
Baseline Case and Application Case, the location of heavy equipment and other noise sources will 
change continuously over the life of the mine. Noise levels at TLU sites within 10 km of FHOSP will 
increase or decrease depending on proximity and intensity of mining and support activities. For 
example, when active mining occurs in the northeast part of the Amended Project Area, noise levels at 
TLU sites to the north and east of FHOSP (i.e., along the shores of McClelland Lake) will be elevated, 
while noise levels at TLU sites to the south and west of FHOSP will be reduced.  

Similarly, when active mining occurs in the western part of the Amended Project Area, noise levels at 
TLU sites to the west of FHOSP (i.e., along the Athabasca River) will be elevated, while noise levels at 
TLU sites to the east of FHOSP will be reduced. Because the IPA will require activity in the Extension 
Areas, noise levels at TLU sites in proximity to the Extension Areas will increase during some years of the 
IPA mine plan relative to Baseline Case. 

Air Quality 

Fugitive dust emissions from mining activities (e.g., road dust) can affect indigenous communities’ 
experience practicing traditional activities on their traditional lands. Aerial deposition of dust can be a 
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nuisance as well as alter water quality, soil chemistry, or affect vegetation growth by altering the 
photosynthesis, respiration, and transpiration processes. An air quality assessment for the IPA was 
conducted in accordance with Alberta Environment and Parks (AEP) Air Quality Model Guideline (AEP 
2013). The air quality assessment evaluates the potential effects of dust emissions by quantifying the 
total suspended particulate matter (TSP) and using a dispersion model to predict the amount of the TSP 
deposition. The predicted TSP deposition rates were then compared against Alberta Ambient Air Quality 
Guidelines (AAAQGs) for dustfall.  

There are two AAAQGs for dustfall. The AAAQG for residential and recreational areas is 53 milligrams 
per 100 square centimetre per 30 days (mg/100 cm2/30 days), and the AAAQG for commercial and 
industrial areas is 158 mg/100 cm2/30 days (AEP 2019a). The AAAQGs apply for areas outside of 
developed areas (including the Amended Project Area), where public access is not restricted and are 
used to evaluate general performance, to inform airshed planning and management, and for evaluating 
local concerns (AEP 2013). The effects of TSP emissions were evaluated in three assessment cases, as 
detailed in Section 2.4: Baseline Case, Application Case 1 and Application Case 2, to capture the effects 
of the changes in FHOSP emissions (i.e., magnitude and location) because of the IPA. The Baseline Case 
represents FHOSP operations before the changes associated with the IPA are implemented. Application 
Case 1 represents maximum estimated FHOSP emissions after the IPA changes are implemented 
(i.e., maximum emissions after 2024) for mine fleet exhaust emissions during operations. Application 
Case 2 represents the maximum estimated FHOSP emissions after the IPA changes are implemented for 
TSP, largely driven by road dust emissions.  

The air quality assessment shows that the TSP emissions will increase in magnitude from Baseline Case 
to Application Case 1 to Application Case 2 (Section 2) because of increasing haul distance for waste 
material. The location of TSP emissions is shown to move from the southwest corner of the FHOSP 
footprint through the centre of the FHOSP footprint as the mine life progresses. Although TSP emissions 
are shown to increase in Application Case 1 and Application Case 2, the predictions at the Amended 
Project Area Boundary are shown to decrease because of the larger areas from which the emissions are 
released (i.e., lower emission intensity) and the location of TSP emission sources being farther from the 
Amended Project Area Boundary. TSP deposition was evaluated using the methods described in the air 
dispersion modelling study (Section 2.7.4) and the TSP deposition results are discussed in the terrain and 
soils change assessment (Section 5.2.3).  

The analysis of TSP deposition against the AAAQGs in Section 5.2.3 concluded that TSP deposition 
predictions locally (i.e., at and near the Amended Project Area boundary) are below both AAAQGs and 
are shown to decrease from the Baseline Case to Application Case 1 and Application Case 2, because of 
the lower emission intensity of TSP emission sources in the Application Cases (i.e., increased emissions, 
but spread over a larger area). Most local effects on TSP deposition are predicted within the Amended 
Project Area. However, the TSP emission source (i.e., haul roads, material storage and handling areas) 
locations will change continuously over the life of FHOSP. Total suspended particulate deposition rates 
at TLU sites near the FHOSP will increase or decrease depending on proximity of the TSP emission 
sources. For example, as mining activities move toward the northeast part of the FHOSP footprint, TSP 
deposition levels at TLU sites to the north and east of the FHOSP and near the Extension Areas (i.e., 
along the shores of McClelland Lake) may increase from the Baseline Case while remaining low 
compared to the AAAQGs. Concurrently, the TSP deposition at TLU sites to the south and west of FHOSP 
will be reduced from the levels at Baseline Case, which were already below the AAAQGs. There are not 
expected to be any substantial effects to the regional TSP deposition beyond a few kilometres of the 
Amended Project Area, as discussed in Section 5.2.3 and presented graphically in Figure 5.2-4.  
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5.7.5. Monitoring and Follow-up Activities 
FHEC is committed to several monitoring programs for resources that Indigenous communities depend 
on for traditional activities. Monitoring programs applicable to wildlife (Section 5.4.4), vegetation and 
wetlands (Section 5.3.4), biodiversity (Section 5.5.4) and fish and fish habitat (Section 4.5.4.6) include: 

● Wildlife Mitigation and Monitoring Plan (FHEC 2017c) 

● Bird Protection Plan (FHEC 2015) 

● Fort Hills 2020 Mine Reclamation Plan (2020 to 2022; FHEC 2020a)  

● Reclamation monitoring of plant species recovery on surface mined reclaimed landscapes 
(TrueNorth 2001; FHEC 2020b, 2021b)  

● Regional monitoring of biodiversity with an emphasis on species diversity (TrueNorth 2001; 
FHEC 2017c) 

● Land and reclamation monitoring (FHEC 2017a) 

The current Wildlife Mitigation and Monitoring Plan (FHEC 2017c) monitors habitat connectivity and will 
be reviewed and updated to include the Expansion Areas if required to capture wildlife movement 
around the southern perimeter of McClelland Lake as well as in support of the MLWC Operational Plan.  

5.7.6. Conclusions 
The McClelland Lake area and Amended Project Area have been used by regional Indigenous 
communities for traditional activities since time immemorial, and the area still holds high cultural and 
historic value to many Indigenous community members. The TLU change assessment assessed if there 
were any changes to the predicted effects on TLU in the 2001 EIA through direct disturbance to 
traditional lands, changes in the availability of traditional resources, changes in physical access, and 
sensory disturbances (e.g., noise, dust) because of the IPA.  

The results of the TLU change assessment are summarised as: 

● The 2001 EIA predictions of adverse incremental and high regional cumulative effects on 
traditional lands, traditional wildlife resources and traditional plant resources during operations 
remain applicable for the IPA. These effects are expected to remain applicable post-closure. 

● The 2001 EIA predictions of no effects on traditional fish resources during operations remain 
applicable for the IPA. Similar results are predicted post-closure.  

● The 2001 EIA predictions of no incremental effects on physical access and high regional 
cumulative effects of increased access on Indigenous land users during operations remains 
applicable for the IPA. Similar results are predicted post-closure.  

● Cumulative noise levels at TLU sites within 10 km of FHOSP will increase or decrease depending 
on proximity and intensity of mining and support activities, and noise levels at TLU sites in 
proximity to the Extension Areas will increase during some years of the IPA mine plan relative to 
Baseline Case. 
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● Total suspended particulate deposition rates at TLU sites near FHOSP will increase or decrease 
depending on proximity of the TSP emission sources, and as mining activities move toward the 
northeast part of the FHOSP footprint, TSP deposition levels may increase at TLU sites to the 
north and east of the FHOSP and near the Extension Areas (i.e., along the shores of McClelland 
Lake) and decrease at TLU sites to the south and west of FHOSP relative to the Baseline Case.  

● Existing monitoring programs for traditional resources (e.g., wildlife, vegetation, and wetlands, 
and fish) that Indigenous communities depend on are applicable to the IPA, including the 
commitments tied to the updated LMCP. 

Mitigation measures identified in the 2001 EIA will continue to be implemented and refined. FHEC will 
continue engaging with potentially affected Indigenous communities to understand their interests and 
concerns about the FHOSP and develop appropriate mitigation. 
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6. HUMAN HEALTH 

6.1. Introduction 
The potential health risks resulting from exposure to the chemical emissions associated with the 
proposed changes to the Fort Hills Oil Sands Project (FHOSP) with the Integrated Plan Amendment (IPA) 
are described in this section. The potential health risks for the IPA were considered cumulatively by 
assessing them in combination with those that could be attributed to other developments in the area. 

6.2. Assessment 
The assessment of the potential health risks relied on predictive modelling of the air emissions and 
changes to surface water to arrive at the estimated levels of chemical exposure that might be received 
by people living in or frequenting the area. In the case of the chemical emissions to air, reliance was 
placed on the results of the air dispersion modelling (i.e., predicted ground-level air concentrations) 
presented in the Air Quality assessment (Section 2). The potential health risks resulting from exposure to 
surface water were assessed using the results of surface water quality modelling (i.e., predicted water 
concentrations in three pit lakes – north, centre and south) presented in the Surface Water Quality 
assessment (Section 4.4). Discussion of the potential health risks associated with exposures related to 
air and surface water quality are provided separately in the following sub-sections. 

6.2.1. Air Quality and Human Health 
Air dispersion modelling was conducted to assess the potential changes to the predicted ground-level air 
concentrations for select compounds of interest associated with the IPA. The compounds of interest in 
the air quality assessment are nitrogen oxides (NOX) expressed as nitrogen dioxide (NO2), sulphur 
dioxide (SO2), fine particulate matter with a mean aerodynamic diameter of 2.5 microns (μm) or smaller 
(PM2.5), and total suspended particulate matter (TSP). The potential health risks resulting from short-
term (acute) and long-term (chronic) exposure to these compounds of interest were assessed in a 
135 km by 100 km study area that encompasses the FHOSP and the Moose Lake 10 km Zone (ML 
10KMZ), which is consistent with the air quality study area (AQSA; Figure 2-1). The AQSA is defined as 
the area over which the potential air quality changes resulting from the IPA emissions were evaluated. 
The most populated community within the AQSA is Fort McKay, which is located approximately 15 km 
south of the Amended Project Area Boundary (i.e., the permit boundary that encompasses the FHOSP 
Infrastructure). Because public access is restricted within the boundaries of industrial developments, the 
assessment of the potential health risks focused on the portion of the AQSA located outside of 
developed areas, such as the Amended Project Area Boundary and neighbouring oil sands mines, in-situ 
oil sands developments and quarries.  

The potential health risks were evaluated for three cumulative assessment cases: 

● Baseline Case: This case represents the maximum estimated emissions from FHOSP before the 
implementation of the proposed changes associated with the IPA starting in 2025. This case is 
represented by the 2024 FHOSP emission profile. In addition to the FHOSP emissions, this case 
includes background air concentrations and the emissions from other existing and approved 
developments in the study area.  
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● Application Case 1: This case represents the maximum estimated FHOSP emissions for NOX, SO2 
and PM2.5 after the implementation of the IPA changes, which are largely driven by mine fleet 
exhaust emissions. This case is represented by the year 2025 in the FHOSP emission profile 
when most of the mining activities will be taking place in the southwestern corner of the FHOSP 
lease closer to Fort McKay. In addition to the FHOSP emissions associated with the IPA changes, 
this case includes background air concentrations and the cumulative effects of emissions from 
other developments in the study area. 

● Application Case 2: This case represents the maximum estimated FHOSP emissions for TSP after 
the implementation of the IPA changes, which is largely driven by road dust emissions. This case 
is represented by the year 2036 in the FHOSP emission profile when most of the mining 
activities will be taking place in the centre of the FHOSP lease closer to the McClelland Lake 
Wetland Complex (MLWC). In addition to the FHOSP emissions associated with the IPA changes, 
this case includes background air concentrations and the cumulative effects of emissions from 
other developments in the study area. 

The two cumulative application cases (i.e., Application Case 1 and Application Case 2) were evaluated to 
best assess the potential health risks associated with the changes to air quality at the two locations 
within the study area that are anticipated to be of concern for local stakeholders (Fort McKay and 
MLWC).  

Maximum 1-hour, 24-hour and annual ground-level air concentrations were predicted in the Air Quality 
assessment (Section 2) for the compounds of interest at the maximum point of impingement (MPOI) 
along the Amended Project Area Boundary and within the AQSA, but outside developed areas (because 
public access would be restricted inside developed areas). Maximum predicted ground-level air 
concentrations were also provided for the compounds of interest at the MPOI within the ML 10KMZ, 
and at the Wood Buffalo Environmental Association (WBEA) ambient air quality monitoring stations 
(AQMS). 

For the purposes of this assessment, the potential health risks were assessed at the MPOI for the AQSA 
(outside developed areas), which refers to the location(s) outside developed areas in the AQSA at which 
the highest ground-level air concentrations of each of the compounds of interest would be expected to 
occur (and therefore, the locations for which exposures would be greatest). Use of the MPOI for the 
AQSA (outside developed areas) ensures that any potential health effects that could result from 
exposure to the chemical emissions associated with the IPA are not underestimated, regardless of 
where people might be exposed. Because the MPOI for the AQSA (outside developed areas) could occur 
in unpopulated areas, the potential health risks were also assessed for the closest community to the 
FHOSP (i.e., Fort McKay) using the maximum predicted ground-level air concentrations for the 
compounds of interest at the Bertha Ganter-Fort McKay and Fort McKay South AQMS.  

Additional consideration was given in the assessment to the MPOI for the ML 10KMZ; however, the 
maximum predicted ground-level air concentrations for the compounds of interest at the MPOI for the 
ML 10KMZ were less than those predicted for the MPOI for the AQSA (outside developed areas) and the 
community of Fort McKay, as well as the selected regulatory limits. On this basis, the discussion of the 
potential health risks that might be presented to people living in or frequenting the AQSA from exposure 
to the chemical emissions associated with the IPA focused on the MPOI within the AQSA (outside 
developed areas) and the AQMS located in the community of Fort McKay (i.e., Bertha Ganter-Fort 
McKay and Fort McKay South).  
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To assess the potential health risks under the three cumulative assessment cases (i.e., Baseline Case, 
Application Case 1, and Application Case 2), the maximum predicted ground-level air concentrations of 
the compounds of interest were compared against regulatory limits (i.e., objectives, guidelines or 
standards) developed or recommended for the protection of human health by Alberta Environment and 
Parks (AEP 2019a), the Canadian Council of Ministers of the Environment (CCME 2021), Health Canada 
(2016a,b), the United States Environmental Protection Agency (US EPA 2021) or the World Health 
Organization (WHO 2021). A search and comparison of the regulatory limits developed or recommended 
by these agencies was completed, the supporting documentation was reviewed, and the regulatory limit 
was selected for use in the assessment based on its relevance, scientific completeness, and technical 
defensibility.  

In recognition of the fact that the type and nature of the health effects that can be produced by a 
chemical can vary depending on the magnitude, frequency, and duration of exposure (i.e., how much, 
how often, and how long), regulatory limits were selected to assess the potential health risks that can 
result from short-term exposure (i.e., an exposure lasting several minutes to several hours, and possibly 
extending up to several days) and long-term exposure (i.e., repeated exposure over the course of 
several weeks or months or longer) to each of the compounds of interest. The exception is SO2. For SO2, 
the observed responses from controlled studies of humans occur rapidly, with a maximum effect being 
reached after a few minutes of exposure (typically 5 to 10 minutes of exposure). In general, the effects 
are short-lived, and continued exposure does not increase the magnitude of the response. Lung function 
is found to gradually improve in affected individuals within minutes to hours (WHO 2006). In its human 
health risk assessment for SO2, Health Canada concludes that “There is ‘inadequate evidence to infer a 
causal relationship’ between long term exposures of SO2 and health effects” (Health Canada 2016a, 
p. 11). For this reason, SO2 was evaluated in this assessment on a 10-minute basis only and not on a 
longer-term basis. 

The regulatory limits selected for use in the assessment of the potential health risks from short-term 
and long-term exposure via inhalation are: 

● NO2: 1-hour Alberta Ambient Air Quality Objective (AAAQO) of 300 µg/m³ from AEP (2019a) and 
annual National Ambient Air Quality Standard (NAAQS) of 100 µg/m³ from the US EPA (2021).  

● SO2: 10-minute Reference Concentration (RfC) of 175 µg/m³ (Health Canada 2016a). Note that 
10-minute ground-level air concentrations for SO2 were calculated from the maximum predicted 
1-hour ground-level air concentrations presented in the Air Quality assessment (Section 2) using 
the recommended scaling factor from AEP (2021). For a 10-minute air concentration, the 
maximum predicted 1-hour ground-level air concentration was multiplied by a factor of 1.65 
(i.e., [60 minutes / 10 minutes]0.28) to estimate the 10-minute concentration (AEP 2021; OMOE 
2016). 

● PM2.5: 24-hour and annual Canadian Ambient Air Quality Standards (CAAQS) of 27 µg/m³ and 
8.8 µg/m³, respectively (CCME 2021).  

● TSP: 24-hour and annual AAAQO of 100 µg/m³ and 60 µg/m³, respectively, from AEP (2019a). 

The potential health risks associated with each of the compounds of interest (i.e., NO2, SO2, PM2.5, and 
TSP) are discussed in Sections 6.2.1.1 to 6.2.1.4. 
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 Nitrogen Dioxide 

The maximum predicted 1-hour ground-level air concentration of NO2 at the MPOI within the AQSA 
(outside developed areas) is above the 1-hour AAAQO of 300 µg/m³ under each of the cumulative 
assessment cases (i.e., Baseline Case, Application Case 1, and Application Case 2), while the maximum 
predicted annual ground-level air concentration of NO2 for the MPOI within the AQSA (outside 
developed areas) is essentially equal to the annual NAAQS of 100 µg/m³ (US EPA 2021). The maximum 
predicted 1-hour and annual ground-level air concentrations of NO2 at the MPOI within the AQSA 
(outside developed areas) and the AQMS located in the community of Fort McKay (i.e., Bertha Ganter-
Fort McKay and Fort McKay South) are provided in Table 6.2-1 for each of the cumulative assessment 
cases (i.e., Baseline Case, Application Case 1, and Application Case 2).  

Table 6.2-1: Maximum Predicted Hourly and Annual Air Concentrations of Nitrogen Dioxide 

Location/Averaging Period 
Maximum Predicted Ground-level Air Concentrations [µg/m³] 
Baseline Case Application Case 1 Application Case 2 

1-Hour    
MPOI – AQSA (outside developed areas) 490.4 490.5 490.9 
Bertha Ganter - Fort McKay AQMS 118.3 118.4 116.7 
Fort McKay South AQMS 107.3 107.1 106.3 
1-Hour AAAQO 300 
Annual     
MPOI – AQSA (outside developed areas) 100.6 100.6 100.5 
Bertha Ganter - Fort McKay AQMS 41.3 41.3 40.3 
Fort McKay South AQMS 39.9 39.9 39.2 
Annual NAAQS 100 

Notes: 
µg/m³ = microgram(s) per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; AQMS = air quality monitoring station; 
AQSA = air quality study area; MPOI = maximum point of impingement; NAAQS = National Ambient Air Quality Standard. 

The maximum predicted 1-hour and annual ground-level air concentrations of NO2 for the MPOI and 
Fort McKay are essentially unchanged across the cumulative assessment cases, and the maximum 
predicted 1-hour and annual ground-level air concentrations of NO2 at Fort McKay are below the 1-hour 
AAAQO and annual NAAQS, respectively. In all cases, the MPOIs for the maximum predicted 1-hour and 
annual ground-level air concentrations of NO2 are located approximately 15 km east of the Amended 
Project Area Boundary, along the boundary of another development within the AQSA. It is not known 
how frequently people would be present at the MPOI location, but they would not be expected to 
remain at the MPOI for extended, long-term periods of time. The predicted concentration contours for 
1-hour and annual NO2 within the AQSA are shown in Figure 2-7 and Figure 2-9. The concentration 
contours show that the predicted changes in 1-hour and annual ground-level air concentrations of NO2 
because of the IPA are mostly contained within the Amended Project Area Boundary. This suggests that 
the IPA is not expected to influence the maximum hourly and annual air concentrations of NO2 within 
the AQSA (outside developed areas) and subsequently the potential health risks associated with short-
term and long-term exposure to NO2. 

Although some studies have reported mild respiratory effects in asthmatics at levels of NO2 lower than 
376 µg/m³, the findings are not considered indicative of the potential effects associated with short-term 
exposure to NO2 due to the absence of a clear dose–response relationship and statistical uncertainty in 
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these studies (Forastiere et al. 1996; WHO 2000, 2006; Cal EPA 2007; Goodman et al. 2009, 2017). A 
meta-analysis of NO2 exposure and airway hyper-responsiveness in asthmatics indicates that that there 
is no evidence of clinically relevant effects in asthmatics at concentrations up to 1,100 µg/m³ (Goodman 
et al. 2009, 2017). The maximum predicted 1-hour ground-level air concentrations of NO2 within the 
AQSA remain well below the air concentration at which clinically relevant effects in asthmatics have 
been reported (1,100 µg/m³; Goodman et al. 2009, 2017). This suggests that, despite the predicted 
exceedances of the 1-hour AAAQO for NO2 at the MPOI, the potential risk of adverse health effects 
because of short-term exposure to NO2 in the AQSA is low. 

 Sulphur Dioxide 

The maximum predicted 10-minute ground-level air concentration of SO2 at the MPOI within the AQSA 
(outside developed areas) is above the 10-minute RfC of 175 µg/m³ (Health Canada 2016a) under each 
of the cumulative assessment cases (i.e., Baseline Case, Application Case 1, and Application Case 2). The 
maximum predicted 10-minute ground-level air concentrations of SO2 at the MPOI within the AQSA 
(outside developed areas) and the AQMS located in the community of Fort McKay (i.e., Bertha Ganter-
Fort McKay and Fort McKay South) are provided in Table 6.2-2 for each of the cumulative assessment 
cases (i.e., Baseline Case, Application Case 1, and Application Case 2).  

Table 6.2-2: Maximum Predicted 10-Minute Air Concentrations of Sulphur Dioxide 

Location 
Maximum Predicted Ground-level Air Concentrations [µg/m³] 

Baseline Case Application Case 1 Application Case 2 

MPOI – AQSA (outside developed areas) 1,014.2 1,014.2 1,014.2 

Bertha Ganter - Fort McKay AQMS 157.4 157.4 157.4 

Fort McKay South AQMS 173.4 173.4 173.4 

10-Minute RfC 175 
Notes: 
µg/m³ = microgram(s) per cubic metre; AQMS = air quality monitoring station; AQSA = air quality study area; MPOI = maximum 
point of impingement; RfC = reference concentration. 

The maximum predicted 10-minute ground-level air concentrations of SO2 at the MPOI and Fort McKay 
are unchanged across the cumulative assessment cases, and in all cases, the maximum predicted 10-
minute ground-level air concentrations of SO2 at Fort McKay are below the 10-minute RfC of 175 µg/m³.  

In all cases, the MPOI for the maximum predicted 10-minute ground-level air concentration of SO2 is 
located approximately 33 km south of the Amended Project Area Boundary, along the boundary of 
another development within the AQSA. The predicted concentration contours for 1-hour SO2, which 
were used as an indicator of the concentration contours for 10-minute SO2, within the AQSA are shown 
in Figure 2-11. The concentration contours show no predicted changes in 1-hour ground-level air 
concentrations of SO2 because of the IPA. This suggests that the IPA is not expected to influence the 
maximum 10-minute air concentrations of SO2 within the AQSA (outside developed areas) and 
subsequently the potential health risks associated with short-term exposure to SO2. 

Sulphur dioxide can act as a direct irritant of the respiratory system. As a result, people with breathing 
difficulties are often at higher risk of experiencing adverse effects following exposure. The airways of 
these people might already be compromised, making them particularly sensitive to the irritant action of 
SO2. Asthmatics are known to be especially responsive to SO2 and might show symptoms at lower 
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concentrations than most people. As a result, there is some variability in the nature of responses and at 
what concentrations they might occur. The level of sensitivity will vary among individuals depending on 
the nature of the asthmatic condition, the level of physical activity and the pattern of breathing 
(i.e., oral vs. nasal). While at rest, most people breathe mainly through the nose, which acts as a 
scrubber that removes SO2 from the air and prevents the gas from penetrating into the deeper airways 
and lungs where it can cause damage. Conversely, while exercising, breathing occurs primarily through 
the mouth; therefore, very little scrubbing occurs, which allows more SO2 to reach the lungs. Typically, 
the onset of an individual’s response to SO2 is immediate, occurring within the first few minutes of 
exposure and usually reaching maximum levels within 5 to 10 minutes. After this time, the response 
might either stabilize or decline despite continued exposure. Recovery from short-term exposure to SO2 
is generally complete within one hour after cessation of exposure (US EPA 1994). 

It is important to note that the RfC from Health Canada (2016a) embraces a sufficient margin-of-safety 
to accommodate modest excursions without threat of adverse health effects. There is no documented 
reproducible evidence of adverse health effects among healthy individuals or susceptible individuals 
(i.e., individuals suffering from respiratory disorders, such as asthma, bronchitis, or chronic obstructive 
pulmonary disease [COPD]) following short-term exposure to SO2 below 260 µg/m³. Because of this 
conservatism, an exceedance of the RfC does not necessarily mean that health effects are certain or 
imminent. Modest, transient changes in lung function indices, detectable by spirometry, are possible 
among asthmatics exposed to 260 to 530 µg/m³ of SO2 during moderate to strenuous exercise. Changes 
are characterized by increased airway resistance or reduced air conductance. All changes are fully 
reversible and strictly sub-clinical in nature, with no evidence of wheezing, shortness of breath or other 
clinical signs. Effects have not been documented among healthy individuals at 260 to 530 µg/m³ of SO2. 
From 530 to 1,300 µg/m³, increased airway resistance and potential bronchoconstriction has been 
observed in asthmatic or sensitive individuals engaged in moderate exercise. At these concentrations, 
bronchoconstriction can occur with or without attendant clinical signs depending on severity of 
asthmatic condition. At these same concentrations, there are typically no effects on lung function in 
healthy individuals. 

The maximum predicted 10-minute ground-level air concentration of SO2 at the MPOI (1,014 µg/m³) is 
within the range of air concentrations where increased airway resistance and potential 
bronchoconstriction in asthmatic or sensitive individuals is possible while engaged in moderate exercise, 
but where no effects on lung function in healthy individuals have been reported (530 to 1,300 µg/m³). 
The spatial extent of the maximum predicted 1-hour SO2 concentrations above 337.5 µg/m³ (equivalent 
to a 10-minute concentration of 557 µg/m³) for each of the assessment cases is shown in Figure 2-11. As 
shown in the figure, maximum predicted 1-hour SO2 concentrations above 337.5 µg/m³ are localized to 
an area in the immediate vicinity of another industrial emission source.  

Clear respiratory responses, however, were not observed in a study in which non-exercising asthmatics 
were briefly exposed to SO2 concentrations of 1,300 µg/m³ (Linn et al. 1983; Sheppard et al. 1981). The 
maximum predicted 10-minute ground-level air concentration of SO2 for the MPOI (1,014 µg/m³) is 
below this level. This suggests that, despite the predicted exceedances of the 10-minute RfC for SO2, the 
potential risk of adverse health effects because of exposure to SO2 in the AQSA is low. 

 Fine Particulate Matter 

The predicted ground-level air concentrations of PM2.5 at the MPOI within the AQSA (outside developed 
areas) are above the 24-hour CAAQS (2020) of 27 µg/m³ and the annual CAAQS (2020) of 8.8 µg/m³ 
(CCME 2021) under each of the cumulative assessment cases (i.e., Baseline Case, Application Case 1, and 
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Application Case 2). The predicted 24-hour and annual ground-level air concentrations of PM2.5 for the 
statistical form of the CAAQS at the MPOI within the AQSA (outside developed areas) and the AQMS 
located in the community of Fort McKay (i.e., Bertha Ganter-Fort McKay and Fort McKay South) are 
provided in Table 6.2-3 for each of the cumulative assessment cases (i.e., Baseline Case, Application 
Case 1, and Application Case 2). 

Table 6.2-3: Predicted Daily and Annual Air Concentrations of PM2.5 for the Canadian Ambient Air 
Quality Standards 

Location/Averaging Period 
Predicted PM2.5 Ground-level Air Concentrations [µg/m³] 

Baseline Case Application Case 1 Application Case 2 

24-Hour(a)    

MPOI – AQSA (outside developed areas) 101.4 101.4 101.3 

Bertha Ganter - Fort McKay AQMS 30.2 30.1 27.8 

Fort McKay South AQMS 27.6 27.6 26.3 

24-Hour CAAQS 27 

Annual(b)     

MPOI – AQSA (outside developed areas) 33.1 33.1 33.1 

Bertha Ganter - Fort McKay AQMS 10.8 10.8 10.3 

Fort McKay South AQMS 10.1 10.0 9.7 

Annual CAAQS 8.8 
Notes: 
µg/m³ = microgram(s) per cubic metre; AQMS = air quality monitoring station; AQSA = air quality study area; CAAQS = Canadian 
Ambient Air Quality Standard; MPOI = maximum point of impingement. 
(a) The statistical form of the 24-hour CAAQS is the 3-year average of the annual 98th percentile of the daily 24-hour average 
concentrations (CCME 2021). 
(b) The statistical form of the annual CAAQS is the 3-year average of the annual average of the daily 24-hour average 
concentrations (CCME 2021). 

The predicted 24-hour and annual ground-level air concentrations of PM2.5 for the MPOI and Fort McKay 
are essentially unchanged across the cumulative assessment cases, with a slight decrease in the 
predicted ground-level air concentrations under Application Case 2 because of lower mine fleet exhaust 
and road dust emissions that are spread out over a larger area. In most cases (except 24-hour PM2.5 at 
Fort McKay South AQMS under Application Case 2), the predicted ground-level air concentrations of 
PM2.5 are above the CAAQS. 

In all cases, the MPOI for the maximum predicted 24-hour ground-level air concentration of PM2.5 is 
located approximately 15 km east of the Amended Project Area Boundary, along the boundary of 
another development within the AQSA. It is not known how frequently people would be present at the 
MPOI location, but they would not be expected to remain at the MPOI for extended periods of time. The 
predicted concentration contours for 24-hour PM2.5 within the AQSA are shown in Figure 2-19. The 
concentration contours of the maximum predicted 24-hour ground-level air concentrations are 
reasonably consistent across the cumulative assessment cases (i.e., Baseline Case, Application Case 1, 
and Application Case 2), with slight changes in the concentration contours observed to the north of the 
Amended Project Area Boundary.  
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Methodological enhancements in the causal analysis of PM2.5 and health outcomes have enabled 
researchers to further explore the shape of the particulate matter health effects concentration-response 
functions (or “dose-response curve”; Pope and Dockery 2006). These estimated concentration-response 
functions are based on daily time-series data from multiple large urban centres with typical populations 
much greater than one million people (i.e., significantly larger than the population that surrounds the 
FHOSP) that have been pooled to enhance their statistical power and generalizability. When combined, 
these concentration-response functions are near linear, with no obvious evidence of safe threshold 
levels (Pope and Dockery 2006).  

Epidemiological studies that explore the relationship between short-term PM2.5 exposure and health 
outcomes tend to tie the estimated changes in the rate of disease (e.g., incidence of cardiovascular 
and/or respiratory effects) to a sizable increase in ambient PM2.5 levels (e.g., 10 µg/m³; Krewski et al. 
2009; Pope et al. 2009). However, the relationship between PM2.5 exposure and health outcomes 
(whether it be measured in terms of mortality or morbidity [i.e., disease]) tends to be variable. The most 
reliable concentration-response functions are based on significant quantitative increments in PM 
concentrations. As such, it is difficult to determine the magnitude of change in the frequency of 
mortality or morbidity due to small changes in PM2.5. As previously discussed, the PM2.5 predictions at 
the MPOI and Fort McKay gradually decrease between the cumulative assessment cases because of 
lower mine fleet exhaust and road dust emissions that are spreading out over a larger area. This 
suggests that the IPA will have little, if any, effect on the Application Case health risks for short-term 
exposure to PM2.5 in the AQSA. 

The scientific basis of the annual CAAQS of 8.8 µg/m³ for PM2.5 is not clear. However, robust associations 
were reported between long-term exposure to PM2.5 and mortality in the American Cancer Society’s 
(ACS) study (Pope et al. 2002) and Harvard Six Cities studies (Dockery et al. 1993; HEI 2000; Jerrett et al. 
2005; Pope et al. 2002, 1995). The historical annual mean PM2.5 concentration was 18 µg/m³ (range, 
11.0 to 29.6 µg/m³) in the Six Cities study and 20 µg/m³ (range, 9.0 to 33.5 µg/m³) in the ACS study. In 
the ACS study, statistical uncertainty in the risk estimates becomes apparent at concentrations near 
13 µg/m³. Below this level, the confidence bounds significantly widen (i.e., uncertainty increases). 
According to the results of a Dockery et al. (1993) study, health effects could occur when annual mean 
concentrations of PM2.5 are in the range of 11 to 15 µg/m³. The 3-year average of predicted annual 
ground-level air concentrations of PM2.5 at the MPOI within the AQSA (outside developed areas) is 
33.1 µg/m³, with predicted annual ground-level air concentrations of PM2.5 at the AQMS in Fort McKay 
(i.e., Bertha Ganter - Fort McKay and Fort McKay South) ranging from 9.7 to 10.8 µg/m³ (Table 6.2-3). 
This suggests that the predicted annual PM2.5 concentrations in populated areas are below the range at 
which adverse population-level effects would be expected. 

 Total Suspended Particulate 

Maximum predicted 24-hour and annual ground-level air concentrations of TSP at the MPOI within the 
AQSA (outside developed areas) are above the 24-hour and annual AAAQOs from AEP (2019a) of 
100 µg/m³ and 60 µg/m³, respectively, under each of the cumulative assessment cases (i.e., Baseline 
Case, Application Case 1, and Application Case 2). The maximum predicted 24-hour and annual ground-
level air concentrations of TSP at the MPOI within the AQSA (outside developed areas) and the AQMS 
located in the community of Fort McKay (i.e., Bertha Ganter-Fort McKay and Fort McKay South) are 
provided in Table 6.2-4 for each of the cumulative assessment cases (i.e., Baseline Case, Application 
Case 1, and Application Case 2).  
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Table 6.2-4: Maximum Predicted Daily and Annual Air Concentrations of Total Suspended Particulate 

Location/Averaging Period 
Maximum Predicted TSP Ground-level Air Concentrations [µg/m³] 

Baseline Case Application Case 1 Application Case 2 

24-Hour    

MPOI – AQSA (outside developed areas) 1,166.4 1,166.6 1,167.5 

Bertha Ganter - Fort McKay AQMS 103.8 101.6 95.2 

Fort McKay South AQMS 89.1 88.1 83.6 

24-Hour AAAQO 100 

Annual     

MPOI – AQSA (outside developed areas) 158.4 158.4 158.3 

Bertha Ganter - Fort McKay AQMS 28.7 28.5 27.3 

Fort McKay South AQMS 26.6 26.5 25.7 

Annual AAAQO 60 
Notes: 
µg/m³ = microgram(s) per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; AQMS = air quality monitoring station; 
AQSA = air quality study area; MPOI = maximum point of impingement. 

The maximum predicted 24-hour and annual ground-level air concentrations of TSP at the MPOI and 
Fort McKay are essentially unchanged across the cumulative assessment cases. The maximum predicted 
24-hour ground-level air concentrations of TSP at Fort McKay are equal to or less than the 24-hour 
AAAQO, while the maximum predicted annual ground-level air concentrations of TSP at Fort McKay are 
consistently below the annual AAAQO.  

In all cases, the MPOIs for the maximum predicted 24-hour and annual ground-level air concentrations 
of TSP are located approximately 15 km east of the Amended Project Area Boundary, along the 
boundary of another development within the AQSA. The predicted concentration contours for 24-hour 
and annual TSP within the AQSA under the three cumulative cases (i.e., Baseline Case, Application Case 
1, and Application Case 2) are shown in Figure 2-23 and Figure 2-25. The concentration contours show 
that the predicted changes in 24-hour and annual ground-level air concentrations of TSP because of the 
IPA are focused within the Amended Project Area Boundary, extending slightly beyond the Amended 
Project Area Boundary to the north under Application Case 2.  

TSP encompasses all particle sizes; thus, it represents the “broadest” category of particulate matter. 
Because most of the TSP will be much larger than 10 µm in diameter, the TSP size range extends well 
beyond those particles that are able to penetrate the upper respiratory tract. Health-based guidelines 
are generally not set for these larger particles as they can be filtered out by the nose and throat. TSP is 
commonly measured alongside PM2.5 and PM10 for its potential to cause nuisance effects, not for 
reasons related explicitly to health. When assessing the potential risks to human health from PM, it is 
best to focus on the smaller particle sizes such as PM2.5. The potential health risks associated with PM2.5 

are discussed in Section 6.2.1.4.  
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6.2.2. Surface Water Quality and Human Health 
Surface water quality predictions (i.e., predicted surface water concentrations) were presented in the 
Water Quality assessment (Section 4.4) for three pit lakes (i.e., South Pit Lake [SPL], Centre Pit Lake [CPL] 
and North Pit Lake [NPL]) because of the integration of the changes to the mine plan, tailings 
management plan, and closure landscape. Surface water modelling was completed for two timeframes 
(i.e., initial and far future) and six climate scenarios (i.e., historical climate and five climate change 
scenarios). The modelling timeframe begins with the start of pit lake filling (i.e., 2064) and extends to 
2240 when the concentrations are expected to have been stable for many years. The initial timeframe is 
represented by the initial release of water from the pit lake under consideration, while the far future 
represents 100 years after the initial release. The five climate change scenarios are intended to 
characterize the potential changes to pit lake water quality due to flow changes associated with a range 
of possible future climate change.  

Section 4.4 presents surface water quality predictions for 45 parameters, including: 

● Polycyclic aromatic hydrocarbons (PAH) groups (Table 4.4-5 in Water Quality assessment for 
breakdown of nine PAH groups)  

● Metal(loid)s: aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, 
cobalt, copper, iron, lead, manganese, mercury, molybdenum, nickel, selenium, silver, 
strontium, vanadium, and zinc  

● Major ions: calcium, magnesium, potassium, sodium, chloride, and sulphate  

● Nutrients: ammonia, total nitrogen and total phosphorus  

● Organics: naphthenic acids (NAs) and total phenolics 

● Other inorganic parameters: total dissolved solids (TDS) and sulphide. 

In the assessment, the maximum predicted surface water concentrations of the modelled parameters 
under each of the timeframe and climate scenarios were compared against drinking water quality 
guidelines (DWQGs) recommended by AEP (2019b) and Health Canada (2020). Preference was given to 
the lowest, health-based DWQG sourced from the two regulatory agencies.  

Maximum predicted surface water concentrations were below their corresponding DWQGs for all 
modelled parameters, with the exceptions of:  

● iron 

● manganese 

● sodium 

● TDS 

The maximum predicted surface water concentrations of iron, manganese, sodium, and TDS for the 
three pit lakes are shown alongside their corresponding DWQGs in Table 6.3-1.  
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Table 6.3-5: Maximum Predicted Surface Water Concentrations of Iron, Manganese, Sodium, and Total 
Dissolved Solids in the Pit Lakes 

Parameter 
Drinking Water 

Quality Guideline 
[mg/L] 

Maximum Predicted Surface Water Concentrations(a) [mg/L] 

North Pit Lake Centre Pit Lake South Pit Lake 

Initial Far Future Initial Far Future Initial Far Future 

Iron 0.3 0.84 1.0 0.90 0.97 0.86 0.91 

Manganese 0.05 0.10 0.12 0.094 0.16 0.092 0.15 

Sodium 200 89 61 203 248 216 223 

Total Dissolved Solids 500 537 473 950 1,267 974 1,126 
Notes: 
mg/L = milligram(s) per litre. 
(a) Based on maximum predicted concentrations for the six climate scenarios (i.e., historical climate and five climate change 
scenarios). 

The DWQGs for iron, sodium and TDS represent aesthetic objectives (AOs; e.g., odour, taste or staining). 
These guidelines are not health-based; in fact, health-based guidelines are not available from AEP 
(2019b) or Health Canada (2020) for these parameters. The AOs for these parameters were established 
by Health Canada (2020) and adopted by AEP (2019b). The basis of the AOs for iron, sodium, and TDS 
(Health Canada 2020) are: 

● Iron: The AO of 0.3 mg/L is based on taste and staining of laundry and plumbing fixtures. 
According to Health Canada (2020), there is no evidence of dietary iron toxicity in the general 
population  

● Sodium: The AO of 200 mg/L is based on taste  

● TDS: The AO of 500 mg/L is based on taste 

At concentrations above these AOs, it is unlikely that the pit lake water would be considered a desirable 
source of drinking water, particularly on a continuous basis. 

Only manganese was predicted to exceed its health-based DWQG in pit lake surface water. Predicted 
surface water concentrations for manganese for all timeframe and climate scenarios (0.10-0.16 mg/L; 
Table 6.3-1) were above the DWQG (0.05 mg/L). Alberta’s potable water guideline of 0.05 mg/L for 
manganese was adopted as the DWQG for this assessment. The potable water guideline for manganese 
is based on reconstitution of baby formula for infants. Health Canada’s Maximum Acceptable 
Concentration (MAC) of 0.12 mg/L (also based on formula-fed infants) is exceeded in the far future only. 
However, it is highly unlikely that bottle-fed infants would receive all their water (to reconstitute the 
formula) from the pit lakes. An alternative exposure scenario, although perhaps equally unlikely, 
wherein a toddler drinks exclusively from the pit lakes would result in a DWQG of 0.14 to 0.34 mg/L, 
depending on the allocation factor assumed for drinking water. The maximum predicted manganese 
concentration of 0.16 mg/L is within the range of the calculated guideline. This suggests that the health 
risks associated with the predicted manganese concentrations in surface water are low.  
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6.3. Mitigation Measures, Monitoring and Follow-up Activities 
The findings of the assessment are based on the results and conclusions of the Air Quality and Surface 
Water Quality assessments (Section 2 and Section 4.4, respectively). As such, the mitigation measures, 
monitoring, and follow-up activities planned for air quality and surface water quality also are relevant to 
human health.  

6.4. Conclusions 
Overall, the major findings of the human health assessment are: 

● The contribution of the chemical emissions from the IPA to the cumulative short-term and long-
term exposures (acute and chronic) was typically negligible. In most instances, the potential 
health risks remained unchanged between the assessment cases (i.e., Baseline Case, Application 
Case 1, and Application Case 2), signifying that the IPA will have little, if any, effect on the 
Application Case health risks.  

● With very few exceptions, the predicted ground-level air concentrations of the compounds of 
interest (except PM2.5) were below their corresponding regulatory guideline in the community of 
Fort McKay, indicating a low health risk. For PM2.5, predicted ground-level air concentrations in 
the community of Fort McKay are consistent between the Baseline Case and Application Case 1, 
and decrease slightly under Application Case 2 because of lower mine fleet exhaust and road 
dust emissions that are spread out over a larger area. The predicted annual PM2.5 concentrations 
in populated areas are below the range at which adverse population-level effects would be 
expected. 

● All chemicals except for manganese were below their health-based drinking water quality 
guidelines. Because the manganese guideline is based on an improbable exposure scenario, the 
health risks associated with the predicted water concentrations for the initial and far future 
timeframes are predicted to be low. 
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2A.1. EMISSIONS DETAILS 

 Introduction 
This appendix provides information on the emissions estimation methodology for the Fort Hills Oil Sands 
Project (FHOSP) Integrated Plan Amendment (IPA), as well as information on the regional emissions 
modelled in the air quality assessment. 

Emission rates for the following compounds were estimated and modelled for the IPA in the air quality 
assessment: 

● Nitrogen Oxides (NOX) 

● Sulphur Dioxide (SO2) 

● Particulate matter with aerodynamic diameter of 2.5 microns or less (PM2.5) 

● Total Suspended Particulate matter (TSP) 

The methods and rationale applied to emissions calculations for FHOSP are detailed in this appendix. In 
addition, information is provided on the emissions from regional emission sources within the modelling 
domain, including oil sands developments, gas plants, compressor stations, transportation, and 
community emission sources that were included in the dispersion model for cumulative effects 
assessment purposes.  

 Approach 
The activities associated with the IPA that will result in a change to air emissions considered in the air 
quality assessment include: 

● Mine Fleet Exhaust: emissions associated with the combustion of diesel fuel in heavy duty 
mining equipment. 

● Road Dust: emissions resulting from heavy-haulers and vehicles travelling on unpaved road 
surfaces.  

The FHOSP emissions not associated with the IPA will also be reviewed. Previous air quality assessments 
for the FHOSP were completed before operations started in 2018. Since the start of operations at 
FHOSP, new information has become available that has been used to update the emissions estimated 
for the FHOSP. This allows a more meaningful assessment of the changes due to the IPA in the air quality 
assessment, rather than comparing to the previously assessed emissions, which may not be reflective of 
actual FHOSP emissions. Particularly, increased SO2 emissions from eight Solvent Recovery Unit (SRU) 
heaters that burn secondary extraction (SE) fuel gas at the FHOSP were identified by Fort Hills Energy 
Corporation (FHEC). In recent years, hydrogen sulphide (H2S) content in the SE fuel gas has been higher 
than originally anticipated at the FHOSP; therefore, the emissions from the eight SRU heaters have been 
reviewed and updated. 
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The following new information was provided by FHEC to support the emissions calculations and analysis: 

● The FHOSP 2019 Air Emissions Inventory Report (AEIR) submitted to Alberta Environment and 
Parks (AEP; FHEC 2020). 

● Annual mine fleet composition and projection (2021 to 2063) for the FHOSP mining operations 
(FHEC Owned Fleet and Contractor Mining Fleet), including gross operating hours (GOH), fuel 
consumption, and vehicle kilometres travelled (VKT). 

● IPA Mine plan development maps indicating mine progression and year-to-year active pit areas 
(2021 to 2063). 

● SE fuel gas data collected between January 1, 2019, and February 17, 2021 at the FHOSP. 

 Assessment Case Years 
In general, active mine pit areas and haul roads change from year to year because mining activities 
progress at an open pit oil sands mine. Haul roads can be generalized by the two primary hauling 
activities: hauling waste material (overburden/interburden) to storage areas (waste road) and hauling 
ore to an Ore Processing Plant (OPP; ore road). Generally, the location of the off-road mine fleet 
emissions and road dust emissions should reflect the active mine pit and haul roads in the year that they 
occur (spatial and temporal matching). However, there are several factors to consider when allocating 
emissions for air quality assessment purposes including proximity to publicly accessible areas and 
discrete receptors. 

The operating years with the highest emissions over the FHOSP life of mine are: 

● 2024: Maximum emissions before the changes associated with the IPA 

● 2025: Maximum mine fleet exhaust emissions after the changes associated with the IPA (NOX, 
SO2, PM2.5) 

● 2036: Maximum road dust emissions after the changes associated with the IPA (TSP) 

Mine fleet exhaust emissions are based on mine fleet composition and usage. The GOH and engine Tier 
status (i.e., Tier 2, Tier 4) of the projected fleet have the largest effect on mine fleet exhaust emissions 
year to year. Highest mine fleet exhaust emissions occur early in the life of mine (i.e., 2025) because 
replacement of Tier 2 equipment with Tier 4 equipment, which has better emissions performance, was 
conservatively assumed to start in 2026. Tier status, GOH, and mine fleet exhaust emissions for the 
projected FHOSP fleet are discussed further in Section 2A.1.4.1.2.1.1.  

Road dust emissions are largely influenced by the total VKT and composition (i.e., large haul trucks or 
light duty vehicles) comprising the projected fleet. The maximum road dust emissions occur later in the 
life of FHOSP (i.e., 2036), when haul distances become longer. Road dust emissions and VKT for the 
projected FHOSP fleet are discussed further in Section 2A.1.4.1.2.2.3. 

Two Application Cases are assessed in this air quality assessment for the following reasons: 

● Magnitude: the maximum emissions for the compounds of interest occur in different years, 
depending on the largest driver for that compound (e.g., mine fleet emissions or road dust). 
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● Location: operations locations (i.e., mining, haul roads, material stockpile locations) change year 
to year based on the mine plan. The locations at the beginning of the mine life are much 
different than at the end of mine life.  

● Areas of Interest to Stakeholders: Predictions at Fort McKay and within the McClelland Lake 
Wetland Complex (MLWC) are known to be important to stakeholders. The modelling of two 
Application Cases allows the evaluation of maximum effects for both areas (one case for each 
area) in a realistic way. 

 Fort Hills Emissions 

2A.1.4.1. Emissions Sources 
This section provides a general description of the FHOSP emissions sources. 

Emissions at FHOSP during normal operation can be categorized as: 

● gas-fired stationary combustion exhaust emissions from the following stacks: 

- two cogeneration unit stacks (637F-3501, 637F-4501) 

- four auxiliary boiler stacks (637F-2001 to 637F-2004) 

- four SRU flash drum heater stacks (612F-4101A/B, 612F-4201A/B) 

- four SRU 2nd stage column feed heater stacks (612F-4102A/B, 612F-4202A/B) 

- one glycol heater sack (631F-7000) 

- four high pressure natural gas line heater stacks (631F-6501A/B; 631F-6000A/B) 

- two odourized natural gas (ONG) heater stacks (631F-6015A/B) 

- two emergency flare stacks (612F-7001; 612F-7002) 

● diesel-fired stationary combustion exhaust from diesel generators, pumps, and portable light 
plants 

● propane-fired stationary combustion exhaust emissions from space heaters 

● mine fleet exhaust emissions 

● road dust emissions 

● material handling fugitive dust emissions 

● storage pile wind erosion fugitive dust emissions 

● mine face fugitive emissions 

● plant fugitive emissions 

● tailings pond fugitive emissions 

● tank fugitive emissions 

● cooling tower emissions 
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Following the air quality linkage analysis, which is discussed in detail in Volume 2, Section 2.1 of this 
Application, it was determined that the changes associated with the IPA would only affect the 
magnitude of emissions for mine fleet exhaust and road dust. The updated mine fleet composition and 
mine plans would not increase or decrease emissions from other FHOSP sources.  

2A.1.4.1.1. Non-Integrated Plan Amendment Related Emissions 

This section provides a general description of the FHOSP emissions not associated with the IPA. These 
emissions are constant in magnitude for each assessment case (i.e., Baseline Case, Application Case 1, 
and Application Case 2) though locations may change.  

2A.1.4.1.1.1. Aligning Emissions with Air Emissions Inventory Report 

FHOSP emissions were modelled in the 2001 Environmental Impact Assessment (EIA; TrueNorth 2001), 
the 2007 Environmental Protection and Enhancement Act (EPEA) Amendment (FHEC 2007) and most 
recently in the 2012 EPEA Approval Renewal Application (FHEC 2014). Other assessments (e.g., 2010 
Environmental Assessment Update [FHEC 2012], 2017 Fort Hills Mine Amendment [FHEC 2017]) 
included an assessment of emissions but did not include an updated dispersion modelling study. 
Therefore, all previous air dispersion modelling conducted for FHOSP were carried out before start of 
operation in 2018. Since FHOSP became operational, more data has been collected on its emissions 
based on actual performance data and installed equipment specifications. This new information allows 
provision of a more accurate estimation of FHOSP maximum emissions. For this reason, the FHOSP 
emissions were updated using available data. The updated emissions are primarily based on the 2019 
Fort Hills Annual Emissions Inventory Report (AEIR) submission to AEP (FHEC 2020), with the following 
deviations: 

● For point emission sources, the Baseline Case emissions are based on “maximum emission rate” 
in the 2019 AEIR, with the exception of PM2.5 emissions from stationary combustion, which 
were updated to use the Canadian Energy Partnership for Environmental Innovation (CEPEI) 
PM2.5 emission factors for permitting applications rather than those used for actual inventories 
that were used to develop AEIR (Ortech 2020). Additionally, the SRU Flash Drum Heaters and 
SRU 2nd Stage Column Feed Heaters SO2 emissions were updated to consider increase in fuel 
gas sulphur content, as discussed in Section 2A.1.4.1.1.2.  

● The flare emissions reported under AEIR include all emissions, including those from non-routine 
(i.e., upset) emission events. Under a normal operation case such as the one modelled for the 
IPA assessment, upset emissions are not included in the emissions estimate. For this reason, the 
FHOSP flare emissions were not directly taken from the AEIR reported emissions. The flare 
emissions were recalculated based on the pilot gas and purge gas combustion emissions only 
(i.e., routine flaring), as discussed in Section 2A.1.4.1.1.3.  

● For the majority of non-point sources (e.g., area sources), the Baseline Case emissions are based 
on the 2019 AEIR, but the emissions were scaled up to reflect the maximum approved bitumen 
production rate for FHOSP. For non-point emission sources directly affected by the IPA changes 
(i.e., mine fleet exhaust and road dust), additional detailed data were used to estimate 
emissions for those sources, as described in Section 2A.1.4.1.2. 
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2A.1.4.1.1.2. Solvent Recovery Unit Flash Drum Heaters and Solvent Recovery Unit Second Stage 
Column Feed Heaters 

There are four SRU flash drum heaters and four SRU 2nd stage column feed heaters that burn a mixture 
of natural gas and off gas collected from the vapour recovery unit (VRU). This mixed gas stream is called 
SE fuel gas. The off gas collected from the VRU contains trace amounts of H2S. Gas analysis of the SE fuel 
gas in recent years (i.e., 2020 and 2021) indicated a rise in the sulphur content in the gas. Once the SE 
fuel gas is burned at these eight heaters, the sulphur compounds (e.g., H2S) in the SE fuel gas are 
oxidized to form SO2, which is released to the atmosphere via stacks.  

The increased SE fuel gas sulphur content was not captured in the 2019 AEIR because that increased 
sulphur content was not observed before 2020. Therefore, the maximum SO2 emissions rate from 
sources that combust the fuel gas were updated to reflect the new gas analysis data reflecting the 
higher sulphur content in the SE fuel gas. This update only affects SO2 emissions, all other emissions 
rates for these sources were taken from the 2019 AEIR. 

The maximum SO2 emissions from the eight heaters were estimated based on a mass balance approach 
using the maximum heat input of the heaters and the worst-case assumptions for the SE fuel gas 
(i.e., highest sulphur content and lowest higher heating value) provided by FHEC. 

2A.1.4.1.1.2.1 Sample Calculations 

The following equation was used to calculate SO2 emissions from the fuel gas combustion at these 
sources using mass balance. The highest sulphur content and lowest heating value gas was used in the 
equation.  

𝑆𝑆𝑆𝑆2 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ℎ𝑒𝑒𝑚𝑚𝑒𝑒 𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑠𝑠𝑜𝑜𝑚𝑚𝑠𝑠𝑠𝑠𝑒𝑒 ×  
1

 𝑙𝑙𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑒𝑒 ℎ𝑒𝑒𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑣𝑣𝑚𝑚𝑙𝑙𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑜𝑜𝑚𝑚𝑒𝑒𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠
× ℎ𝑚𝑚𝑒𝑒ℎ𝑒𝑒𝑠𝑠𝑒𝑒 𝑜𝑜𝑚𝑚𝑒𝑒𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 𝑠𝑠𝑚𝑚𝑙𝑙𝑖𝑖ℎ𝑚𝑚𝑠𝑠 𝑠𝑠𝑜𝑜𝑖𝑖𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒 × 𝑆𝑆𝑆𝑆2 𝑚𝑚𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠 𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒ℎ𝑒𝑒  

Where: 

● Highest fuel gas sulphur content = 0.0764 mole percent (mol %) 

● Lowest case fuel gas heating value = 41.916 Gigajoules per 1000 cubic metres (GJ/e3m3) 

A sample calculation for the SO2 emissions from fuel gas combustion for SRU Flash Drum Heater 1 (612F-
4101A) is: 

Parameters: 

● 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ℎ𝑒𝑒𝑚𝑚𝑒𝑒 𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆 𝐹𝐹𝑙𝑙𝑚𝑚𝑠𝑠ℎ 𝐷𝐷𝑠𝑠𝑚𝑚𝑚𝑚 𝐻𝐻𝑒𝑒𝑚𝑚𝑒𝑒𝑒𝑒𝑠𝑠 1 = 268 Gigajoules per hour (GJ/hr)  

𝑆𝑆𝑆𝑆2 = 268
𝐺𝐺𝐺𝐺
ℎ𝑠𝑠

×  
1

41.916 𝐺𝐺𝐺𝐺
𝑒𝑒3𝑚𝑚3

×
1000 𝑚𝑚3

𝑒𝑒3𝑚𝑚3 ×
0.0764 𝑚𝑚𝑜𝑜𝑙𝑙 %

100
×  64.065𝑒𝑒 

𝑆𝑆𝑆𝑆2
𝑚𝑚𝑜𝑜𝑙𝑙

×
1

0.023686 m3

𝑚𝑚𝑜𝑜𝑙𝑙
×

𝑒𝑒
106 𝑒𝑒

×
24ℎ𝑠𝑠
𝑑𝑑

= 0.317 
𝑒𝑒
𝑑𝑑

 

The rated capacity and estimated maximum SO2 emissions for the eight heaters are presented in 
Table 2A.1. The emissions from these heaters are the same in all assessment cases.  
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Table 2A.1: Rated Capacity and Maximum SO2 Emissions for the Eight Solvent Recovery Unit Heaters 

Equipment Rated Capacity 
(GJ/hr) 

Maximum SO2 
Emission Rate 

(t/d) 

SRU Flash Drum Heater 1 (612F-4101A) 268 0.317 

SRU Flash Drum Heater 2 (612F-4101B) 268 0.317 

SRU Flash Drum Heater 3 (612F-4201A) 268 0.317 

SRU Flash Drum Heater 4 (612F-4201B) 268 0.317 

SRU 2nd Stage Column Feed Heater 1 (612F-4102A) 143 0.169 

SRU 2nd Stage Column Feed Heater 2 (612F-4102B) 143 0.169 

SRU 2nd Stage Column Feed Heater 3 (612F-4202A) 143 0.169 

SRU 2nd Stage Column Feed Heater 4 (612F-4202B) 143 0.169 

Total(a) 1.945 

Notes:  
(a) The sum of individual values may not appear to equal the total due to rounding.  
g/s = grams per second; GJ/hr = Gigajoules per hour; kg/hr = kilograms per hour; SO2 = sulphur dioxide; SRU = solvent recovery 
unit; t/d = tonnes per day. 

As shown in the Fort Hills emissions profile tables in Section 2A.1.4.3, a total 2 tonnes per day (t/d) of 
SO2 emissions are estimated in Application Case 1, therefore the eight SRU heaters account for 
approximately 97.3% (1.945 t/d) of the FHOSP SO2 emissions.  

2A.1.4.1.1.3. Routine Flaring 

There are two emergency flares at FHOSP, both located in secondary extraction. Flare gas is primarily 
purged natural gas (NG), but can also contain solvent (i.e., pentane) collected in the VRUs. Emissions 
from flaring for upset events is included in AEIR reported emissions. Under a normal operation scenario, 
the flares continuously flare pilot and purge gas only.  

The emission factor for NOX for industrial flaring was obtained from U.S. EPA AP-42 Chapter 13.5 
Industrial Flaring (U.S. EPA 1995a). The emission factors used for PM2.5 and TSP were obtained from the 
Fort Hills Mine 2019 AEIR Quantification Methodology Document (FHEC 2020). The emission factors 
used to estimate flaring emissions are presented in Table 2A.2. The maximum flow rates for purged NG 
and pilot NG are known, as reported to AEIR (FHEC 2020).  

Sulphur dioxide emissions were calculated based on the mass balance of sulphur in the combusted NG. 
A 99.5% flare efficiency was assumed for H2S conversion to SO2 during flaring. 
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Table 2A.2: Emission Factors Used for Flaring 

Compound Emission Factor Units 

NOX 0.068(a) lb/MMBtu 

PM2.5 0.37(b) lb/MMBtu 

TSP 0.37(b) lb/MMBtu 

Notes:  
(a) Source: U.S. EPA 1995a. 
(b) Source: FHEC 2020. 
lb/MMBtu = pound per million British Thermal Units; NOX = total oxides of nitrogen; PM2.5 = particulate matter with 
aerodynamic diameter of 2.5 microns or less; TSP = total suspended particulate matter.  

2A.1.4.1.1.3.1 Sample Calculations 

The following equation was used to estimate the routine flare emissions using emission factors:  

𝐹𝐹𝑙𝑙𝑚𝑚𝑠𝑠𝑚𝑚𝑖𝑖𝑒𝑒 𝑒𝑒𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖𝑠𝑠 𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒
=  𝑖𝑖𝑚𝑚𝑠𝑠𝑒𝑒𝑒𝑒 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 𝑜𝑜𝑙𝑙𝑜𝑜𝑙𝑙 𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒 × ℎ𝑒𝑒𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑣𝑣𝑚𝑚𝑙𝑙𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠
× 𝑒𝑒𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑜𝑜𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 

Where: 

● Heating value of natural gas = 0.041012 GJ/m3 (FHEC 2020) 

A sample calculation for the NOX emissions from flaring for Emergency Flare Stack 1 (612F-7001) is: 

Parameters: 

● 𝑖𝑖𝑚𝑚𝑠𝑠𝑒𝑒𝑒𝑒 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 𝑜𝑜𝑙𝑙𝑜𝑜𝑙𝑙 𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒 = 1,875.83 m3/hr  

● 𝐻𝐻𝑒𝑒𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑣𝑣𝑚𝑚𝑙𝑙𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 = 0.041012 GJ/m3 

● 𝑁𝑁𝑆𝑆𝑋𝑋 𝑒𝑒𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑜𝑜𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 = 0.068 lb/MMBTU 

𝑁𝑁𝑆𝑆𝑋𝑋 = 1,875.83 
𝑚𝑚3

ℎ𝑠𝑠
× 0.041012

GJ
𝑚𝑚3 × 0.068

𝑙𝑙𝑙𝑙
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆

×
𝑀𝑀𝑒𝑒𝑚𝑚

1055.06 J
×
𝑀𝑀𝑀𝑀𝑀𝑀𝑒𝑒𝑚𝑚
106Btu

×
109𝐺𝐺

GJ

×
𝑘𝑘𝑒𝑒

2.2046 lb
×

𝑒𝑒
1000 𝑘𝑘𝑒𝑒

×
24 ℎ𝑠𝑠
𝑑𝑑

= 0.054
𝑒𝑒
𝑑𝑑

 

The following equation was used to calculate SO2 emissions from flaring of purge natural gas using mass 
balance.  

𝑆𝑆𝑆𝑆2 = 𝑖𝑖𝑚𝑚𝑠𝑠𝑒𝑒𝑒𝑒 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 𝑜𝑜𝑙𝑙𝑜𝑜𝑙𝑙 𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒 × 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 𝑠𝑠𝑚𝑚𝑙𝑙𝑖𝑖ℎ𝑚𝑚𝑠𝑠 𝑠𝑠𝑜𝑜𝑖𝑖𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒 ×
𝑆𝑆𝑆𝑆2 𝑚𝑚𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠 𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒ℎ𝑒𝑒
𝑆𝑆 𝑚𝑚𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠 𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒ℎ𝑒𝑒

 

× 𝑜𝑜𝑙𝑙𝑚𝑚𝑠𝑠𝑒𝑒 𝑠𝑠𝑜𝑜𝑖𝑖𝑣𝑣𝑒𝑒𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚𝑠𝑠𝑚𝑚𝑒𝑒𝑖𝑖𝑠𝑠𝑒𝑒 

Where: 

● 𝑖𝑖𝑚𝑚𝑠𝑠𝑒𝑒𝑒𝑒 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 𝑜𝑜𝑙𝑙𝑜𝑜𝑙𝑙 𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒 = 1,875.83 m3/hr  

● natural gas sulphur content = 4.6 mg/m3 (FHEC 2020) 

● 𝑜𝑜𝑙𝑙𝑚𝑚𝑠𝑠𝑒𝑒 𝑠𝑠𝑜𝑜𝑖𝑖𝑣𝑣𝑒𝑒𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑒𝑒𝑜𝑜𝑜𝑜𝑚𝑚𝑠𝑠𝑚𝑚𝑒𝑒𝑖𝑖𝑠𝑠𝑒𝑒 = 99.5% (FHEC 2020)  
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A sample calculation for the SO2 emissions from flaring for Emergency Flare Stack 1 (612F-7001) is: 

Parameters: 

● 𝑖𝑖𝑚𝑚𝑠𝑠𝑒𝑒𝑒𝑒 𝑖𝑖𝑚𝑚𝑒𝑒𝑚𝑚𝑠𝑠𝑚𝑚𝑙𝑙 𝑒𝑒𝑚𝑚𝑠𝑠 𝑜𝑜𝑙𝑙𝑜𝑜𝑙𝑙 𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒 = 1,875.83 m3/hr  

● natural gas sulphur content = 4,.6 mg/m3 (FHEC 2020) 

● 𝑆𝑆𝑆𝑆2 = 1,875.83 𝑚𝑚
3

ℎ𝑟𝑟
× 4.6𝑚𝑚𝑚𝑚

𝑚𝑚3 × 64.065𝑚𝑚 𝑆𝑆𝑆𝑆2
32.066𝑚𝑚 𝑆𝑆

× 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
109 𝑚𝑚𝑚𝑚

× 24 ℎ𝑟𝑟
𝑑𝑑

× 99.5%
100

= 4.12 × 10−4 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑑𝑑

 

2A.1.4.1.1.4. Scaling Up of the Non-Point Source Emissions 

Fugitive emissions will change from year-to-year based on a variety of factors including the amount of 
ore mined and bitumen produced. The fugitive emissions in the Fort Hills 2019 AEIR reflected the 
expected emissions when FHOSP was operating at approximately 86% of its approved capacity. To 
estimate the maximum, the fugitive emissions from the 2019 AEIR were estimated by scaling the 2019 
AEIR reported emissions up based on the ratio of the maximum approved production rate to the 
production rate reported to the AER Statistical Reports ST39 for 2019 (AER 2021). The following non-
point sources were scaled up based on production:  

● diesel-fired stationary combustion exhaust 

● propane-fired stationary combustion exhaust 

● storage and handling fugitives 

● cooling towers 

A scaling factor was calculated based on this equation: 

 

𝑁𝑁𝑜𝑜𝑖𝑖 − 𝑖𝑖𝑜𝑜𝑚𝑚𝑖𝑖𝑒𝑒 𝑆𝑆𝑜𝑜𝑚𝑚𝑠𝑠𝑠𝑠𝑒𝑒 𝑆𝑆𝑠𝑠𝑚𝑚𝑙𝑙𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 =
 𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝐴𝐴𝑖𝑖𝑖𝑖𝑠𝑠𝑜𝑜𝑣𝑣𝑒𝑒𝑑𝑑 𝑀𝑀𝑚𝑚𝑒𝑒𝑚𝑚𝑚𝑚𝑒𝑒𝑖𝑖 𝑃𝑃𝑠𝑠𝑜𝑜𝑑𝑑𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑜𝑜𝑖𝑖 (𝑚𝑚3) 
𝐹𝐹𝑜𝑜𝑠𝑠𝑒𝑒 𝐻𝐻𝑚𝑚𝑙𝑙𝑙𝑙𝑠𝑠 2019 𝑀𝑀𝑚𝑚𝑒𝑒𝑚𝑚𝑚𝑚𝑒𝑒𝑖𝑖 𝑃𝑃𝑠𝑠𝑜𝑜𝑑𝑑𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑜𝑜𝑖𝑖 𝑆𝑆𝑚𝑚𝑒𝑒𝑒𝑒 (𝑚𝑚3) 

 

=
11,025,748 𝑚𝑚3

9,506,450 𝑚𝑚3 = 1.16 

2A.1.4.1.1.5. Non-IPA Emissions Summary 

The emission sources not related to the IPA remain constant in magnitude between Assessment Cases. A 
summary of the non-IPA related emission profile is presented in Table 2A.3.  
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Table 2A.3: Fort Hills Emission Non-Integrated Plan Amendment Related Emission Profile 

Fort Hills Emission Source 
Emission Rate (t/d) 

NOX SO2 PM2.5 TSP 

Gas-Fired Stationary Combustion Sources 5.777 1.975 0.116 0.116 

Diesel-fired Stationary Combustion Sources 1.901 <0.001 0.133 0.133 

Propane-fired Stationary Combustion Sources 0.007 0.001 <0.001 <0.001 

Material Handling and Storage Fugitive Dust — — 0.027 0.367 

Mine Face Fugitive Emissions — — — — 

Plant Fugitive Emissions — — — — 

Tailings Pond Fugitive Emissions — — — — 

Cooling Tower Emissions — — <0.001 <0.001 

Total Non-IPA Related Emissions(a) 7.685 1.975 0.276 0.616 

Notes: 
(a) The sum of individual values may not appear to equal the total due to rounding. 
“—" = no emissions; “<” = less than; IPA = Integrated Plan Amendment; NOX = oxides of nitrogen; PM2.5 = particulate matter 
with a mean aerodynamic diameter of 2.5 microns or less; SO2 = sulphur dioxide; t/d = tonne per day; TSP = total suspended 
particulate matter. 

2A.1.4.1.2. Integrated Plan Amendment-Related Emissions 

The air quality linkage assessment identified that the changes to planned mine fleet usage, fleet 
composition, and haul distances associated with the IPA will affect mine fleet exhaust and road dust 
emissions.  

The mine fleet at FHOSP is comprised of four components:  

● the FHEC owned mine fleet (off-road vehicles) 

● the Contractor mining fleet used for mining activities (off-road vehicles) 

● the Contractor mining fleet used for various supporting activities, such as construction (off-road 
vehicles) 

● the light duty vehicle fleet (on-road vehicles) 

Detailed, projected mine fleet data including mine fleet composition, GOH and VKT is available year by 
year for the life of mine for the FHEC Owned mine fleet and Contractor mining fleet used for mining 
activities. The composition and usage of the Contractor support fleet used in support activities is not 
known in detail. In the absence of detailed knowledge on how the Contractor mine fleet will grow or 
reduce (and with no indication that the Contractor support fleet is expected to increase or decrease), it 
was assumed that the Contractor support fleet will remain at a constant composition and usage for the 
life of the mine, based on the information as reported in the 2019 AEIR.  

Light vehicle projections were also available for the life of mine equipment and represent a small 
portion, approximately 1 to 10%, of the total fleet emissions depending on the compound.  

The methods used to estimate mine fleet exhaust and road dust emissions for each component of the 
FHOSP off-road fleet is summarized in Table 2A.4.  
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Table 2A.4: Methods Used for Mine Fleet Exhaust and Road Dust Emission Estimates by Fleet 
Component 

Fleet Component Category Mine Fleet Exhaust Road Dust 

FHEC Owned Fleet Off-road Calculated based on projected FHEC 
Owned Fleet GOH 

Scaled from 2019 AEIR emissions based on 
projected FHEC Owned Fleet VKT 

Contractor Mining Fleet Off-road Calculated based on projected 
Contractor Mining Fleet GOH 

Scaled from 2019 AEIR emissions based on 
projected Contractor Mining Fleet VKT 

Contractor Support Fleet Off-road 2019 AEIR emissions held constant 2019 AEIR emissions held constant 

Light Duty Fleet On-road Calculated based on projected Light 
Duty Fleet fuel consumption  

Calculated based on projected Light Duty 
Fleet VKT 

Notes: 
AEIR = Annual Emissions Inventory Report; GOH = gross operating hours; VKT = vehicle kilometres travelled. 

2A.1.4.1.2.1. Mine Fleet Exhaust Emissions 

2A.1.4.1.2.1.1 Off-Road Vehicles and Equipment Exhaust Emissions 

The off-road, diesel-powered mine fleet for FHOSP is evaluated based on projected mine fleet operating 
hours, and mine fleet composition provided by FHEC. The types of equipment include haul trucks, 
shovels, excavators, loaders, dozers, and graders. Projected FHEC owned fleet data were used to 
estimate the FHEC owned portion of the mine fleet exhaust for each year of mine operations. Similarly, 
the projected Contractor mining fleet GOH were used to estimate the Contractor mining fleet portion of 
the mine fleet exhaust. It was assumed that the Contractor mining fleet is comprised of smaller haul 
trucks (e.g., CAT 777, CAT 789, CAT 794) instead of larger haul trucks (e.g., Komatsu 980E) for the 
purposes of emission estimates, as this equipment make up the contractor fleet in the 2019 AEIR.  

In Canada, the emissions from off-road diesel engines are regulated under the Off-Road Compression-
Ignition (Mobile and Stationary) and Large Spark-Ignition Engine Emission Regulations (Government of 
Canada 2021). These regulations are in line with the United States Environmental Protection Agency 
(U.S. EPA) emission standards for non-road diesel engines (U.S. EPA 2004).  

The U.S. EPA NONROAD emission model (U.S. EPA 2010a,b,c) was used to estimate the mine fleet NOX, 
SO2, PM2.5 and TSP (as inhalable particulate matter (PM10))) exhaust emissions. The NONROAD emission 
model was developed by the U.S. EPA to assist state and local regulatory agencies in the development of 
accurate emission inventories for off-road diesel engines. The NONROAD model estimates emission 
rates for off-road diesel engines based on the following equation: 

Vehicle Emissions = Zero-Hour, Steady-State Emission Factor × Gross Operating Hours × Equipment 
Horsepower × Load Factor × Transient Adjustment Factor × Deterioration Factor 

The NONROAD model includes several key elements. First, an inventory of steady-state emission factors 
is developed for off-road diesel engines with various horsepower ranges. The emission factors represent 
the emissions from new engines under steady-state operation. These emission factors are called zero 
hour, steady-state emission factors. Second, the NONROAD model includes load factors accounting for 
the fact that the engines do not operate constantly at their maximum rated horsepower in real-world 
applications. Lastly, the NONROAD model incorporates the emission profile for engines during transient 
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operating conditions (i.e., variations in load demand and engine speeds) and takes into consideration 
the deterioration of engine performance over time. 

In addition to the NONROAD model methodology, the following assumptions were made to support the 
FHOSP FHEC owned fleet and Contractor mining fleet components of the mine fleet exhaust emission 
calculations: 

● It is not possible to track the age of individual engines annually at an early phase of the mine 
planning and design process. Therefore, all engines were conservatively assumed to be at the 
end of their respective engine lives, and the highest engine deterioration engine factor value 
was used in the NONROAD model emission calculations. 

● All years of the FHOSP mining operations were evaluated. The modelled emissions for 
Application Case 1 represent the highest expected emissions in any year (i.e., 2025).  

The total off-road mine fleet exhaust emissions (i.e., FHEC owned fleet + Contractor mining fleet + 
Contractor support fleet) for each year of mine life (2021 to 2063) are presented in Figure 2A.1. The year 
with the maximum NOX, PM2.5 and TSP emissions is 2025, the last year when 100% of the haul trucks 
(Komatsu 980E) are equipped with Tier 2 engines. Starting in 2026, it was assumed that haul trucks 
equipped with Tier 4 engines with more stringent emission limits will be incorporated into the mine 
fleet. All haul trucks (Komatsu 980E) are expected to be equipped with Tier 4 engines by 2031.  

 
Notes:  
NOX = nitrogen oxides; SO2 = sulphur dioxide; PM2.5 = particulate matter with aerodynamic diameter of 2.5 microns or less; 
TSP = total suspended particulate matter; t/d = tonne per day. 

Figure 2A.1: Updated Fort Hills Fleet Exhaust Emissions Estimates between 2021 and 2063 
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The percentages of the haul trucks by annual GOH with Tier 2 and Tier 4 engines between 2021 and 
2063 are shown in Figure 2A.2.  

 

 
Notes:  
GOH – Gross Operating Hours; % = percent. 

Figure 2A.2: Percentage of FHEC Owned Fleet Komatsu 980E Haul Trucks with Tier 2 and Tier 4 Engines 
between 2021 and 2063 

A breakdown of each portion of the off-road mine fleet emissions for each of the assessment cases is 
presented in Table 2A.5. As shown, the highest emissions from the off-road mine fleet occur in 
Application Case 1, represented by year 2025. Because of the replacement of Tier 2 engines with Tier 4 
engines over the life of mine, the off-road mine fleet emissions are lower in Application Case 2. There 
are no emissions from the Contractor Mining Fleet in Application Case 2 because the planned use of this 
fleet ends in 2031. A graphical representation is shown in Figure 2A.3.  
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Table 2A.5: Off-road Mine Fleet Exhaust Emission Profile Comparison by Assessment Case 

Assessment Case Fleet Component 
Maximum Emission Rates (t/d) 

NOX SO2 PM2.5 TSP 

Baseline Case  

FHEC Owned Fleet 13.273 0.018 0.595 0.613 

Contractor Mining Fleet  1.857 0.002 0.085 0.088 

Contractor Support Fleet  1.561 <0.001 0.102 0.102 

Total Off-road Fleet 16.691 0.020 0.782 0.803 

Application Case 1 

FHEC Owned Fleet 16.353 0.021 0.735 0.757 

Contractor Mining Fleet  1.980 0.002 0.091 0.094 

Contractor Support Fleet  1.561 <0.001 0.102 0.102 

Total Off-road Fleet 19.894 0.024 0.927 0.953 

Application Case 2 

FHEC Owned Fleet 11.603 0.024 0.211 0.217 

Contractor Mining Fleet  — — — — 

Contractor Support Fleet  1.561 <0.001 0.102 0.102 

Total Off-road Fleet 13.164 0.024 0.312 0.319 

Notes: 
“—" = no emissions; “<” = less than; NOX = oxides of nitrogen; PM2.5 = particulate matter with a mean aerodynamic diameter of 
2.5 microns or less; SO2 = sulphur dioxide; t/d = tonne per day; TSP = total suspended particulate matter. 

 

 
Notes:  
FHEC = Fort Hills Energy Corporation; NOX = nitrogen oxides; t/d = tonnes per day. 

Figure 2A.3: Breakdown of Off-road Mine Fleet Exhaust NOX Emissions by Mine Fleet Component 
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 Sample Calculations 

The following calculations are for NOX, SO2, PM2.5, and PM10 emissions from Komatsu 980E haul trucks 
with Tier 2 engines in 2025. These emissions were calculated based on the NONROAD model based on 
its associated technical documents (U.S. EPA 2010a,b,c). 

𝑁𝑁𝑆𝑆𝑋𝑋 = 𝐸𝐸𝑖𝑖𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑆𝑆𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 × 𝐴𝐴𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝐺𝐺𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠 𝑆𝑆𝑖𝑖𝑒𝑒𝑠𝑠𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝐻𝐻𝑜𝑜𝑚𝑚𝑠𝑠 × 𝑆𝑆𝑒𝑒𝑒𝑒𝑚𝑚𝑑𝑑𝑒𝑒 𝑆𝑆𝑒𝑒𝑚𝑚𝑒𝑒𝑒𝑒 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠
× 𝐿𝐿𝑜𝑜𝑚𝑚𝑑𝑑 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 × 𝑀𝑀𝑠𝑠𝑚𝑚𝑖𝑖𝑠𝑠𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐴𝐴𝑑𝑑𝐴𝐴𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 × 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠𝑚𝑚𝑜𝑜𝑠𝑠𝑚𝑚𝑒𝑒𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 

𝑁𝑁𝑆𝑆𝑋𝑋 = 3,500 𝑙𝑙ℎ𝑖𝑖 × 485,216
ℎ𝑠𝑠
𝑒𝑒𝑠𝑠

× 4.1
𝑒𝑒

𝑙𝑙ℎ𝑖𝑖 ∙ ℎ𝑠𝑠
× 0.59 × 0.95 × 1.009 ×

𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
106𝑒𝑒

×
𝑒𝑒𝑠𝑠

365𝑑𝑑

= 10.788
𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
𝑑𝑑

 

𝑆𝑆𝑆𝑆2 = 𝐸𝐸𝑖𝑖𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑆𝑆𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 × 𝐴𝐴𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝐺𝐺𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠 𝑆𝑆𝑖𝑖𝑒𝑒𝑠𝑠𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝐻𝐻𝑜𝑜𝑚𝑚𝑠𝑠 × 𝑆𝑆𝑆𝑆2 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 × 𝐿𝐿𝑜𝑜𝑚𝑚𝑑𝑑 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 

𝑆𝑆𝑆𝑆2 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠

= �𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵𝑆𝑆𝑆𝑆 × 𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵 𝑀𝑀𝐴𝐴𝐹𝐹 × 453.6
𝑒𝑒
𝑙𝑙𝑙𝑙

× (1 − 𝑠𝑠𝑜𝑜𝑚𝑚𝑠𝑠𝑖𝑖𝑣𝑣)�

− (𝐻𝐻𝐵𝐵 𝑆𝑆𝑒𝑒𝑒𝑒𝑚𝑚𝑑𝑑𝑒𝑒 𝑆𝑆𝑒𝑒𝑚𝑚𝑒𝑒𝑒𝑒 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 × 𝐻𝐻𝐵𝐵 𝑀𝑀𝑠𝑠𝑚𝑚𝑖𝑖𝑠𝑠𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐴𝐴𝑑𝑑𝐴𝐴𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠

× 𝐻𝐻𝐵𝐵 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠𝑚𝑚𝑜𝑜𝑠𝑠𝑚𝑚𝑒𝑒𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠) ×
𝑠𝑠𝑜𝑜𝑚𝑚𝑑𝑑𝑠𝑠𝑙𝑙

106 µ𝑒𝑒
𝑒𝑒

×
2 𝑒𝑒 𝑆𝑆𝑆𝑆2
𝑒𝑒 𝑆𝑆

 

Where: 

● 𝑆𝑆𝑆𝑆2 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 = a factor (g/bhp-hr) to account for the fraction of sulphur in diesel that 
is involved in particulate matter formation in the combustion process and the in-use adjusted 
hydrocarbon (HC) emissions. 

● 𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵𝑆𝑆𝑆𝑆 = steady-state adjusted brake specific fuel consumption (lb/hp-hr), which varies based 
on engine rating 

● 𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵 𝑀𝑀𝐴𝐴𝐹𝐹 = steady-state adjusted brake specific fuel consumption transient adjustment factor 
(dimensionless), which varies based on engine tier and engine cycle type 

● 𝑠𝑠𝑜𝑜𝑚𝑚𝑠𝑠𝑖𝑖𝑣𝑣 = fraction of fuel sulphur converted to particulate matter (dimensionless), which varies 
depending on engine tier 

● 𝑠𝑠𝑜𝑜𝑚𝑚𝑑𝑑𝑠𝑠𝑙𝑙 = diesel sulphur content (parts per million by weight [ppmw]) 

 

𝑆𝑆𝑆𝑆2 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠

= �0.3670
𝑙𝑙𝑙𝑙

ℎ𝑖𝑖 ∙ ℎ𝑠𝑠
× 1.010 × 453.6

𝑒𝑒
𝑙𝑙𝑙𝑙

× (1 − 0.0225)�

− �0.1669
𝑒𝑒

ℎ𝑖𝑖 ∙ ℎ𝑠𝑠
× 1.05 × 1.034� ×

15

106 µ𝑒𝑒
𝑒𝑒

×
2 𝑒𝑒 𝑆𝑆𝑆𝑆2
𝑒𝑒 𝑆𝑆

= 0.005 
𝑒𝑒

ℎ𝑖𝑖 ∙ ℎ𝑠𝑠
  

𝑆𝑆𝑆𝑆2 = 3,500 𝑙𝑙ℎ𝑖𝑖 × 485,216
ℎ𝑠𝑠
𝑒𝑒𝑠𝑠

× 0.005
𝑒𝑒

𝑙𝑙ℎ𝑖𝑖 ∙ ℎ𝑠𝑠
× 0.59 ×

𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
106𝑒𝑒

×
𝑒𝑒𝑠𝑠

365𝑑𝑑
= 0.014

𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
𝑑𝑑
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𝑃𝑃𝑀𝑀10 = 𝐸𝐸𝑖𝑖𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑆𝑆𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 × 𝐴𝐴𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝐺𝐺𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠 𝑆𝑆𝑖𝑖𝑒𝑒𝑠𝑠𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝐻𝐻𝑜𝑜𝑚𝑚𝑠𝑠 × 𝐿𝐿𝑜𝑜𝑚𝑚𝑑𝑑 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠
× (𝑆𝑆𝑒𝑒𝑒𝑒𝑚𝑚𝑑𝑑𝑒𝑒 𝑆𝑆𝑒𝑒𝑚𝑚𝑒𝑒𝑒𝑒 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 × 𝑀𝑀𝑠𝑠𝑚𝑚𝑖𝑖𝑠𝑠𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐴𝐴𝑑𝑑𝐴𝐴𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠
× 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠𝑚𝑚𝑜𝑜𝑠𝑠𝑚𝑚𝑒𝑒𝑚𝑚𝑜𝑜𝑖𝑖 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 − 𝑃𝑃𝑀𝑀 𝑆𝑆𝑚𝑚𝑙𝑙𝑖𝑖ℎ𝑚𝑚𝑠𝑠 𝐴𝐴𝑑𝑑𝐴𝐴𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠) 

𝑃𝑃𝑀𝑀 𝑆𝑆𝑚𝑚𝑙𝑙𝑖𝑖ℎ𝑚𝑚𝑠𝑠 𝐴𝐴𝑑𝑑𝐴𝐴𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠

=
𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵𝑆𝑆𝑆𝑆 × 𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵 𝑀𝑀𝐴𝐴𝐹𝐹 × 453.6 𝑒𝑒

𝑙𝑙𝑙𝑙 × 7.0 × 𝑠𝑠𝑜𝑜𝑚𝑚𝑠𝑠𝑖𝑖𝑣𝑣 × (𝑠𝑠𝑜𝑜𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠 − 𝑠𝑠𝑜𝑜𝑚𝑚𝑑𝑑𝑠𝑠𝑙𝑙)

106 µ𝑒𝑒
𝑒𝑒

 

Where: 

● 𝑃𝑃𝑀𝑀 𝑆𝑆𝑚𝑚𝑙𝑙𝑖𝑖ℎ𝑚𝑚𝑠𝑠 𝐴𝐴𝑑𝑑𝐴𝐴𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 = a factor (g/bhp-hr) to account for the level of sulphur in 
diesel that is partially responsible for the particulate matter formation in the combustion 
process  

● 𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵𝑆𝑆𝑆𝑆 = steady-state adjusted brake specific fuel consumption (lb/hp-hr), which varies based 
on engine rating 

● 𝑀𝑀𝑆𝑆𝐹𝐹𝐵𝐵 𝑀𝑀𝐴𝐴𝐹𝐹 = steady-state adjusted brake specific fuel consumption transient adjustment factor 
(dimensionless), which varies based on engine tier and engine cycle type 

● 𝑠𝑠𝑜𝑜𝑚𝑚𝑠𝑠𝑖𝑖𝑣𝑣 = fraction of fuel sulphur converted to particulate matter (dimensionless), which varies 
depending on engine tier 

● 𝑠𝑠𝑜𝑜𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠 = default certification diesel sulphur content (ppmw), which varies depending on the 
engine tier 

● 𝑠𝑠𝑜𝑜𝑚𝑚𝑑𝑑𝑠𝑠𝑙𝑙 = diesel sulphur content (ppmw) 

𝑃𝑃𝑀𝑀 𝑆𝑆𝑚𝑚𝑙𝑙𝑖𝑖ℎ𝑚𝑚𝑠𝑠 𝐴𝐴𝑑𝑑𝐴𝐴𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠

=
0.3670 𝑙𝑙𝑙𝑙

ℎ𝑖𝑖 ∙ ℎ𝑠𝑠 × 1.010 × 453.6 𝑒𝑒
𝑙𝑙𝑙𝑙 × 7.0 × 0.0225 × (2,000 − 15)

106 µ𝑒𝑒
𝑒𝑒

= 0.0525
𝑒𝑒

𝑙𝑙ℎ𝑖𝑖 ∙ ℎ𝑠𝑠
 

𝑃𝑃𝑀𝑀10 = 3,500 𝑙𝑙ℎ𝑖𝑖 × 485,216
ℎ𝑠𝑠
𝑒𝑒𝑠𝑠

× 0.59 × �0.1316
𝑒𝑒

𝑙𝑙ℎ𝑖𝑖 ∙ ℎ𝑠𝑠
× 1.23 × 1.473 − 0.0525

𝑒𝑒
𝑙𝑙ℎ𝑖𝑖 ∙ ℎ𝑠𝑠

�

×
𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
106𝑒𝑒

×
𝑒𝑒𝑠𝑠

365𝑑𝑑
= 0.510

𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
𝑑𝑑
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TSP emissions were assumed to be equal to PM10 emissions. The NONROAD model assumes that 97% of 
the PM10 is PM2.5; therefore, 

𝑃𝑃𝑀𝑀2.5 = 𝑃𝑃𝑀𝑀10 ×
97

100
= 0.495

𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
𝑑𝑑

 

The NONROAD model emission factors, load factors, transient adjustment factors and deterioration 
factors used for all equipment fleet applicable for each applicable year are summarized in Tables 2A.6 to 
2A.8 for the FHEC Owned Fleet and Tables 2A.9 to 2A.11 for the Contractor Mine Fleet.  
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Table 2A.6: Fort Hills Energy Corporation Owned Fleet Off-Road Diesel Engine NOX Emissions for 2025 

Model Description Engine Tier Equipment Type in 
NONROAD Model 

Engine Rating 
(bhp) 

Annual Gross Operating 
Hours 
(hr/yr) 

Steady-State NOX 
Emission Factor 

(g/bhp-hr) 
Load Factor Transient Adjustment 

Factor 
Deterioration 

Factor 

NOX 

Emission Rate 
(t/d) 

EX8000 Hydraulic Shovel 2 Excavator 3,900 12,930 4.1000 0.59 0.95 1.009 0.320 

EX8000 Hydraulic Shovel 4 Excavator 3,900 0 2.3920 0.59 1.00 1.008 0.000 

EX8000BH Backhoe 2 Excavator 3,900 6,465 4.1000 0.59 0.95 1.009 0.160 

EX8000BH Backhoe 4 Excavator 3,900 0 2.3920 0.59 1.00 1.008 0.000 

980E Diesel Haul Truck 2 Crawler Dozer 3,500 485,216 4.1000 0.59 0.95 1.009 10.788 

980E Diesel Haul Truck 4 Crawler Dozer 3,500 0 2.3920 0.59 1.00 1.008 0.000 

CAT390F Diesel Shovel 2 Excavator 520 0 4.3351 0.59 0.95 1.009 0.000 

CAT390F Diesel Shovel 4 Excavator 520 17,783 0.2760 0.59 1.00 1.008 0.004 

CAT349F Diesel Shovel 2 Excavator 320 0 4.3351 0.59 0.95 1.009 0.000 

CAT349F Diesel Shovel 4 Excavator 320 10,899 0.2760 0.59 1.00 1.008 0.002 

CATD11T Track Dozer 2 Crawler Dozer 850 0 4.1000 0.59 0.95 1.009 0.000 

CATD11T Track Dozer 4 Crawler Dozer 850 139,236 2.3920 0.59 1.00 1.008 0.461 

CATD9T Track Dozer 2 Crawler Dozer 410 0 4.3351 0.59 0.95 1.009 0.000 

CATD9T Track Dozer 4 Crawler Dozer 410 12,614 0.2760 0.59 1.00 1.008 0.002 

CAT854K Rubber Tired Dozer 2 Crawler Dozer 800 0 4.1000 0.59 0.95 1.009 0.000 

CAT854K Rubber Tired Dozer 4 Crawler Dozer 800 24,261 2.3920 0.59 1.00 1.008 0.076 

CAT24M Grader 2 Crawler Dozer 500 0 4.3351 0.59 0.95 1.009 0.000 

CAT24M Grader 4 Crawler Dozer 500 82,487 0.2760 0.59 1.00 1.008 0.019 

CAT16M Grader 2 Crawler Dozer 265 0 4.0000 0.59 0.95 1.009 0.000 

CAT16M Grader 4 Crawler Dozer 265 14,556 0.2760 0.59 1.00 1.008 0.002 

CATD8T Track Dozer 2 Crawler Dozer 310 0 4.3351 0.59 0.95 1.009 0.000 

CATD8T Track Dozer 4 Crawler Dozer 310 54,494 0.2760 0.59 1.00 1.008 0.008 

EX5500  Hydraulic Shovel 2 Excavator 2,800 25,200 4.1000 0.59 0.95 1.009 0.448 

EX5500  Hydraulic Shovel 4 Excavator 2,800 0 2.3920 0.59 1.00 1.008 0.000 

EX2500-6 1302 Diesel Shovel 2 Excavator 1,400 4,205 4.1000 0.59 0.95 1.009 0.037 

EX2500-6 1302 Diesel Shovel 4 Excavator 1,400 0 2.3920 0.59 1.00 1.008 0.000 

CAT777F  Diesel Haul Truck 2 Crawler Dozer 758 29,434 4.1000 0.59 0.95 1.009 0.142 

CAT777F  Diesel Haul Truck 4 Crawler Dozer 758 0 2.3920 0.59 1.00 1.008 0.000 

CAT793  Diesel Haul Truck 2 Crawler Dozer 2,337 261,600 4.1000 0.59 0.95 1.009 3.884 

CAT793  Diesel Haul Truck 4 Crawler Dozer 2,337 0 2.3920 0.59 1.00 1.008 0.000 

          Total 16.353 
Notes: 
NOX = Nitrogen dioxide; bhp = brake horsepower; hr/yr = hours per year; g/bhp-hr = gram per brake horsepower-hour; t/d = tonne per day. 
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Table 2A.7: Fort Hills Energy Corporation Owned Fleet Off-Road Diesel Engine SO2 Emissions for 2025 

Model # of Units Engine Tier Type Engine Rating (bhp) Annual Gross Operating 
Hours (hr/yr) 

Steady-State SO2 
Emission Factor (g/bhp-

hr) 
Load Factor Transient Adjustment 

Factor Deterioration Factor SO2 Emission Rate 
(t/d) 

EX8000 Hydraulic Shovel 2 Excavator 3,900 12,930 0.0049 0.59 1.05 1.034 4.01E-04 

EX8000 Hydraulic Shovel 4 Excavator 3,900 0 0.005 0.59 1.00 1.027 0.00E+00 

EX8000BH Backhoe 2 Excavator 3,900 6,465 0.005 0.59 1.05 1.034 2.01E-04 

EX8000BH Backhoe 4 Excavator 3,900 0 0.005 0.59 1.00 1.027 0.00E+00 

980E Diesel Haul Truck 2 Crawler Dozer 3,500 485,216 0.005 0.59 1.05 1.034 1.35E-02 

980E Diesel Haul Truck 4 Crawler Dozer 3,500 0 0.005 0.59 1.00 1.027 0.00E+00 

CAT390F Diesel Shovel 2 Excavator 520 0 0.005 0.59 1.05 1.034 0.00E+00 

CAT390F Diesel Shovel 4 Excavator 520 17,783 0.005 0.59 1.00 1.027 7.29E-05 

CAT349F Diesel Shovel 2 Excavator 320 0 0.005 0.59 1.05 1.034 0.00E+00 

CAT349F Diesel Shovel 4 Excavator 320 10,899 0.005 0.59 1.00 1.027 2.75E-05 

CATD11T Track Dozer 2 Crawler Dozer 850 0 0.005 0.59 1.05 1.034 0.00E+00 

CATD11T Track Dozer 4 Crawler Dozer 850 139,236 0.005 0.59 1.00 1.027 9.33E-04 

CATD9T Track Dozer 2 Crawler Dozer 410 0 0.005 0.59 1.05 1.034 0.00E+00 

CATD9T Track Dozer 4 Crawler Dozer 410 12,614 0.005 0.59 1.00 1.027 4.08E-05 

CAT854K Rubber Tired Dozer 2 Crawler Dozer 800 0 0.005 0.59 1.05 1.034 0.00E+00 

CAT854K Rubber Tired Dozer 4 Crawler Dozer 800 24,261 0.005 0.59 1.00 1.027 1.53E-04 

CAT24M Grader 2 Crawler Dozer 500 0 0.005 0.59 1.05 1.034 0.00E+00 

CAT24M Grader 4 Crawler Dozer 500 82,487 0.005 0.59 1.00 1.027 3.25E-04 

CAT16M Grader 2 Crawler Dozer 265 0 0.005 0.59 1.05 1.034 0.00E+00 

CAT16M Grader 4 Crawler Dozer 265 14,556 0.005 0.59 1.00 1.027 3.04E-05 

CATD8T Track Dozer 2 Crawler Dozer 310 0 0.005 0.59 1.05 1.034 0.00E+00 

CATD8T Track Dozer 4 Crawler Dozer 310 54,494 0.005 0.59 1.00 1.027 1.33E-04 

EX5500  Hydraulic Shovel 2 Excavator 2,800 25,200 0.005 0.59 1.05 1.034 5.62E-04 

EX5500  Hydraulic Shovel 4 Excavator 2,800 0 0.005 0.59 1.00 1.027 0.00E+00 

EX2500-6 1302 Diesel Shovel 2 Excavator 1,400 4,205 0.005 0.59 1.05 1.034 4.69E-05 

EX2500-6 1302 Diesel Shovel 4 Excavator 1,400 0 0.005 0.59 1.00 1.027 0.00E+00 

CAT777F  Diesel Haul Truck 2 Crawler Dozer 758 29,434 0.005 0.59 1.05 1.034 1.78E-04 

CAT777F  Diesel Haul Truck 4 Crawler Dozer 758 0 0.005 0.59 1.00 1.027 0.00E+00 

CAT793  Diesel Haul Truck 2 Crawler Dozer 2,337 261,600 0.005 0.59 1.05 1.034 4.87E-03 

CAT793  Diesel Haul Truck 4 Crawler Dozer 2,337 0 0.005 0.59 1.00 1.027 0.00E+00 

                 Total 0.021 

Notes: 
SO2 = sulphur dioxide; bhp = brake horsepower; hr/yr = hours per year; g/bhp-hr = grams per brake horsepower-hour; t/d = tonnes per day 
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Table 2A.8: Fort Hills Energy Corporation Owned Fleet Off-Road Diesel Engine PM10 and PM2.5 Emissions for 2025 

Model Description Engine Tier Equipment Type in 
NONROAD Model 

Engine Rating 
(bhp) 

Annual Gross 
Operating Hours 

(hr/yr) 

Steady-State PM10 
Emission Factor 

(g/bhp-hr) 
Load Factor Transient Adjustment 

Factor Deterioration Factor 
PM10 Sulphur 

Adjustment Factor 
(g/bhp-hr) 

PM10 

Emission Rate (t/d) 
PM2.5 

Emission Rate (t/d) 

EX8000 Hydraulic Shovel 2 Excavator 3,900 12,930 0.1316 0.59 1.23 1.473 0.0525 0.015 0.015 

EX8000 Hydraulic Shovel 4 Excavator 3,900 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

EX8000BH Backhoe 2 Excavator 3,900 6,465 0.1316 0.59 1.23 1.473 0.0525 0.008 0.007 

EX8000BH Backhoe 4 Excavator 3,900 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

980E Diesel Haul Truck 2 Crawler Dozer 3,500 485,216 0.1316 0.59 1.23 1.473 0.0525 0.510 0.495 

980E Diesel Haul Truck 4 Crawler Dozer 3,500 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

CAT390F Diesel Shovel 2 Excavator 520 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CAT390F Diesel Shovel 4 Excavator 520 17,783 0.0092 0.59 1.00 1.473 0.0000 0.000 0.000 

CAT349F Diesel Shovel 2 Excavator 320 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CAT349F Diesel Shovel 4 Excavator 320 10,899 0.0092 0.59 1.00 1.473 0.0000 0.000 0.000 

CATD11T Track Dozer 2 Crawler Dozer 850 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CATD11T Track Dozer 4 Crawler Dozer 850 139,236 0.0276 0.59 1.00 1.473 0.0000 0.008 0.008 

CATD9T Track Dozer 2 Crawler Dozer 410 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CATD9T Track Dozer 4 Crawler Dozer 410 12,614 0.0092 0.59 1.00 1.473 0.0000 0.000 0.000 

CAT854K Rubber Tired Dozer 2 Crawler Dozer 800 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CAT854K Rubber Tired Dozer 4 Crawler Dozer 800 24,261 0.0276 0.59 1.00 1.473 0.0000 0.001 0.001 

CAT24M Grader 2 Crawler Dozer 500 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CAT24M Grader 4 Crawler Dozer 500 82,487 0.0092 0.59 1.00 1.473 0.0000 0.001 0.001 

CAT16M Grader 2 Crawler Dozer 265 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CAT16M Grader 4 Crawler Dozer 265 14,556 0.0092 0.59 1.00 1.473 0.0000 0.000 0.000 

CATD8T Track Dozer 2 Crawler Dozer 310 0 0.1316 0.59 1.23 1.473 0.0525 0.000 0.000 

CATD8T Track Dozer 4 Crawler Dozer 310 54,494 0.0092 0.59 1.00 1.473 0.0000 0.000 0.000 

EX5500  Hydraulic Shovel 2 Excavator 2,800 25,200 0.1316 0.59 1.23 1.473 0.0525 0.021 0.021 

EX5500  Hydraulic Shovel 4 Excavator 2,800 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

EX2500-6 1302 Diesel Shovel 2 Excavator 1,400 4,205 0.1316 0.59 1.23 1.473 0.0525 0.002 0.002 

EX2500-6 1302 Diesel Shovel 4 Excavator 1,400 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

CAT777F  Diesel Haul Truck 2 Crawler Dozer 758 29,434 0.1316 0.59 1.23 1.473 0.0525 0.007 0.007 

CAT777F  Diesel Haul Truck 4 Crawler Dozer 758 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

CAT793  Diesel Haul Truck 2 Crawler Dozer 2,337 261,600 0.1316 0.59 1.23 1.473 0.0525 0.184 0.178 

CAT793  Diesel Haul Truck 4 Crawler Dozer 2,337 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

          Total 0.757 0.735 

Notes: 
PM10 = particulate matter with a mean aerodynamic diameter of 10 microns or less; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; bhp = brake horsepower; hr/yr = hours per year; g/bhp-hr = grams per brake horsepower-hour; t/d = tonnes per day. 
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Table 2A.9: Contractor Mining Fleet Off-Road Diesel Engine NOX Emissions for 2025 

Model Description Engine Tier 

Equipment 
Type in 

NONROAD 
Model 

Engine Rating 
(bhp) 

Annual Gross 
Operating 

Hours 
(hr/yr) 

Steady-State 
NOX Emission 

Factor 
(g/bhp-hr) 

Load Factor 
Transient 

Adjustment 
Factor 

Deterioration 
Factor 

NOX 

Emission Rate 
(t/d) 

PC5500 Hydraulic 
Shovel 2 Excavator 1,260 18,018 4.1000 0.59 0.95 1.009 0.144 

PC5500 Hydraulic 
Shovel 4 Excavator 1,260 0 2.3920 0.59 1.00 1.008 0.000 

CAT793 Diesel Haul 
Truck 2 Crawler Dozer 2,337 123,637 4.1000 0.59 0.95 1.009 1.836 

CAT793 Diesel Haul 
Truck 4 Crawler Dozer 2,337 0 2.3920 0.59 1.00 1.008 0.000 

          Total 1.980 

Notes: 
NOX = Nitrogen dioxide; bhp = brake horsepower; hr/yr = hours per year; g/bhp-hr = gram per brake horsepower-hour; t/d = tonne per day. 
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Table 2A.10: Contractor Mining Fleet Off-Road Diesel Engine SO2 Emissions for 2025 

Model # of Units Engine Tier Type Engine Rating 
(bhp) 

Annual Gross 
Operating 

Hours (hr/yr) 

Steady-State 
SO2 Emission 

Factor 
(g/bhp-hr) 

Load Factor 
Transient 

Adjustment 
Factor 

Deterioration 
Factor 

SO2 Emission 
Rate 
(t/d) 

PC5500 Hydraulic 
Shovel 2 Excavator 1,260 18,018 0.005 0.59 0.95 1.009 1.81E-04 

PC5500 Hydraulic 
Shovel 4 Excavator 1,260 0 0.005 0.59 1.00 1.008 0.00E+00 

CAT793 Diesel Haul 
Truck 2 Crawler Dozer 2,337 123,637 0.005 0.59 0.95 1.009 2.30E-03 

CAT793 Diesel Haul 
Truck 4 Crawler Dozer 2,337 0 0.005 0.59 1.00 1.008 0.00E+00 

                 Total 0.002 

Notes: 
SO2 = sulphur dioxide; bhp = brake horsepower; hr/yr = hours per year; g/bhp-hr = grams per brake horsepower-hour; t/d = tonnes per day. 
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Table 2A.11: Contractor Mining Fleet Off-Road Diesel Engine PM10 and PM2.5 Emissions for 2025 

Model Description Engine 
Tier 

Equipment 
Type in 

NONROAD 
Model 

Engine 
Rating 
(bhp) 

Annual 
Gross 

Operating 
Hours 
(hr/yr) 

Steady-
State PM10 
Emission 

Factor 
(g/bhp-hr) 

Load 
Factor 

Transient 
Adjustment 

Factor 

Deterioration 
Factor 

PM10 Sulphur 
Adjustment 

Factor 
(g/bhp-hr) 

PM10 

Emission 
Rate (t/d) 

PM2.5 

Emission 
Rate (t/d) 

PC5500 Hydraulic 
Shovel 2 Excavator 1,260 18,018 0.1316 0.59 1.23 1.473 0.0525 0.007 0.007 

PC5500 Hydraulic 
Shovel 4 Excavator 1,260 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

CAT793 Diesel Haul 
Truck 2 Crawler 

Dozer 2,337 123,637 0.1316 0.59 1.23 1.473 0.0525 0.087 0.084 

CAT793 Diesel Haul 
Truck 4 Crawler 

Dozer 2,337 0 0.0276 0.59 1.00 1.473 0.0000 0.000 0.000 

          Total 0.094 0.091 

Notes: 
PM10 = particulate matter with a mean aerodynamic diameter of 10 microns or less; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; bhp = 
brake horsepower; hr/yr = hours per year; g/bhp-hr = grams per brake horsepower-hour; t/d = tonnes per day. 
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2A.1.4.1.2.1.2 On-road Vehicle Exhaust Emissions 

The light duty fleet exhaust emissions were also directly estimated from provided light duty fleet fuel 
consumption data, which is constant for all years of mine operation, and are kept separate from the off-
road fleet for the purposes of modelling. The estimated annual diesel and gasoline usage over the life of 
mine was provided by FHEC.  

Emission factors for NOX, PM2.5 and TSP for diesel and gasoline combustion were obtained from U.S. EPA 
AP-42 Chapter 3.3 Gasoline and Diesel Industrial Engines (U.S. EPA 1996). A site specific SO2 emission 
factor for diesel combustion at FHOSP was obtained from the 2019 AEIR. The SO2 emissions from light 
duty gasoline consumption are based on mass balance of sulphur in gasoline. The assumed sulphur 
content in gasoline was 12 milligrams per kilogram per the Sulphur in Gasoline Regulations (Government 
of Canada 2020).  

All the emission factors used for estimating the actual annual emissions from the miscellaneous 
consumption of diesel and gasoline in light duty vehicles are summarized in Table 2A.12.  

Table 2A.12:Emission Factors Used for Light Duty Diesel and Gasoline Combustion 

Compound Diesel Emission Factor Gasoline Emission Factor Units 

NOx 4.41 1.63 lb/MMBtu 

SO2 0.0002 n/a(a) lb/MMBtu 

PM2.5
(b) 0.31 0.1 lb/MMBtu 

TSP(c) 0.31 0.1 lb/MMBtu 

Notes:  
Source: U.S. EPA 1996. 
(a) Mass balance of sulphur used for gasoline SO2 emissions.  
(b) Emission factor for filterable particulates ≤ 1micron (µm) in size applied for PM2.5. 
(c) Emission factor for filterable particulates ≤ 10 µm in size applied for PM10 assumed for TSP. 
lb/MMBtu = pound per million British Thermal Units; n/a = not applicable; NOX = oxides of nitrogen; PM2.5 = particulate matter 
with aerodynamic diameter of 2.5 microns or less; SO2 = sulphur dioxide; TSP = total suspended particulate matter.  

The light duty fleet emissions profile is presented in Table 2A.13. The light duty vehicle emissions do not 
vary between assessment cases.  

Table 2A.13: Light Duty Vehicle Exhaust Emission Profile 

Source 
Emission Rate (t/d) 

NOX SO2 PM2.5 TSP 

Light Duty Vehicle Exhaust 1.119 <0.001 0.076 0.076 

Notes: 
“—” = no emissions; “<” = less than; NOX = oxides of nitrogen; PM2.5 = particulate matter with a mean aerodynamic diameter of 
2.5 microns or less; SO2 = sulphur dioxide; t/d = tonne per day; TSP = total suspended particulate matter. 
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 Sample Calculations 

The following equation was used to calculate emissions from light duty diesel fuel combustion using 
published emission factors. 

𝐿𝐿𝑚𝑚𝑒𝑒ℎ𝑒𝑒 𝐷𝐷𝑚𝑚𝑒𝑒𝑒𝑒 𝑉𝑉𝑒𝑒ℎ𝑚𝑚𝑠𝑠𝑙𝑙𝑒𝑒 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑆𝑆𝑚𝑚𝑒𝑒𝑒𝑒
= 𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝑣𝑣𝑜𝑜𝑙𝑙𝑚𝑚𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑑𝑑𝑚𝑚𝑒𝑒𝑠𝑠𝑒𝑒𝑙𝑙 𝑜𝑜𝑚𝑚𝑒𝑒𝑙𝑙 𝑠𝑠𝑜𝑜𝑖𝑖𝑠𝑠𝑚𝑚𝑚𝑚𝑒𝑒𝑑𝑑 × ℎ𝑒𝑒𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑣𝑣𝑚𝑚𝑙𝑙𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑑𝑑𝑚𝑚𝑒𝑒𝑠𝑠𝑒𝑒𝑙𝑙
× 𝑒𝑒𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑜𝑜𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 

Where: 

● Heating value of diesel = 137,000 BTU/gal (U.S. EPA 1995b) 

A sample calculation for the NOX emissions from light duty diesel combustion is: 

Parameters: 

● 𝐴𝐴𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝑣𝑣𝑜𝑜𝑙𝑙𝑚𝑚𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑑𝑑𝑚𝑚𝑒𝑒𝑠𝑠𝑒𝑒𝑙𝑙 𝑠𝑠𝑜𝑜𝑖𝑖𝑠𝑠𝑚𝑚𝑚𝑚𝑒𝑒𝑑𝑑 = 4,015,359 L  

● 𝐻𝐻𝑒𝑒𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑣𝑣𝑚𝑚𝑙𝑙𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑑𝑑𝑚𝑚𝑒𝑒𝑠𝑠𝑒𝑒𝑙𝑙 = 137,000 BTU/gal 

● 𝑁𝑁𝑆𝑆𝑚𝑚 𝑒𝑒𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑜𝑜𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 = 4.41 lb/MMBTU 

𝑁𝑁𝑆𝑆𝑋𝑋 = 4,015,359
𝐿𝐿
𝑒𝑒

× 137,000
BTU
gal

× 4.41
𝑙𝑙𝑙𝑙

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆
×

𝑒𝑒𝑚𝑚𝑙𝑙
3.785 𝐿𝐿

×
𝑘𝑘𝑒𝑒

2.2046 𝑙𝑙𝑙𝑙
×

𝑒𝑒
1000 𝑘𝑘𝑒𝑒

×
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆
106 𝑀𝑀𝑀𝑀𝑆𝑆

×
𝑒𝑒𝑠𝑠

365 𝑑𝑑
= 0.796

𝑒𝑒
𝑑𝑑

 

The following equation was used to calculate emissions from light duty gasoline combustion using 
published emission factors.  

𝐿𝐿𝑚𝑚𝑒𝑒ℎ𝑒𝑒 𝐷𝐷𝑚𝑚𝑒𝑒𝑒𝑒 𝐺𝐺𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒 𝐵𝐵𝑜𝑜𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠𝑒𝑒𝑚𝑚𝑜𝑜𝑖𝑖 𝐸𝐸𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑆𝑆𝑚𝑚𝑒𝑒𝑒𝑒 
= 𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝑣𝑣𝑜𝑜𝑙𝑙𝑚𝑚𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒 𝑜𝑜𝑚𝑚𝑒𝑒𝑙𝑙 𝑠𝑠𝑜𝑜𝑖𝑖𝑠𝑠𝑚𝑚𝑚𝑚𝑒𝑒𝑑𝑑 × ℎ𝑒𝑒𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑣𝑣𝑚𝑚𝑙𝑙𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒
× 𝑒𝑒𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑜𝑜𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 

Where: 

● Heating value of gasoline = 130,000 BTU/gal (U.S. EPA 1995b) 

A sample calculation for the PM2.5 emissions from light duty gasoline combustion is: 

Parameters: 

● 𝐴𝐴𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝑣𝑣𝑜𝑜𝑙𝑙𝑚𝑚𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒 𝑠𝑠𝑜𝑜𝑖𝑖𝑠𝑠𝑚𝑚𝑚𝑚𝑒𝑒𝑑𝑑 = 4,637,810 L  

● 𝐻𝐻𝑒𝑒𝑚𝑚𝑒𝑒𝑚𝑚𝑖𝑖𝑒𝑒 𝑣𝑣𝑚𝑚𝑙𝑙𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒 = 130,000 BTU/gal 

● 𝑃𝑃𝑀𝑀2.5 𝑒𝑒𝑚𝑚𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑜𝑜𝑖𝑖 𝑜𝑜𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 = 0.1 lb/MMBTU 

𝑃𝑃𝑀𝑀2.5 = 4,637,810
𝐿𝐿
𝑒𝑒

× 130,000
BTU
gal

× 0.1
𝑙𝑙𝑙𝑙

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆
×

𝑒𝑒𝑚𝑚𝑙𝑙
3.785 𝐿𝐿

×
𝑘𝑘𝑒𝑒

2.2046 𝑙𝑙𝑙𝑙
×

𝑒𝑒
1000 𝑘𝑘𝑒𝑒

×
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆
106 𝑀𝑀𝑀𝑀𝑆𝑆

×
𝑒𝑒𝑠𝑠

365 𝑑𝑑
= 0.020

𝑒𝑒
𝑑𝑑
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The following equation was used to calculate SO2 emissions from light duty diesel fuel combustion using 
mass balance.  

𝑆𝑆𝑆𝑆2 = 𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝑜𝑜𝑚𝑚𝑒𝑒𝑙𝑙 𝑠𝑠𝑜𝑜𝑖𝑖𝑠𝑠𝑚𝑚𝑚𝑚𝑖𝑖𝑒𝑒𝑚𝑚𝑜𝑜𝑖𝑖 𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒 × 𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒 𝑑𝑑𝑒𝑒𝑖𝑖𝑠𝑠𝑚𝑚𝑒𝑒𝑒𝑒 × 𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒 𝑠𝑠𝑚𝑚𝑙𝑙𝑖𝑖ℎ𝑚𝑚𝑠𝑠 𝑠𝑠𝑜𝑜𝑖𝑖𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒

×
𝑆𝑆𝑆𝑆2 𝑚𝑚𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠 𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒ℎ𝑒𝑒
𝑆𝑆 𝑚𝑚𝑜𝑜𝑙𝑙𝑒𝑒𝑠𝑠𝑚𝑚𝑙𝑙𝑚𝑚𝑠𝑠 𝑙𝑙𝑒𝑒𝑚𝑚𝑒𝑒ℎ𝑒𝑒

 

Where: 

● diesel density = 739.3 kg/m³ 

● gasoline sulphur content = 12 mg/kg 

A sample calculation for the SO2 emissions from light duty gasoline combustion is: 

Parameters: 

● 𝐴𝐴𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚𝑙𝑙 𝑣𝑣𝑜𝑜𝑙𝑙𝑚𝑚𝑚𝑚𝑒𝑒 𝑜𝑜𝑜𝑜 𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑙𝑙𝑚𝑚𝑖𝑖𝑒𝑒 𝑠𝑠𝑜𝑜𝑖𝑖𝑠𝑠𝑚𝑚𝑚𝑚𝑒𝑒𝑑𝑑 = 4,637,810 L 

𝑆𝑆𝑆𝑆2 = 4,637,810
𝐿𝐿
𝑒𝑒𝑠𝑠

×
𝑚𝑚³

1,000 𝐿𝐿
× 739.3

𝑘𝑘𝑒𝑒
𝑚𝑚³

×
12 mg

kg
106

×
64.065𝑒𝑒 𝑆𝑆𝑆𝑆2

32.066𝑒𝑒 𝑆𝑆
×

𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
1000𝑘𝑘𝑒𝑒

×
𝑒𝑒𝑠𝑠

365𝑑𝑑

= 2.25 × 10−4
𝑒𝑒𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒
𝑑𝑑

 

2A.1.4.1.2.2. Road Dust Emissions 

2A.1.4.1.2.2.1 Off-Road Vehicles and Equipment Road Dust Emissions 

Off-road mine fleet equipment will generate fugitive dust emissions when travelling on unpaved roads 
(e.g., mine pit and haul roads). Road dust emissions were not evaluated or modelled in previous FHOSP 
applications.  

FHOSP road dust emissions that are reported under the 2019 AEIR are based on Environment and 
Climate Change Canada’s Unpaved Road Dust Calculator (ECCC 2008). The emission calculations are 
dependent on parameters such as VKT, surface material silt content, mean vehicle weight, adjustment 
factor because of natural mitigation (i.e., precipitation), and additional mitigation measures (e.g., road 
watering). The FHOSP road dust emissions were reported in the 2019 AEIR under a single category 
(i.e., road dust), but the data provided by FHEC allowed separation of the fleet component’s road dust 
for 2019. The road dust emissions for the proposed assessment cases are scaled off the 2019 AEIR 
reported road dust emissions using scaling factors derived from the VKT data for the most complete 
data source (i.e., FHEC Owned Fleet). The scale factors were applied when yearly VKT data were 
available (i.e., FHEC Owned Fleet and Contractor Mining Fleet). Where emissions are kept constant as 
reported to the 2019 AEIR (i.e., Contractor Support Fleet), the 2019 AEIR reported road dust for that 
fleet component was simply used without any further change.  

The maximum VKT for the FHEC Owned Fleet occurs between 2036 and 2040, as shown in  
Figure 2A.4, during a period when the proposed North External Dump (NED) area is almost at full scale 
and the haul distances are greater than earlier in the life of the mine. The haul trucks (i.e., Komatsu 
980E) contribute approximately 80% of the total VKT of the mine fleet in any year. The contractor 
mining fleet VKT provided by FHEC is shown in Figure 2A.5. Data for the projected Contractor Mining 
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Fleet was only available between 2024 and 2031, after which time it is not expected that contractor 
support will be needed for mining activities.  

 
Notes:  
VKT = Vehicle kilometres travelled. 

Figure 2A.4: FHEC Owned Fleet Projected Vehicle Kilometers Travelled between 2021 and 2063 
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Notes:  
VKT = Vehicle kilometres travelled. 

Figure 2A.5: Contractor Mining Fleet Projected Vehicle Kilometers Travelled between 2021 and 2063 

Road dust emissions will change from year-to-year based on where the active mining activities are 
occurring. Road dust emissions for FHOSP over the life of mine (including the changes associated with 
the IPA) are estimated by scaling the 2019 AEIR reported road dust emissions up based on the expected 
changes in the VKT. A VKT scaling factor was calculated based on the equation below. 

 

𝑆𝑆𝑜𝑜𝑚𝑚𝑑𝑑 𝐷𝐷𝑚𝑚𝑠𝑠𝑒𝑒 𝑆𝑆𝑠𝑠𝑚𝑚𝑙𝑙𝑒𝑒 𝐹𝐹𝑚𝑚𝑠𝑠𝑒𝑒𝑜𝑜𝑠𝑠 =
 𝑉𝑉𝑉𝑉𝑀𝑀 𝑚𝑚𝑖𝑖 𝑒𝑒𝑒𝑒𝑚𝑚𝑠𝑠 𝑜𝑜𝑜𝑜 𝑚𝑚𝑠𝑠𝑠𝑠𝑒𝑒𝑠𝑠𝑠𝑠𝑚𝑚𝑒𝑒𝑖𝑖𝑒𝑒 𝑠𝑠𝑚𝑚𝑠𝑠𝑒𝑒
𝑉𝑉𝑉𝑉𝑀𝑀 𝑚𝑚𝑖𝑖 𝐹𝐹𝑜𝑜𝑠𝑠𝑒𝑒 𝐻𝐻𝑚𝑚𝑙𝑙𝑙𝑙𝑠𝑠 2019 𝐴𝐴𝐸𝐸𝐴𝐴𝑆𝑆 

 

 

The scale factors derived based on VKT are presented in Table 2A.14.  

Table 2A.14: Scale Factors Used for Road Dust Emissions Scaling 

Parameter Baseline Case Application Case 1 Application Case 2 

Road Dust Scale Factor 
Derived from VKT(a) 1.04 1.11 1.60 

Notes: 
(a) Scale factors are derived based on the ratio of projected FHEC Owned Fleet VKT in the year of interest to the VKT reported 

to the 2019 AEIR (FHEC 2020).  
VKT = vehicle kilometres travelled.  
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The modelled FHOSP road dust emissions are less than what is reported to the National Pollutant 
Inventory Release (NPRI) and AEIR programs from FHOSP on an annual basis. This is because the 
emissions estimated using the Unpaved Road Dust Calculator (derived from U.S. EPA AP-42 emission 
factors; U.S. EPA 2006) are known to be overly conservative, especially in the context of application to 
air dispersion models. Studies (Long 2011) have indicated that dispersion model predictions tend to 
over-estimate PM concentrations resulting from fugitive dust emission sources when comparing against 
monitoring data. The magnitude of over-estimation ranges from a factor of two to six (Long 2011). 
Recent dispersion modelling studies for oil sands mines in the Athabasca Oil Sands Region, such as the 
Teck Resources Frontier Oil Sands Project EIA (Teck Resources 2015) and the Canadian Natural North Pit 
Extension EIA (Canadian Natural 2018), have applied adjustment factors to the haul road related PM 
emissions to the reported emissions (e.g., NPRI, AEIR) in the dispersion modelling. A common approach 
is to apply the following adjustment factors to the haul road related PM emissions (Long 2011): 

● Apply a factor of ¼ (75% reduction) to the haul road PM emissions in the mine pits. 

● Apply a factor of ½ (50% reduction) to the haul road PM emissions out of mine pits. 

An adjustment factor of ¼ was applied to the road dust PM emissions estimated for the IPA. The 
percentages of road dust emissions at FHOSP associated with in-pit and out-of-pit operations are 
unknown and will likely change year to year depending on the distances between the mine pits and the 
final destinations (e.g., OPP and waste disposal areas). The selected adjustment factor of ¼ is the 
medium value within the range of the model prediction overestimation factors of two to six based on 
various studies (Long 2011).  

2A.1.4.1.2.2.2 On-Road Vehicles and Equipment Road Dust Emissions 

Fugitive dust emissions are expected to be generated by on-road equipment travelling on unpaved 
roads at FHOSP (i.e., light duty vehicles). The projected light duty fleet VKT was used to estimate the on-
road portion of the fleet road dust using U.S. EPA AP-42 Chapter 13.2.2 Unpaved Roads (U.S. EPA 2006). 
The light duty fleet projected VKT was provided and is constant for all years of mine operation.  

 Sample Calculations 

U.S. EPA AP-42 emission factors (U.S. EPA 2006) for unpaved roads at industrial sites were used to 
estimate fugitive emissions from haul truck movement on unpaved roads at the FHOSP. The formula for 
road dust emissions is presented below. 

𝐸𝐸 = 𝑘𝑘 �
𝑠𝑠

12
�
𝑎𝑎
�
𝑊𝑊
3
�
𝑏𝑏

 

where,  

𝐸𝐸 = size-specific emission factor in pounds per vehicle mile travelled (lb/VMT) 

𝑘𝑘,𝑚𝑚, 𝑙𝑙 = empirical constants  

𝑠𝑠 = surface material silt content (%) 

𝑊𝑊 = mean vehicle weight (tons) 

The empirical constants for road dust emissions for industrial roadways were taken from Table 13.2.2-2 
of AP-42, Section 13.2.2 (U.S. EPA 2006) and are provided in Table 2A.15.  
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Table 2A.15: Constants for Industrial Road Dust Emission Factors 

Constant PM2.5 TSP 

k (lb/VMT) 0.15 4.9 

a 0.9 0.7 

b 0.45 0.45 

Notes: 
Source: Chapter 13, Section 13.2.2 Unpaved Roads, Table 13.2.2-2 (U.S. EPA 2006). 
Lb/MVT = pound per vehicle mile travelled; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or 
less; TSP = total suspended particulate matter. 

 

The emission factor in lb/VMT was converted metric unit of grams per vehicle kilometre travelled 
(g/VKT) using the equation below: 

1
𝑙𝑙𝑙𝑙
𝑉𝑉𝑀𝑀𝑀𝑀

= 281.9 𝑒𝑒/𝑉𝑉𝑉𝑉𝑀𝑀 

The silt content of unpaved road surface is assumed to be 3.93% based on the same assumption used in 
the FHOSP 2019 AEIR calculations (FHEC 2020). The mean vehicle weight assumption is based on the 
gross operating weight of a Ford F250 at 9,900 pound (lb) or 4.491 t. 

Sample calculations of the light duty PM2.5 emission rate is presented below. 

𝐸𝐸𝑃𝑃𝑃𝑃2.5 = 𝑘𝑘 �
𝑠𝑠

12
�
𝑎𝑎
�
𝑊𝑊
3
�
𝑏𝑏

= 0.15 × �
3.93 %

12
�
0.9

× �
4.491 𝑒𝑒

3
�
0.45

= 0.069
𝑙𝑙𝑙𝑙
𝑉𝑉𝑀𝑀𝑀𝑀

×
281.9 𝑒𝑒/𝑉𝑉𝑉𝑉𝑀𝑀
𝑙𝑙𝑙𝑙/𝑉𝑉𝑀𝑀𝑀𝑀

= 19.4
𝑒𝑒

𝑉𝑉𝑉𝑉𝑀𝑀
 

A road dust emission mitigation factor of 55% is assumed based an assumption that the roads will be 
watered at least twice per day (FHEC 2020). The annual VKT for the light duty fleet was provided at 
18,251,630 km per year.  

𝑃𝑃𝑀𝑀2.5 = 19.4
𝑒𝑒

𝑉𝑉𝑉𝑉𝑀𝑀
× 18,251,630

𝑘𝑘𝑚𝑚
𝑒𝑒𝑠𝑠

×
𝑒𝑒

106𝑒𝑒
× (1 − 0.55) = 159.32

𝑒𝑒
𝑒𝑒

 

The road dust PM2.5 emission rate is calculated based on an assumption that precipitation and snow will 
provide natural mitigation on road dust emissions. The equation below incorporates natural mitigation 
of precipitation and snow into the annual road dust emissions. 

𝐸𝐸𝑡𝑡𝑒𝑒𝑡𝑡 = 𝐸𝐸 × �
(365 − 𝑃𝑃)

365
� 

where, 

𝐸𝐸𝑡𝑡𝑒𝑒𝑡𝑡  = annualized emission factor extrapolated for natural mitigation 

𝐸𝐸 = daily emission factor 

𝑃𝑃 = number of days in a year with at least 0.254 mm of precipitation 
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The number of days in a year with at least 0.254 mm of precipitation or when the roads are snow 
covered is assumed to be 308 days based on the same assumption used in the FHOSP AEIR calculations 
(FHEC 2020).  

𝑃𝑃𝑀𝑀2.5 = 159.32
𝑒𝑒
𝑒𝑒𝑠𝑠

× �
(365 − 308)

365
� ×

𝑒𝑒𝑠𝑠
365 𝑑𝑑

= 0.068
𝑒𝑒
𝑑𝑑

 

 

2A.1.4.1.2.2.3 Total Road Dust Emissions 

A breakdown of the road dust emissions for each component of the FHOSP fleet for each assessment 
case is presented in Table 2A.16. As shown, the emissions increase from the Baseline Case in both 
Application Cases. The highest road dust emissions occur in Application Case 2, when the IPA VKT are 
the highest. This increase in road dust is because of longer haul distances in the mine plan, including 
longer distances to the proposed NED. A graphical representation of the road dust emissions for the 
assessment cases is shown in Figure 2A.6 and Figure 2A.7 for PM2.5 and TSP, respectively.  

Table 2A.16: Road Dust Emission Profile Comparison by Assessment Case 

Assessment Case Fleet Component 
Maximum Emission Rate (t/d) 

PM2.5 TSP 

Baseline Case  

FHEC Owned Fleet 0.141 5.963 

Contractor Mining Fleet 0.025 1.036 

Contractor Support 0.062 2.614 

Light Duty Vehicle Fleet 0.068 2.784 

Total Fleet 0.296 12.398 

Application Case 1  

FHEC Owned Fleet 0.151 6.377 

Contractor Mining Fleet 0.026 1.109 

Contractor Support 0.062 2.614 

Light Duty Vehicle Fleet 0.068 2.784 

Total Fleet 0.308 12.884 

Application Case 2  

FHEC Owned Fleet 0.218 9.179 

Contractor Mining Fleet — — 

Contractor Support 0.062 2.614 

Light Duty Vehicle Fleet 0.068 2.784 

Total Fleet 0.348 14.577 

Notes: 
“—” = no emissions, “<” = less than; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; t/d = 
tonne per day; TSP = total suspended particulate matter. 
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Notes:  
PM2.5 = particulate matter with a mean aerodynamic of 2.5 microns or less; t/d = tonne per day. 

Figure 2A.6: Breakdown of Road Dust PM2.5 Emissions by Mine Fleet Component 
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Note: TSP = Total suspended particulate matter; t/d = tonne per day. 

Figure 2A.7: Breakdown of Road Dust Total Suspended Particulate Matter Emissions by Mine Fleet 
Component 

 

2A.1.4.1.2.3. IPA-Related Emissions Summary 

The IPA related emission profile is presented in Table 2A.17. The combined effects of the mine fleet 
exhaust and road dust emissions leads to the highest emissions for NOX, SO2 and PM2.5 in Application 
Case 1 and the highest TSP emissions in Application Case 2.  
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Table 2A.17: Fort Hills Emission Integrated Plan Amendment Related Emission Profile 

Fort Hills Emission Source 
Emission Rate (t/d) 

NOX SO2 PM2.5 TSP 

Baseline Case         

Off-Road Mine Fleet Exhaust  16.691 0.020 0.782 0.803 

On-Road Mine Fleet Exhaust 1.119 <0.001 0.076 0.076 

Road Dust — — 0.296 12.398 

Total Baseline IPA-Related Emissions 17.810 0.021 1.154 13.276 

Application Case 1     

Off-Road Mine Fleet Exhaust  19.894 0.024 0.927 0.953 

On-Road Mine Fleet Exhaust 1.119 <0.001 0.076 0.076 

Road Dust — — 0.308 12.884 

Total Application Case 1 IPA-Related Emissions 21.013 0.025 1.311 13.913 

Application Case 2     

Off-Road Mine Fleet Exhaust  13.164 0.024 0.312 0.319 

On-Road Mine Fleet Exhaust 1.119 <0.001 0.076 0.076 

Road Dust — — 0.348 14.577 

Total Application Case 2 IPA-Related Emissions 14.284 0.024 0.736 14.972 

Notes: 
“—” = no emissions, “<” = less than; NOX = oxides of nitrogen; SO2 = sulphur dioxide; PM2.5 = particulate matter with a mean 
aerodynamic diameter of 2.5 microns or less; TSP = total suspended particulate matter. 

 

2A.1.4.2. Fort Hills Summary and Overall Change Due to IPA 
The estimated change in air emissions from FHOSP between the Baseline Case, Application Case 1, and 
Application Case 2 as a result of the IPA is presented in Table 2A.18.  

The IPA will change the mine fleet exhaust and road dust emissions at FHOSP because of changes to 
fleet usage, fleet composition and haul distance. In Application Case 1, the IPA will result in an increase 
in both mine fleet exhaust and road dust emissions in all compounds because of an increase in fleet size 
and haul distance. The increase in the FHOSP NOX, SO2, PM2.5 and TSP emissions are 12.6%, 0.2%, 11.0%, 
and 4.6%, respectively. In Application Case 2, the IPA will result in an increase in SO2 (0.2%) and TSP 
(12.2%) emissions but a decrease in NOX (13.8%) and PM2.5 (29.2%) emissions. Although the IPA will 
increase the fleet size and haul distance in Application Case 2, Tier 2 haul trucks at FHOSP are assumed 
to begin to be replaced by Tier 4 haul trucks with more stringent emission standards starting in 2026, 
one year after 2025 – the year represented by Application Case 1. By 2036, the year represented by the 
Application Case 2, all Tier 2 haul trucks will be replaced by Tier 4 haul trucks. Therefore, the NOX and 
PM2.5 emissions are lower in Application Case 2 than in the Baseline Case. The increase in SO2 emissions 
is a result of increased mine fleet diesel consumption, and the increase in TSP emission is a result of 
higher road dust emissions because of longer haul distance. 
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Table 2A.18: Fort Hills Only Emission Summary 

Source 
Maximum Emission Rate (t/d) 

NOX SO2 PM2.5 TSP 

Baseline Case     

Non-IPA Sources 7.685 1.975 0.276 0.616 

IPA Sources 17.810 0.021 1.154 13.276 

Total(a) 25.495 1.996 1.430 13.892 

Application Case 1      

Non-IPA Sources 7.685 1.975 0.276 0.616 

IPA Sources 21.013 0.025 1.311 13.913 

Total(a) 28.698 2.000 1.587 14.529 

Change from Baseline Case 3.203 0.004 0.157 0.636 

Percent Change from Baseline Case (%) 12.6% 0.2% 11.0% 4.6% 

Application Case 2      

Non-IPA Sources 7.685 1.975 0.276 0.616 

IPA Sources 14.284 0.024 0.736 14.972 

Total(a) 21.969 2.000 1.012 15.588 

Change from Baseline Case -3.526 0.004 -0.418 1.696 

Percent Change from Baseline Case (%) -13.8% 0.2% -29.2% 12.2% 

Notes: 
(a) The sum of individual values may not appear to equal the total due to rounding.  
IPA = Integrated Plan Amendment; t/d = tonnes per day; NOX = oxides of nitrogen; PM2.5 = fine particulate matter; SO2 = sulphur 
dioxide; TSP = total suspended particulate matter; % = percent.  

2A.1.4.2.1. Modelled Emissions Allocation 

This section describes where each emission source at FHOSP is modelled between the assessment cases. 
Some emission sources, such as stacks, are at the same locations throughout the life of FHOSP, while 
other emission sources, such as those related to mining activities (e.g., mine fleet exhaust, road dust, 
mine face fugitives, fugitive dust from earth moving activities) change locations throughout the mine 
life. 

2A.1.4.2.1.1. Constant Source Locations 

The stationary stacks at FHOSP are listed in Table 2A.19, while Figure 2A.8 shows where these stacks are 
located in the dispersion modelling.  
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Table 2A.19: Stack ID for Figure 2A.8 

Figure 2A.8 ID Stack Name Stack ID 

1 Cogeneration Unit 1 stack 637F-3501 

2 Cogeneration Unit 2 stack  637F-4501 

3 Auxiliary Boiler 1 stack 637F-2001 

4 Auxiliary Boiler 2 stack 637F-2002 

5 Auxiliary Boiler 3 stack  637F-2003 

6 Auxiliary Boiler 4 stack 637F-2004 

7 SRU Flash Drum Heater 1 stack 612F-4101A 

8 SRU Flash Drum Heater 2 stack  612F-4101B 

9 SRU Flash Drum Heater 3 stack  612F-4201A 

10 SRU Flash Drum Heater 4 stack  612F-4201B 

11 SRU 2nd Stage Column Feed Heater 1 stack  612F-4102A 

12 SRU 2nd Stage Column Feed Heater 2 stack  612F-4101B 

13 SRU 2nd Stage Column Feed Heater 3 stack  612F-4202A 

14 SRU 2nd Stage Column Feed Heater 4 stack  612F-4102B 

15 Glycol Heater stack 631F-7000 

16 High Pressure Natural Gas Line Heater A stack 631F-6501A 

17 High Pressure Natural Gas Line Heater B stack 631F-6501B 

18 Emergency Flare Stack 1  612F-7001 

19 Emergency Flare Stack 2  612F-7002 

20 Southwest Area High Pressure NG Heater stack 631F-6000A 

21 Southwest Area High Pressure NG Heater stack  631F-6000B 

22 NE ONG Heater stack 631F-6015A 

23 NE ONG Heater stack 631F-6015B 

Notes: 
ID = identification; NE = northeast; NG = natural gas; ONG = odourized natural gas; SRU = sulphur recovery unit. 
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2A.1.4.2.1.2. Varying Source Locations 

Based on a review of the mine plan development maps, mining at FHOSP generally occurs from south to 
north, extending from the existing pit in the southwest corner of the FHOSP Approved Boundary. The 
location of mine fleet exhaust and road dust areas and roads modelled for the assessment cases are 
shown in Figure 2A.9 and are based on the assessment case years as discussed in Section 2A.1.3 
(i.e., 2024, 2025, and 2036 for Baseline Case, Application Case 1, and Application Case 2, respectively). 
Where activities are expected to be dispersed over larger areas (i.e., within active mine pits), an area 
source is used to characterize the emissions. Road sources were used to characterize single, high traffic 
haul roads, including the road to the proposed NED in Application Case 1 and Application Case 2.  

Although the magnitude of emissions not associated with the IPA (i.e., miscellaneous diesel and propane 
consumption, storage and handling emissions, light duty fleet exhaust, and road dust) does not change 
between assessment cases, the locations of the sources were modelled in each assessment case to 
match temporally and spatially with the years chosen for each case (i.e., 2024, 2025, and 2036). The 
locations of non-IPA sources that change between cases are presented in Figure 2A.10 for each of the 
assessment cases.  
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2A.1.4.3. Fort Hills Emission Profiles 
The FHOSP source emission profile for each source modelled in the Baseline Case, Application Case 1 
and Application Case 2 for point sources, area sources and road sources are provided in Table 2A.20, 
Table 2A.21 and Table 2A.21, respectively. Table 2A.21 and Table 2A.22 also indicate which road dust 
sources used variable emission rates.
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Table 2A.20: Fort Hills Point Source Emission Profile 

No. Source ID Source Description 

UTM Coordinates Stack Stack Exit Exit 
Emission rate (t/d) 

(m)(a) Height Diameter Velocity Temperature 

Easting Northing (m) (m) (m/s) (K) NOX SO2 PM2.5 TSP 

1 SUFTHLCOGN01 Cogeneration Unit 1 stack 637F-3501 465,745 6,361,155 50.00 5.2 14.8 425 1.841 0.009 0.017 0.017 

2 SUFTHLCOGN02 Cogeneration Unit 2 stack 637F-4501 465,781 6,361,155 50.00 5.2 14.8 425 1.841 0.009 0.017 0.017 

3 SUFTHLAUBL01 Auxiliary Boiler 1 stack 637F-2001 465,498 6,361,204 50.00 2.1 17.0 438 0.278 0.003 0.007 0.007 

4 SUFTHLAUBL02 Auxiliary Boiler 2 stack 637F-2002 465,528 6,361,204 50.00 2.1 17.0 438 0.278 0.003 0.007 0.007 

5 SUFTHLAUBL03 Auxiliary Boiler 3 stack 637F-2003 465,540 6,361,204 50.00 2.1 17.0 438 0.278 0.003 0.007 0.007 

6 SUFTHLAUBL04 Auxiliary Boiler 4 stack 637F-2004 465,569 6,361,204 50.00 2.1 17.0 438 0.278 0.003 0.007 0.007 

7 SUFTHLFTRT01 SRU Flash Drum Heater 1 stack 612F-4101A 466,035 6,361,398 47.40 1.9 6.2 433 0.137 0.317 0.004 0.004 

8 SUFTHLFTRT02 SRU Flash Drum Heater 2 stack 612F-4101B 466,035 6,361,421 47.40 1.9 6.2 433 0.137 0.317 0.004 0.004 

9 SUFTHLFTRT03 SRU Flash Drum Heater 3 stack 612F-4201A 466,386 6,361,401 47.40 1.9 6.2 433 0.137 0.317 0.004 0.004 

10 SUFTHLFTRT04 SRU Flash Drum Heater 4 stack 612F-4201B 466,387 6,361,423 47.40 1.9 6.2 433 0.137 0.317 0.004 0.004 

11 SUFTHLDTFH01 SRU 2nd Stage Column Feed Heater 1 stack 612F-4102A 466,033 6,361,352 43.70 1.9 4.2 447 0.072 0.169 0.002 0.002 

12 SUFTHLDTFH02 SRU 2nd Stage Column Feed Heater 2 stack 612F-4101B 466,034 6,361,375 43.70 1.9 4.2 447 0.072 0.169 0.002 0.002 

13 SUFTHLDTFH03 SRU 2nd Stage Column Feed Heater 3 stack 612F-4202A 466,385 6,361,355 43.70 1.9 4.2 447 0.072 0.169 0.002 0.002 

14 SUFTHLDTFH04 SRU 2nd Stage Column Feed Heater 4 stack 612F-4102B 466,385 6,361,378 43.70 1.9 4.2 447 0.072 0.169 0.002 0.002 

15 SUFTHLDLHT01 Glycol Heater Stack 631F-7000 465,633 6,361,238 17.41 1.4 4.4 546 0.027 0.000 0.001 0.001 

16 SUFTHLDLHT02 High Pressure Natural Gas Line Heater A 631F-6501A 465,594 6,361,239 17.40 1.4 4.4 546 0.024 0.000 0.001 0.001 

17 SUFTHLDLHT03 High Pressure Natural Gas Line Heater B 631F-6501B 465,606 6,361,238 17.40 1.4 4.4 546 0.024 0.000 0.001 0.001 

18 SUFTHLFLR1 Emergency Flare Stack 1 612F-7001 466,769 6,361,527 137.30 2.0 0.1 1273 0.054 0.000 0.024 0.024 

19 SUFTHLFLR2 Emergency Flare Stack 2 612F-7002 467,069 6,361,527 137.30 2.0 0.1 1273 0.010 0.000 0.004 0.004 

20 SUFTHLNGHTR1 Southwest Area High Pressure NG Heaters 631F-6000A 461,247 6,356,677 4.60 0.2 9.2 723 0.000 0.000 0.000 0.000 

21 SUFTHLNGHTR2 Southwest Area High Pressure NG Heaters 631F-6000B 461,252 6,356,677 4.60 0.2 9.2 723 0.000 0.000 0.000 0.000 

22 n/a Northeast Odourized Natural Gas Heaters 631F-6015A 465,052 6,361,421 8.70 0.6 n/a n/a 0.003 0.000 0.000 0.000 

23 n/a Northeast Odourized Natural Gas Heaters 631F-6015B 465,057 6,361,421 8.70 0.6 n/a n/a 0.003 0.000 0.000 0.000 

                Total (t/d) 5.777 1.975 0.116 0.116 

Notes: 
(a) Source coordinates are in UTM NAD 83 Zone 12N. 
“—“ = no emissions; K= degrees Kelvin; NOX = total oxides of nitrogen; m = metre; m/s = metre per second; PM2.5= particulate matter with a mean aerodynamic diameter of 2.5 microns or less; t/d = tonne per day; SO2 = sulphur dioxide; TSP = total suspended particulate matter; UTM = universal 
transverse mercator.  
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Table 2A.21: Fort Hills Area Source Emission Profile 

No. Source ID Source Description 

SW UTM NW UTM NE UTM SE UTM Effective Initial 
Emission rate (t/d) 

Applicable 
Variable 
Emission 
Profile(b) 

(m)(a) (m)(a) (m)(a) (m)(a) Height σz 

Easting Northing Easting Northing Easting Northing Easting Northing (m) (m) NOX SO2 PM2.5 TSP 

Baseline Case 

1 MNFL1BAS Baseline Case Mine Fleet Area 1 462,825 462,825 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 0.0 16.0 11.789 0.014 0.552 0.567 — 

2 MNFL2BAS Baseline Case Mine Fleet Area 2 463,286 463,286 461,719 6,361,398 465,532 6,362,202 465,337 6,360,058 0.0 16.0 4.902 0.006 0.230 0.236 — 

3 LVFLT1BAS Baseline Case Light Vehicle Fleet Area 1  460,466 460,466 462,228 6,361,902 467,000 6,361,902 466,785 6,355,218 3.0 5.0 0.730 0.000 0.049 0.049 — 

4 LVFLT2BAS Baseline Case Light Vehicle Fleet Area 2 466,828 466,828 467,064 6,361,881 471,772 6,361,859 469,994 6,356,885 3.0 5.0 0.389 0.000 0.026 0.026 — 

5 DIESBAS Baseline Case Misc. Diesel Combustion Area 462,825 462,825 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 3.0 5.0 1.901 0.000 0.133 0.133 — 

6 PROPBAS Baseline Case Misc. Propane Combustion Area 462,825 462,825 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 3.0 5.0 0.007 0.001 0.000 0.000 — 

7 RDSTMF1BAS Baseline Case Mine Fleet Road Dust Area 1 462,825 462,825 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 0.0 16.0 0.000 0.000 0.161 6.790 PROFILE5 

8 RDSTMF2BAS Baseline Case Mine Fleet Road Dust Area 2 463,286 463,286 461,719 6,361,398 465,532 6,362,202 465,337 6,360,058 0.0 16.0 0.000 0.000 0.067 2.824 PROFILE5 

9 RDSTLV1BAS Baseline Case Light Duty Road Dust Area 1 460,466 460,466 462,228 6,361,902 467,000 6,361,902 466,785 6,355,218 3.0 5.0 0.000 0.000 0.044 1.816 PROFILE5 

10 RDSTLV2BAS Baseline Case Light Duty Road Dust Area 2 466,828 466,828 467,064 6,361,881 471,772 6,361,859 469,994 6,356,885 3.0 5.0 0.000 0.000 0.024 0.968 PROFILE5 

11 SHFUG1BAS Baseline Case Storage and Handling Fugitive Dust Area 1 460,466 460,466 462,228 6,361,902 467,000 6,361,902 466,785 6,355,218 3.0 5.0 0.000 0.000 0.018 0.239 — 

12 SHFUG2BAS Baseline Case Storage and Handling Fugitive Dust Area 2 466,828 466,828 467,064 6,361,881 471,772 6,361,859 469,994 6,356,885 3.0 5.0 0.000 0.000 0.009 0.127 — 

13 CLGTWR Cooling Tower 467,125 467,125 467,201 6,361,055 467,201 6,361,031 467,125 6,361,031 3.0 5.0 0.000 0.000 0.000 0.000 — 

 Baseline Case Total (t/d) 19.718 0.021 1.314 13.776 — 

Application Case 1 

1 MNFL1A1 Application Case 1 Mine Fleet Area 1 462,825 6,355,181 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 0.0 16.0 8.601 0.011 0.345 0.354 — 

2 MNFL2A1 Application Case 1 Mine Fleet Area 2 463,286 6,360,069 461,719 6,361,398 465,532 6,362,202 465,337 6,360,058 0.0 16.0 3.577 0.004 0.460 0.473 — 

3 MNFL3A1 Application Case 1 Mine Fleet Area 3 461,713 6,361,393 462,310 6,364,450 464,478 6,364,186 465,549 6,362,185 0.0 16.0 5.105 0.006 0.000 0.000 — 

4 LVFLT1A1 Application Case 1 Light Vehicle Fleet Area 1  460,466 6,355,196 462,228 6,361,902 467,000 6,361,902 466,785 6,355,218 3.0 5.0 0.672 0.000 0.046 0.046 — 

5 LVFLT2A1 Application Case 1 Light Vehicle Fleet Area 2 466,828 6,356,787 467,064 6,361,881 471,772 6,361,859 469,994 6,356,885 3.0 5.0 0.358 0.000 0.030 0.030 — 

6 LVFLT3A1 Application Case 1 Light Vehicle Fleet Area 3 461,860 6,361,908 462,214 6,364,305 463,304 6,364,305 463,794 6,361,908 3.0 5.0 0.066 0.000 0.000 0.000 — 

7 LVFLT4A1 Application Case 1 Light Vehicle Fleet Area 4 468,968 6,369,248 470,227 6,370,634 470,809 6,369,650 469,169 6,368,962 3.0 5.0 0.024 0.000 0.000 0.000 — 

8 DIES1A1 Application Case 1 Misc. Diesel Combustion Area 1 462,825 6,355,181 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 3.0 5.0 1.193 0.000 0.133 0.133 — 

9 DIES2A1 Application Case 1 Misc. Diesel Combustion Area 2 461,713 6,361,393 462,310 6,364,450 464,478 6,364,186 465,549 6,362,185 3.0 5.0 0.708 0.000 0.000 0.000 — 

10 PROP1A1 Application Case 1 Misc. Propane Combustion Area 1 462,825 6,355,181 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 3.0 5.0 0.005 0.000 0.000 0.000 — 

11 PROP2A1 Application Case 1 Misc. Propane Combustion Area 2 461,713 6,361,393 462,310 6,364,450 464,478 6,364,186 465,549 6,362,185 3.0 5.0 0.003 0.000 0.000 0.000 — 

12 RDSTMF1A1 Application Case 1 Mine Fleet Road Dust Area 1 462,825 6,355,181 463,283 6,360,087 465,396 6,360,045 465,993 6,355,181 0.0 16.0 0.000 0.000 0.089 3.758 PROFILE5 

13 RDSTMF2A1 Application Case 1 Mine Fleet Road Dust Area 2 463,286 6,360,069 461,719 6,361,398 465,532 6,362,202 465,337 6,360,058 0.0 16.0 0.000 0.000 0.119 5.014 PROFILE5 

14 RDSTMF3A1 Application Case 1 Mine Fleet Road Dust Area 3 461,713 6,361,393 462,310 6,364,450 464,478 6,364,186 465,549 6,362,185 0.0 16.0 0.000 0.000 0.000 0.004 PROFILE5 

15 RDSTLV1A1 Application Case 1 Light Duty Road Dust Area 1 460,466 6,355,196 462,228 6,361,902 467,000 6,361,902 466,785 6,355,218 3.0 5.0 0.000 0.000 0.042 1.695 PROFILE5 

16 RDSTLV2A1 Application Case 1 Light Duty Road Dust Area 2 466,828 6,356,787 467,064 6,361,881 471,772 6,361,859 469,994 6,356,885 3.0 5.0 0.000 0.000 0.027 1.088 PROFILE5 

17 RDSTLV3A1 Application Case 1 Light Duty Road Dust Area 3 461,860 6,361,908 462,214 6,364,305 463,304 6,364,305 463,794 6,361,908 3.0 5.0 0.000 0.000 0.000 0.000 PROFILE5 

18 RDSTLV4A1 Application Case 1 Light Duty Road Dust Area 4 468,968 6,369,248 470,227 6,370,634 470,809 6,369,650 469,169 6,368,962 3.0 5.0 0.000 0.000 0.000 0.000 PROFILE5 
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Table 2A.21: Fort Hills Area Source Emission Profile 

No. Source ID Source Description 

SW UTM NW UTM NE UTM SE UTM Effective Initial 
Emission rate (t/d) 

Applicable 
Variable 
Emission 
Profile(b) 

(m)(a) (m)(a) (m)(a) (m)(a) Height σz 

Easting Northing Easting Northing Easting Northing Easting Northing (m) (m) NOX SO2 PM2.5 TSP 

19 SHFUG1A1 Application Case 1 Storage and Handling Fugitive Dust Area 1 460,466 6,355,196 462,228 6,361,902 467,000 6,361,902 466,785 6,355,218 3.0 5.0 0.000 0.000 0.016 0.223 — 

20 SHFUG2A1 Application Case 1 Storage and Handling Fugitive Dust Area 2 466,828 6,356,787 467,064 6,361,881 471,772 6,361,859 469,994 6,356,885 3.0 5.0 0.000 0.000 0.011 0.143 — 

21 SHFUG3A1 Application Case 1 Storage and Handling Fugitive Dust Area 3 461,860 6,361,908 462,214 6,364,305 463,304 6,364,305 463,794 6,361,908 3.0 5.0 0.000 0.000 0.000 0.000 — 

22 SHFUG4A1 Application Case 1 Storage and Handling Fugitive Dust Area 4 468,968 6,369,248 470,227 6,370,634 470,809 6,369,650 469,169 6,368,962 3.0 5.0 0.000 0.000 0.000 0.000 — 

23 CLGTWR Cooling Tower 467,125 6,361,055 467,201 6,361,055 467,201 6,361,031 467,125 6,361,031 3.0 5.0 0.000 0.000 0.000 0.000 — 

Application Case 1 Total (t/d) 20.310 0.022 1.318 12.962 — 

Application Case 2  

1 MNFL1A2 Application Case 2 Mine Fleet Area 1 471,821 6,361,282 464,544 6,367,117 466,097 6,366,982 470,776 6,364,892 0.0 16.0 2.342 0.004 0.056 0.057 — 

2 MNFL2A2 Application Case 2 Mine Fleet Area 2 463,708 6,360,297 462,409 6,362,298 464,517 6,367,110 471,778 6,361,276 0.0 16.0 6.646 0.012 0.158 0.161 — 

3 LVFLT1A2 Application Case 2 Light Vehicle Fleet Area 1  466,679 6,360,506 461,666 6,364,547 464,096 6,367,403 472,634 6,360,536 3.0 5.0 0.747 0.000 0.051 0.051 — 

4 LVFLT2A2 Application Case 2 Light Vehicle Fleet Area 2 469,049 6,369,195 470,112 6,374,178 474,943 6,373,752 472,024 6,370,137 3.0 5.0 0.372 0.000 0.025 0.025 — 

5 DIESA2 Application Case 2 Misc. Diesel Combustion Area 471,821 6,361,282 464,544 6,367,117 466,097 6,366,982 470,776 6,364,892 3.0 5.0 1.901 0.000 0.133 0.133 — 

6 PROPA2 Application Case 2 Misc. Propane Combustion Area 471,821 6,361,282 464,544 6,367,117 466,097 6,366,982 470,776 6,364,892 3.0 5.0 0.007 0.001 0.000 0.000 — 

7 RDSTMF1A2 Application Case 2 Mine Fleet Road Dust Area 1 471,821 6,361,282 464,544 6,367,117 466,097 6,366,982 470,776 6,364,892 0.0 16.0 0.000 0.000 0.050 2.098 PROFILE5 

8 RDSTMF2A2 Application Case 2 Mine Fleet Road Dust Area 2 463,708 6,360,297 462,409 6,362,298 464,517 6,367,110 471,778 6,361,276 0.0 16.0 0.000 0.000 0.141 5.954 PROFILE5 

9 RDSTLV1A2 Application Case 2 Light Duty Road Dust Area 1 466,679 6,360,506 461,666 6,364,547 464,096 6,367,403 472,634 6,360,536 3.0 5.0 0.000 0.000 0.045 1.858 PROFILE5 

10 RDSTLV2A2 Application Case 2 Light Duty Road Dust Area 2 469,049 6,369,195 470,112 6,374,178 474,943 6,373,752 472,024 6,370,137 3.0 5.0 0.000 0.000 0.023 0.926 PROFILE5 

11 SHFUG1A2 Application Case 2 Storage and Handling Fugitive Dust Area 1 466,679 6,360,506 461,666 6,364,547 464,096 6,367,403 472,634 6,360,536 3.0 5.0 0.000 0.000 0.018 0.245 — 

12 SHFUG2A2 Application Case 2 Storage and Handling Fugitive Dust Area 2 469,049 6,369,195 470,112 6,374,178 474,943 6,373,752 472,024 6,370,137 3.0 5.0 0.000 0.000 0.009 0.122 — 

13 CLGTWR Cooling Tower 467,125 6,361,055 467,201 6,361,055 467,201 6,361,031 467,125 6,361,031 3.0 5.0 0.000 0.000 0.000 0.000 — 

Application Case 2 Total (t/d) 12.015 0.017 0.708 11.629 — 
Notes: 
(a) Source coordinates are in UTM NAD 83 Zone 12N. 
(b) See Section 2A.1.5.1 for more information on variable emissions. 
“—“ = no emissions; NOX = total oxides of nitrogen; m = metre; PM2.5= particulate matter with a mean aerodynamic diameter of 2.5 microns or less; t/d = tonne per day; SO2 = sulphur dioxide; TSP = total suspended particulate matter; UTM = universal transverse mercator.  
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Table 2A.22: Fort Hills Road Source Emission Profile 

No. Source ID Source Description 

Starting Coordinate 
UTM 

Ending Coordinate 
UTM Number of 

Road 
Segments 

Effective Initial Initial 
Emission rate (t/d) 

Applicable 
Variable 
Emission 
Profile(b) 

(m)(a) (m)(a) Height σz σy 

Easting Northing Easting Northing (m) (m) (m) NOX SO2 PM2.5 TSP 

Application Case 1  

1 MNFLRA1 Application Case 1 Mine Fleet Road to NED 463,463 6,364,347 469,398 6,369,359 4 4.6 2.1 4.9 2.611 0.003 0.122 0.125 — 

2 RDSTRA1 Application Case 1 Road Dust Road to NED 463,463 6,364,347 469,398 6,369,359 4 3.9 3.6 16.7 0.000 0.000 0.031 1.326 PROFILE 5 

Application Case 1 Total (t/d) 2.611 0.003 0.153 1.451 — 

Application Case 2 

1 MNFLRA2 Application Case 2 Mine Fleet Road to NED 469,678 6,365,426 471,385 6,372,972 11 4.6 2.1 4.9 4.176 0.008 0.099 0.101 — 

2 RDSTRA2 Application Case 2 Road Dust Road to NED 469,678 6,365,426 471,385 6,372,972 11 3.9 3.6 16.7 0.000 0.000 0.089 3.741 PROFILE 5 

Application Case 2 Total (t/d) 4.176 0.008 0.188 3.843 — 

Notes: 
(a) Source coordinates are in UTM NAD 83 Zone 12N. 
(b) See Section 2A.1.5.1 for more information on variable emissions. 
“—“ = no emissions; NOX = total oxides of nitrogen; m = metre; NED = North External Dump; PM2.5= particulate matter with a mean aerodynamic diameter of 2.5 microns or less; t/d = tonne per day; SO2 = sulphur dioxide; TSP = total suspended particulate matter; UTM = universal transverse 
mercator.  
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 Regional Emissions 
The evaluation of air quality effects associated with the FHOSP requires consideration of emissions from 
other sources in the region. To assess the cumulative air quality effects, emissions from the other non- 
FHOSP related sources in the region were also modelled in the Baseline Case and Application Cases. 
These sources include: 

● all approved oil sands developments 

● other non-oil sands related industrial facilities 

● activities within the communities (e.g., local traffic, residential and commercial heating) 

● regional transportation (e.g., highway) emissions 

Information on the regional emissions was gathered from several sources. Emission profiles for oil sands 
developments were primarily based on previous air quality assessments in EIAs and regulatory approval 
applications. Where there was insufficient information on a specific planned oil sands development, an 
emission profile was developed based on the emission profile of a similar development in the region. 
Emission profiles for non-oil sands related industrial facilities, such as conventional oil and gas facilities, 
and aggregate operations were developed based on previous air quality assessments, regulatory 
approvals, and the NPRI database. 

Transportation and community emissions were derived from the forecasted emissions for the province 
of Alberta prepared for ECCC (ChemInfo 2007). The report breaks Alberta’s emissions down by census 
division and sector (including transportation, commercial, and residential). The 2015 forecasted 
emissions were used in combination with the most recently available census information for Census 
Division 16 (RMWB 2016) and traffic volume data (Government of Alberta 2016) to estimate the 
community, transportation, and air travel emissions within the study area. 

A summary of the regional emissions included in the cumulative modelling is presented in Table 2A.23. 
The existing and approved emission sources included in the modelling are presented graphically in 
Figure 2A.11. It was assumed that all developments are operating at their maximum capacity at the 
same time. However, in reality, some of the approved developments have yet to be built while other 
developments already in operation will not continuously operate at their maximum approved emission 
rates. This allows for a conservative estimation of both the cumulative effects and the IPA effects. 
Similar to the FHOSP haul road related PM emissions, an adjustment factor of ¼ has been applied to 
regional haul road related PM emissions to account for the factor of overestimation observed in model 
predictions (Long 2011). 
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Table 2A.23: Regional Development Emission Summary 

Figure 2A.11 
ID 

Source 
Emission Rate (t/d) 

NOX SO2 PM2.5 TSP 

1 Athabasca Oil Corporation Leduc TAGD Pilot Project 0.019 0.069 0.001 0.001 

2 Canadian Natural Resources Limited Horizon Oil Sands 
Mine  41.732   16.027   1.535   10.402  

3 Canadian Natural Upgrading Limited Jackpine Mine Phase 
1 and Expansion  21.905   0.070   0.776   8.790  

4 Canadian Natural Upgrading Limited Muskeg River Mine 
Expansion  24.445   0.613   1.207   8.452  

5 Everest Canadian Resources Corp. McKay Project Phase 1  0.685   0.500   0.045   0.045  
6 Hammerstone Corporation Hammerstone  13.671   9.485   1.170   2.373  

7 Heartland Generation Ltd. Muskeg River Co-Generation 
Power Plant  6.154   —  0.397   0.397  

8 Husky Energy Inc. Sunrise Thermal Project  8.350   0.900   1.004   1.004  
9 Imperial Oil Resources Ltd. Aspen Project  4.793   2.000   0.300   0.300  

10 Imperial Oil Resources Ltd. Kearl Oil Sands Project  38.802   0.114   1.933   13.951  

11 Inter Pipeline Offgas Ltd. Pioneer 1 - Suncor Liquid 
Extraction Plant  0.020   —  0.002   0.002  

12 Inter Pipeline Offgas Ltd. Pioneer 2 - Horizon Liquid 
Extraction Plant  0.023   0.533   0.001   0.001  

13 Parsons Creek Aggregates Quarry Operations  0.766   0.002   0.054   1.422  
14 Petro China Canada Ltd. Dover Commercial North Plant  7.142   1.205   0.009   0.009  
15 Petro China Canada Ltd. Dover Commercial South Plant  10.671   0.795   0.013   0.013  

16 Petro China Canada Ltd. MacKay River Commercial 
Project  9.178   1.980   0.848   0.848  

17 Suncor Energy Inc. Oil Sands Processing Plant and Mine  81.574   57.254   6.243   19.070  
18 Suncor Energy Inc. Voyageur Upgrader  2.927   14.286   0.025   0.025  
19 Suncor Energy Inc. Dover In-Situ  0.330   0.500   0.020   0.020  
20 Suncor Energy Inc. Firebag Stages 1 through 6  19.216   6.900   1.487   2.003  
21 Suncor Energy Inc. MacKay River Project  1.252   0.773   0.169   0.348  
22 Suncor Energy Inc. MacKay River Expansion  1.567   0.827   0.049   0.049  
23 Sunshine Oilsands Ltd. Thickwood SAGD Project Phase 1  0.831   1.530   0.076   0.076  
24 Sunshine Oilsands Ltd. West Ells Project  0.997   1.534   0.083   0.083  
25 Syncrude Canada Limited Aurora North  17.550   0.283   0.705   6.131  
26 Syncrude Canada Limited Aurora South  17.550   0.283   0.702   6.035  
27 Syncrude Canada Limited Mildred Lake  58.846   98.346   2.271   11.963  
28 TransCanada Energy MacKay River Cogeneration Project  3.600   0.333   0.156   0.156  
n/a Regional Gas Plants and Compressor Stations  4.959   0.137   0.022   0.022  
n/a Community Emissions  2.430   0.012   0.561   1.889  
n/a Highway Emissions  1.777   0.001   0.151   1.659  

 Regional Development SubTotal  403.760   217.292   22.016   97.540  
Notes: 
ID = identification; n/a = not available; NOX = total oxides of nitrogen; PM2.5 = particulate matter with a mean aerodynamic 
diameter of 2.5 microns or less; SAGD = steam assisted gravity drainage; SO2 = sulphur dioxide; t/d = tonne per day;  
TAGD = thermal assisted gravity drainage; TSP = total suspended particulate matter. 
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The regional emission sources are combined with the FHOSP emissions (i.e., FHOSP Only emissions) to 
be the Cumulative Effects emissions. A summary of the assessment case emissions is presented in 
Table 2A.24. 

Table 2A.24: Assessment Case Emission Summary 

Emission Source 
Emission Rates (t/d) 

NOX SO2 PM2.5 TSP 

Baseline Case     

Project Only Baseline Case 25.495 1.996 1.430 13.892 

Regional Developments  403.760   217.292   22.016   97.540  

Cumulative Effects Baseline Case 429.255 219.287 23.447 111.433 

Application Case 1     

Project Only Application Case 1 28.698 2.000 1.587 14.529 

Regional Developments  403.760   217.292   22.016   97.540  

Cumulative Effects Application Case 1 432.459 219.292 23.603 112.069 

Application Case 2     

Project Only Application Case 2 21.969 2.000 1.012 15.588 

Regional Developments  403.760   217.292   22.016   97.540  

Cumulative Effects Application Case 2 425.729 219.291 23.029 113.128 

Notes: 
“—” = no emissions; t/d = tonnes per day; NOX = oxides of nitrogen; PM2.5 = particulate matter with a mean aerodynamic 
diameter of 2.5 microns or less; SO2 = sulphur dioxide; t/d = tonnes per day; TSP = total suspended particulate matter. 
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2A.1.5.1. Temporal Emission Variability 
Fugitive road dust emissions at oil sands mines vary seasonally based on several factors, such as surface 
wind speed, ambient temperature, surface temperature, and ice or snow cover. Natural dust mitigation 
in the form of precipitation and snow cover was applied to all road dust and coke pile emission sources 
included in the assessment. Climate normal data (1981 to 2010) from the Fort McMurray Airport station 
was used to determine the percent of time in each month considered to be dry with no snow cover, and 
therefore favourable for fugitive dust emissions (ECCC 2020). The monthly variable emissions ratio 
profile used for modelling road and coke pile dust emission sources is presented in Table 2A.25. 

Table 2A.25: Monthly Variable Emission Ratio Profile for Road Dust 

Month Monthly Variable Emission Ratios Relative to the Annual 
Average Emissions (PROFILE 5, %) 

January 0.0 

February 0.0 

March 0.0 

April 0.0 

May 67.1 

June 252.5 

July 242.9 

August 284.4 

September 279.6 

October 73.5 

November 0.0 

December 0.0 

Annual Average 100.0 

Notes: 
% = percent.
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2A.1.5.2. Regional Emission Profiles 
The source emission profile for each regional emission source modelled for point sources, area sources 
and road sources are provided in Table 2A.26, Table 2A.27 and Table 2A.28, respectively. Table 2A.27 
and Table 2A.28 also indicate which road dust sources used variable emission rates. 
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Table 2A.26: Regional Point Source Emission Profile 

No. Source ID Owner Project ID Source Description 
UTM Coordinates Stack Stack Exit Exit 

Emission rate (t/d) 
(m)(a) Height Diameter Velocity Temperature 

Easting Northing (m) (m) (m/s) (K) NOX SO2 PM2.5 TSP 

1 AODWLPFTRT Athabasca Oil Corp. Leduc TAGD Pilot Project Flash Treater 384,810 6,343,336 7.8 0.3 17.7 673 0.004 0.026 0.000 0.000 
2 AODWLPHOHT Athabasca Oil Corp. Leduc TAGD Pilot Project Hot Oil Heater 384,832 6,343,348 7.8 0.3 20.5 673 0.007 0.043 0.001 0.001 
3 AODWLPBMHT1 Athabasca Oil Corp. Leduc TAGD Pilot Project Bitumen Tank Heater 1 384,741 6,343,386 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
4 AODWLPBMHT2 Athabasca Oil Corp. Leduc TAGD Pilot Project Bitumen Tank Heater 2 384,741 6,343,375 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
5 AODWLPBMHT3 Athabasca Oil Corp. Leduc TAGD Pilot Project Bitumen Tank Heater 3 384,735 6,343,381 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
6 AODWLPBMHT4 Athabasca Oil Corp. Leduc TAGD Pilot Project Bitumen Tank Heater 4 384,735 6,343,370 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
7 AODWLPSTHR Athabasca Oil Corp. Leduc TAGD Pilot Project Produced Water skim tank heater 384,746 6,343,342 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
8 AODWLPDITH Athabasca Oil Corp. Leduc TAGD Pilot Project Produced Water Disposal Tank Heater 384,748 6,343,331 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
9 AODWLPPWTH1 Athabasca Oil Corp. Leduc TAGD Pilot Project Produced Water Tank Heater 1 384,728 6,343,347 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
10 AODWLPPWTH2 Athabasca Oil Corp. Leduc TAGD Pilot Project Produced Water Tank Heater 2 384,728 6,343,337 7.8 0.2 5.7 873 0.001 0.000 0.000 0.000 
11 CNHRZNCOGN01 Canadian Natural Resources Limited Horizon Cogeneration Unit 1 (HRSG/GTG 1 ) 454,416 6,355,291 38.0 5.5 21.7 405 2.160 0.202 0.009 0.009 
12 CNHRZNCOGN02 Canadian Natural Resources Limited Horizon Cogeneration Unit 2 (HRSG/GTG 2 ) 454,309 6,355,318 38.0 5.5 21.7 405 2.057 0.201 0.009 0.009 
13 CNHRZNSRU Canadian Natural Resources Limited Horizon Sulphur Recovery Incinerator 455,245 6,355,316 106.7 3.8 17.0 811 0.194 14.466 0.001 0.001 
14 CNHRZNH2PL01 Canadian Natural Resources Limited Horizon Hydrogen Furnace (46) 455,062 6,355,065 30.5 4.1 15.0 421 1.097 0.152 0.004 0.004 
15 CNHRZNH2PL02 Canadian Natural Resources Limited Horizon Hydrogen Furnace (46A) 455,059 6,354,982 30.5 4.1 15.0 421 1.567 0.218 0.005 0.005 
16 CNHRZNDRU01 Canadian Natural Resources Limited Horizon Diluent Recovery Unit (31-F-1A) 454,783 6,355,366 77.3 3.4 5.8 383 0.244 0.038 0.001 0.001 
17 CNHRZNDRU02 Canadian Natural Resources Limited Horizon Diluent Recovery Unit (31A-F-1B) 454,808 6,355,367 77.3 3.4 5.8 383 0.244 0.038 0.001 0.001 
18 CNHRZNHTR01 Canadian Natural Resources Limited Horizon 31A-8001 Heater 454,640 6,355,460 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
19 CNHRZNHTR02 Canadian Natural Resources Limited Horizon 31A-F-7001  Heater 454,632 6,355,460 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
20 CNHRZNHTR03 Canadian Natural Resources Limited Horizon 31A-F-6001 Heater 454,624 6,355,461 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
21 CNHRZNHTR04 Canadian Natural Resources Limited Horizon 31A-F-5001 Heater 454,616 6,355,461 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
22 CNHRZNHTR05 Canadian Natural Resources Limited Horizon 31A-F-4001 Heater 454,607 6,355,461 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
23 CNHRZNHTR06 Canadian Natural Resources Limited Horizon 31A-F-3001  Heater 454,599 6,355,461 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
24 CNHRZNHTR07 Canadian Natural Resources Limited Horizon 31A-F-2001 Heater 454,591 6,355,461 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
25 CNHRZNHTR08 Canadian Natural Resources Limited Horizon 31A-F-1001 Heater 454,583 6,355,461 75.0 1.8 6.1 458 0.050 0.013 0.000 0.000 
26 CNHRZNVDU01 Canadian Natural Resources Limited Horizon Vacuum Distillation Unit-32-F-1 454,724 6,355,392 70.0 2.8 5.9 432 0.216 0.033 0.001 0.001 
27 CNHRZNVDU02 Canadian Natural Resources Limited Horizon Vacuum Distillation Unit-32-F-2 454,752 6,355,394 76.2 2.7 6.5 497 0.098 0.034 0.001 0.001 
28 CNHRZNDCU01 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-1A) 454,814 6,355,468 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
29 CNHRZNDCU02 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-1B) 454,824 6,355,468 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
30 CNHRZNDCU03 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-1C) 454,805 6,355,468 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
31 CNHRZNDCU04 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-1D) 454,794 6,355,468 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
32 CNHRZNDCU05 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-2A) 454,781 6,355,469 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
33 CNHRZNDCU06 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-2B) 454,771 6,355,470 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
34 CNHRZNDCU07 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-2C) 454,760 6,355,470 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
35 CNHRZNDCU08 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-2D) 454,751 6,355,470 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
36 CNHRZNDCU09 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-3A) 454,735 6,355,470 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
37 CNHRZNDCU10 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-3B) 454,725 6,355,469 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
38 CNHRZNDCU11 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-3C) 454,714 6,355,469 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
39 CNHRZNDCU12 Canadian Natural Resources Limited Horizon Delayed Coking Unit (33-F-3D) 454,705 6,355,469 75.5 1.5 10.3 550 0.099 0.014 0.000 0.000 
40 CNHRZNNHTU1 Canadian Natural Resources Limited Horizon Naptha Hydrotreater Unit Heater (41-F-1) 454,896 6,355,064 37.0 1.3 6.0 617 0.025 0.005 0.000 0.000 
41 CNHRZNDHTU2 Canadian Natural Resources Limited Horizon Distillate Hydrotreater Unit Heater (42-F-1) 454,581 6,355,067 39.4 1.6 6.0 443 0.048 0.010 0.000 0.000 
42 CNHRZNGOHT1 Canadian Natural Resources Limited Horizon Gas Oil Hydrotreater Unit Heater (43-F-1) 454,695 6,355,065 49.4 1.4 6.0 440 0.044 0.009 0.000 0.000 
43 CNHRZNGOHT2 Canadian Natural Resources Limited Horizon Gas Oil Hydrotreater Unit Heater (44-F-1) 454,903 6,354,899 49.4 1.4 6.0 440 0.044 0.009 0.000 0.000 
44 CNHRZNCHTU1 Canadian Natural Resources Limited Horizon Combined Hydrotreater Unit (45-F-1) 454,747 6,354,898 45.3 1.9 6.0 446 0.038 0.013 0.000 0.000 
45 CNHRZNCHTU2 Canadian Natural Resources Limited Horizon Combined Hydrotreater Unit (45-F-2) 454,747 6,354,921 45.3 1.9 6.0 446 0.038 0.013 0.000 0.000 
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Table 2A.26: Regional Point Source Emission Profile 

No. Source ID Owner Project ID Source Description 
UTM Coordinates Stack Stack Exit Exit 

Emission rate (t/d) 
(m)(a) Height Diameter Velocity Temperature 

Easting Northing (m) (m) (m/s) (K) NOX SO2 PM2.5 TSP 
46 CNHRZNBOLR1 Canadian Natural Resources Limited Horizon Auxiliary Boiler (62-F-3001) 454,483 6,355,348 30.0 4.0 11.7 393 0.444 0.055 0.003 0.003 
47 CNHRZNBOLR2 Canadian Natural Resources Limited Horizon Auxiliary Boiler (62-F-4001) 454,461 6,355,349 30.0 4.0 11.7 393 0.444 0.055 0.003 0.003 
48 CNHRZNBOLR3 Canadian Natural Resources Limited Horizon Auxiliary Boiler (62-F-5001) 454,462 6,355,324 30.0 4.0 11.7 393 0.444 0.055 0.003 0.003 
49 CNHRZNBOLR4 Canadian Natural Resources Limited Horizon Auxiliary Boiler (62-F-6001) 454,481 6,355,324 30.0 4.0 11.7 393 0.444 0.055 0.003 0.003 
50 CNHRZNBOLR5 Canadian Natural Resources Limited Horizon HTPFT Auxiliary Boiler 454,582 6,354,704 30.0 4.0 11.7 393 0.281 0.068 0.003 0.003 
51 CNHRZNPWTH1 Canadian Natural Resources Limited Horizon Portable Water Tank Heater (61A-TK-760) 455,765 6,354,949 13.3 0.3 0.1 393 0.001 0.000 0.000 0.000 
52 CNHRZNPWTH2 Canadian Natural Resources Limited Horizon Portable Water Tank Heater (61A-TK-761) 455,779 6,354,955 13.3 0.3 0.1 393 0.001 0.000 0.000 0.000 
53 CNHRZNETHT1 Canadian Natural Resources Limited Horizon Equalization Tank Heater (61B-TK-700A) 455,781 6,355,080 13.3 0.3 0.1 393 0.002 0.000 0.000 0.000 
54 CNHRZNETHT2 Canadian Natural Resources Limited Horizon Equalization Tank Heater (61B-TK-700B) 455,781 6,355,071 13.3 0.3 0.1 393 0.002 0.000 0.000 0.000 
55 CNHRZNETHT3 Canadian Natural Resources Limited Horizon Equalization Tank Heater (61B-TK-700C) 455,781 6,355,061 13.3 0.3 0.1 393 0.002 0.000 0.000 0.000 
56 SHJKP1OTSG Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion OTSG 476,376 6,343,975 13.0 0.9 14.3 392 0.054 0.001 0.001 0.001 
57 SHJKPECOGN01 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Natural Gas Cogeneration Unit 476,180 6,344,235 40.0 4.3 23.0 360 2.240 0.012 0.010 0.010 
58 SHJKPECOGN02 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Natural Gas Cogeneration Unit 476,141 6,344,215 40.0 4.3 23.0 360 2.240 0.012 0.010 0.010 
59 SHJKPECOGN03 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Natural Gas Cogeneration Unit 476,567 6,344,273 40.0 4.3 23.0 360 2.240 0.012 0.010 0.010 
60 SHJKPBOLR01 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Natural Gas Auxiliary Boiler 476,333 6,343,978 40.0 2.7 21.9 436 0.415 0.006 0.005 0.005 
61 SHJKPBOLR02 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Natural Gas Auxiliary Boiler 476,340 6,343,965 40.0 2.7 21.9 436 0.415 0.006 0.005 0.005 
62 SHJKPBOLR03 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Natural Gas Auxiliary Boiler 476,347 6,343,952 40.0 2.7 21.9 436 0.415 0.006 0.005 0.005 
63 ASMRMEAUBL01 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Utility Boiler (521-BR-401) 469,575 6,345,684 38.0 2.0 18.0 442 0.300 0.000 0.003 0.003 
64 ASMRMEAUBL02 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Utility Boiler (521-BR-402) 469,588 6,345,686 38.0 2.0 18.0 442 0.300 0.000 0.003 0.003 
65 ASMRMEAUBL03 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Utility Boiler (521-BR-403) 469,604 6,345,691 38.0 2.0 18.0 442 0.300 0.000 0.003 0.003 
66 ASMRMEAUBL04 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Utility Boiler (521-BR-404) 469,566 6,345,739 38.0 2.0 18.0 442 0.300 0.000 0.003 0.003 
67 ASMRMEAUBL05 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Utility Boiler (521-BR-405) 469,582 6,345,744 38.0 2.0 18.0 442 0.300 0.000 0.003 0.003 
68 ASMRMEAUBL06 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Utility Boiler 6 469,555 6,345,810 40.0 2.0 18.0 442 0.086 0.000 0.003 0.003 
69 ASMRMEAUBL07 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Utility Boiler 7 469,571 6,345,815 40.0 2.0 18.0 442 0.086 0.000 0.003 0.003 
70 ASMRMEGSHT Canadian Natural Upgrading Limited Muskeg River Mine Expansion Natural Gas Heater 469,571 6,345,606 8.0 0.3 18.0 453 0.009 0.000 0.000 0.000 
71 ASMRMESPHT01 Canadian Natural Upgrading Limited Muskeg River Mine Expansion Space Heating  469,588 6,345,686 38.0 2.0 18.0 442 0.216 0.000 0.003 0.003 
72 SPMCKYSGEN01 Everest Canadian Resources Corp. McKay Project Phase 1 Steam Generator 424,249 6,304,792 30.3 1.7 9.1 450 0.254 0.250 0.020 0.020 
73 SPMCKYSGEN02 Everest Canadian Resources Corp. McKay Project Phase 1 Steam Generator 424,249 6,304,778 30.3 1.7 9.1 450 0.254 0.250 0.020 0.020 
74 SPMCKYCOGN01 Everest Canadian Resources Corp. McKay Project Phase 1 Cogenerator 424,206 6,304,809 20.5 1.5 1.4 484 0.079 0.000 0.002 0.002 
75 SPMCKYCOGN02 Everest Canadian Resources Corp. McKay Project Phase 1 Cogenerator 424,212 6,304,809 20.5 1.5 1.4 484 0.079 0.000 0.002 0.002 
76 SPMCKYBOLR Everest Canadian Resources Corp. McKay Project Phase 1 Utility Boiler 424,217 6,304,680 10.1 0.5 4.5 495 0.012 0.000 0.001 0.001 
77 SPMCKYGLHT Everest Canadian Resources Corp. McKay Project Phase 1 Glycol Heater 424,244 6,304,664 8.5 0.6 2.5 438 0.006 0.000 0.001 0.001 
78 BMHMSPCLM01 Hammerstone Corporation Hammerstone PFC - 1 and Limestone Mill 1 466,232 6,339,126 50.0 1.3 20.0 518 0.366 0.299 0.026 0.026 
79 BMHMSPCLM02 Hammerstone Corporation Hammerstone PFC - 2 and Limestone Mill 1 466,217 6,339,126 50.0 1.6 20.0 518 0.549 0.448 0.039 0.039 
80 BMHMSQLK01 Hammerstone Corporation Hammerstone Quicklime-1(Dual Purpose klin) 466,034 6,338,924 65.0 3.3 20.0 538 0.918 1.227 0.165 0.165 
81 BMHMSQLK02 Hammerstone Corporation Hammerstone Quiklime -2 466,034 6,338,974 65.0 2.1 20.0 539 0.878 1.126 0.071 0.071 
82 BMHMSQLK03 Hammerstone Corporation Hammerstone Quiklime -3 466,034 6,339,024 65.0 3.6 20.0 539 2.400 3.065 0.200 0.200 
83 BMHMSACT01 Hammerstone Corporation Hammerstone Activation- 1 466,006 6,338,958 65.0 3.3 20.0 538 0.918 1.227 0.165 0.165 
84 BMHMSMKFS Hammerstone Corporation Hammerstone Mill-Kiln Filter Stack 466,329 6,338,858 65.0 2.1 20.0 383 3.000 1.977 0.073 0.073 
85 BMHMSCM1_2 Hammerstone Corporation Hammerstone PFC-1,PFC-2 Coke Grinding Mill 466,255 6,339,126 35.0 0.4 20.0 358 0.000 0.000 0.002 0.002 
86 BMHMSHDVT Hammerstone Corporation Hammerstone Hydrator Vent 466,159 6,339,143 30.0 0.5 20.0 373 0.000 0.000 0.003 0.003 
87 BMHMSLGM01 Hammerstone Corporation Hammerstone Limestone Grinding Mill #1 466,041 6,339,042 35.0 1.3 20.0 293 0.000 0.000 0.025 0.025 
88 BMHMSRCM01 Hammerstone Corporation Hammerstone Rotary Klin Coke Mill #1 465,195 6,339,038 35.0 0.8 20.0 373 0.000 0.000 0.010 0.010 
89 BMHMSRCM02 Hammerstone Corporation Hammerstone Rotary Klin Coke Mill #2 465,915 6,339,038 35.0 1.3 20.0 373 0.000 0.000 0.026 0.026 
90 BMHMSCMF Hammerstone Corporation Hammerstone Coke Mill Filter 466,285 6,338,846 35.0 0.8 20.0 273 0.000 0.000 0.009 0.009 
91 BMHMSCCF Hammerstone Corporation Hammerstone Clinker Cooler Filter 466,223 6,338,849 40.0 2.3 20.0 503 0.000 0.000 0.052 0.052 
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Table 2A.26: Regional Point Source Emission Profile 

No. Source ID Owner Project ID Source Description 
UTM Coordinates Stack Stack Exit Exit 

Emission rate (t/d) 
(m)(a) Height Diameter Velocity Temperature 

Easting Northing (m) (m) (m/s) (K) NOX SO2 PM2.5 TSP 
92 BMHMSCDF Hammerstone Corporation Hammerstone Clinker Dome Filter 466,238 6,338,734 30.0 0.8 20.0 293 0.000 0.000 0.009 0.009 
93 BMHMSASF Hammerstone Corporation Hammerstone Air Separator Filter 466,195 6,338,830 35.0 1.6 20.0 353 0.000 0.000 0.041 0.041 
94 BMHMSMF Hammerstone Corporation Hammerstone Mill Filter 466,182 6,338,830 35.0 0.8 20.0 293 0.000 0.000 0.009 0.009 
95 ASMRMCOGN01 Heartland Generation Ltd. Muskeg River Co-Generation Power Plant Cogeneration Unit 1 469,565 6,346,240 38.1 5.0 18.3 398 2.126 0.000 0.121 0.121 
96 ASMRMCOGN02 Heartland Generation Ltd. Muskeg River Co-Generation Power Plant Cogeneration Unit 2 469,580 6,346,240 38.1 5.0 18.3 398 2.126 0.000 0.121 0.121 
97 ASMRMBOLR01 Heartland Generation Ltd. Muskeg River Co-Generation Power Plant Boiler 1 469,600 6,346,125 38.0 2.4 18.3 448 0.950 0.000 0.078 0.078 
98 ASMRMBOLR02 Heartland Generation Ltd. Muskeg River Co-Generation Power Plant Boiler 2 469,575 6,346,125 38.0 2.4 18.3 448 0.950 0.000 0.078 0.078 
99 HUSR1SGEN01 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,247 6,344,020 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
100 HUSR1SGEN02 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,266 6,344,020 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
101 HUSR1SGEN03 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,287 6,344,020 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
102 HUSR1SGEN04 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,307 6,344,020 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
103 HUSR1SGEN05 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,326 6,344,020 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
104 HUSR1SGEN06 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,226 6,344,020 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
105 HUSR1SGEN07 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,247 6,344,316 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
106 HUSR1SGEN08 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,266 6,344,316 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
107 HUSR1SGEN09 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,287 6,344,316 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
108 HUSR1SGEN10 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,307 6,344,316 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
109 HUSR1SGEN11 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,326 6,344,316 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
110 HUSR1SGEN12 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,226 6,344,331 29.0 1.6 32.0 494 0.204 0.023 0.025 0.025 
111 HUSR1GLHT01 Husky Energy Inc. Sunrise Thermal Project Glycol Heater  496,342 6,344,024 17.0 0.9 10.1 491 0.020 0.000 0.003 0.003 
112 HUSR1GLHT02 Husky Energy Inc. Sunrise Thermal Project Glycol Heater  496,351 6,344,024 17.0 0.9 10.1 491 0.020 0.000 0.003 0.003 
113 HUSR1GLHT03 Husky Energy Inc. Sunrise Thermal Project Glycol Heater  496,342 6,344,334 17.0 0.9 10.1 491 0.020 0.000 0.003 0.003 
114 HUSR1GLHT04 Husky Energy Inc. Sunrise Thermal Project Glycol Heater  496,351 6,344,334 17.0 0.9 10.1 491 0.020 0.000 0.003 0.003 
115 HUSR1FLRE01 Husky Energy Inc. Sunrise Thermal Project 80FL450 496,398 6,343,878 48.6 2.4 17.5 1,573 0.040 0.000 0.000 0.000 
116 HUSR1FLRE02 Husky Energy Inc. Sunrise Thermal Project 80FL460 496,398 6,343,878 48.6 2.9 12.1 1,573 0.040 0.000 0.000 0.000 
117 HUSR1FLRE03 Husky Energy Inc. Sunrise Thermal Project 81FL450 496,492 6,344,607 48.6 2.4 17.5 1,573 0.040 0.000 0.000 0.000 
118 HUSR1FLRE04 Husky Energy Inc. Sunrise Thermal Project 81FL460 496,492 6,344,607 48.6 2.9 12.1 1,573 0.040 0.000 0.000 0.000 
119 HUSR2BSGEN01 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,886 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
120 HUSR2BSGEN02 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,907 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
121 HUSR2BSGEN03 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,928 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
122 HUSR2BSGEN04 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,949 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
123 HUSR2BSGEN05 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,970 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
124 HUSR2BSGEN06 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,991 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
125 HUSR2BSGEN07 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,886 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
126 HUSR2BSGEN08 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,907 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
127 HUSR2BSGEN09 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,928 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
128 HUSR2BSGEN10 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,949 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
129 HUSR2BSGEN11 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,970 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
130 HUSR2BSGEN12 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,991 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
131 HUSR2ASGEN01 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,688 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
132 HUSR2ASGEN02 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,709 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
133 HUSR2ASGEN03 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,730 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
134 HUSR2ASGEN04 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,751 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
135 HUSR2ASGEN05 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,772 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
136 HUSR2ASGEN06 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,793 6,343,725 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
137 HUSR2ASGEN07 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,688 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
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138 HUSR2ASGEN08 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,709 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
139 HUSR2ASGEN09 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,730 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
140 HUSR2ASGEN10 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,751 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
141 HUSR2ASGEN11 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,772 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
142 HUSR2ASGEN12 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,793 6,343,835 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
143 HUSR2SGEN1 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,688 6,343,729 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
144 HUSR2SGEN2 Husky Energy Inc. Sunrise Thermal Project Steam Generator 496,688 6,343,729 30.0 2.1 14.3 493 0.213 0.024 0.026 0.026 
145 HUSR2AGLHT01 Husky Energy Inc. Sunrise Thermal Project Glycol Heater 496,790 6,344,134 17.0 0.9 10.1 491 0.031 0.000 0.004 0.004 
146 HUSR2BGLHT02 Husky Energy Inc. Sunrise Thermal Project Glycol Heater 496,987 6,344,135 17.0 0.9 10.1 491 0.031 0.000 0.004 0.004 
147 HUSR2AGLHT03 Husky Energy Inc. Sunrise Thermal Project Glycol Heater 496,790 6,344,134 17.0 0.9 10.1 491 0.031 0.000 0.004 0.004 
148 HUSR2BGLHT04 Husky Energy Inc. Sunrise Thermal Project Glycol Heater 496,987 6,344,135 17.0 0.9 10.1 491 0.031 0.000 0.004 0.004 
149 IMASPNCOGN01 Imperial Oil Resources Ltd. Aspen Project Phase 1 - Cogen Unit (22.6 MW output GT, 110.4 MW Output HRSG) 499,371 6,330,545 24.0 2.4 20.6 440 0.655 0.171 0.014 0.014 
150 IMASPNCOGN02 Imperial Oil Resources Ltd. Aspen Project Phase 1 - Cogen Unit (22.6 MW output GT, 110.4 MW Output HRSG) 499,390 6,330,587 24.0 2.4 20.6 440 0.655 0.171 0.014 0.014 
151 IMASPNOTSG01 Imperial Oil Resources Ltd. Aspen Project Phase 1 - 110.36 MW Drum Boiler 499,407 6,330,609 24.0 1.8 25.5 435 0.245 0.229 0.037 0.037 
152 IMASPNOTSG02 Imperial Oil Resources Ltd. Aspen Project Phase 1 - 110.36 MW Drum Boiler 499,418 6,330,630 24.0 1.8 25.5 435 0.245 0.229 0.037 0.037 
153 IMASPNOTSG03 Imperial Oil Resources Ltd. Aspen Project Phase 1 - 110.36 MW Drum Boiler 499,428 6,330,652 24.0 1.8 25.5 435 0.245 0.229 0.037 0.037 
154 IMASPNGLHT01 Imperial Oil Resources Ltd. Aspen Project Phase 1 - 8.9 MW Glycol Heater 499,398 6,330,448 15.0 1.0 7.8 582 0.012 0.000 0.002 0.002 
155 IMASPNGLHT02 Imperial Oil Resources Ltd. Aspen Project Phase 1 - 8.9 MW Glycol Heater 499,407 6,330,444 15.0 1.0 7.8 582 0.012 0.000 0.002 0.002 
156 IMASPNCOGN03 Imperial Oil Resources Ltd. Aspen Project Phase 2 - Cogen Unit (22.6 MW output GT, 110.4 MW Output HRSG) 498,477 6,330,306 24.0 2.4 20.6 440 0.655 0.171 0.014 0.014 
157 IMASPNCOGN04 Imperial Oil Resources Ltd. Aspen Project Phase 2 - Cogen Unit (22.6 MW output GT, 110.4 MW Output HRSG) 498,497 6,330,348 24.0 2.4 20.6 440 0.655 0.171 0.014 0.014 
158 IMASPNCOGN05 Imperial Oil Resources Ltd. Aspen Project Phase 2 - Cogen Unit (22.6 MW output GT, 110.4 MW Output HRSG) 498,497 6,330,348 24.0 2.4 20.6 440 0.655 0.171 0.014 0.014 
159 IMASPNOTSG04 Imperial Oil Resources Ltd. Aspen Project Phase 2 - 110.36 MW Drum Boiler 498,514 6,330,369 24.0 1.8 25.5 435 0.245 0.229 0.037 0.037 
160 IMASPNOTSG05 Imperial Oil Resources Ltd. Aspen Project Phase 2 - 110.36 MW Drum Boiler 498,524 6,330,391 24.0 1.8 25.5 435 0.245 0.229 0.037 0.037 
161 IMASPNOTSG06 Imperial Oil Resources Ltd. Aspen Project Phase 2 - 110.36 MW Drum Boiler 498,535 6,330,413 24.0 1.8 25.5 435 0.245 0.000 0.037 0.037 
162 IMASPNGLHT03 Imperial Oil Resources Ltd. Aspen Project Phase 2 - 8.9 MW Glycol Heater 498,514 6,330,205 15.0 1.0 7.8 582 0.012 0.000 0.002 0.002 
163 IMASPNGLHT04 Imperial Oil Resources Ltd. Aspen Project Phase 2 - 8.9 MW Glycol Heater 498,505 6,330,209 15.0 1.0 7.8 582 0.012 0.000 0.002 0.002 
164 IMKERLAUBL01 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 1 (Phase 1) 495,793 6,361,940 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
165 IMKERLAUBL02 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 2 (Phase 1) 495,764 6,361,940 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
166 IMKERLAUBL03 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 3 (Phase 1) 495,703 6,361,941 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
167 IMKERLAUBL04 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 4 (Phase 1) 495,674 6,361,941 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
168 IMKERLAUBL05 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 5 (Phase 2) 495,274 6,361,730 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
169 IMKERLAUBL06 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 6 (Phase 2) 495,303 6,361,730 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
170 IMKERLAUBL07 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 7 (Phase 2) 495,365 6,361,730 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
171 IMKERLAUBL08 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 8 (Phase 2) 495,393 6,361,730 30.0 2.6 17.0 387 0.557 0.006 0.006 0.006 
172 IMKERLAUBL09 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 9 (Phase 3) 494,906 6,361,318 30.0 2.5 17.0 387 0.300 0.005 0.005 0.005 
173 IMKERLAUBL10 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 10 (Phase 3) 494,936 6,361,319 30.0 2.5 17.0 387 0.300 0.005 0.005 0.005 
174 IMKERLAUBL11 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 11 (Phase 3) 494,997 6,361,318 30.0 2.5 17.0 387 0.300 0.005 0.005 0.005 
175 IMKERLAUBL12 Imperial Oil Resources Ltd. Kearl Oil Sands Project Boiler 12 (Phase 3) 495,025 6,361,318 30.0 2.5 17.0 387 0.300 0.005 0.005 0.005 
176 WICHPLHMHT Inter Pipeline Offgas Ltd. Pioneer 1 - Suncor Liquid Extraction Plant Heat Medium Heater 471,754 6,314,125 32.4 1.4 6.2 553 0.020 0.000 0.002 0.002 
177 IPPIO2GHST Inter Pipeline Offgas Ltd. Pioneer 2 - Horizon Liquid Extraction Plant 7.0 MW Regeneration Gas Heater Exhaust Stack 455,518 6,355,789 30.5 0.9 5.9 549 0.017 0.003 0.000 0.000 
178 IPPIO2FLRE Inter Pipeline Offgas Ltd. Pioneer 2 - Horizon Liquid Extraction Plant Flare Stack 455,514 6,355,816 50.0 9.1 0.1 1,284 0.006 0.530 0.001 0.001 
179 CCDOVNSGEN01 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 400,962 6,347,726 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
180 CCDOVNSGEN02 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 400,960 6,347,642 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
181 CCDOVNSGEN03 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 400,978 6,347,725 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
182 CCDOVNSGEN04 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 400,975 6,347,642 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
183 CCDOVNSGEN05 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 400,990 6,347,642 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
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184 CCDOVNSGEN06 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 401,008 6,347,641 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
185 CCDOVNSGEN07 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 401,106 6,347,722 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
186 CCDOVNSGEN08 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 401,113 6,347,639 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
187 CCDOVNSGEN09 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 401,127 6,347,638 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
188 CCDOVNSGEN10 Petro China Canada Ltd.  Dover Commercial North Plant 138 MW input Steam Generator 401,143 6,347,638 38.1 2.4 16.5 443 0.481 0.102 0.001 0.001 
189 CCDOVNCOGN01 Petro China Canada Ltd.  Dover Commercial North Plant 595 MW input Cogenerator 401,184 6,347,703 38.1 5.8 24.5 399 2.280 0.180 0.003 0.003 
190 CCDOVNGLHT01 Petro China Canada Ltd.  Dover Commercial North Plant 11 MW input glycol heater 400,920 6,347,868 12.5 0.9 11.5 473 0.024 0.000 0.000 0.000 
191 CCDOVNGLHT02 Petro China Canada Ltd.  Dover Commercial North Plant 11 MW input glycol heater 400,925 6,347,868 12.5 0.9 11.5 473 0.024 0.000 0.000 0.000 
192 CCDOVNHPFL01 Petro China Canada Ltd.  Dover Commercial North Plant HP flare stack 400,868 6,347,951 42.7 0.6 0.0 1,273 0.000 0.000 0.000 0.000 
193 CCDOVNLPFL01 Petro China Canada Ltd.  Dover Commercial North Plant LP flare stack 400,868 6,347,951 42.7 0.4 0.0 1,273 0.000 0.000 0.000 0.000 
194 CCDOVSSGEN01 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,004 6,332,422 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
195 CCDOVSSGEN02 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,088 6,332,420 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
196 CCDOVSSGEN03 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,005 6,332,439 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
197 CCDOVSSGEN04 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,088 6,332,437 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
198 CCDOVSSGEN05 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,005 6,332,453 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
199 CCDOVSSGEN06 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,005 6,332,472 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
200 CCDOVSSGEN07 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,007 6,332,543 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
201 CCDOVSSGEN08 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,091 6,332,566 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
202 CCDOVSSGEN09 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,007 6,332,559 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
203 CCDOVSSGEN10 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,008 6,332,573 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
204 CCDOVSCOGN01 Petro China Canada Ltd.  Dover Commercial South Plant 595 MW input Cogenerator 406,075 6,332,613 38.1 5.8 24.5 399 2.280 0.074 0.003 0.003 
205 CCDOVSSGEN11 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,093 6,332,668 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
206 CCDOVSSGEN12 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,094 6,332,684 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
207 CCDOVSSGEN13 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,011 6,332,704 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
208 CCDOVSSGEN14 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,094 6,332,698 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
209 CCDOVSSGEN15 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,011 6,332,719 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
210 CCDOVSSGEN16 Petro China Canada Ltd.  Dover Commercial South Plant 152 MW input Steam Generator 406,094 6,332,714 38.1 2.4 18.1 443 0.521 0.045 0.001 0.001 
211 CCDOVSGLHT01 Petro China Canada Ltd.  Dover Commercial South Plant 11 MW input glycol heater 406,228 6,332,373 12.5 0.9 11.5 473 0.024 0.000 0.000 0.000 
212 CCDOVSGLHT02 Petro China Canada Ltd.  Dover Commercial South Plant 11 MW input glycol heater 406,228 6,332,378 12.5 0.9 11.5 473 0.024 0.000 0.000 0.000 
213 CCDOVSHPFL01 Petro China Canada Ltd.  Dover Commercial South Plant HP flare stack 406,308 6,332,317 42.7 0.6 0.0 1,273 0.000 0.000 0.000 0.000 
214 CCDOVSLPFL01 Petro China Canada Ltd.  Dover Commercial South Plant LP flare stack 406,308 6,332,317 42.7 0.4 0.0 1,273 0.000 0.000 0.000 0.000 
215 CCMRCPSGEN01 Petro China Canada Ltd.  MacKay River Commercial Project Phase 1 136 MW Steam Generator 432,479 6,294,421 38.1 2.3 17.7 414 0.470 0.137 0.047 0.047 
216 CCMRCPSGEN02 Petro China Canada Ltd.  MacKay River Commercial Project Phase 1 136 MW Steam Generator 432,492 6,294,434 38.1 2.3 17.7 414 0.470 0.137 0.047 0.047 
217 CCMRCPSGEN03 Petro China Canada Ltd.  MacKay River Commercial Project Phase 1 136 MW Steam Generator 432,447 6,294,455 38.1 2.3 17.7 414 0.470 0.137 0.047 0.047 
218 CCMRCPSGEN04 Petro China Canada Ltd.  MacKay River Commercial Project Phase 1 136 MW Steam Generator 432,460 6,294,469 38.1 2.3 17.7 414 0.470 0.137 0.047 0.047 
219 CCMRCPGLHT01 Petro China Canada Ltd.  MacKay River Commercial Project Phase 1 11.8 MW Glycol Heater 432,516 6,294,590 12.5 0.7 15.0 469 0.026 0.000 0.005 0.005 
220 CCMRCPSGEN05 Petro China Canada Ltd.  MacKay River Commercial Project Phase 2 142 MW Steam Generator 432,532 6,294,583 38.1 2.3 17.7 414 0.490 0.143 0.049 0.049 
221 CCMRCPSGEN06 Petro China Canada Ltd.  MacKay River Commercial Project Phase 2 116 MW Steam Generator 432,532 6,294,583 38.1 2.3 17.7 414 0.401 0.117 0.040 0.040 
222 CCMRCPGLHT02 Petro China Canada Ltd.  MacKay River Commercial Project Phase 2 5 MW Glycol Heater 432,532 6,294,583 12.5 0.7 15.0 469 0.012 0.000 0.002 0.002 
223 CCMRCPGLHT03 Petro China Canada Ltd.  MacKay River Commercial Project Phase 2 5 MW Glycol Heater 432,532 6,294,583 12.5 0.7 15.0 469 0.012 0.000 0.002 0.002 
224 CCMRCPCOGN01 Petro China Canada Ltd.  MacKay River Commercial Project Phase 2 595 MW Cogen (348 GJ/h GT; 1152 GJ/h HRSG) 432,488 6,294,550 38.1 5.8 25.1 399 2.280 0.000 0.157 0.157 
225 CCMRCPSGEN07 Petro China Canada Ltd.  MacKay River Commercial Project Phase 3 156 MW Steam Generator 432,563 6,294,574 38.1 2.3 17.7 414 0.540 0.157 0.054 0.054 
226 CCMRCPSGEN08 Petro China Canada Ltd.  MacKay River Commercial Project Phase 3 156 MW Steam Generator 432,563 6,294,574 38.1 2.3 17.7 414 0.540 0.157 0.054 0.054 
227 CCMRCPSGEN09 Petro China Canada Ltd.  MacKay River Commercial Project Phase 3 156 MW Steam Generator 432,563 6,294,574 38.1 2.3 17.7 414 0.540 0.157 0.054 0.054 
228 CCMRCPSGEN10 Petro China Canada Ltd.  MacKay River Commercial Project Phase 3 156 MW Steam Generator 432,563 6,294,574 38.1 2.3 17.7 414 0.540 0.157 0.054 0.054 
229 CCMRCPGLHT04 Petro China Canada Ltd.  MacKay River Commercial Project Phase 3 5 MW Glycol Heater 432,563 6,294,574 12.5 0.7 15.0 469 0.012 0.000 0.002 0.002 
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230 CCMRCPSGEN11 Petro China Canada Ltd.  MacKay River Commercial Project Phase 4 156 MW Steam Generator 418,245 6,310,529 38.1 2.3 17.7 414 0.540 0.157 0.054 0.054 
231 CCMRCPSGEN12 Petro China Canada Ltd.  MacKay River Commercial Project Phase 4 156 MW Steam Generator 418,260 6,310,529 38.1 2.3 17.7 414 0.540 0.157 0.054 0.054 
232 CCMRCPSGEN13 Petro China Canada Ltd.  MacKay River Commercial Project Phase 4 116 MW Steam Generator 418,281 6,310,528 38.1 2.3 17.7 414 0.401 0.117 0.040 0.040 
233 CCMRCPSGEN14 Petro China Canada Ltd.  MacKay River Commercial Project Phase 4 116 MW Steam Generator 418,278 6,310,559 38.1 2.3 17.7 414 0.401 0.117 0.040 0.040 
234 CCMRCPGLHT05 Petro China Canada Ltd.  MacKay River Commercial Project Phase 4 4 MW Glycol Heater 418,098 6,310,528 12.5 0.7 15.0 469 0.010 0.000 0.002 0.002 
235 CCMRCPGLHT06 Petro China Canada Ltd.  MacKay River Commercial Project Phase 4 4 MW Glycol Heater 418,109 6,310,527 12.5 0.7 15.0 469 0.010 0.000 0.002 0.002 
236 SUPLNTCOGN1 Suncor Energy Inc. Oil Sands Processing Plant and Mine Cogeneration Unit 1  470,553 6,317,775 48.8 6.4 31.4 464 4.701 0.033 0.325 0.325 
237 SUPLNTCOGN2 Suncor Energy Inc. Oil Sands Processing Plant and Mine Cogeneration Unit 2 470,524 6,317,821 48.8 6.4 31.4 464 4.701 0.033 0.325 0.325 
238 SUPLNTFGD Suncor Energy Inc. Oil Sands Processing Plant and Mine New Main Powerhouse (FGD) Stack 471,043 6,317,825 136.6 7.0 10.9 328 20.859 22.777 3.327 3.327 
239 SUPLNTPOWRHS Suncor Energy Inc. Oil Sands Processing Plant and Mine Old Main Powerhouse 471,026 6,317,764 106.7 5.8 4.7 528 4.417 10.133 0.305 0.305 
240 SUPLNTGTG01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Gas Turbine Generator 1 470,345 6,318,417 30.5 6.1 21.3 440 2.256 0.014 0.012 0.012 
241 SUPLNTGTG02 Suncor Energy Inc. Oil Sands Processing Plant and Mine Gas Turbine Generator 2 470,438 6,318,267 30.5 6.1 21.3 440 2.256 0.014 0.012 0.012 
242 SUBSPL8F5 Suncor Energy Inc. Oil Sands Processing Plant and Mine Thermal Oxidizer Unit 1 471,003 6,318,016 106.7 1.8 22.0 673 0.232 12.417 0.001 0.001 
243 SUMIL53F611 Suncor Energy Inc. Oil Sands Processing Plant and Mine Thermal Oxidizer Unit 2 470,933 6,318,211 106.1 3.6 8.6 673 0.460 7.696 0.003 0.003 
244 SUBSPL5F1A Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 5 - Delayed Coking Unit, Diluent Heater Stack (5F-1A)  470,986 6,317,928 48.8 1.9 3.3 733 0.074 0.002 0.000 0.000 
245 SUBSPL5F1B Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 5 - Delayed Coking Unit, Diluent Heater Stack (5F-1B)  470,989 6,317,924 48.8 1.9 3.3 733 0.074 0.002 0.000 0.000 
246 SUBSPL5F2 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 5 - Delayed Coking Unit, Coker Feed Heater Stack (5F-2)  471,012 6,317,923 41.1 2.2 6.7 728 0.308 0.003 0.000 0.000 
247 SUBSPL5F3 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 5 - Delayed Coking Unit, Coker Feed Heater Stack (5F-3)  471,025 6,317,903 41.1 2.2 6.7 728 0.308 0.003 0.000 0.000 
248 SUBSPL5F4 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 5 - Delayed Coking Unit, Coker Feed Heater Stack (5F-4)  471,039 6,317,882 41.1 2.2 6.7 728 0.308 0.003 0.000 0.000 
249 SUBSPL5F5 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 5 - Delayed Coking Unit, Diluent Heater Stack (5F-5)  470,999 6,317,900 50.3 1.8 8.0 644 0.297 0.003 0.000 0.000 
250 SUBSPL5F6 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 5 - Delayed Coking Unit, Coker Feed Heater Stack (5F-6)  471,050 6,317,865 41.1 2.6 6.8 728 0.310 0.003 0.001 0.001 
251 SUBSPL6F2 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 6 - Hydrogen Plant #1 Reformer Furnace Stack (6F-2)  470,850 6,317,902 61.0 2.1 12.9 566 1.116 0.012 0.002 0.002 
252 SUBSPL6F5 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 6 - Hydrogen Plant Hydrogenation Preheat  Furnace Stack (6F-5)  470,874 6,317,926 15.2 1.3 3.9 561 0.018 0.000 0.000 0.000 
253 SUBSPL7F1 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 7 - Unifier Plant, Naphtha #1 Charge Heater Stack (7F-1)  470,971 6,317,907 41.1 1.3 5.4 728 0.015 0.000 0.000 0.000 
254 SUBSPL7F2 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 7 - Unifier Plant, Naphtha Depropanizer Boiler Heater Stack (7F-2)  470,975 6,317,910 45.7 1.6 5.0 728 0.046 0.001 0.000 0.000 
255 SUBSPL7F10 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 7 - Unifier Plant, Kerosene Charge Heater Stack (7F-10)  470,975 6,317,899 41.1 1.3 6.2 728 0.018 0.000 0.000 0.000 
256 SUBSPL7F11 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 7 - Unifier Plant, Kerosene Stripper Reboiler Stack (7F-11)  470,993 6,317,878 45.7 1.6 5.4 728 0.047 0.001 0.000 0.000 
257 SUBSPL7F20A Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 7 - Unifier Plant, GasOil #1 Charge Heater Stack (7F-20A)  470,998 6,317,862 41.1 1.3 8.0 733 0.026 0.001 0.000 0.000 
258 SUBSPL7F20B Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 7 - Unifier Plant, GasOil #1 Charge Heater Stack (7F-20B)  471,002 6,317,865 41.1 1.3 8.0 733 0.026 0.001 0.000 0.000 
259 SUBSPL7F20C Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 7 - Unifier Plant, GasOil #1 Charge Heater Stack (7F-20C)  471,007 6,317,868 41.1 1.3 8.0 733 0.026 0.001 0.000 0.000 
260 SUBSPL25F1 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 25 - Diluent Heater Stack (25F-1)  470,750 6,318,076 67.0 1.5 9.1 486 0.235 0.003 0.000 0.000 
261 SUBSPL25F2 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 25 - Vacuum Distillation Unit Heater Stack (25F-2)  470,737 6,318,091 80.7 2.3 10.5 489 0.582 0.006 0.001 0.001 
262 SUMIL52F101A Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 52 - Millennium Diluent Heater Stack (52F-101A)  470,769 6,318,570 54.9 3.0 3.7 497 0.384 0.171 0.001 0.001 
263 SUMIL52F101B Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 52 - Millennium Diluent Heater Stack (52F-101B)  470,785 6,318,582 54.9 3.0 3.7 497 0.384 0.171 0.001 0.001 
264 SUMIL52F300 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 52 - Millennium Coker Charge Heater Stack (52F-300)  470,858 6,318,441 60.7 3.0 9.7 478 0.855 0.381 0.001 0.001 
265 SUMIL52F301 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 52 - Millennium Coker Charge Heater Stack  (52F-301)  470,877 6,318,409 60.7 3.0 9.7 478 0.855 0.381 0.001 0.001 
266 SUMIL52F302 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 52 - Millennium Coker Charge Heater Stack  (52F-302)  470,896 6,318,377 67.4 3.2 10.3 487 0.500 0.447 0.002 0.002 
267 SUMIL54F101 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 54 - Millennium Hydrogen Reformer Stack (54F-102)  470,529 6,318,514 38.1 2.8 25.1 566 1.338 0.005 0.002 0.002 
268 SUMIL55F100 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 55 - Millennium Naphtha Charge Heater Stack  (55F-100)  470,630 6,318,512 38.1 1.0 1.2 535 0.009 0.007 0.000 0.000 
269 SUMIL55F200 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 55 - Millennium Diesel Charge Heater Stack (55F-200)  470,595 6,318,582 38.1 1.2 2.0 533 0.034 0.029 0.000 0.000 
270 SUMIL55F201 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 55 - Millennium Diesel Stripper Reboiler Stack (55F-201)  470,611 6,318,554 37.5 1.9 7.6 625 0.059 0.050 0.000 0.000 
271 SUMIL55F300 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 55 - Millennium GasOil Charge Heater Stack (55F-300)  470,659 6,318,474 38.1 1.2 3.4 535 0.037 0.031 0.000 0.000 
272 SUMVU57F1A Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 57 - Millennium Diluent Tower Heater (57F-1A)  470,737 6,318,604 49.1 1.8 14.0 483 0.197 0.176 0.001 0.001 
273 SUMVU57F1B Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 57 - Millennium Diluent Tower Heater (57F-1B)  470,751 6,318,614 49.1 1.8 14.0 483 0.197 0.176 0.001 0.001 
274 SUMVU57F2A Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 57 - Millennium Vacuum Tower Heater (57F-2A)  470,780 6,318,633 45.9 2.8 5.6 478 0.241 0.215 0.001 0.001 
275 SUMVU57F2B Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 57 - Millennium Vacuum Tower Heater (57F-2B)  470,797 6,318,644 45.9 2.8 5.6 478 0.241 0.215 0.001 0.001 
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276 SUMCU64F100 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 64 - Millennium Coker Unit Naphtha Hydrotreater Stack (64F-100)  470,423 6,318,769 38.1 1.0 5.6 533 0.004 0.006 0.000 0.000 
277 SUMCU66F102 Suncor Energy Inc. Oil Sands Processing Plant and Mine Plant 66 - Millennium Hydrogen Reformer Stack (66F-102)  470,416 6,318,604 42.7 2.3 13.7 422 0.356 0.318 0.001 0.001 
278 SUETFVCU01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Vapour Combustion Unit - 220F-202 471,449 6,313,403 18.3 2.7 12.1 1,144 0.078 0.000 0.000 0.000 
279 SUETFVCU02 Suncor Energy Inc. Oil Sands Processing Plant and Mine Vapour Combustion Unit - 220F-791A 471,449 6,313,416 20.0 3.0 16.0 1,273 0.172 0.001 0.001 0.001 
280 SUETFVCU03 Suncor Energy Inc. Oil Sands Processing Plant and Mine Vapour Combustion Unit - 220F-791B 471,434 6,313,416 20.0 3.0 16.0 1,273 0.172 0.001 0.001 0.001 
281 SUETFCTHT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Catalytic Heater - 217VE-5 471,757 6,313,451 8.7 0.1 13.8 316 0.001 0.000 0.000 0.000 
282 SUBSPL19F13 Suncor Energy Inc. Oil Sands Processing Plant and Mine Base Plant Flares - 19F1/3 471,186 6,318,215 96.3 6.2 0.1 1,273 0.003 0.480 0.006 0.006 
283 SUMIL59F Suncor Energy Inc. Oil Sands Processing Plant and Mine Millennium Flare - 59F101 471,157 6,318,390 118.9 6.9 0.1 1,273 0.004 0.790 0.007 0.007 
284 SUVYGRSRU Suncor Energy Inc. Voyageur Upgrader Plant 208 - SRU, Sulphur Plant Incinerator 469,120 6,314,086 89.9 4.2 15.2 673 0.362 7.074 0.009 0.009 
285 SUVYGRH2PL01 Suncor Energy Inc. Voyageur Upgrader Plant 206 - Hydrogen Plant, Hydrogen Reforming Furnace 469,248 6,314,274 42.7 4.0 13.7 422 0.705 0.013 0.004 0.004 
286 SUVYGRH2PL02 Suncor Energy Inc. Voyageur Upgrader Plant 216 - Hydrogen Plant, Hydrogen Reforming Furnace 469,332 6,314,233 42.7 3.3 13.7 422 0.470 0.008 0.003 0.003 
287 SUVYGRDCU01 Suncor Energy Inc. Voyageur Upgrader Plant 205 - Coker, Coker Charge Heaters 468,914 6,314,251 39.6 4.3 7.6 444 0.273 0.390 0.002 0.002 
288 SUVYGRDCU02 Suncor Energy Inc. Voyageur Upgrader Plant 205 - Coker, Coker Charge Heaters 468,934 6,314,241 39.6 4.3 7.6 444 0.273 0.390 0.002 0.002 
289 SUVYGRDCU03 Suncor Energy Inc. Voyageur Upgrader Plant 205 - Coker, Coker Charge Heaters 468,956 6,314,230 39.6 4.3 7.6 444 0.273 0.390 0.002 0.002 
290 SUVYGRDSHT01 Suncor Energy Inc. Voyageur Upgrader Plant 207 - Diesel Hydrotreater, Fired Heater Combined Feed Heater 469,012 6,314,457 39.6 1.5 7.6 478 0.034 0.048 0.000 0.000 
291 SUVYGRDSHT02 Suncor Energy Inc. Voyageur Upgrader Plant 207 - Diesel Hydrotreater, Fired Heater Stripper Reboiler 468,976 6,314,380 45.7 2.5 7.6 444 0.089 0.127 0.001 0.001 
292 SUVYGRGOHT01 Suncor Energy Inc. Voyageur Upgrader Plant 207 - Gas Oil Hydrotreater, Fired Heater Comb. Feed Heater 469,141 6,314,343 39.6 1.5 7.6 478 0.033 0.048 0.000 0.000 
293 SUVYGRNHTU02 Suncor Energy Inc. Voyageur Upgrader Plant 207 - Naphtha Hydrotreater, Fired Heater, Reactor No 2 Charge Heater 468,869 6,314,459 38.1 1.1 5.6 533 0.021 0.030 0.000 0.000 
294 SUVYGRBOLR Suncor Energy Inc. Voyageur Upgrader Boiler Package Heater 469,205 6,314,572 38.1 3.2 7.6 478 0.153 0.219 0.001 0.001 
295 SUVYGRSTSH02 Suncor Energy Inc. Voyageur Upgrader Steam Superheater 469,257 6,314,546 45.7 0.7 7.6 478 0.007 0.010 0.000 0.000 
296 SUVYGRFGPH Suncor Energy Inc. Voyageur Upgrader Fuel Gas Pipeline Heater 469,404 6,314,474 45.7 0.7 7.6 478 0.007 0.010 0.000 0.000 
297 SUVYGRHBHF Suncor Energy Inc. Voyageur Upgrader Hot Bitumen Heating Furnace 468,904 6,314,127 45.7 0.6 7.6 478 0.007 0.010 0.000 0.000 
298 SUVYGRVACT01 Suncor Energy Inc. Voyageur Upgrader Plant 202 - Vacuum Tower Heater 468,804 6,314,324 47.8 2.1 10.1 483 0.102 0.146 0.001 0.001 
299 SUVYGRVACT02 Suncor Energy Inc. Voyageur Upgrader Plant 202 - Vacuum Tower Heater 468,769 6,314,250 47.8 2.1 10.1 483 0.102 0.146 0.001 0.001 
300 SUVYGRHPBL Suncor Energy Inc. Voyageur Upgrader Plant 203 - Gasifier, HP Boiler Package Heater 469,230 6,314,560 38.1 0.8 7.6 478 0.012 0.017 0.000 0.000 
301 SUVYGRLPFL01 Suncor Energy Inc. Voyageur Upgrader LP Flare  468,795 6,313,746 127.6 5.7 1.4 1,273 0.000 0.671 0.000 0.000 
302 SUVYGRLPFL02 Suncor Energy Inc. Voyageur Upgrader LP Flare  468,865 6,313,711 136.1 14.8 1.4 1,273 0.001 4.538 0.000 0.000 
303 PCDOVRSGEN01 Suncor Energy Inc. Dover In-Situ Steam Generator 444,012 6,324,240 10.9 0.5 39.7 466 0.100 0.080 0.010 0.010 
304 PCDOVRSGEN02 Suncor Energy Inc. Dover In-Situ Steam Generator 440,042 6,324,240 11.8 0.9 14.1 466 0.100 0.080 0.010 0.010 
305 PCDOVRSGEN03 Suncor Energy Inc. Dover In-Situ Steam Generator 444,022 6,324,240 10.9 0.5 29.0 533 0.050 0.040 0.000 0.000 
306 PCDOVRSGEN04 Suncor Energy Inc. Dover In-Situ Steam Generator 444,032 6,324,240 10.9 0.5 29.0 533 0.050 0.040 0.000 0.000 
307 PCDOVRHTR Suncor Energy Inc. Dover In-Situ mine air heater 443,864 6,324,337 2.4 1.9 12.0 293 0.010 0.000 0.000 0.000 
308 PCDOVRFLRE Suncor Energy Inc. Dover In-Situ flare 444,050 6,324,440 21.3 0.5 20.0 1,273 0.010 0.250 0.000 0.000 
309 PCDOVRGLHT Suncor Energy Inc. Dover In-Situ Glycol Heater 444,000 6,324,250 7.3 0.3 15.1 573 0.010 0.010 0.000 0.000 
310 SUFBP1SGEN01 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,941 6,343,673 33.0 1.7 22.2 431 0.329 0.111 0.026 0.026 
311 SUFBP1SGEN02 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,941 6,343,593 33.0 1.7 22.2 431 0.329 0.000 0.026 0.026 
312 SUFBP1SGEN03 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,965 6,343,673 33.0 1.7 22.2 431 0.329 0.185 0.026 0.026 
313 SUFBP1SGEN04 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,965 6,343,593 33.0 1.7 22.2 431 0.329 0.000 0.026 0.026 
314 SUFBP2SGEN01 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 509,147 6,343,673 33.0 1.7 22.2 431 0.329 0.185 0.026 0.026 
315 SUFBP2SGEN02 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 509,172 6,343,673 33.0 1.7 22.2 431 0.329 0.185 0.026 0.026 
316 SUFBP2SGEN03 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 509,172 6,343,593 33.0 1.7 22.2 431 0.329 0.185 0.026 0.026 
317 SUFBP2SGEN04 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 509,147 6,343,593 33.0 1.7 22.2 431 0.329 0.185 0.026 0.026 
318 SUFBP2SGEN05 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 509,196 6,343,673 33.0 1.7 22.2 431 0.329 0.185 0.026 0.026 
319 SUFBSC&ECOGN Suncor Energy Inc. Firebag Stages 1 through 6 cogeneration 508,884 6,343,671 27.0 5.5 16.4 439 2.136 0.257 0.107 0.107 
320 SUFBP3COGN01 Suncor Energy Inc. Firebag Stages 1 through 6 cogeneration 508,803 6,344,331 27.0 5.5 14.8 425 1.843 0.257 0.107 0.107 
321 SUFBP3COGN02 Suncor Energy Inc. Firebag Stages 1 through 6 cogeneration 508,744 6,344,331 27.0 5.5 14.8 425 1.843 0.257 0.107 0.107 
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322 SUFBP3SGEN01 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,812 6,344,664 33.0 2.4 20.9 426 0.679 0.382 0.055 0.055 
323 SUFBP3SGEN02 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,836 6,344,664 33.0 2.4 20.9 426 0.679 0.382 0.055 0.055 
324 SUFBP3DLHT Suncor Energy Inc. Firebag Stages 1 through 6 diluent stripper unit 508,889 6,344,323 59.5 2.0 6.8 458 0.149 0.084 0.012 0.012 
325 SUFBP4COGN01 Suncor Energy Inc. Firebag Stages 1 through 6 cogeneration 508,677 6,344,331 27.0 5.5 14.8 425 1.843 0.257 0.107 0.107 
326 SUFBP4COGN02 Suncor Energy Inc. Firebag Stages 1 through 6 cogeneration 508,618 6,344,331 27.0 5.5 14.8 425 1.843 0.257 0.107 0.107 
327 SUFBP4SGEN01 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,853 6,344,664 33.0 2.4 20.9 426 0.679 0.382 0.055 0.055 
328 SUFBP4SGEN02 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,877 6,344,664 33.0 2.4 20.9 426 0.679 0.382 0.055 0.055 
329 SUFBP4DLHT Suncor Energy Inc. Firebag Stages 1 through 6 diluent stripper unit 508,889 6,344,357 59.5 2.0 6.8 458 0.149 0.084 0.012 0.012 
330 SUFBP5SGEN01 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,768 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
331 SUFBP5SGEN02 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,792 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
332 SUFBP5SGEN03 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,894 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
333 SUFBP5SGEN04 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,918 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
334 SUFBP5DLHT Suncor Energy Inc. Firebag Stages 1 through 6 diluent stripper unit 509,233 6,344,357 59.5 2.0 6.8 458 0.098 0.000 0.012 0.012 
335 SUFBP6SGEN01 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,686 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
336 SUFBP6SGEN02 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,711 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
337 SUFBP6SGEN03 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,728 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
338 SUFBP6SGEN04 Suncor Energy Inc. Firebag Stages 1 through 6 steam generator 508,751 6,344,664 33.0 2.4 20.9 426 0.442 0.000 0.055 0.055 
339 SUFBP6DLHT Suncor Energy Inc. Firebag Stages 1 through 6 diluent stripper unit 509,233 6,344,323 59.5 2.0 6.8 458 0.098 0.000 0.012 0.012 
340 SUFBP1SRU Suncor Energy Inc. Firebag Stages 1 through 6 SRU Thermal Oxidizing Unit 509,308 6,343,114 55.0 0.6 20.0 811 0.004 2.700 0.000 0.000 
341 PCMCKYSGEN01 Suncor Energy Inc. MacKay River Project steam generation 445,071 6,322,225 27.0 1.3 27.5 553 0.226 0.122 0.006 0.006 
342 PCMCKYSGEN02 Suncor Energy Inc. MacKay River Project steam generation 445,071 6,322,235 27.0 1.3 27.5 553 0.226 0.122 0.006 0.006 
343 PCMCKYSGEN03 Suncor Energy Inc. MacKay River Project steam generation 445,071 6,322,245 27.0 1.3 27.5 553 0.226 0.122 0.006 0.006 
344 PCMCKYSGEN04 Suncor Energy Inc. MacKay River Project steam generation 445,071 6,322,255 27.0 1.3 27.5 553 0.226 0.122 0.006 0.006 
345 PCMCKYZLDD Suncor Energy Inc. MacKay River Project ZLD dryer 444,770 6,322,241 14.0 0.8 18.3 423 0.064 0.000 0.024 0.024 
346 PCMCKYGLHT Suncor Energy Inc. MacKay River Project glycol heater 444,860 6,322,306 8.5 0.8 1.0 589 0.019 0.000 0.001 0.001 
347 PCMCKYGTHT Suncor Energy Inc. MacKay River Project glycol trim heater 444,877 6,322,288 9.2 0.3 2.1 589 0.001 0.000 0.000 0.000 
348 PCMCKEUBLR Suncor Energy Inc. MacKay River Expansion utility boiler 445,025 6,322,407 35.0 1.2 19.8 453 0.106 0.000 0.003 0.003 
349 PCMCKEGHTR Suncor Energy Inc. MacKay River Expansion glycol heater 444,991 6,322,807 15.0 0.9 8.6 453 0.026 0.000 0.001 0.001 
350 PCMCKEZLDD Suncor Energy Inc. MacKay River Expansion ZLD dryer 445,048 6,322,495 30.0 0.8 9.8 423 0.005 0.000 0.000 0.000 
351 PCMCKEDBLR01 Suncor Energy Inc. MacKay River Expansion drum boiler 446,150 6,324,048 35.0 2.3 18.1 453 0.358 0.207 0.011 0.011 
352 PCMCKEDBLR02 Suncor Energy Inc. MacKay River Expansion drum boiler 446,139 6,324,064 35.0 2.3 18.1 453 0.358 0.207 0.011 0.011 
353 PCMCKEDBLR03 Suncor Energy Inc. MacKay River Expansion drum boiler 446,166 6,324,082 35.0 2.3 18.1 453 0.358 0.207 0.011 0.011 
354 PCMCKEDBLR04 Suncor Energy Inc. MacKay River Expansion drum boiler 446,177 6,324,065 35.0 2.3 18.1 453 0.358 0.207 0.011 0.011 
355 SNTWP1SGEN01 Sunshine Oilsands Ltd. Thickwood SAGD Project Phase 1 Steam Generator 391,149 6,300,239 30.0 1.5 15.5 450 0.274 0.681 0.035 0.035 
356 SNTWP1SGEN02 Sunshine Oilsands Ltd. Thickwood SAGD Project Phase 1 Steam Generator 391,156 6,300,227 30.0 1.5 15.5 450 0.274 0.681 0.035 0.035 
357 SNTWP1UBLR Sunshine Oilsands Ltd. Thickwood SAGD Project Phase 1 Utility Boiler 391,242 6,300,071 8.5 0.5 4.8 494 0.007 0.000 0.001 0.001 
358 SNTWP1GLHT Sunshine Oilsands Ltd. Thickwood SAGD Project Phase 1 Glycol Heater 391,248 6,300,074 8.2 0.6 3.4 700 0.010 0.000 0.001 0.001 
359 SNTWP1COGN Sunshine Oilsands Ltd. Thickwood SAGD Project Phase 1 Cogenerator 391,186 6,300,185 20.0 1.8 12.0 484 0.264 0.000 0.004 0.004 
360 SNTWP1FLRE Sunshine Oilsands Ltd. Thickwood SAGD Project Phase 1 Truck Flare 391,393 6,299,855 25.0 0.1 3.0 1,273 0.003 0.167 0.000 0.000 
361 SNWTELSGEN01 Sunshine Oilsands Ltd. West Ells Project Steam Generator 395,741 6,341,044 31.8 1.5 15.6 450 0.276 0.740 0.035 0.035 
362 SNWTELSGEN02 Sunshine Oilsands Ltd. West Ells Project Steam Generator 395,734 6,341,065 31.8 1.5 15.6 450 0.276 0.740 0.035 0.035 
363 SNWTELUBLR Sunshine Oilsands Ltd. West Ells Project Utility Boiler 395,639 6,341,204 10.9 0.5 4.8 494 0.007 0.000 0.001 0.001 
364 SNWTELGLHT Sunshine Oilsands Ltd. West Ells Project Glycol Heater 395,644 6,341,206 9.2 0.6 3.4 700 0.010 0.000 0.001 0.001 
365 SNWTELCOGN01 Sunshine Oilsands Ltd. West Ells Project Cogenerator 395,685 6,341,095 20.0 1.1 12.0 484 0.142 0.000 0.004 0.004 
366 SNWTELCOGN02 Sunshine Oilsands Ltd. West Ells Project Cogenerator 395,688 6,341,087 20.0 1.1 12.0 484 0.142 0.000 0.004 0.004 
367 SNWTELCOGN03 Sunshine Oilsands Ltd. West Ells Project Cogenerator 395,691 6,341,079 20.0 1.1 12.0 484 0.142 0.000 0.004 0.004 
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368 SNWTELFLRE Sunshine Oilsands Ltd. West Ells Project Truck Flare 395,556 6,341,472 27.6 0.1 3.0 1,273 0.003 0.054 0.000 0.000 
369 SYAURNCOGN01 Syncrude Canada Limited Aurora North GTG/HRHWG Train 1 469,516 6,350,431 30.5 5.2 16.3 289 2.009 0.000 0.079 0.079 
370 SYAURNCOGN02 Syncrude Canada Limited Aurora North GTG/HRHWG Train 2 469,551 6,350,585 31.0 5.2 16.3 289 2.009 0.000 0.079 0.079 
371 SYAURNOTSG01 Syncrude Canada Limited Aurora North OTSG Train 1 469,502 6,350,802 25.0 1.9 12.2 285 0.048 0.000 0.002 0.002 
372 SYAURNOTSG02 Syncrude Canada Limited Aurora North OTSG Train 2 469,502 6,350,771 25.0 1.9 12.2 285 0.048 0.000 0.002 0.002 
373 SYAURNGHTR01 Syncrude Canada Limited Aurora North Once Through Hot Water Generator (OTHWG) A 469,451 6,350,679 24.5 1.7 15.2 288 0.468 0.000 0.014 0.014 
374 SYAURNGHTR02 Syncrude Canada Limited Aurora North Once Through Hot Water Generator (OTHWG) B 469,451 6,350,710 24.5 1.7 15.2 288 0.468 0.000 0.014 0.014 
375 SYAURSCOGN01 Syncrude Canada Limited Aurora South GTG/HRHWG Train 1 482,613 6,341,886 30.5 5.2 16.3 289 2.009 0.000 0.079 0.079 
376 SYAURSCOGN02 Syncrude Canada Limited Aurora South GTG/HRHWG Train 2 482,704 6,341,886 31.0 5.2 16.3 289 2.009 0.000 0.079 0.079 
377 SYAURSOTSG01 Syncrude Canada Limited Aurora South OTSG Train 1 484,151 6,342,653 25.0 1.9 12.2 285 0.048 0.000 0.002 0.002 
378 SYAURSOTSG02 Syncrude Canada Limited Aurora South OTSG Train 2 484,131 6,342,653 25.0 1.9 12.2 285 0.048 0.000 0.002 0.002 
379 SYAURSGHTR01 Syncrude Canada Limited Aurora South Once Through Hot Water Generator (OTHWG) A 484,164 6,342,667 24.5 1.7 15.2 288 0.468 0.000 0.014 0.014 
380 SYAURSGHTR02 Syncrude Canada Limited Aurora South Once Through Hot Water Generator (OTHWG) B 484,164 6,342,700 24.5 1.7 15.2 288 0.468 0.000 0.014 0.014 
381 SYMLLK8-3 Syncrude Canada Limited Mildred Lake 26-1 FGD Stack (formerly 8-3 stack) 462,807 6,322,880 76.2 6.6 10.5 348 5.000 18.000 0.500 2.500 
382 SYMLLKMAIN Syncrude Canada Limited Mildred Lake Main Stack 462,632 6,322,111 183.0 7.9 18.2 446 18.000 73.000 0.600 3.200 
383 SYMLLKCOGN01 Syncrude Canada Limited Mildred Lake GTG 201 (G3/G5 Upgrade Project) 462,693 6,322,003 46.2 2.8 23.2 408 0.682 0.000 0.064 0.064 
384 SYMLLKCOGN02 Syncrude Canada Limited Mildred Lake GTG 202 (G3/G5 Upgrade Project) 462,721 6,322,012 47.1 2.8 23.2 408 0.682 0.000 0.064 0.064 
385 SYMLLKSUSP Syncrude Canada Limited Mildred Lake 92 MW GTG/HRSG (Syncrude Utilities Sustainment Project) 463,178 6,322,568 46.0 5.8 17.6 454 0.420 0.000 0.126 0.126 
386 SYMLLNH3INCR Syncrude Canada Limited Mildred Lake NH3 Incinerator - 1.69t/d SO2 462,410 6,322,924 61.0 2.2 16.0 1,298 0.363 1.701 0.000 0.000 
387 SYMLLKBCFH01 Syncrude Canada Limited Mildred Lake Bitumen Column Feed Heater 7-1F-1A 462,596 6,322,427 51.8 3.2 5.7 422 0.430 0.070 0.005 0.005 
388 SYMLLKBCFH02 Syncrude Canada Limited Mildred Lake Bitumen Column Feed Heater 7-1F-1B 462,617 6,322,434 51.8 3.2 5.7 422 0.430 0.070 0.005 0.005 
389 SYMLLKBCFH03 Syncrude Canada Limited Mildred Lake Bitumen Column Feed Heater 7-2F-1A 462,578 6,322,476 51.8 3.2 5.7 422 0.430 0.070 0.005 0.005 
390 SYMLLKBCFH04 Syncrude Canada Limited Mildred Lake Bitumen Column Feed Heater 7-2F-1B 462,605 6,322,485 51.8 3.2 5.7 422 0.430 0.070 0.005 0.005 
391 SYMLLKBCFH05 Syncrude Canada Limited Mildred Lake Bitumen Column Feed Heater 7-3F-1A 462,782 6,322,688 54.3 3.3 4.0 439 0.210 0.070 0.005 0.005 
392 SYMLLKBCFH07 Syncrude Canada Limited Mildred Lake Bitumen Column Feed Heater 7-4F-1A 462,596 6,322,427 51.8 3.2 3.7 422 0.190 0.070 0.005 0.005 
393 SYMLLKBCFH08 Syncrude Canada Limited Mildred Lake Bitumen Column Feed Heater 7-4F-1B 462,617 6,322,434 51.8 3.2 3.7 422 0.190 0.070 0.005 0.005 
394 SYMLLKSTSH01 Syncrude Canada Limited Mildred Lake Steam SHeat 8-1F-6A 462,662 6,322,261 39.6 2.1 5.2 616 0.080 0.010 0.001 0.001 
395 SYMLLKSTSH02 Syncrude Canada Limited Mildred Lake Steam SHeat 8-1F-6B 462,683 6,322,268 44.7 1.1 6.1 616 0.030 0.010 0.001 0.001 
396 SYMLLKSTSH03 Syncrude Canada Limited Mildred Lake Steam SHeat 8-2F-6A 462,570 6,322,231 39.6 2.1 5.2 616 0.080 0.010 0.001 0.001 
397 SYMLLKSTSH04 Syncrude Canada Limited Mildred Lake Steam SHeat 8-2F-6B 462,588 6,322,237 44.7 1.1 6.1 616 0.030 0.010 0.001 0.001 
398 SYMLLKSTSH05 Syncrude Canada Limited Mildred Lake Steam SHeat 8-3F-6A 462,970 6,322,749 55.3 2.2 5.2 616 0.070 0.000 0.001 0.001 
399 SYMLLKSTSH06 Syncrude Canada Limited Mildred Lake Steam SHeat 8-3F-6B 462,965 6,322,764 35.2 1.2 6.1 616 0.020 0.000 0.001 0.001 
400 SYMLLKRFRF01 Syncrude Canada Limited Mildred Lake Reformer Furnace 9-1F-1 463,084 6,322,453 23.5 4.1 11.6 540 2.100 0.210 0.016 0.016 
401 SYMLLKRFRF02 Syncrude Canada Limited Mildred Lake Reformer Furnace 9-2F-1 462,947 6,322,612 23.5 4.1 11.6 540 2.100 0.240 0.018 0.018 
402 SYMLLKRFRF03 Syncrude Canada Limited Mildred Lake Reformer Furnace 9-3F-1 463,167 6,322,474 22.9 3.7 18.5 433 1.790 0.090 0.015 0.015 
403 SYMLLKRFRF04 Syncrude Canada Limited Mildred Lake Reformer Furnace 9-4F-1 463,355 6,322,650 31.0 5.0 12.5 433 1.660 0.090 0.015 0.015 
404 SYMLLKRFRF05 Syncrude Canada Limited Mildred Lake Reformer Furnace 9-5F-1 463,528 6,322,658 22.9 5.5 10.5 433 1.240 0.090 0.015 0.015 
405 SYMLLKH2HT01 Syncrude Canada Limited Mildred Lake Hydrogen Heater 15-1F-1 462,879 6,322,400 41.8 1.7 7.7 426 0.150 0.010 0.001 0.001 
406 SYMLLKH2HT02 Syncrude Canada Limited Mildred Lake Hydrogen Heater 15-2F-1 462,904 6,322,408 41.8 1.7 7.7 426 0.150 0.020 0.001 0.001 
407 SYMLLKH2HT03 Syncrude Canada Limited Mildred Lake Hydrogen Heater 15-3F-1 463,509 6,322,668 41.8 1.7 7.7 426 0.110 0.020 0.001 0.001 
408 SYMLLKH2HT08 Syncrude Canada Limited Mildred Lake Hydrogen Heater 22-1F-2 463,028 6,322,657 45.7 1.7 7.2 569 0.090 0.010 0.001 0.001 
409 SYMLLKRCHT01 Syncrude Canada Limited Mildred Lake Reactor Charge Heater 18-1F1 463,221 6,322,485 23.0 1.9 4.1 433 0.060 0.010 0.001 0.001 
410 SYMLLKRCHT02 Syncrude Canada Limited Mildred Lake Reactor Charge Heater 18-2F1 463,393 6,322,630 23.0 1.9 4.1 433 0.060 0.010 0.001 0.001 
411 SYMLLKRCHT03 Syncrude Canada Limited Mildred Lake Reactor Charge Heater 18-1F2 463,311 6,322,539 23.0 1.9 4.1 433 0.050 0.010 0.001 0.001 
412 SYMLLKRCHT04 Syncrude Canada Limited Mildred Lake Reactor Charge Heater 18-2F2 463,408 6,322,635 23.0 1.9 4.1 433 0.050 0.010 0.001 0.001 
413 SYMLLKFRRB01 Syncrude Canada Limited Mildred Lake Fractionator Reboiler 15-1F-2 462,820 6,322,545 45.7 1.9 8.0 653 0.130 0.010 0.001 0.001 



 Fort Hills Oil Sands Project 
Volume 2 Integrated Plan Amendment 

 February 2022 

 

60 | Page 

Table 2A.26: Regional Point Source Emission Profile 

No. Source ID Owner Project ID Source Description 
UTM Coordinates Stack Stack Exit Exit 

Emission rate (t/d) 
(m)(a) Height Diameter Velocity Temperature 

Easting Northing (m) (m) (m/s) (K) NOX SO2 PM2.5 TSP 
414 SYMLLKFRRB02 Syncrude Canada Limited Mildred Lake Fractionator Reboiler 15-2F-2 462,850 6,322,555 45.7 1.9 8.0 653 0.130 0.020 0.001 0.001 
415 SYMLLKFRRB03 Syncrude Canada Limited Mildred Lake Fractionator Reboiler 15-3F-2 463,495 6,322,663 45.7 1.9 8.0 653 0.130 0.020 0.001 0.001 
416 SYMLLKFRRB06 Syncrude Canada Limited Mildred Lake Fractionator Reboiler 22-1F-3 463,032 6,322,644 45.7 1.1 6.1 585 0.030 0.004 0.001 0.001 
417 SYMLLKSFNF Syncrude Canada Limited Mildred Lake Sulfreen Regeneration 12-0F-101 462,741 6,322,333 25.9 0.5 37.2 616 0.060 0.004 0.001 0.001 
418 SYMLLKBMFH Syncrude Canada Limited Mildred Lake Bitumen Feed 22-1F-1 463,038 6,322,626 45.7 1.7 8.2 652 0.090 0.010 0.001 0.001 
419 SYMLLKDLRB Syncrude Canada Limited Mildred Lake Diluent Reboiler 14F-1 462,647 6,322,475 30.5 1.1 7.8 618 0.150 0.010 0.001 0.001 
420 SYMLLKVDUH01 Syncrude Canada Limited Mildred Lake VDU Bitumen Feed Heater 37-1F-1 462,578 6,322,525 54.3 3.3 4.0 435 0.200 0.030 0.002 0.002 
421 SYMLLKVDUH02 Syncrude Canada Limited Mildred Lake VDU Bitumen Feed Heater 37-1F-2 462,607 6,322,535 50.8 2.1 4.0 435 0.200 0.030 0.002 0.002 
422 SYMLLKVDUH03 Syncrude Canada Limited Mildred Lake VDU Bitumen Feed Heater 37-2F-1 462,578 6,322,525 54.3 3.3 4.0 435 0.200 0.030 0.002 0.002 
423 SYMLLKVDUH04 Syncrude Canada Limited Mildred Lake VDU Bitumen Feed Heater 37-2F-2 462,607 6,322,535 50.8 2.1 4.0 435 0.200 0.030 0.002 0.002 
424 SYMLLKBMHT01 Syncrude Canada Limited Mildred Lake Bitumen Heater (North) 21F-7 462,865 6,323,038 6.1 0.3 29.0 839 0.030 0.000 0.001 0.001 
425 SYMLLKBMHT02 Syncrude Canada Limited Mildred Lake Bitumen Heater (North) 21F-8 462,898 6,323,049 6.1 0.3 29.0 839 0.030 0.000 0.001 0.001 
426 SYMLLKBMHT03 Syncrude Canada Limited Mildred Lake Bitumen Heater (North) 21F-10 462,966 6,322,841 6.1 0.3 29.0 839 0.030 0.000 0.001 0.001 
427 SYMLLKBMHT04 Syncrude Canada Limited Mildred Lake Bitumne Heater (East) 21F-50 463,964 6,322,778 7.6 0.3 29.0 839 0.030 0.000 0.001 0.001 
428 SYMLLKBMHT05 Syncrude Canada Limited Mildred Lake Bitumne Heater (East) 21F-51 464,025 6,322,590 7.6 0.3 29.0 839 0.030 0.000 0.001 0.001 
429 SYMLLKBMHT06 Syncrude Canada Limited Mildred Lake Bitumne Heater (East) 21F-52 464,062 6,322,477 7.6 0.3 29.0 839 0.030 0.000 0.001 0.001 
430 SYMLLKBMHT07 Syncrude Canada Limited Mildred Lake Bitumne Heater (East) 21F-53 463,997 6,322,675 7.6 0.3 29.0 839 0.030 0.000 0.001 0.001 
431 SYMLLKEXBR01 Syncrude Canada Limited Mildred Lake Extraction Boiler 31-F-46 462,549 6,322,367 18.3 5.5 10.5 433 0.270 0.020 0.020 0.020 
432 SYMLLKEXBR02 Syncrude Canada Limited Mildred Lake Extraction Boiler 31-F-47 462,549 6,322,367 18.3 5.5 10.5 433 0.270 0.020 0.020 0.020 
433 SYMLLKDIVR01 Syncrude Canada Limited Mildred Lake 8-1 Coker Diverter stack 462,742 6,322,246 73.2 3.7 34.6 761 0.000 0.500 0.000 0.000 
434 SYMLLKDIVR02 Syncrude Canada Limited Mildred Lake 8-2 Coker Diverter stack 462,618 6,322,205 73.2 3.7 34.6 761 0.000 0.500 0.000 0.000 
435 SYMLLKDIVR03 Syncrude Canada Limited Mildred Lake 8-3 Coker Diverter stack 462,826 6,322,822 73.2 3.7 34.6 761 0.000 1.000 0.000 0.000 
436 SYMLLKH2SF Syncrude Canada Limited Mildred Lake H2S flare 461,836 6,321,982 85.4 2.9 20.0 1,273 0.000 2.000 0.000 0.000 
437 TCMCKYCOGN01 TC Energy TransCanada MacKay River Cogeneration Project TC Energy - MacKay River Cogeneration Project 445,002 6,322,389 26.2 6.3 20.0 452 3.600 0.333 0.156 0.156 
438 GASCOMP064 ATCO electric Ltd. Fort Chipewyan Power Plant Power Plant 492,389 6,509,915 10.0 0.5 25.0 773 0.304 0.000 0.004 0.004 
439 GASCOMP065 ATCO electric Ltd. Fort Chipewyan Power Plant Power Plant 492,389 6,509,915 10.0 0.5 25.0 773 2.045 0.137 0.011 0.011 
440 GASCOMP136 Canadian Natural Resources Limited Liege Central 13-04 Compressor 387,446 6,314,112 10.0 0.5 25.0 773 0.931 0.000 0.002 0.002 
441 GASCOMP137 Canadian Natural Resources Limited Liege Thickwood 13-24 Compressor 392,483 6,309,146 10.0 0.5 25.0 773 1.062 0.000 0.002 0.002 
442 GASCOMP290 Canadian Natural Resources Ltd. South Liege Compressor Station 07-16-91-17-W4M Compressor 398,327 6,306,367 9.5 0.3 68.3 880 0.002 0.000 0.000 0.000 
443 GASCOMP291 Canadian Natural Resources Ltd. South Liege Compressor Station 07-16-91-17-W4M Compressor 398,327 6,306,367 9.5 0.3 68.3 880 0.002 0.000 0.000 0.000 
444 GASCOMP301 Cenouvs Energy Birch Mountain 04-33-098-14W4M Compressor 426,927 6,378,238 10.0 0.5 25.0 673 0.116 0.000 0.000 0.000 
445 GASCOMP304 Cenouvs Energy Ells River Comp Stn 04-23 (04-23-95-16W4) Compressor 410,004 6,346,193 10.0 0.5 25.0 673 0.068 0.000 0.000 0.000 
446 GASCOMP414 EnCana Corp. Encana  00/01-02-096-16W4 Compressor 411,334 6,351,011 10.0 0.5 25.0 673 0.071 0.000 0.000 0.000 
447 GASCOMP415 EnCana Corp. Encana  00/06-12-095-16W4 Compressor 411,986 6,343,312 10.0 0.5 25.0 673 0.079 0.000 0.003 0.003 
448 GASCOMP416 EnCana Corp. Encana  00/07-13-095-17W4 Compressor 402,620 6,345,137 10.0 0.5 25.0 673 0.148 0.000 0.000 0.000 
449 GASCOMP502 Paramount Energy Operating Corp. Ells North Compressor Station 00/03-31-093-14W4 Compressor 424,517 6,329,699 10.0 0.5 25.0 673 0.064 0.000 0.000 0.000 
450 GASCOMP503 Paramount Energy Operating Corp. Ells North Compressor Station 00/03-31-093-14W4 Compressor 424,517 6,329,699 10.0 0.5 25.0 673 0.004 0.000 0.000 0.000 
451 GASCOMP504 Paramount Energy Operating Corp. Ells North Compressor Station 00/03-31-093-14W4 Compressor 424,517 6,329,699 10.0 0.5 25.0 673 0.004 0.000 0.000 0.000 
452 GASCOMP521 Paramount Energy Operating Corp. Paramount Ells South Gs 5-20-92-14w4 Compressor 425,352 6,317,222 10.0 0.5 25.0 773 0.059 0.000 0.000 0.000 
                    Total (t/d) 218.384 215.512 11.954 16.554 

Notes:  
(a) Source coordinates are in UTM NAD 83 Zone 12N. 
“—“ = no emissions; K = degrees Kelvin; NOX = total oxides of nitrogen; m = metre; m/s = metre per second; PM2.5 = particulate matter with a mean aerodynamic diameter of 2.5 microns or less; t/d = tonne per day; SO2 = sulphur dioxide; TSP = total suspended particulate matter; UTM = universal 
transverse mercator.  
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Table 2A.27: Regional Area Source Emission Profile 

No. Source ID Owner Project ID Source Description 

SW UTM NW UTM NE UTM SE UTM Effective Initial 
Emission rate (t/d) 

Applicable 
Variable 
Emission 
Profile(b) 

(m)(a) (m)(a) (m)(a) (m)(a) Height σz 

Easting Northing Easting Northing Easting Northing Easting Northing (m) (m) NOX SO2 PM2.5 TSP 

1 CNHRZNMFLTS Canadian Natural Resources Limited Horizon South Pit Mine Fleet 457,664 6,351,950 451,963 6,352,005 450,889 6,355,165 456,190 6,354,240 0.0 16.0 28.159 0.027 1.205 1.243 — 
2 CNHRZNSPHT01 Canadian Natural Resources Limited Horizon space heating (bitumen production) 453,382 6,355,182 453,505 6,355,182 453,505 6,355,256 453,382 6,355,256 9.0 4.2 0.213 0.000 0.001 0.001 — 
3 CNHRZNSPHT02 Canadian Natural Resources Limited Horizon space heating (Mining) 452,030 6,355,426 452,233 6,355,426 452,233 6,355,805 452,030 6,355,805 9.0 4.2 0.676 0.000 0.002 0.002 — 
4 CNHRZNSPHT03 Canadian Natural Resources Limited Horizon space heating (Admin) 453,035 6,355,128 453,163 6,355,128 453,163 6,355,200 453,035 6,355,200 9.0 4.2 0.593 0.000 0.002 0.002 — 
5 CNHRZNSPHT04 Canadian Natural Resources Limited Horizon space heating (infrastructure) 454,550 6,354,485 455,328 6,354,485 455,328 6,354,809 454,550 6,354,809 9.0 4.2 0.166 0.000 0.001 0.001 — 
6 CNHRZNSPHT05 Canadian Natural Resources Limited Horizon space heating (infrastructure) 454,121 6,354,491 454,534 6,354,491 454,534 6,354,816 454,121 6,354,816 9.0 4.2 0.088 0.000 0.000 0.000 — 
7 CNHRZNSPHT06 Canadian Natural Resources Limited Horizon space heating (infrastructure) 453,636 6,354,651 454,121 6,354,492 454,121 6,354,817 453,636 6,354,817 9.0 4.2 0.078 0.000 0.000 0.000 — 
8 ASMRMEMFLTNW Canadian Natural Upgrading Limited Muskeg River Mine Expansion Mine Fleet Exhaust - Main Pit 466,026 6,346,548 466,026 6,349,962 471,307 6,349,933 471,321 6,346,534 0.0 16.0 22.542 0.613 0.960 0.989 — 
9 ASMRMEPLFU Canadian Natural Upgrading Limited Muskeg River Mine Expansion plant fugitives 469,265 6,345,683 469,272 6,346,510 470,255 6,346,503 470,262 6,345,676 3.0 5.0 0.006 0.000 0.000 0.016 — 
10 SHJKPEMFLT01 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Mine Fleet 475,548 6,347,298 474,634 6,344,827 481,282 6,343,579 481,526 6,346,101 0.0 16.0 7.515 0.009 0.262 0.270 — 
11 SHJKPEMFLT02 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Mine Fleet 476,732 6,347,146 477,368 6,350,070 481,940 6,346,726 481,520 6,346,139 0.0 16.0 4.274 0.005 0.149 0.153 — 
12 SHJKPEMFLT03 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Mine Fleet 478,964 6,348,920 479,912 6,350,022 482,396 6,347,949 481,952 6,346,786 0.0 16.0 2.082 0.003 0.073 0.075 — 
13 SHJKPESPHT Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Space Heating 475,746 6,343,404 475,746 6,344,242 477,174 6,344,242 477,174 6,343,404 3.0 5.0 0.013 0.000 0.001 0.001 — 
14 BMMVQPAT Hammerstone Corporation Hammerstone Aggregate Transport Off-Site 466,406 6,338,047 466,406 6,340,400 467,000 6,340,400 467,000 6,338,047 3.0 5.0 0.405 0.010 0.020 0.021 — 
15 BMMVQPWOT Hammerstone Corporation Hammerstone Waste & Overburden Transport/Unloading 466,406 6,338,047 466,406 6,339,147 467,306 6,339,147 467,306 6,338,047 3.0 5.0 0.182 0.000 0.000 0.000 — 
16 BMHMSEWOU2 Hammerstone Corporation Hammerstone Waste & Overburden Unpaved Section 2 466,708 6,336,916 466,708 6,340,400 467,015 6,340,400 467,015 6,336,916 3.0 5.0 0.027 0.001 0.000 0.000 — 
17 BMHMSEWOP1 Hammerstone Corporation Hammerstone Waste & Overburden Paved Section 466,708 6,336,916 466,708 6,340,400 467,015 6,340,400 467,015 6,336,916 3.0 5.0 0.184 0.005 0.000 0.000 — 
18 BMMVQP Hammerstone Corporation Hammerstone Quarry 466,156 6,338,047 466,156 6,338,297 466,406 6,338,297 466,406 6,338,047 3.0 5.0 0.293 0.010 0.022 0.023 — 
19 BMHMSAG1 Hammerstone Corporation Hammerstone Aggregate 1 466,500 6,336,069 466,500 6,336,369 466,800 6,336,369 466,800 6,336,069 3.0 5.0 0.419 0.011 0.025 0.026 — 
20 BMHMSAG2 Hammerstone Corporation Hammerstone Aggregate 2 465,765 6,336,069 465,765 6,336,258 465,954 6,336,258 465,954 6,336,069 3.0 5.0 0.168 0.004 0.010 0.010 — 
21 BMHMSAG3 Hammerstone Corporation Hammerstone Aggregate 3 465,931 6,335,416 465,931 6,335,683 466,198 6,335,683 466,198 6,335,416 3.0 5.0 0.335 0.009 0.020 0.021 — 
22 BMHMSAG4 Hammerstone Corporation Hammerstone Aggregate 4 466,500 6,335,416 466,500 6,335,683 466,767 6,335,683 466,767 6,335,416 3.0 5.0 0.335 0.009 0.020 0.021 — 
23 BMHMSEAU1 Hammerstone Corporation Hammerstone Aggregate Transport Off-Site Unpaved Section 1 466,500 6,336,069 466,500 6,336,369 466,800 6,336,369 466,800 6,336,069 3.0 5.0 0.291 0.007 0.023 0.024 — 
24 BMHMSEAU2 Hammerstone Corporation Hammerstone Aggregate Transport Off-Site Unpaved Section 2 466,314 6,338,985 466,314 6,339,239 466,903 6,339,239 466,903 6,338,985 3.0 5.0 0.010 0.000 0.002 0.002 — 
25 BMHMSEAP1 Hammerstone Corporation Hammerstone Aggregate Transport Off-Site Paved Section 466,708 6,336,916 466,708 6,340,400 467,015 6,340,400 467,015 6,336,916 3.0 5.0 1.418 0.036 0.057 0.059 — 
26 BMHMSEWOU1 Hammerstone Corporation Hammerstone Waste & Overburden Unpaved Section 1 466,225 6,334,842 466,225 6,336,916 466,723 6,336,916 466,723 6,334,842 3.0 5.0 0.576 0.015 0.006 0.006 — 
27 IMKERLMFLT01 Imperial Oil Resources Ltd. Kearl Oil Sands Project Mine fleet exhaust- NONROAD emissions 491,721 6,356,051 490,688 6,361,301 491,308 6,362,623 494,760 6,358,324 0.0 16.0 33.027 0.046 1.497 1.543 — 
28 IMKERLMFLT02 Imperial Oil Resources Ltd. Kearl Oil Sands Project Mine fleet exhaust- ONROAD Diesel emissions 491,721 6,356,051 490,688 6,361,301 491,308 6,362,623 494,760 6,358,324 0.0 16.0 0.055 0.000 0.002 0.002 — 
29 IMKERLMFLT03 Imperial Oil Resources Ltd. Kearl Oil Sands Project Mine fleet exhaust- ONROAD Gasoline emissions 491,721 6,356,051 490,688 6,361,301 491,308 6,362,623 494,760 6,358,324 0.0 16.0 0.065 0.001 0.001 0.001 — 
30 PRLIMEQUAR Parsons Creek Aggregates Quarry Operations Sands & Gravel Operations - Open Pit and Process Area 473,807 6,297,022 473,605 6,298,363 474,196 6,298,381 474,178 6,297,031 3.0 5.0 0.411 0.001 0.024 0.025 — 
31 PRGRAVQUAR Parsons Creek Aggregates Quarry Operations Limestone Quarry Operations - Open Pit and Process Area 473,604 6,298,514 473,271 6,300,876 473,495 6,300,876 474,095 6,298,514 3.0 5.0 0.355 0.002 0.007 0.008 — 
32 CCMRCPSPLFU Petro China Canada Ltd.  MacKay River Commercial Project plant fugitives 432,057 6,294,605 432,430 6,295,004 432,931 6,294,526 432,564 6,294,134 3.0 5.0 0.003 0.000 0.000 0.000 — 
33 SUMILMFLT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Millennium Mine Fleet Main Pit Mine Fleet 482,920 6,306,289 477,332 6,309,425 478,138 6,314,152 480,986 6,314,367 0.0 16.0 14.439 0.018 0.684 0.684 — 
34 SUMILMFLT02 Suncor Energy Inc. Oil Sands Processing Plant and Mine Millennium Mine Fleet Other Mine Fleet +TRO 485,994 6,303,529 478,276 6,301,523 474,303 6,315,129 479,479 6,315,510 0.0 16.0 2.460 0.003 0.121 0.121 — 
35 SUMILSPHT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Millennium Mine Fleet Other Space Heating 482,920 6,306,289 477,332 6,309,425 478,138 6,314,152 480,986 6,314,367 0.0 16.0 0.017 0.000 0.002 0.002 — 
36 SUMD9MFLT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine MD9 Mine Fleet 486,707 6,303,300 484,342 6,302,348 483,151 6,306,519 485,404 6,307,359 0.0 16.0 7.331 0.009 0.344 0.344 — 
37 SULSMFLT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine L86/17 Pit Area 1 472,276 6,316,372 466,333 6,316,439 466,322 6,321,243 467,684 6,321,263 0.0 16.0 0.726 0.001 0.033 0.033 — 
38 SULSMFLT02 Suncor Energy Inc. Oil Sands Processing Plant and Mine L86/17 Pit Area 2 471,972 6,314,046 467,664 6,314,132 467,645 6,316,088 472,498 6,316,124 0.0 16.0 0.380 0.000 0.017 0.017 — 
39 SULSSPHT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine L86/17 Pit Area 1 472,276 6,316,372 466,333 6,316,439 466,322 6,321,243 467,684 6,321,263 0.0 16.0 0.012 0.000 0.001 0.001 — 
40 SULSSPHT02 Suncor Energy Inc. Oil Sands Processing Plant and Mine L86/17 Pit Area 2 471,972 6,314,046 467,664 6,314,132 467,645 6,316,088 472,498 6,316,124 0.0 16.0 0.006 0.000 0.001 0.001 — 
41 SUNSEMFLT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine North Steepbank Extension Main Pit Mine Fleet 479,860 6,318,778 479,483 6,316,922 475,277 6,318,073 475,256 6,319,360 0.0 16.0 5.790 0.007 0.273 0.273 — 
42 SUNSEMFLT02 Suncor Energy Inc. Oil Sands Processing Plant and Mine North Steepbank Extension Other Mine Fleet  481,597 6,320,036 484,137 6,316,587 476,735 6,317,177 474,021 6,320,577 0.0 16.0 0.562 0.001 0.029 0.029 — 
43 SUNSESPHT01 Suncor Energy Inc. Oil Sands Processing Plant and Mine North Steepbank Extension Other Space Heating  481,597 6,320,036 484,137 6,316,587 476,735 6,317,177 474,021 6,320,577 0.0 16.0 0.016 0.000 0.002 0.002 — 
44 PCMCKYPLFU Suncor Energy Inc. MacKay River Project central processing area 444,791 6,322,053 444,792 6,322,396 445,124 6,322,396 445,124 6,322,053 3.0 5.0 0.265 0.284 0.117 0.117 — 
45 SYMLLKMFLN Syncrude Canada Limited Mildred Lake North Mine Fleet 459,216 6,321,131 455,281 6,321,131 455,581 6,330,686 459,103 6,330,536 0.0 16.0 19.200 0.057 0.550 0.550 — 
46 SYAURNMFLT Syncrude Canada Limited Aurora North Mine Fleet Exhaust 463,581 6,355,062 469,239 6,355,016 469,149 6,351,009 463,485 6,351,055 0.0 16.0 12.500 0.283 0.348 0.359 — 
47 SYAURSMFLT Syncrude Canada Limited Aurora South Mine Fleet Exhaust 483,425 6,343,996 483,425 6,347,026 485,402 6,347,026 485,402 6,343,996 0.0 16.0 12.500 0.283 0.348 0.359 — 
48 FtChip Regional Municipality of Wood Buffalo Community of Fort Chipewyan Community of Fort Chipewyan 489,207 6,507,288 489,014 6,507,933 492,391 6,509,835 492,402 6,508,500 3.0 3.0 0.027 0.000 0.005 0.005 — 
49 FtMcKay Regional Municipality of Wood Buffalo Community of Fort McKay Community of Fort McKay 461,140 6,336,448 460,432 6,338,385 461,981 6,338,354 461,257 6,336,318 3.0 3.0 0.002 0.000 0.000 0.000 — 
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Table 2A.27: Regional Area Source Emission Profile 

No. Source ID Owner Project ID Source Description 

SW UTM NW UTM NE UTM SE UTM Effective Initial 
Emission rate (t/d) 

Applicable 
Variable 
Emission 
Profile(b) 

(m)(a) (m)(a) (m)(a) (m)(a) Height σz 

Easting Northing Easting Northing Easting Northing Easting Northing (m) (m) NOX SO2 PM2.5 TSP 

50 FMMRes Regional Municipality of Wood Buffalo Fort McMurray Residential Fort McMurray Residential 470,817 6,285,699 470,222 6,291,989 474,802 6,292,803 475,316 6,286,641 6.1 6.1 1.109 0.001 0.257 0.257 — 
51 FMMDt Regional Municipality of Wood Buffalo Fort McMurray Downtown Fort McMurray Downtown 476,248 6,284,814 476,122 6,289,004 477,168 6,288,597 479,474 6,284,697 7.5 7.5 0.417 0.005 0.104 0.104 — 
52 FMMInd Regional Municipality of Wood Buffalo Fort McMurray Industrial Fort McMurray Industrial 478,624 6,277,614 477,186 6,283,831 478,257 6,284,558 484,233 6,279,299 6.3 6.3 0.870 0.005 0.134 0.134 — 
53 Draper Regional Municipality of Wood Buffalo Community of Draper Community of Draper 484,280 6,280,430 484,345 6,282,195 486,040 6,280,960 485,950 6,280,425 3.0 3.0 0.006 0.000 0.001 0.001 — 

Total (t/d) 183.599 1.779 7.761 7.934 — 
Road Dust 
1 CNHRZNMRDS Canadian Natural Resources Limited Horizon Road Dust 457,664 6,351,950 451,963 6,352,005 450,889 6,355,165 456,190 6,354,240 0.0 16.0 — — 0.270 9.040 PROFILE 5 
2 CNHRZNCKPLRD Canadian Natural Resources Limited Horizon Road Dust 456,208 6,357,149 456,604 6,358,177 457,334 6,358,095 456,842 6,357,149 0.0 16.0 — — 0.002 0.062 PROFILE 5 
3 SHJKPEMRD01 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Road Dust 475,548 6,347,298 474,634 6,344,827 481,282 6,343,579 481,526 6,346,101 0.0 16.0 — — 0.134 4.468 PROFILE 5 
4 SHJKPEMRD02 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Road Dust 476,732 6,347,146 477,368 6,350,070 481,940 6,346,726 481,520 6,346,139 0.0 16.0 — — 0.076 2.541 PROFILE 5 
5 SHJKPEMRD03 Canadian Natural Upgrading Limited Jackpine Mine Phase 1 and Expansion Road Dust 478,964 6,348,920 479,912 6,350,022 482,396 6,347,949 481,952 6,346,786 0.0 16.0 — — 0.037 1.238 PROFILE 5 
6 ASMRMEMRDNW Canadian Natural Upgrading Limited Muskeg River Mine Expansion Road Dust 466,026 6,346,548 466,026 6,349,962 471,307 6,349,933 471,321 6,346,534 0.0 16.0 — — 0.222 7.422 PROFILE 5 
7 BMMVQPRD Hammerstone Corporation Hammerstone Road Dust 466,156 6,338,047 466,156 6,338,297 466,406 6,338,297 466,406 6,338,047 0.0 16.0 — — 0.008 0.252 PROFILE 5 
8 BMHMAGRD01 Hammerstone Corporation Hammerstone Road Dust 466,500 6,336,069 466,500 6,336,369 466,800 6,336,369 466,800 6,336,069 0.0 16.0 — — 0.011 0.329 PROFILE 5 
9 BMHMAGRD02 Hammerstone Corporation Hammerstone Road Dust 465,765 6,336,069 465,765 6,336,258 465,954 6,336,258 465,954 6,336,069 0.0 16.0 — — 0.004 0.125 PROFILE 5 
10 BMHMAGRD03 Hammerstone Corporation Hammerstone Road Dust 465,931 6,335,416 465,931 6,335,683 466,198 6,335,683 466,198 6,335,416 0.0 16.0 — — 0.009 0.266 PROFILE 5 
11 BMHMAGRD04 Hammerstone Corporation Hammerstone Road Dust 466,500 6,335,416 466,500 6,335,683 466,767 6,335,683 466,767 6,335,416 0.0 16.0 — — 0.009 0.266 PROFILE 5 
12 IMKERLMRD01 Imperial Oil Resources Ltd. Kearl Oil Sands Project Road Dust 491,721 6,356,051 490,688 6,361,301 491,308 6,362,623 494,760 6,358,324 0.0 16.0 — — 0.369 12.341 PROFILE 5 
13 PRGRAVRD01 Parsons Creek Aggregates Quarry Operations Road Dust 473,807 6,297,022 473,605 6,298,363 474,196 6,298,381 474,178 6,297,031 0.0 16.0 — — 0.012 1.097 PROFILE 5 
14 PRGRAVRD02 Parsons Creek Aggregates Quarry Operations Road Dust 473,604 6,298,514 473,271 6,300,876 473,495 6,300,876 474,095 6,298,514 0.0 16.0 — — 0.010 0.292 PROFILE 5 
15 SUMILMRD01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 482,920 6,306,289 477,332 6,309,425 478,138 6,314,152 480,986 6,314,367 0.0 16.0 — — 0.178 5.935 PROFILE 5 
16 SUMILMRD02 Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 485,994 6,303,529 478,276 6,301,523 474,303 6,315,129 479,479 6,315,510 0.0 16.0 — — 0.030 1.011 PROFILE 5 
17 SUMD9MRD01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 486,707 6,303,300 484,342 6,302,348 483,151 6,306,519 485,404 6,307,359 0.0 16.0 — — 0.090 3.013 PROFILE 5 
18 SUNSEMRD01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 479,860 6,318,778 479,483 6,316,922 475,277 6,318,073 475,256 6,319,360 0.0 16.0 — — 0.071 2.380 PROFILE 5 
19 SUNSEMRD02 Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 481,597 6,320,036 484,137 6,316,587 476,735 6,317,177 474,021 6,320,577 0.0 16.0 — — 0.007 0.231 PROFILE 5 
20 SULSMRD01 Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 472,276 6,316,372 466,333 6,316,439 466,322 6,321,243 467,684 6,321,263 0.0 16.0 — — 0.009 0.298 PROFILE 5 
21 SULSMRD02 Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 471,972 6,314,046 467,664 6,314,132 467,645 6,316,088 472,498 6,316,124 0.0 16.0 — — 0.005 0.156 PROFILE 5 
22 SUCKPLRD Suncor Energy Inc. Oil Sands Processing Plant and Mine Road Dust 469,893 6,318,737 468,213 6,319,967 468,676 6,320,483 470,058 6,318,891 0.0 16.0 — — 0.006 0.197 PROFILE 5 
23 SUFBP6RD Suncor Energy Inc. Firebag Stages 1 through 6 Road Dust 508,634 6,343,020 508,628 6,344,631 509,568 6,344,655 509,268 6,343,026 0.0 16.0 — — 0.012 0.527 PROFILE 5 
24 PCMCKYRD Suncor Energy Inc. MacKay River Project Road Dust 444,791 6,322,053 444,792 6,322,396 445,124 6,322,396 445,124 6,322,053 0.0 16.0 — — 0.004 0.183 PROFILE 5 
25 SYAURNMRD Syncrude Canada Limited Aurora North Road Dust 463,581 6,355,062 469,239 6,355,016 469,149 6,351,009 463,485 6,351,055 0.0 16.0 — — 0.167 5.582 PROFILE 5 
26 SYAURSMRD Syncrude Canada Limited Aurora South Road Dust 483,425 6,343,996 483,425 6,347,026 485,402 6,347,026 485,402 6,343,996 0.0 16.0 — — 0.164 5.486 PROFILE 5 
27 SYMLLKMRDN Syncrude Canada Limited Mildred Lake Road Dust 459,216 6,321,131 455,281 6,321,131 455,581 6,330,686 459,103 6,330,536 0.0 16.0 — — 0.176 5.267 PROFILE 5 
28 FtChipRD Regional Municipality of Wood Buffalo Community of Fort Chipewyan Road Dust 489,207 6,507,288 489,014 6,507,933 492,391 6,509,835 492,402 6,508,500 1.7 1.6 — — 0.001 0.017 PROFILE 5 
29 FtMcKayRD Regional Municipality of Wood Buffalo Community of Fort McKay Road Dust 461,140 6,336,448 460,432 6,338,385 461,981 6,338,354 461,257 6,336,318 1.7 1.6 — — 0.000 0.001 PROFILE 5 
30 FMMResRD Regional Municipality of Wood Buffalo Fort McMurray Residential Road Dust 470,817 6,285,699 470,222 6,291,989 474,802 6,292,803 475,316 6,286,641 1.7 1.6 — — 0.044 1.016 PROFILE 5 
31 FMMDtRD Regional Municipality of Wood Buffalo Fort McMurray Downtown Road Dust 476,248 6,284,814 476,122 6,289,004 477,168 6,288,597 479,474 6,284,697 1.7 1.6 — — 0.011 0.247 PROFILE 5 
32 FMMIndRD Regional Municipality of Wood Buffalo Fort McMurray Industrial Road Dust 478,624 6,277,614 477,186 6,283,831 478,257 6,284,558 484,233 6,279,299 1.7 1.6 — — 0.004 0.103 PROFILE 5 
33 DraperRD Regional Municipality of Wood Buffalo Community of Draper Road Dust 484,280 6,280,430 484,345 6,282,195 486,040 6,280,960 485,950 6,280,425 1.7 1.6 — — 0.000 0.003 PROFILE 5 

Total (t/d) 0.000 0.000 2.151 71.393 — 

Notes: 
(a) Source coordinates are in UTM NAD 83 Zone 12N. 
(b)  See Section 2A.1.5.1 for more information on variable emissions. 
“—“ = no emissions; σz = sigma z; NOX = total oxides of nitrogen; m = metre; PM2.5= particulate matter with a mean aerodynamic diameter of 2.5 microns or less; t/d = tonne per day; SO2 = sulphur dioxide; TSP = total suspended particulate matter; UTM = universal transverse mercator.  
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Table 2A.28: Regional Road Source Emission Profile 

No. Source ID Source Description 

Starting Coordinate 
UTM 

Ending Coordinate 
UTM Number of Effective Initial Initial 

Emission rate (t/d) Applicable 
Variable 
Emission 
Profile(b) 

(m)(a) (m)(a) Road 
Segments  Height σz σy 

Easting Northing Easting Northing   (m) (m) (m) NOX SO2 PM2.5 TSP 

1 HWY63_SEC2 Highway 63, Section 2 Exhaust 478,354 6,282,598 474,874 6,290,290 7 1.7 1.6 14.9 0.643 0.000 0.035 0.035 — 
2 HWY63_SEC3 Highway 63, Section 3 Exhaust  474,874 6,290,290 461,921 6,347,094 5 1.7 1.6 14.9 1.134 0.000 0.062 0.062 — 
3 HWY63_SEC2 Highway 63, Section 2 Road Dust 478,354 6,282,598 474,874 6,290,290 7 2 2 15 — — 0.020 0.565 — 
4 HWY63_SEC3 Highway 63, Section 3 Road Dust 474,874 6,290,290 461,921 6,347,094 5 2 2 15 — — 0.035 0.997 — 

Total (t/d) 1.777 0.001 0.151 1.659 — 
Notes: 
(a) Source coordinates are in UTM NAD 83 Zone 12N. 
(b) See Section 2A.1.5.1 for more information on variable emissions. 
“—“ = no emissions; σz = initial sigma z;  σy = initial sigma y; NOX = total oxides of nitrogen; m = metre; PM2.5= particulate matter with a mean aerodynamic diameter of 2.5 microns or less; t/d = tonne per day; SO2 = sulphur dioxide; TSP = total suspended particulate matter; UTM = universal 
transverse mercator.  
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2B.1. CALMET/CALPUFF MODEL OPTIONS 

 Introduction 
This appendix provides detailed information on the air dispersion modelling approach used in the Fort 
Hills Oil Sands Project (FHOSP) Integrated Plan Amendment (IPA) air quality assessment. 

 Air Dispersion Modelling Approach 
The CALPUFF dispersion model (Version 7.2.1) was selected for this assessment. CALPUFF is a multi-
layer, multi-species, non-steady-state puff dispersion model that can simulate the effects of time and 
space-varying meteorological conditions on contaminant transport, transformation, and removal. 
CALPUFF can use the three-dimensional (3-D) meteorological fields developed by CALMET, a diagnostic 
meteorological model. The CALPUFF model consists of three components, namely: 

● CALMET: A meteorological modelling package with both diagnostic and prognostic wind-field 
generators. 

● CALPUFF: A Gaussian puff dispersion model with chemical removal, wet and dry deposition, 
complex terrain algorithms, building downwash, plume fumigation, and other effects. 

● CALPOST: A post-processing program for the output fields of meteorological data, 
concentrations, and deposition fluxes. 

 CALMET Meteorology 
The meteorological data used by the CALPUFF dispersion model in this air quality assessment were 
created using the CALMET model (Version 6.5), which was developed specifically for use with the 
CALPUFF model. The CALMET modelling was completed over an area of 392 kilometres (km) by 564 km, 
defined as the CALMET modelling domain, with a grid spacing of 4 km. The CALMET modelling domain is 
typically equal to or larger than the CALPUFF modelling domain to allow the CALPUFF model to use the 
most representative wind fields across the entire modelling domain. 

Five, 12-month meteorological data sets covering January 2002 through December 2006 were generated 
by the CALMET model with a hybrid approach using Fifth-Generation National Center for Atmospheric 
Research (NCAR)/Penn State Mesoscale Model (MM5) meteorological data provided by Alberta 
Environment and Parks (AEP) in combination with local meteorological observations. 

2B.1.2.1.1. CALMET Input 

CALMET requires a variety of input data and guidance on the required input data are provided in the Air 
Quality Modelling Guideline (AQMG; AEP 2013). Required input data includes: 

● topography 

● land use and geophysical parameters 

● meteorological input 
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 Topography 

Topography can have an effect on the wind patterns that transport air emissions. The terrain height data 
from the Geobase Digital Elevation Model (DEM) of Canada was spatially resampled to the spatial 
resolution of 4 km by 4 km and sub-set to the CALMET modelling domain. The study area is near the 
centre of the top third of the CALMET domain. 

The major terrain features (waterbodies and mountains) in the study area are: 

● the Athabasca River flows from south to north through the study area 

● the Birch Mountains are northwest of the FHOSP boundary and represent the maximum terrain 
elevation in the study area at approximately 854 metres above sea level (masl) 

The FHOSP is on the east bank of the Athabasca River. The terrain elevations within the study area 
ranges from approximately 188 masl along the Athabasca River to 854 masl at the Birch Mountains in 
the northwest corner of the study area. Although the Athabasca River Valley surrounding FHOSP is 
broad and hilly terrain that is several kilometres away, the feature has the potential to disrupt wind flow 
patterns and channel the flow in the direction of the valley. 

Terrain within the CALMET modelling domain is presented in Figure 2B.1. 
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 Land Use and Geophysical Parameters 

The CALMET model inputs include surface geophysical parameters such as surface roughness length, 
albedo, Bowen ratio, leaf area index (LAI), soil heat flux, and anthropogenic heat flux. These surface 
geophysical parameters are used to estimate parameters such as surface heat flux and mechanical 
turbulence.  

The surface roughness length, albedo, Bowen ratio, soil heat flux, and anthropogenic heat flux values for 
each grid cell in the CALMET model are determined by the surface land cover. The land cover categories 
were derived from the North American Land Change Monitoring System (NALCMS) 2010 North 
American Land Cover data set (CCRS 2013) using ArcGIS processing tools to extract the dominant land 
cover category for each grid cell in the CALMET model. After processing, ground-truth analysis was 
completed to confirm the appropriate representation of each grid cell was completed. Missing data 
were replaced with appropriate land use based on a review of satellite imagery. Grid cells over active oil 
sands development areas were converted to appropriate quarries/strip mines/gravel land use 
categories. The extracted NALCMS land cover types were processed to get the equivalent CALMET land 
cover types. The land cover types for each grid cell in the CALMET modelling domain are presented in 
Figure 2B.2. 
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The surface roughness length, albedo, Bowen ratio, and soil heat flux parameters for each land cover 
type are based on AERSURFACE (U.S. EPA 2013) values to account for the seasonal variability. 
AERSURFACE land use classes were converted to equivalent CALMET land cover types before allocating 
the corresponding geophysical parameters. The use of AERSURFACE geophysical parameters allow for 
months of the year to be allocated to one of the five AERSURFACE seasons which is a more appropriate 
representation of seasonality in a northern climate than the default CALMET geophysical values (RWDI 
2008). The seasonal allocation and description used for the distribution of geophysical parameters is 
presented in Table 2B.1. 

Table 2B.1: Allocation of Months to CALMET Seasons 

Season Month Description 

1 July Midsummer with lush vegetation 

2 August and September Autumn with unharvested cropland 

3 October Late autumn after frost and harvest, or winter with no snow 

4 November through April Winter with continuous snow on ground 

5 May and June Transitional spring with partial green coverage or short annuals 

 

An automated process was used that simultaneously produced the land cover as well as the 
corresponding geophysical parameters for each CALMET land cover type. This process was applied to 
the original data before any resampling to keep the integrity of the resulting physical values. The albedo, 
Bowen ratio and soil heat flux parameters for each grid cell are based on an arithmetic weighted 
average, and the surface roughness on a logarithmic weighted average, of land cover in each grid cell, as 
per recommended CALMET methodology (Earth Tech, Inc. 2000). The albedo, Bowen ratio, soil heat flux, 
and roughness length parameters for each land cover type in each season are presented in  
Tables 2B.2 to 2B.5, respectively. The resulting allocation of albedo, Bowen ratio, soil heat flux, and 
roughness length parameters within the CALMET modelling domain are shown in Figures 2B.3 to  
2B.6, respectively. 
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Table 2B.2: Albedo by Land Cover Type and Season 

Land Cover Type 
Season 

1 2 3 4 5 

Evergreen Forest Land 0.120 0.120 0.120 0.350 0.120 

Deciduous Forest Land 0.160 0.160 0.170 0.500 0.160 

Mixed Forest Land 0.140 0.140 0.140 0.420 0.140 

Shrub and Brush Rangeland 0.180 0.180 0.180 0.500 0.180 

 Herbaceous Rangeland 0.180 0.180 0.200 0.600 0.180 

Forested Wetland 0.140 0.140 0.140 0.300 0.140 

Cropland and Pasture (Unirrigated) 0.200 0.200 0.180 0.600 0.140 

Barren Land 0.200 0.200 0.200 0.600 0.200 

Urban or Built-up Land 0.160 0.160 0.180 0.450 0.160 

Lakes 0.100 0.100 0.100 0.100 0.100 

Perennial Snow or Ice 0.600 0.600 0.700 0.700 0.600 

Strip Mines, Quarries and Gravel Pits 0.200 0.200 0.200 0.600 0.200 

Transitional Areas 0.180 0.180 0.180 0.450 0.180 

 

Table 2B.3: Bowen Ratio by Land Cover Type and Season 

Land Cover Type 
Season 

1 2 3 4 5 

Evergreen Forest Land 0.300 0.800 0.800 0.500 0.700 

Deciduous Forest Land 0.300 1.000 1.000 0.500 0.700 

Mixed Forest Land 0.300 0.900 0.900 0.500 0.700 

Shrub and Brush Rangeland 1.000 1.500 1.500 0.500 1.000 

Herbaceous Rangeland 0.800 1.000 1.000 0.500 0.400 

Forested Wetland 0.200 0.200 0.300 0.500 0.200 

Cropland and Pasture (Unirrigated) 0.500 0.700 0.700 0.500 0.300 

Barren Land 1.500 1.500 1.500 0.500 1.500 

Urban or Built-up Land 0.800 1.000 1.000 0.500 0.800 

Lakes 0.100 0.100 0.100 0.100 0.100 

Perennial Snow or Ice 0.500 0.500 0.500 0.500 0.500 

Strip Mines, Quarries and Gravel Pits 1.500 1.500 1.500 0.500 1.500 

Transitional Areas 1.000 1.000 1.000 0.500 1.000 
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Table 2B.4: Soil Heat Flux by Land Cover Type and Season 

Land Cover Type 
Season 

1 2 3 4 5 

Evergreen Forest Land 0.150 0.150 0.150 0.150 0.150 

Deciduous Forest Land 0.150 0.150 0.150 0.150 0.150 

Mixed Forest Land 0.150 0.150 0.150 0.150 0.150 

Shrub and Brush Rangeland 0.150 0.150 0.150 0.150 0.150 

Herbaceous Rangeland 0.150 0.150 0.150 0.150 0.150 

Forested Wetland 0.250 0.250 0.250 0.150 0.250 

Cropland and Pasture (Unirrigated) 0.150 0.150 0.150 0.150 0.150 

Barren Land 0.150 0.150 0.150 0.150 0.150 

Urban or Built-up Land 0.250 0.250 0.250 0.150 0.250 

Lakes 1.000 1.000 1.000 0.150 1.000 

Perennial Snow or Ice 0.150 0.150 0.150 0.150 0.150 

Strip Mines, Quarries and Gravel Pits 0.150 0.150 0.150 0.150 0.150 

Transitional Areas 0.150 0.150 0.150 0.150 0.150 

 

Table 2B.5: Roughness Length by Land Cover Type and Season 

Land Cover Type 
Season 

1 2 3 4 5 

Evergreen Forest Land 1.300 1.300 1.300 1.300 1.300 

Deciduous Forest Land 1.300 1.300 0.600 0.500 1.000 

Mixed Forest Land 1.300 1.300 0.900 0.800 1.100 

Shrub and Brush Rangeland 0.300 0.300 0.300 0.150 0.300 

Herbaceous Rangeland 0.100 0.100 0.010 0.005 0.050 

Forested Wetland 0.500 0.500 0.400 0.300 0.500 

Cropland and Pasture (Unirrigated) 0.150 0.150 0.020 0.010 0.030 

Barren Land 0.050 0.050 0.050 0.050 0.050 

Urban or Built-up Land 0.400 0.400 0.300 0.300 0.400 

Lakes 0.001 0.001 0.001 0.001 0.001 

Perennial Snow or Ice 0.002 0.002 0.002 0.002 0.002 

Strip Mines, Quarries and Gravel Pits 0.300 0.300 0.300 0.300 0.300 

Transitional Areas 0.200 0.200 0.200 0.200 0.200 
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Leaf area index (LAI) data were obtained from MODerate-resolution Imaging Spectroradiometer 
(MODIS) satellite data. MODIS measurements provide sufficient spectral information to extract LAI 
directly at a temporal resolution of two weeks and a spatial resolution ranging from 500 metres (m) to 
1 km. The MODIS data were obtained from the United States National Aeronautics and Space 
Administration (NASA) Reverb online web portal and included the MODIS global LAI and Fraction of 
Photosynthetically Active Radiation (FPAR) product, which is composited every eight days at 500 m 
resolution on a Sinusoidal grid (Myneni 2015). The MODIS LAI data are defined as the one-sided green 
leaf area per unit ground area in broadleaf canopies and as one-half the total needle surface area per 
unit ground area in coniferous canopies. However, recent studies (Davies et al. 2016) have suggested 
that the one-sided MODIS LAI data does not appropriately account for coniferous forest geometry on 
gaseous dry deposition via diffusion through stomata. MODIS LAI adjustment factors were applied to 
rectify the apparent underestimation of dry nitrogen and sulphur deposition because of MODIS LAI 
values (Davies et al. 2016). The resulting allocation of LAI within the CALMET modelling domain is shown 
in Figure 2B.7. 
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An automated process was used to gather all the geophysical parameters and generate the CALMET 
geophysical data file format. This process resulted in 60 monthly datasets with 4 km resolution that 
were directly used in generating the CALMET data set. 

Since land cover does not vary substantially, the land cover category for each grid cell was defined and 
constant for each of the five years in the assessment period. LAI were defined by month. Roughness 
length, Bowen ratio, and soil heat flux parameter were assigned according to season and corresponding 
land category values. Anthropogenic heat flux was set to zero for the entire CALMET modelling domain. 

Land use in the CALMET modelling domain is dominated by evergreen forest land, which occupies 33.1% 
of the domain. The domain is also comprised of 26.9% of mixed forest land, 9.6% of deciduous forest 
land, 8.6% of the shrub and brush rangeland, 6.9% of cropland and pasture, 6.1% of lakes, 4.0% of 
forested wetland, 3.9% of herbaceous rangeland, 0.4% of strip mines, quarries, and gravel pits, 0.4% of 
barren land, and 0.01% of urban or built-up land. 

 Meteorological Input 

The CALMET model requires the input of surface, upper air, and precipitation meteorological data. A 
hybrid approach incorporated numerical weather prediction (NWP) model output and surface 
observation data were applied. CALMET meteorological data sets were generated using meteorological 
data from MM5 in combination with local meteorological observations at the air quality monitoring 
stations in the Wood Buffalo Environmental Associated (WBEA) and the Lakeland Industry and 
Community Association (LICA) listed in Table 2B.6. The 5-year (2002 to 2006) MM5 data were provided 
by AEP (2015). 

Table 2B.6: Surface Meteorological Station Parameters 

Station Name Station ID X Coordinate 
(km) 

Y Coordinate 
(km) Time Zone 

Anemometer 
Height 

(m) 

Cold Lake  71120 547.587 6030.129 7 10 

Fort Chipewyan (AMS 8) 71933 493.251 6514.076 7 10 

Fort McMurray (AMS 6) 71932 486.715 6278.448 7 10 

Mildred Lake (AMS 2) 71255 466.619 6321.230 7 10 

Albian Mine (AMS 10) 99910 468.350 6349.048 7 10 

Barge Landing (AMS 9) 99909 463.747 6339.809 7 10 

Buffalo Viewpoint (AMS 4) 99904 464.000 6317.177 7 10 

Fort McKay (AMS 1) 99901 461.287 6338.662 7 10 

Lower Camp (AMS 11) 99903 469.597 6320.496 7 10 

Mannix (AMS 5) 99905 470.695 6314.019 7 10 

Millennium (AMS 12) 99912 475.640 6314.032 7 10 

Notes: 
(a)  Coordinates are in NAD83, UTM Zone 12. 
km = kilometres; m = metres.   
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The CALMET model can accept hourly observations of the following parameters: 

● wind speed and direction 

● temperature 

● relative humidity 

● cloud ceiling height and opacity 

● station pressure 

● precipitation rate and code 

Incorporating local observations into the CALMET model improves the model parameters with available 
measured parameters. Although relative humidity is available, and the CALMET model will accept it, it 
was not used in the CALMET model as specified by the AQMG.  

A detailed summary of the CALMET model input options used to generate the meteorological dataset to 
support the dispersion modelling completed for the assessment is presented in Table 2B.7. The default 
modelling options used in the CALMET model are those required under the AQMG. The highlighted 
values in Table 2B.7 indicate non-default and/or alternate model options specified in Appendix D of the 
AQMG (AEP 2013).  

TERRAD, which is a CALMET Group 5 input parameter representing the radius of influence of terrain 
features, was set to 5 km. TERRAD can be estimated by taking the typical peak-to-valley distance for 
terrain features in the domain (RWDI 2008). It is suggested that TERRAD values be on the order of 5 km 
to 20 km. The differences in observed wind patterns of the WBEA air quality monitoring stations in 
proximity indicate that localized terrain features may influence the wind flow. Also, the FHOSP is in the 
Athabasca River Valley, which represents the most substantial terrain feature and elevation changes. A 
smaller TERRAD (5 km) will help capture the localized terrain effect by giving more weight to localized 
changes in terrain.  



  
Fort Hills Oil Sands Project  

Volume 2 Integrated Plan Amendment 
 February 2022 

 

17 | Page 

Table 2B.7: CALMET Model Input Options 
Input Group Parameter  Default Project Description 

Group 1 – General Run 
Control Parameters 

IBYR - 2002 starting year 
IBMO - 1 starting month 
IBDY - 1 starting day 
IBHR - 0 starting hour 
IBSEC - 0 starting second 
IEYR - 2007 ending year 
IEMO - 1 ending month 
IEDY - 1 ending day 
IEHR - 0 ending hour 
IESEC - 0 ending second 
ABTZ - UTC-0700 UTC time zone (Mountain Standard Time) 
NSECDT 3600 3600 length of modelling time step (seconds) 
IRTYPE 1 1 run type – computes wind fields and micrometeorological variables 
LCALGRD T T do not compute special data fields required by CALGRID 
ITEST 2 2 continues with execution of computational phase after setup 
MREG - 0 no checks for conformance with U.S. EPA guidance 

Group 2 – Map Projection 
and Grid Control Parameters 

PMAP UTM UTM map projection = Universal Transverse Mercator 
FEAST 0 - false easting at the projection origin - not used when PMAP = UTM 
FNORTH 0 - false northing at the projection origin - not used when PMAP = UTM 
IUTMZN - 12 UTM zone 
UTMHEM N N northern hemisphere projection 
RLAT0 - 40N latitude of projection origin – not used when PMAP = UTM 
RLON0 - 90W longitude of projection origin – not used when PMAP = UTM 
XLAT1 - 30N matching parallel(s) of latitude for projection – not used when PMAP = UTM 
XLAT2 - 60N matching parallel(s) of latitude for projection – not used when PMAP = UTM 

DATUM WGS-84 NAR-C datum region for output coordinates = NAR-C North American 1983 GRS 
80 Spheroid 

NX - 98 number of X grid cells 
NY - 141 number of Y grid cells 
DGRIDKM - 4.0 grid spacing (km) 
XORIGKM - 304.177 X coordinate of southwest corner of domain (km) 
YORIGKM - 5981.814 Y coordinate of southwest corner of domain (km) 
NZ - 12 number of vertical layers 

ZFACE - 

0.,20.,40.,80.,120.,280.,520
.,880., 

1320.,1820.,2380.,3000.,40
00 

cell face heights in vertical grid (m) 

Group 3 – Output Options 

LSAVE T T save meteorological fields in an unformatted output file 
IFORMO 1 1 CALPUFF/CALGRID type of unformatted output file 
LPRINT F F do not print meteorological fields 
IPRINF 1 1 print interval (hours) 
IUVOUT NZ*0 NZ*0 layers of U, V wind component to print (0=no, 1=yes) 
IWOUT NZ*0 NZ*0 levels of W wind component to print (0=no, 1=yes) 
ITOUT NZ*0 NZ*0 l (0=no, 1=yes) 
STABILITY 0 0 do not print PGT stability class 
USTAR 0 0 do not print friction velocity 
MONIN 0 0 do not print Monin-Obukhov length 
MIXHT 0 0 do not print mixing height 
WSTAR 0 0 do not print convective velocity scale 
PRECIP 0 0 do not print precipitation rate 
SENSHEAT 0 0 do not print sensible heat flux 
CONVZI 0 0 do not print convective mixing height 
LDB F F do not print input meteorological data and internal variables 
NN1 1 1 first time step for which debug data are printed 
NN2 1 1 last time step for which debug data are printed 
LDBCST F F do not print distance to land internal variables 
IOUTD 0 0 control variable for writing the test/debug wind fields to disk files 
NZPRN2 1 0 number of levels to print 
IPR0 to IPR8 0 0 do not print wind field components after each adjustment 

Group 4 – Meteorological 
Data Options 

NOOBS 0 1 use surface and overwater stations (no upper air observations);  
Use MM4/MM5/M3D for upper air data 

NSSTA - 11 number of surface stations 
NPSTA - -1 use of MM5/M3D precipitation data 

MCLOUD 0 4 gridded cloud cover from Prognostic Rel. Humidity at all levels 
(MM5toGrads algorithm) 

IFORMS 2 2 free-formatted user input for surface meteorological data file format 
IFORMP 2 2 free-formatted user input for precipitation data file format 
IFORMC 2 2 formatted - free-formatted CALMET output or user input for cloud data 

Group 5 – Wind Field 
Options and Parameters  

IWFCOD 1 1 diagnostic wind module 
IFRADJ 1 1 compute Froude number adjustment effects 
IKINE 0 0 do not compute kinematic effects 
IOBR 0 0 do not use O’Brien procedure for adjustment of the vertical velocity 
ISLOPE 1 1 compute slope flows 

IEXTRP -4 -4 similarity theory used to extrapolate surface wind observations to upper 
layers except layer 1 data at upper air stations are ignored 

ICALM 0 0 do not extrapolate surface winds if calm 

BIAS NZ*0 NZ*0 layer-dependant biases for modifying the weights of surface and upper air 
stations 

RMIN2 4 4 
minimum distance from nearest upper air station to surface station for 
which extrapolation of surface winds at surface station will be allowed. Set 
to -1 when all surface stations should be extrapolated 

IPROG 0 14 winds from MM5/M3D.dat used as initial guess field 
ISTEPPG 3600 3600 timestep of the prognostic model input data (seconds) 
IGFMET 0 0 do not use CALMET fields as initial guess fields 
LVARY F F use varying radius of influence 

RMAX1 - 24 maximum radius of influence over land in the surface layer (km), set to 
twice the resolution of the MM5 dataset. 
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Table 2B.7: CALMET Model Input Options 
Input Group Parameter  Default Project Description 

Group 5 – cont’d 

RMAX2 - 24 maximum radius of influence over land aloft (km), set to twice the 
resolution of the MM5 dataset. 

RMAX3 - 24 maximum radius of influence over water, set to twice the resolution of the 
MM5 dataset. 

TERRAD - 5 radius of influence of terrain features, value based on approximate 
dimensions of key terrain features 

R1 - 6 relative weighting of the first guess field and observations in the surface 
layer (km), set to one half of the resolution of the MM5 dataset. 

R2 - 6 relative weighting of the first guess field observations in the layers aloft 
(km), set to one half of the resolution of the MM5 dataset. 

RPROG - 54 relative weighting parameter of the prognostic wind field data (km). Used 
only if IPROG=1. 

DIVLIM 0.000005 0.000005 maximum acceptable divergence in the divergence minimization procedure 
NITER 50 50 maximum number of iterations in the divergence minimization procedure 
NSMTH 2, (mxnz-1)*4 2,4,4,4,4,4,4,4,4,4,4,4 number of passes in the smoothing procedure 

NINTR2 99 99, 99, 99, 99, 99, 99, 99, 
99, 99, 99, 99, 99 

maximum number of stations used in each layer for the interpolation of 
data to a grid point 

CRITFN 1 1 critical Froude number 
ALPHA 0.1 0.1 empirical factor controlling the influence of kinematic effects 

FEXTR2 NZ*0 NZ*0 multiplicative scaling factor for extrapolation of surface observations to 
upper layers. Used only if IEXTRP = 3 or -3. 

NBAR 0 0 number of barriers to interpolation of the wind fields 
XBBAR - 0 X coordinate of BEGINNING of each barrier 
YBBAR - 0 Y coordinate of BEGINNING of each barrier 
XEBAR - 0 X coordinate of ENDING of each barrier 
YEBAR - 0 Y coordinate of ENDING of each barrier 
IDIOPT1 0 0 compute surface temperature internally from hourly surface observations 
ISURFT -1 -1 surface meteorological station to use for the surface temperature 

IDIOPT2 0 0 compute domain-averaged temperature lapse rate internally from twice-
daily upper air observations 

IUPT -1 -1 use a domain-average prognostic lapse rate 
ZUPT 200 200 depth through which the domain-scale lapse rate is computed 

IDIOPT3 0 0 compute domain-averaged wind components internally from twice-daily 
upper air observations 

IUPWIND -1 -1 upper air station to use for the domain-scale winds 

ZUPWND 1, 1000 1, 1000 bottom and top of layer through which the domain-scale winds are 
computed 

IDIOPT4 0 0 read wind speed and wind direction from a surface data file for observed 
surface wind components for wind field module 

IDIOPT5 0 0 read WS and WD from an upper air data file for observed upper air wind 
components for wind field module 

LLBREZE F F do not use lake breeze module 
NBOX 0 0 Number of lake breeze regions 
XG1 0 0 X grid line 1 defining the region of interest 
XG2 0 0 X grid line 2 defining the region of interest 
YG1 0 0 Y grid line 1 defining the region of interest 
YG2 0 0 Y grid line 2 defining the region of interest 
XBCST 0 0 X point defining the coastline 
YBCST 0 0 Y point defining the coastline 
XECST 0 0 X point defining the coastline 
YECST 0 0 Y point defining the coastline 
NLB 0 0 Number of stations in the region 

Group 6 – Mixing Height, 
Temperature and 
Precipitation Parameters 

CONSTB 1.41 1.41 constant for neutral mechanical equation 
CONSTE 0.15 0.15 constant for convective mixing height equation 
CONSTN 2400 2,400 constant for stable mixing height equation 
CONSTW 0.16 0.16 constant for overwater mixing height equation 
FCORIOL 0.0001 0.0001 absolute value of Coriolis parameter 
IAVEZI 1 1 conduct spatial averaging of mixing heights 
MNMDAV 1 1 maximum search radius in averaging process (grid cells) 
HAFANG 30 30 half-angle of upwind looking cone for averaging 
ILEVZI 1 1 layer of winds used in upwind averaging 
IMIXH 1 1 convective mixing height option = Maul-Carson for land and water cells 

THRESHL 0 0 
threshold buoyancy flux required to sustain convective mixing height 
growth overland (expressed as a heat flux per metre of boundary layer 
W/m³) 

THRESHW 0.05 0.05 
threshold buoyancy flux required to sustain convective mixing height 
growth overwater (expressed as a heat flux per metre of boundary layer 
W/m³) 

ITWPROG 0 0 use SEA.DAT lapse rates and delta T or assume neutral conditions if missing 
ILUOC3D 16 16 land use category ocean in 3D.dat datasets 

DPTMIN 0.001 0.001 minimum potential temperature lapse rate in the stable layer above the 
current convective mixing height (K/m)  

DZZI 200 200 depth of layer above current convective mixing height through which lapse 
rate is computed 

ZIMIN 50 50 minimum overland mixing height (m) 
ZIMAX 3,000 3,000 maximum overland mixing height (m) 
ZIMINW 50 50 minimum overwater mixing height (m) 
ZIMAXW 3,000 3,000 maximum overwater mixing height (m) 
ICOARE 10 10 use COARE with no wave parameterization for overwater surface fluxes 
DSHELF 0 0 coastal/shallow water length scale (km) (COARE fluxes only) 
IWARM 0 0 COARE warm layer computation off 
ICOOL 0 0 COARE cool skin layer computation off 
IRHPROG 0 1 3D relative humidity from prognostic RH 

ITPROG 0 1 use Surface stations (no upper air observations), use MM5/M3D for upper 
air data 

IRAD 1 1 use 1/R for temperature interpolation 
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Table 2B.7: CALMET Model Input Options 
Input Group Parameter  Default Project Description 

Group 6 – cont’d 

TRADKM 500 24 radius of influence for temperature interpolation (km), set to twice the 
resolution of the MM5 dataset. 

NUMTS 5 5 maximum number of stations to include in temperature interpolation 
IAVET 1 1 conduct spatial averaging of temperatures 
TGDEFB -0.0098 -0.0098 default temperature gradient below the mixing height over water (K/m) 
TGDEFA -0.0045 -0.0045 default temperature gradient above the mixing height over water (K/m) 

JWAT1, JWAT2 - 99,99 beginning and ending land use categories for temperature interpolation 
over water 

NFLAGP 2 2 use 1/R2 for precipitation interpolation 
SIGMAP 100 100 radius of influence (km) 
CUTP 0.01 0.01 minimum precipitation rate cutoff (mm/hr) 

Group 7 – Surface 
Meteorological Station 
Parameters 

- - Table 2B.6 surface meteorological station parameters 

Group 8 – Upper Air 
Meteorological Station 
Parameters 

- - - upper air meteorological station parameters – upper air data are derived 
from the MM5 dataset. 

Group 9 – Precipitation 
Station Parameters - - - precipitation station parameters 

Notes: 
(a)  Highlighted cells indicate alternate model options specified in Appendix D of the AQMG (AEP 2013). 
km = kilometre; m = metre; mm/hr = millimetres per hour; K/m = Kelvin per metre; W/m³ = Watt per cubic metre; - = not applicable.
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2B.1.2.1.2. CALMET Output Validation 

The key CALMET outputs (e.g., wind speed and wind direction, temperature, stability class, and mixing 
height) that influence air dispersion in CALPUFF are discussed in the following sections. 

 Wind Rose 

The wind rose depicts the frequency, wind speed, and wind direction information. The lengths of the 
bars on the wind rose indicate the wind occurrence frequencies; the colour of the bars indicate the 
speed category of the wind; and the direction from which the wind blows is illustrated by the 
orientation of the bar in one of 16 directions. Each ring on the wind rose represents a frequency of 2% of 
the total. The calm conditions, defined as hours when wind speed is less than 1 km per hour (km/h), are 
also displayed in the wind rose figures. The calm conditions are unfavourable for air dispersion, and thus 
have the potential to result in relatively higher ground-level concentrations of air contaminants. The 
CALMET wind data were compared with observed wind data from Fort Hills station (AMS 23).  

The CALMET-derived winds for FHOSP are presented in Figure 2B.8. The CALMET winds at 10 m for the 
4 km by 4 km grid cell containing FHOSP indicate that the predominant wind pattern is in the south-
southwest and the south directions. The wind rose of the observed wind data at the AMS 23 air quality 
monitoring station from 2015 to 2019 is similar to the CALMET-derived wind rose. The observed 
predominant winds were from north-northeast and south-southeast. The minor differences between 
the CAMLET-derived wind rose and the observed wind rose are because of their relative distance from 
the bottom of the Athabasca River Valley. The WBEA Fort Hills air quality monitoring station (AMS 23) is 
close to the bottom of the Athabasca River Valley; therefore, the predominant wind pattern is similar to 
the local section of valley and from north-northeast and south-southeast directions. The 4 by 4 km 
CALMET grid cell for FHOSP is further away from the Athabasca River Valley; therefore, the CALMET-
derived wind rose has a predominant north-northeastern and south-southwestern wind directions 
because of the influence of the valley as well as the presence of Birch Mountains to the northwest of 
FHOSP.  
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Figure 2B.8: CALMET-Derived Wind Rose for Fort Hills (2002 to 2006) and Observed Fort Hills (AMS 23) 
Wind Rose (2015-2019) 

 

 Temperature 

The CALMET-derived temperatures for FHOSP are presented in Figure 2B.9. The daily average 
temperatures range from -17.4°C in January to +18.3°C in July. 

Climate normals are used to describe the climate of a particular location. The closest meteorological 
station with climate data to FHOSP is the Fort McMurray station, approximately 70 km southwest of 
FHOSP. The CALMET-derived temperatures are similar to the average climate conditions (climate 
normals) observed at the Fort McMurray station (ECCC 2016). 
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Figure 2B.9: CALMET-Derived Temperature for Fort Hills (2002 to 2006) 

 

 Stability Class 

Atmospheric stability can be viewed as a measure of the atmosphere’s capability to disperse emissions. 
The amount of turbulence plays an important role in the dilution of a plume as it is transported by the 
wind. Turbulence can be generated by either thermal or mechanical mechanisms. Surface heating or 
cooling by radiation contributes to the generation or suppression of thermal turbulence, while high wind 
speeds contribute to the generation of mechanical turbulence. 

The Pasquill-Gifford (PG) stability classification scheme is one classification of the atmosphere. The 
classification ranges from Unstable (Stability Classes A, B, and C), Neutral (Stability Class D), to Stable 
(Stability Classes E and F). Unstable conditions are primarily associated with daytime heating conditions, 
which result in enhanced turbulence levels (enhanced dispersion). Stable conditions are associated 
primarily with nighttime cooling conditions, which result in suppressed turbulence levels (poorer 
dispersion). Neutral conditions are primarily associated with higher wind speeds or overcast conditions. 

The stability conditions derived by CALMET for FHOSP are summarized as: 

● unstable (A, B, and C) conditions occur 28% of the time 

● neutral conditions (D) occur 34% of the time 

● stable (E and F) conditions occur 38% of the time 
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Figure 2B.10 shows the CALMET-derived hourly frequency of stability for each stability class. Maximum 
instability occurs during the warmest part of a day when buoyancy, vertical motion and thermal 
turbulence would most likely occur. Stable conditions are more frequent during the early morning and 
evening hours when surface cooling predominately occurs creating a less buoyant and stable 
atmosphere. The most effective conditions for plume dispersion are a windy and unstable atmosphere. 
These conditions occur more frequently during the early afternoon hours. 
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Figure 2B.10: CALMET-Derived Hourly Frequency of Stability Conditions (2002 to 2006) for Fort Hills  
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 Mixing Height 

Atmospheric events are driven by the heating and cooling of the earth’s surface. The mixing layer is an 
important part of the dispersion meteorology because this zone of turbulence determines the vertical 
movement of air and the depth of this layer, referred to as the mixing height, bounds the upper limit of 
the vertical movement. The depth of the mixed layer is a function of factors such as the heating and 
cooling of surface, sinking of cooled air, or surrounding terrain features. One strong driver of mixing 
height is the solar radiation energy. As the sun rises, the land is heated and warm air rises, causing 
turbulence in air. As the day progresses, this continuous heating and the increase in intensity causes 
even more turbulence, which causes the zone of turbulent air to expand, as well as causing the mixing 
height to increase. The solar radiation energy peaks in the afternoon, but the heat input is still present 
at a weaker intensity. As the day progresses into evening and night, the atmosphere begins to cool down 
and the mixing height decreases. Therefore, the shallowest mixed depth is typically observed in the 
morning, right before dawn. This mixing height pattern described above matches the CALMET 
meteorological predictions, shown in Figure 2B.11. 

 

Figure 2B.11: CALMET-Derived Mixing Heights for Fort Hills (2002 to 2006) 

 

 CALPUFF Input  
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options. The modelling options used in the model are default CALPUFF model options as recommended 
by the AQMG. The highlighted values in Table 2B.8 indicate non-default and/or alternate model options 
specified in Appendix D of the AQMG (AEP 2013).  

A detailed list of the CALPUFF model options used in the assessment is provided in Tables 2B.8 and 2B.9. 
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Table 2B.8: CALPUFF Model Input Options 
Input Group Parameter Default Project Description 

Group 1 – General 
Run Control 
Parameters 

METRUN — 0 run period explicitly defined below 
IBYR — 2002 starting year for run if METRUN = 0 
IBMO — 1 starting month for run if METRUN = 0 
IBDY — 1 starting day for run if METRUN = 0 
IBHR — 0 starting hour for run if METRUN = 0 
IBMIN — 0 starting minute for run if METRUN = 0 
IBSEC — 0 starting second for run if METRUN = 0 
IEYR — 2007 ending year for run if METRUN = 0 
IEMO — 1 ending month for run if METRUN = 0 
IEDY — 1 ending day for run if METRUN = 0 
IEHR — 0 ending hour for run if METRUN = 0 
IEMIN — 0 ending minute for run if METRUN = 0 
IESEC — 3,600 ending second for run if METRUN = 0 

ABTZ — 7 
base time zone 
(PST = 8, MST = 7, CST = 6, EST = 5) 

NSECDT 3600 3600 Length of modelling time-step (seconds) 

NSPEC 5 Varies –  
Table 2B.9 number of chemical species varies depending on model run 

NSE 3 Varies –  
Table 2B.9 number of chemical species to be emitted varies depending on model run 

ITEST 2 2 program is executed after SETUP phase 
MRESTART 0 0 does not read or write a restart file 
NRESPD 0 0 restart file written only at last period 
METFM 1 1 CALMET binary file (CALMET.MET) 
MPRFFM 1 1 meteorological profile data format 
AVET 60 60 Averaging time (minutes) 
PGTIME 60 60 PG Averaging Time (minutes) 

IOUTU 1 1 
Output units for binary concentration and flux files written in Dataset v2.2 or later 
formats  
1 = mass - g/m3 (conc) or g/m2/s (dep) 

Group 2 - Technical 
Options  

MGAUSS 1 1 Gaussian distribution used in near field 
MCTADJ 3 3 partial plume path terrain adjustment 
MCTSG 0 0 subgrid-scale complex terrain not modelled 
MSLUG 0 0 near-field puffs not modelled as elongated 
MTRANS 1 1 transitional plume rise modelled 
MTIP 1 1 stack tip downwash used 

MBDW 1 2 method to simulate building downwash (PRIME method), as specified in Appendix D of 
AQMG – not used. 

MRISE 1 1 Briggs plume rise used 
MSHEAR 0 0 vertical wind shear not modelled 
MSPLIT 0 0 puffs are not split 

MCHEM 1 Varies –  
Table 2B.9 Chemical mechanism used varies depending on compounds modelled. 

MAQCHEM 0 0 aqueous phase transformation rates not modelled 

MLWC 1 1 liquid Water Content flag (MLWC)  
(Used only if MAQCHEM = 1) 

MWET 1 1 wet removal modelled 
MDRY 1 1 dry deposition modelled 
MTILT 0 0 Gravitational settling not modelled 

MDISP 3 2 dispersion coefficients from internally calculated sigma v, sigma w using 
micrometeorological variables (u*, w*, L, etc.),  as specified in Appendix D of AQMG. 

MTURBVW 3 3 use both sigma-(v/theta) and sigma-w from PROFILE.DAT to compute sigma-y and 
sigma-z (valid for METFM = 1,2,3,4,5) 

MDISP2 3 3 PG dispersion coefficients for RURAL areas (computed using the ISCST multi-segment 
approximation) and MP coefficients in urban areas 

MTAULY 0 0 
Method used for Lagrangian timescale for Sigma-y (used only if MDISP=1,2 or 
MDISP2=1,2) 
Draxler default 617.284 (s) 

MTAUADV 0 0 
Method used for Advective-Decay timescale for Turbulence (used only if MDISP=2 or 
MDISP2=2) 
0 = No turbulence advection 

MCTURB 1 1 
Method used to compute turbulence sigma-v & sigma-w using micrometeorological 
variables (Used only if MDISP = 2 or MDISP2 = 2) 
Standard CALPUFF subroutines 

MROUGH 0 0 PG sigma-y and sigma-z not adjusted for roughness 
MPARTL 1 1 partial plume penetration of elevated inversion 
MPARTLBA 1 1 Partial plume penetration of elevated inversion modelled for buoyant area sources 
MTINV 0 0 strength of temperature inversion not computed from measured/default gradients 

MPDF 0 1 PDF used for dispersion under convective conditions, as specified in Appendix D of 
AQMG. 

MSGTIBL 0 0 sub-grid TIBL module not used for shoreline 
MBCON 0 0 boundary conditions not modelled 
MSOURCE 0 0 Individual source contributions are not saved 
MFOG 0 0 do not configure for FOG Model output 

MREG 1 0 do not test options specified to see if they conform to regulatory values, as specified in 
Appendix D of AQMG. 

Group 3 - Species 
List  CSPEC — Varies –Table 2B.9 

list of chemical species 
is compound modelled? (0=no, 1=yes)  
is compound emitted? (0=no, 1=yes)  
compound dry deposition method (1=computed-gas, 2=computed-particle) 
compound output group number 



  
Fort Hills Oil Sands Project  

Volume 2 Integrated Plan Amendment 
 February 2022 

 

27 | Page 

Table 2B.8: CALPUFF Model Input Options 
Input Group Parameter Default Project Description 

Group 4 - 
Map Projection and 
Grid Control 
Parameters 

PMAP UTM UTM map projection  
FEAST 0 0 false Easting (km) at the projection origin 
FNORTH 0 0 false Northing (km) at the projection origin 
IUTMZN — 12 UTM zone 

UTMHEM N N 
hemisphere for UTM projection 
(N = north, S = south) 

RLAT0 — 0N 
latitude of projection origin 
(not used if PMAP = UTM) 

RLON0 — 0E 
longitude of projection origin 
(not used if PMAP = UTM) 

XLAT1 — 0N matching parallel(s) of latitude (decimal degrees) for projection (used only if 
PMAP = LCC or PS) 

XLAT2 — 0N matching parallel(s) of latitude (decimal degrees) for projection (used only if 
PMAP = LCC or PS ) 

DATUM WGS-84 NAR-C datum-region for output coordinates 
NX — 98 number of X grid cells in meteorological grid 
NY — 141 number of Y grid cells in meteorological grid 
NZ — 12 number of vertical layers in meteorological grid 
DGRIDKM — 4.0 grid spacing in kilometres 

ZFACE — 
0.,20.,40.,80.,120.,280.,5
20.,880.,1320.,1820.,23

80.,3000.,4000. 
cell face heights in meteorological grid (m) – same as for CALMET 

XORIGKM — 304.177 reference X coordinate for south-west corner of grid cell (1,1) of meteorological grid 
(km) 

YORIGKM — 5981.814 reference Y coordinate for south-west corner of grid cell (1,1) of meteorological grid 
(kilometres) 

IBCOMP — 25 X index of lower left corner of the computational grid 
JBCOMP — 71 Y index of lower left corner of the computational grid 
IECOMP — 57 X index of upper right corner of the computational grid 
JECOMP — 136 Y index of upper right corner of the computational grid 
LSAMP T F sampling grid is not used 
IBSAMP — 1 X index of lower left corner of the sampling grid 
JBSAMP — 1 Y index of lower left corner of the sampling grid 
4IESAMP — 99 X index of upper right corner of the sampling grid 
JESAMP — 99 Y index of upper right corner of the sampling grid 
MESHDN 1 1 nesting factor of the sampling grid 

Group 5 – Output 
Options 

ICON 1 1 output file CONC.DAT containing concentration fields is created 
IDRY 1 1 output file DFLX.DAT containing dry flux fields is created 
IWET 1 1 output file WFLX.DAT containing wet flux fields is created 
IT2D 0 0 2D Temperature (IT2D) 
IRHO 0 0 2D Density (IRHO) 
IVIS 0 0 output file containing relative humidity data are not created 
LCOMPRS T T use data compression in output files 
IQAPLOT 1 0 standard series of output files not created for plotting 
IPFTRAK 0 0 puff locations and properties not reported to PFTRAK.DAT file for postprocessing 
IMFLX 0 0 mass flux across specified boundaries for selected species not reported hourly 
IMBAL 0 0 mass balance for each species not reported hourly 
INRISE 0 0 file for plume properties for each rise increment, for each model timestep not created 
ICPRT 0 0 do not print concentration fields to the output list file 
IDPRT 0 0 do not print dry flux fields to the output list file 
IWPRT 0 0 do not print wet flux fields to the output list file 
ICFRQ 1 1 concentration fields are printed to output list file every 1 hour 

IDFRQ 1 1 
dry flux fields are printed to output list file every 
1 hour 

IWFRQ 1 1 
wet flux fields are printed to output list file every 
1 hour 

IPRTU 1 3 units for line printer output are in µg/m3 for concentration and µg/m2/s for deposition 
IMESG 2 2 messages tracking the progress of run are written on screen 

Variable — Variable 

concentrations printed to output list file (0 = no, 1 = yes) 
concentrations saved to disk (0=no, 1=yes) 
dry fluxes printed to output list file (0=no, 1=yes) 
dry fluxes saved to disk (0=no, 1=yes) 
wet fluxes printed to output list file (0=no, 1=yes) 
wet fluxes saved to disk (0=no, 1=yes) 
mass fluxes saved to disk (0=no, 1=yes) 

LDEBUG F F logical value for debug output 
IPFDEB 1 1 first puff to track 
NPFDEB 1 1 number of puffs to track 
NN1 1 1 meteorological period to start output 
NN2 10 10 meteorological period to end output 

Group 6 - Subgrid 
Scale Complex 
Terrain Inputs  

NHILL 0 0 number of terrain features 
NCTREC 0 0 number of special complex terrain receptors 
MHILL — 0 input terrain and receptor data for CTSG hills input in CTDM format not used 
XHILL2M 1 1 conversion factor for changing horizontal dimensions to metres 
ZHILL2M 1 1 conversion factor for changing vertical dimensions to metres 
XCTDMKM — 0 X origin of CTDM system relative to CALPUFF coordinate system in kilometres 
YCTDMKM — 0 Y origin of CTDM system relative to CALPUFF coordinate system in kilometres 

Group 7 - Chemical 
Parameters for Dry 
Deposition of Gases 

Varies –Table 2B.9 — Varies –Table 2B.9 

diffusivity (cm2/s) 
alpha star  
reactivity  
mesophyll resistance (s/cm) 
Henry’s Law coefficient  
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Table 2B.8: CALPUFF Model Input Options 
Input Group Parameter Default Project Description 

Group 8 - Size 
Parameters for Dry 
Deposition of 
Particles 

Varies –Table 2B.9 — Varies –Table 2B.9 

geometric mass mean diameter of compound (µm) 

geometric standard deviation of compound (µm) 

Group 9 - 
Miscellaneous Dry 
Deposition 
Parameters  

RCUTR 30 30 reference cuticle resistance in s/cm 
RGR 10 10 reference ground resistance in s/cm 
REACTR 8 8 reference  contaminant reactivity 
NINT 9 9 number of particle size intervals used to evaluate effective particle deposition velocity 
IVEG 1 1 vegetation state in unirrigated areas for active and unstressed vegetation 

Group 10 – Wet 
Deposition 
Parameters 

Varies –Table 2B.9 — Varies –Table 2B.9 
the scavenging coefficient for liquid precipitation (1/second [1/s]) 

the scavenging coefficient for frozen precipitation (1/s) 

Group 11 – 
Chemistry 
Parameters  

MOZ 1 1 ozone data input: read hourly ozone concentrations from the OZONE.DAT data file 
consistent with AQMG recommended ozone levels (rural) 

MNH3 0 0 use monthly background ammonia values (BCKNH3) - no vertical variation 
MAVGNH3 1 1 average NH3 values over vertical extent of puff 

BCKNH3 12*10 12*1.94 monthly ammonia concentrations in ppb derived from available WBEA monitoring 
data 

RNITE1 0.2 0.2 nighttime SO2 loss rate in percent/hour 
RNITE2 2 2 nighttime NOX loss rate in percent/hour 
RNITE3 2 2 nighttime HNO3 formation rate in percent/hour 
MH202 1 1 H2O2 data input option. Option used only if MCHEM = 6 or 7 and MAQCHEM = 1 
BCKH2O2 12*1 12*1 monthly H2O2 concentrations in ppb 

BCKPMF 

1.00, 1.00, 1.00, 
1.00, 1.00, 1.00, 
1.00, 1.00, 1.00, 
1.00, 1.00, 1.00 

1.00, 1.00, 1.00, 1.00, 
1.00, 1.00, 1.00, 1.00, 
1.00, 1.00, 1.00, 1.00 

clean continental – characteristic of the air mass used when computing the formation 
of SOA from VOC emissions OFRAC 

0.15, 0.15, 0.20, 
0.20, 0.20, 0.20, 
0.20, 0.20, 0.20, 
0.20, 0.20, 0.15 

0.15, 0.15, 0.20, 0.20, 
0.20, 0.20, 0.20, 0.20, 
0.20, 0.20, 0.20, 0.15 

VCNX 

50.00, 50.00, 50.00, 
50.00, 50.00, 50.00, 
50.00, 50.00, 50.00, 
50.00, 50.00, 50.00 

50.00, 50.00, 50.00, 
50.00, 50.00, 50.00, 
50.00, 50.00, 50.00, 
50.00, 50.00, 50.00 

NDECAY 0 0 number of half-life decay specification blocks 

Group 12 - 
Miscellaneous 
Dispersion and 
Computational 
Parameters  

SYTDEP 550 550 horizontal size of a puff in metres beyond which the time dependant Heffter 
dispersion equation is used 

MHFTSZ 0 0 do not use Heffter formulas for sigma z 
JSUP 5 5 stability class used to determine dispersion rates for puffs above boundary layer 
CONK1 0.01 0.01 vertical dispersion constant for stable conditions 
CONK2 0.1 0.1 vertical dispersion constant for neutral/unstable conditions 

TBD 0.5 0.5 use ISC transition point for determining the transition point between the Schulman-
Scire to Huber-Snyder Building Downwash scheme 

IURB1 10 10 lower range of land use categories for which urban dispersion is assumed 
IURB2 19 19 upper range of land use categories for which urban dispersion is assumed 
ILANDUIN 20 20 land use category for CALMET modelling domain 
Z0IN 0.25 0.25 roughness length in metres for CALMET modelling domain 
XLAIIN 3 3 leaf area index for CALMET modelling domain 
ELEVIN 0 0 elevation above sea level in (m) 
XLATIN –999 –999 latitude of station in degrees (°) 
XLONIN –999 –999 longitude of station in degrees (°) 
ANEMHT 10 10 anemometer height in (m) 
ISIGMAV 1 1 sigma-v is read for lateral turbulence data 
IMIXCTDM 0 0 predicted mixing heights are used 
XMXLEN 1 1 maximum length of emitted slug in meteorological grid units 

XSAMLEN 1 1 maximum travel distance of slug or puff in meteorological grid units during one 
sampling unit 

MXNEW 99 99 maximum number of puffs or slugs released from one source during one time step 
MXSAM 99 99 maximum number of sampling steps during one time step for a puff or slug 

NCOUNT 2 2 number of iterations used when computing the transport wind for a sampling step that 
includes gradual rise 

SYMIN 1 1 minimum sigma y in metres for a new puff or slug 
SZMIN 1 1 minimum sigma z in metres for a new puff or slug 

SZCAP_M 5.0e06 5.0e06 maximum sigma z (m) allowed to avoid numerical problem in calculating virtual time 
or distance. 

SVMIN 
(land) 

0.5 0.5 minimum turbulence (σv) velocity for stability class A (m/s) 
0.5 0.5 minimum turbulence (σv) velocity for stability class B (m/s) 
0.5 0.5 minimum turbulence (σv) velocity for stability class C (m/s) 
0.5 0.5 minimum turbulence (σv) velocity for stability class D (m/s) 
0.5 0.5 minimum turbulence (σv) velocity for stability class E (m/s) 
0.5 0.5 minimum turbulence (σv) velocity for stability class F (m/s) 

SVMIN 
(water) 

0.37 0.37 minimum turbulence (σv) velocity for stability class A (m/s) 
0.37 0.37 minimum turbulence (σv) velocity for stability class B (m/s) 
0.37 0.37 minimum turbulence (σv) velocity for stability class C (m/s) 
0.37 0.37 minimum turbulence (σv) velocity for stability class D (m/s) 
0.37 0.37 minimum turbulence (σv) velocity for stability class E (m/s) 
0.37 0.37 minimum turbulence (σv) velocity for stability class F (m/s) 

SWMIN 
(land) 

0.2 0.2 minimum turbulence (σw) velocity for stability class A (m/s) 
0.12 0.12 minimum turbulence (σw) velocity for stability class B (m/s) 
0.08 0.08 minimum turbulence (σw) velocity for stability class C (m/s) 
0.06 0.06 minimum turbulence (σw) velocity for stability class D (m/s) 
0.03 0.03 minimum turbulence (σw) velocity for stability class E (m/s) 

0.016 0.016 minimum turbulence (σw) velocity for stability class F (m/s) 
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Table 2B.8: CALPUFF Model Input Options 
Input Group Parameter Default Project Description 

Group 12  
cont’d 

SWMIN 
(water) 

0.2 0.2 minimum turbulence (σw) velocity for stability class A (m/s) 
0.12 0.12 minimum turbulence (σw) velocity for stability class B (m/s) 
0.08 0.08 minimum turbulence (σw) velocity for stability class C (m/s) 
0.06 0.06 minimum turbulence (σw) velocity for stability class D (m/s) 
0.03 0.03 minimum turbulence (σw) velocity for stability class E (m/s) 

0.016 0.016 minimum turbulence (σw) velocity for stability class F (m/s) 
CDIV 0.0, 0.0 0.0, 0.0 divergence criteria for dw/dz in met cells  

NLUTIBL 4 4 search radius (number of cells) for nearest land and water cells used in the subgrid 
TIBL module 

WSCALM 0.5 0.5 minimum wind speed allowed for non-calm conditions (m/s) 
XMAXZI 3,000 3,000 maximum mixing height (m) 
XMINZI 50 50 minimum mixing height (m) 

TKCAT 

265., 270., 275., 
280., 285., 290., 
295., 300., 305., 

310., 315 

265., 270., 275., 280., 
285., 290., 295., 300., 

305., 310., 315 

Temperatures (K) used for defining upper bound of 
 categories for emissions scale-factors 

WSCAT 1.54 1.54 wind speed category 1 (m/s) 

WSCAT 

3.09 3.09 wind speed category 2 (m/s) 
5.14 5.14 wind speed category 3 (m/s) 
8.23 8.23 wind speed category 4 (m/s) 
10.8 10.8 wind speed category 5 (m/s) 

PLX0 

0.07 0.07 rural wind speed profile exponent for A stability 
0.07 0.07 rural wind speed profile exponent for B stability 
0.1 0.1 rural wind speed profile exponent for C stability 

0.15 0.15 rural wind speed profile exponent for D stability 
0.35 0.35 rural wind speed profile exponent for E stability 
0.55 0.55 rural wind speed profile exponent for F stability 

PTG0 
0.02 0.02 potential temperature gradient for E stability (K/m) 

0.035 0.035 potential temperature gradient for F stability (K/m) 

PPC 

0.5 0.5 plume path coefficient for A stability 
0.5 0.5 plume path coefficient for B stability 
0.5 0.5 plume path coefficient for C stability 
0.5 0.5 plume path coefficient for D stability 

0.35 0.35 plume path coefficient for E stability 
0.35 0.35 plume path coefficient for F stability 

SL2PF 10 10 slug-to-puff transition criterion factor equal to sigma y/length of slug 
NSPLIT 3 3 number of puffs that result every time a puff is split (not used since NSPLIT=0) 

IRESPLIT 
0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,1,0,0,0,

0,0,0 

0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,1,0,0,0,0,0,0 time(s) of day when split puffs are eligible to be split once again 

ZISPLIT 100 100 minimum allowable last hour's mixing height for puff splitting (m) 

ROLDMAX 0.25 0.25 maximum allowable ratio of last hour's mixing height and maximum mixing height 
experienced by the puff for puff splitting  

NSPLITH 5 5 number of puffs that result every time a puff is split  
SYSPLITH 1 1 minimum sigma-y (grid cells units) of puff before it may be split 

SHSPLITH 2 2 minimum puff elongation rate (SYSPLITH/hr) because of wind shear before it may be 
split 

CNSPLITH 1.0E–07 1.0E–07 minimum concentration (g/m3) of each species in puff before it may be split  
EPSSLUG 1.00E–04 1.00E–04 fractional convergence criterion for numerical SLUG sampling integration 
EPSAREA 1.00E–06 1.00E–06 fractional convergence criterion for numerical AREA source integration 
DSRISE 1 1 trajectory step-length (m) used for numerical rise integration 
HTMINBC 500. 500. minimum height (m) to which BC puffs are mixed as they are emitted 
RSAMPBC 10. 10. search radius (km) about a receptor for sampling nearest BC puff. 

MDEPBC 1 1 near-surface depletion adjustment to concentration profile adjust concentration for 
depletion 

Group 13 -Point 
Source Parameters  

NPT1 — Variable number of point sources  
IPTU 1 1 point source emission rates (g/s) 
NSPT1 0 Variable number of source-species combinations with variable emissions scaling factors 
NPT2 — 0 number of point sources with variable emission parameters provided in external file 

Group 14 - Area 
Source Parameters 

NAR1 — Variable number of polygon area sources 
IARU 1 1 area source emission rates (g/m2/s) 
NSAR1 0 Variable number of source-species combinations with variable emissions scaling factors 

NAR2 — 0 number of buoyant polygon area sources with variable location and emission 
parameters 

Group 15 - Line 
Source Parameters  

NLN2 — 0 number of buoyant line sources with variable location and emission parameters 
NLINES — 0 number of buoyant line sources 
ILNU 1 1 line source emission rates (g/s) 
NSLN1 0 0 number of source-species combinations with variable emissions scaling factors 
MXNSEG 7 7 maximum number of segments used to model each line 
NLRISE 6 6 number of distances at which transitional rise is computed 
XL — 0 average line source length (m) 
HBL — 0 average height of line source height (m) 
WBL — 0 average building width (m) 
WML — 0 average line source width (m) 
DXL — 0 average separation between buildings (m) 
FPRIMEL — 0 average buoyancy parameter  

Group 16 – Volume 
Source Parameters 

NVL1 — 0 number of volume sources 
IVLU 1 1 volume source emission rates (g/s) 
NSVL1 0 0 number of source-species combinations with variable emissions scaling factors 
NSVL2 — 0 number of volume sources with variable location and emission parameters 
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Table 2B.8: CALPUFF Model Input Options 
Input Group Parameter Default Project Description 

Group 17 – Flare 
Source parameters NFL2 0 0 Number of flare sources defined in FLEMARB.DAT 

Group 18 – Road 
Emissions 
parameters 

NRD1 — Variable Number of road-links with emission parameters provided in Subgroup 18b 
NRD2 — 0 Number of road-links with arbitrarily time-varying emission parameters 

NSFRDS 0 Variable Number of road links and species combinations with variable emission-rate scale-
factors 

Group 19 – Emission 
rate scale-factor 
tables 

NSFTAB 0 Variable Number of emission scale-factor tables 

Group 20 - Non-
Gridded Receptor 
Information 

NREC — 10452 number of non-gridded receptors 

NRGRP 0 0 number of receptor group names 

Notes: 
Highlighted cells indicate non-default and/or alternate model options specified in Appendix D of the AQMG (AEP 2013). 
° =- degree; σv = standard deviation of the horizontal crosswind component of the measured wind; σw = standard deviation of the vertical component of the measured wind; AQMG= Air Quality 
Modelling Guideline; cm2/s = centimetre squared per second; CTDM = Complex Terrain Dispersion Model; CTSG = Complex Terrain Algorithm for Sub-grid Scale Features; g/m2/s = gram per square 
metre per second; g/m3 = gram per cubic metre; g/s =gram per second; H2O2 = hydrogen peroxide; HNO3 = nitric acid; K/m = Kelvin per metre; km = kilometre; m= metre; m/s = metre per second; 
µg/m2/s = microgram per square metre per second; µg/m3 = microgram per cubic metre; µm = micrometre; NH3 =- ammonia; s/cm = second per centimetre; NOX = total oxides of nitrogen; ppb = parts 
per billion; SOA = secondary organic aerosols; SO2 = sulphur dioxide; TIBL= Thermal Internal Boundary Layers; VOC = volatile organic compounds; WBEA = Wood Buffalo Environmental Association. 
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Table 2B.9: Compound Specific CALPUFF Input Options 
Input Group Parameter Default Project Description 

Group 1 – General 
Run Control 
Parameters 

NSPEC 5 
6 Reactive Species model run (REA) 
2 Non- reactive SO2 and NOX model run (SN) 
6 Particulate matters model run (PMs) 

NSE 3 
3 REA model run 
2 SN model run 
6 PMs model run 

Group 2 – Technical 
Options MCHEM 1 

0 chemical transformation not modelled – used for SN and PMs 
model runs. 

3 transformation rates computed internally (RIVAD/ARM3 scheme) - 
used for REA model run 

Group 3 – Species List 

CSPEC — 
SO2, SO4, NO, NO2, HNO3, NO3- REA model run 

SO2, NOX  SN model run 
P1C, P2C, P3C, P1R, P2R, P3R PMs model run 

Emitted Species — 0 = No SO4, HNO3, NO3-; all other species are emitted (1 = Yes) 

Dry Deposition — 
0 = No SN model run species 

1 = Computed Gas SO2, NO, NO2, HNO3 
2 = Computed Particle SO4, NO3, PMs 

Group 7 - Chemical 
Parameters for Dry 
Deposition of Gases  

Diffusivity (cm2/s) 

0.1509 0.1509 diffusivity for SO2 
0.1345 0.1345 diffusivity for NO  
0.1656 0.1656 diffusivity for NO2  
0.1628 0.1628 diffusivity for HNO3  

alpha star 

1,000.00 1,000.00 alpha star for SO2 
1 1 alpha star for NO 
1 1 alpha star for NO2 
1 1 alpha star for HNO3 

reactivity 

8 8 reactivity for SO2 
2 2 reactivity for NO 
8 8 reactivity for NO2 

18 18 reactivity for HNO3 

mesophyll 
resistance 

0 0 mesophyll resistance for SO2 (s/cm) 
25 25 mesophyll resistance for NO (s/cm) 
5 5 mesophyll resistance for NO2 (s/cm) 
0 0 mesophyll resistance for HNO3 (s/cm) 

Henry’s Law 
coefficient 

0.04 0.04 Henry’s Law coefficient for SO2 
18 18 Henry’s Law coefficient for NO 
3.5 3.5 Henry’s Law coefficient for NO2 

0.00000008 0.00000008 Henry’s Law coefficient for HNO3 

Group 8 - Size 
Parameters for Dry 
Deposition of 
Particles 

geometric mass 
mean diameter 
(µm) 

0.48 

0.48 geometric mass mean diameter of SO4, NO3, P1C, P2C, P3C 
1.25 geometric mass mean diameter of P1R 

5 geometric mass mean diameter of P2R 
20 geometric mass mean diameter of P3R 

geometric standard 
deviation (µm) 

2 2 geometric standard deviation of SO4, NO3, P2C, P3C 
1.5 1.5 geometric standard deviation of P1C 
1.5 1.24 geometric standard deviation of P1R, P2R, P3R 

Group 10 – Wet 
Deposition 
Parameters 

scavenging 
coefficient for liquid 
precipitation 
(1/second [1/s]) 

0.00003 0.00003 liquid scavenging coefficient for SO2  
0.0001 0.0001 liquid scavenging coefficient for SO4

2-, NO3
-, P1C, P2C, P3C 

0.00006 0.00006 liquid scavenging coefficient for HNO3, P1R 
0.0001 0.00036 liquid scavenging coefficient for P2R 
0.0001 0.0006 liquid scavenging coefficient for P3R 

scavenging 
coefficient for 
frozen precipitation 
(1/s) 

0 0 frozen scavenging coefficient for SO2, HNO3 
0.00003 0.00003 frozen scavenging coefficient for SO4

2-, NO3-, P1C, P2C, P3C 
0.00003 0.0000213 frozen scavenging coefficient for P1R 
0.00003 0.00012 frozen scavenging coefficient for P2R 
0.00003 0.00022 frozen scavenging coefficient for P3R 

Notes: 
cm2/s = centimetre squared per second; HNO3 = nitric acid; NO = nitric oxide; NO2 = nitrogen dioxide; NO3 = nitrate; NOX = total oxides of nitrogen; µm = micron; RIVAD/ARM3 = Regional Impacts in 
Visibility and Acid Deposition/Acid Rain Mountain Mesoscale Model; s/cm = second per centimetre; SO2 = sulphur dioxide; SO4 = sulphate
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 Chemical Transformation 
The RIVAD/ARM3 (Regional Impacts in Visibility and Acid Deposition/Acid Rain Mountain Mesoscale 
Model) chemical transformation scheme in the CALPUFF model was selected to simulate the conversion 
of NO to NO2, NO2 to nitrate, and SO2 to sulphate. The RIVAD/ARM3 scheme enables CALPUFF to 
calculate aerial deposition rates of sulphur and nitrogen as well as the airborne concentrations of 
sulphates and nitrates. The RIVAD/ARM3 mechanism is the CALPUFF transformation scheme that is 
most applicable for non-urban areas such as the study area (Earth Tech, Inc. 2000). Descriptions of the 
RIVAD/ARM3 chemical transformation mechanisms are provided in various literature (Earth Tech, Inc. 
2000, Morris et. al. 1988; Syncrude 1999).  

 NOX to NO2 Conversion 
NOX is a by-product of fossil fuel combustion. When NOX is emitted from a combustion source, it is in the 
form of nitric oxide (NO) and NO2, with most of the NOX being emitted as NO. It is assumed that NOX 
from all combustion emission sources is emitting as 90% in the form of NO and 10% in the form of 
NO2 (BC MOE 2015). In the atmosphere, the highly unstable NO is quickly converted to NO2. The AQMG 
recommends five methods for determining the amount of NO2 formed from NOX. They are:  

● the total conversion method (TCM) 

● the plume volume molar ratio method (PVMRM) 

● the CALPUFF RIVAD/ARM3 chemical formulation 

● the ozone limiting method (OLM) 

● the ambient ratio method (ARM) 

In this assessment, the predicted NO2 concentrations were derived from model-predicted NOX 
concentrations using the OLM. The OLM assumes that the conversion of NO to NO2 in the atmosphere is 
limited by the ambient ozone (O3) concentration. If the O3 concentration is greater than 90% of the 
predicted NOX concentration, the method assumes all NOX is converted to NO2. Otherwise, the 
NO2 concentration in parts per million (ppm) is equal to the sum of the O3 and 10% of the predicted NOX 
concentration, as shown in the following equation: 

𝑁𝑁𝑁𝑁2 = 𝑁𝑁3 + 0.1 × 𝑁𝑁𝑁𝑁𝑋𝑋 

Rural hourly O3 concentrations from Appendix E of the AQMG (AEP 2013) are used in the OLM 
calculations. As per the AQMG, the NO2 predictions based on the total conversion method are also 
provided in this assessment for information purposes only. 

 Secondary Particulate Matter 
The air quality assessment considers PM2.5 predictions resulting from two categories of particulate 
matter (PM): primary and secondary PM. Primary PM are particulates directly emitted from an emission 
source (e.g., stack) to the atmosphere. Secondary PM are by-products of a series of chemical and 
physical reactions involving different precursor gases, such as SOX, NOX, and ammonia to form sulphate, 
nitrate, and ammonium PM. The secondary PM concentrations were determined in this assessment by 
first modelling SO2 and NOX emissions with the RIVAD/ARM3 chemical transformation scheme in 
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CALPUFF to estimate sulphate and nitrate formation. This method allows for the full amount of specified 
background ammonia to be available for sulphate and nitrate formation and results in an overestimation 
of nitrate formation (Escoffer-Czaja 2002).  

To refine the predicted secondary particulate matter formation, the Ammonia Limited Method (ALM) 
within the CALPUFF post-processor (POSTUTIL) was used. The ALM assumes that the ability of 
particulate NO3

- and SO4
2- to react with ambient ammonia (NH3

+) to form ammonium nitrate and 
ammonium sulphate is limited by the amount of NH3

+ that is available in the atmosphere for these 
reactions. The ALM calculation is based on a constant background ammonia concentration of 1.94 parts 
per billion (ppb) equivalent to 1.35 µg/m³. The background ammonia concentration was derived from 
passive monitoring data collected between 2008 and 2012 at various WBEA monitoring stations. The 
average of the available data from all stations was used to represent the background ammonia 
concentrations for modelling purposes. 

The conversion of nitrate and sulphate into ammonium nitrate and ammonium sulphate was completed 
using the multiplier summarized in Table 2B.10. The predicted PM2.5 concentrations presented in this air 
quality assessment are based on the sum of the primary PM and secondary PM (ammonium nitrate and 
ammonium sulphate) predictions. 

Table 2B.10: PM2.5 Multipliers for Nitrate and Sulphate 

Parameters Values 

Starting compounds NO3
- SO4

2- 

Molecular weight 62 94 

End product NH4NO3 (NH4)2SO4 

Molecular weight 80 132 

Multiplier(a) 1.291 1.376 

Notes: 
(a)  Multiplier is calculated based on the molecular weight of the starting compound over the molecular weight of the product. 
NH4NO3 = ammonium nitrate; (NH4)2SO4 = ammonium sulphate; NO3

- = nitrate; SO4
2- = sulphate. 

 Building Downwash 
Buildings or solid structures may affect the flow of air in the vicinity of a source and cause eddies to 
form on the downwind side of a building. According to the AQMG, the effects of local buildings should 
be considered when conducting a dispersion modelling assessment. The emissions sources associated 
with the IPA (i.e., mine fleet exhaust, road dust, storage, and handling emissions) are not emitted from 
stacks and the FHOSP stack sources on site are sufficiently far (i.e., greater than 3.5 km for major 
sources) from the FHOSP Approved Boundary that it is not likely that building downwash would 
influence ground level concentrations at the FHOSP Approved Boundary. Therefore, building downwash 
was not included in this assessment. 

 Dry and Wet Deposition 
Dry deposition, the transport of suspended particles or gaseous contaminants from the atmosphere 
onto surfaces in the absence of precipitation, would reduce the airborne concentration of the air 
pollutants and result in accumulation of contaminants on the surface. Dry deposition is affected by 
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several factors including the properties of the depositing materials (e.g., particle size, shape, and 
density; gas diffusivity, solubility, and reactivity), the characteristics of the surface (e.g., surface 
roughness, vegetation type, and physiological state) and atmospheric variables (e.g., stability and 
turbulence intensity). A full resistance model is provided in CALPUFF for the computation of dry 
deposition rates of gases and particulate matter as a function of geophysical parameters, meteorological 
conditions, and contaminants species. The resistance model was used in this assessment for dry 
deposition of both gaseous and particulate contaminants. The modelled deposition results are using in 
the evaluation of effects on soil in Section 5.2.3.3.2.3.  

Wet deposition occurs when atmospheric suspended particles or gases are dissolved in water droplets 
and deposited to the earth. Wet deposition of particles is impacted by several variables including the 
amount of precipitation, the concentration of particles in the air, solubility, and particle size. An 
empirical scavenging coefficient approach is used in CALPUFF to compute the depletion and wet 
deposition flux because of precipitation scavenging.  

2B.1.2.7.1. Dry and Wet Deposition for Gaseous Pollutants 

The full resistance model requires user input of the diffusivity, alpha star, reactivity, mesophyll 
resistance, and Henry’s law constant of the gaseous contaminants for dry deposition modelling. As listed 
in Table 2B.9, the CALPUFF default parameters were used for SO2, NO, NO2, and HNO3. The CALPUFF 
default scavenging coefficients for liquid precipitation and for frozen precipitation were also used for 
these gaseous air contaminants. No deposition was modelled for hydrocarbon compounds and reduced 
sulphur compounds for conservative predictions of the ambient concentrations of these contaminants 
without modelling the deposition depletion. 

2B.1.2.7.2. Dry and Wet Deposition for Particulates 

Both wet and dry deposition of particulate matters (PM2.5, PM10, and TSP) were simulated in the 
dispersion model. The resistance model of CALPUFF for dry deposition of particulates required user 
input of geometric mass mean diameter and geometric standard deviation of the mass diameter. The 
deposition mechanism for particulate matter is sensitive to its size distribution. The emissions of 
particulate matter are categorized with three overlapping size groups: PM2.5, PM10, and TSP. PM2.5 is a 
subset of both PM10 and TSP. PM10 is a subset of TSP. The combustion process usually produces 
particulate matters with mean aerodynamic diameter of 0.1 µm, while mechanical process, such as 
vehicle intrusion of dust, can produce particulate matters as large as 30 µm in aerodynamic diameter. To 
simulate the particulate matters based on their most representative size range, the approaches outlined 
in the British Columbia Air Quality Dispersion Modelling Guideline (BC MOE 2015) and Newfoundland 
Guideline for Plume Dispersion Modelling (Government of Newfoundland and Labrador 2012) were 
applied. The mechanical particulates (road dust and coke pile dust) were modelled as three size groups 
(P1R, P2R, and P3R) as listed in Table 2B.11. Although the computation particles were considered to 
behave like PM2.5, combustion particles were also modelled as three size groups (P1C, P2C, and P3C) 
with no emissions for the last two groups (P2C and P3C) to streamline the post processing.  
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Table 2B.11: Modelled Particulate Matter Groups 

PM Species Size Range [µm] 
Affiliation 

PM2.5 PM10 TSP 

P1C ≤ 2.5 X X X 

P2C > 2.5 and ≤ 10 — X X 

P3C >10 — — X 

P1R ≤ 2.5 X X X 

P2R > 2.5 and ≤ 10 — X X 

P3R >10 — — X 

Notes: 
X = size fraction included in PM species; — = size fraction not included in PM species; µm = microgram per cubic metre; ≤ = less 
than or equal to; > = greater than. 
 

The particulate matters concentrations were calculated at the post processing stage by adding 
concentrations of the relevant size groups, as shown in the following equations: 

𝑃𝑃𝑃𝑃2.5 = 𝑃𝑃1𝐶𝐶 + 𝑃𝑃1𝑅𝑅 

𝑃𝑃𝑃𝑃10 = 𝑃𝑃1𝐶𝐶 + 𝑃𝑃2𝐶𝐶 + 𝑃𝑃1𝑅𝑅 + 𝑃𝑃2𝑅𝑅 

𝑇𝑇𝑇𝑇𝑃𝑃 = 𝑃𝑃1𝐶𝐶 + 𝑃𝑃2𝐶𝐶 + 𝑃𝑃3𝐶𝐶 + 𝑃𝑃1𝑅𝑅 + 𝑃𝑃2𝑅𝑅 + 𝑃𝑃3𝑅𝑅 

The dry and wet parameters for CALPUFF model are listed in Table 2B.9 and summarized as: 

● CALPUFF default geometric mass mean diameter of 0.48 µm for PM2.5 was assigned to SO4, NO3, 
and combustion PM (P1C, P2C, and P3C). 

● Geometric mass mean diameter of 1.25 µm was assigned to mechanical particulate size group 
P1R following the Newfoundland guideline for plume dispersion modelling (Government of 
Newfoundland and Labrador 2012). 

● Geometric mass mean diameter of 5 µm was assigned to mechanical particulate size group P2R 
following the Newfoundland guideline for plume dispersion modelling (Government of 
Newfoundland and Labrador 2012). 

● Geometric mass mean diameter of 20 µm was assigned to mechanical particulate size group P3R 
following the Newfoundland guideline for plume dispersion modelling (Government of 
Newfoundland and Labrador 2012). 

● CALPUFF default geometric standard deviation of 2 µm for PM10 was assigned to SO4, NO3, P2C, 
P3C. 

● CALPUFF default geometric standard deviation of 1.5 µm for PM2.5 was assigned to combustion 
PM size group 1 (P1C). Geometric standard deviation of 1.24 µm was assigned to all mechanical 
PM size groups (P1R, P2R, and P3R) following the Newfoundland guideline for plume dispersion 
modelling (Government of Newfoundland and Labrador 2012). 
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● CALPUFF default scavenging coefficient for both liquid and frozen precipitation were used for 
SO2, SO4, HNO3, and NO3. 

● Combustion particulates (P1C, P2C, and P3C) are assumed to behave in the same way as SO4
2- 

and NO3
-; thus, they are assumed to have the same scavenging coefficients with SO42-and NO3

-. 

● The scavenging coefficients for liquid precipitation for mechanical PM (P1R, P2R, and P3R) were 
extracted from a plot showing wet scavenging rate coefficient as a function of particle size from 
the ISC3 users’ guide (U.S. EPA 1995).  

● The scavenging coefficient for liquid precipitation of 0.00006 s-1 was used for mechanical PM 
size group 1 (P1R). 

● The scavenging coefficient for liquid precipitation of 0.00036 s-1 was used for mechanical PM 
size group 2 (P2R). 

● The scavenging coefficient for liquid precipitation of 0.0006 s-1 was used for mechanical PM size 
group 3 (P3R). 

● The scavenging coefficients for frozen precipitation were assumed to be one third of the 
coefficients for liquid precipitation of each species (U.S. EPA 1995). 
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2C EXISTING AIR QUALITY SUMMARY 

2C.1. INTRODUCTION 
This appendix to the Fort Hills Oil Sands Project (FHOSP) Integrated Plan Amendment Application (IPA) 
Air Quality assessment discusses the existing air quality at the FHOSP site and in the study area using 
publicly available air quality monitoring data. The evaluation of historical and recent air quality data 
focuses on the compounds of interest (nitrogen dioxide [NO2], sulphur dioxide [SO2], particulate matter 
with a mean aerodynamic diameter less than 2.5 microns [PM2.5], and total suspended particulate [TSP]) 
for the IPA air quality assessment. The results presented in this summary provide the framework upon 
which air quality related environmental effects because of the changes associated with the IPA can be 
assessed. 

 Approach 
The objective of this existing air quality summary is to present an analysis of the existing air quality 
conditions within the study area. Analysis of the existing air quality data were completed as follows:  

● Identification of sources of historical and recent ambient air quality measurement data. 

● Comparison of air quality measurements with relevant regulatory criteria and guidelines. 

● Discussion on the state of existing air quality within the study area. 

 Data Source 
Continuous monitoring at an air monitoring station (AMS) typically refers to the rapid sampling 
(e.g., one measurement per second) of an air quality or meteorological parameter (e.g., concentration 
or wind speed) using an electronic instrument. The instrument analyzes the air sampled for the 
compounds of interest and stores averages of the samples (e.g., 1-hour) over a longer period (e.g., day, 
month, or year). Continuous monitoring activities conducted in the Athabasca Oil Sands Region (AOSR) 
are undertaken by the Wood Buffalo Environmental Association (WBEA). The WBEA currently operates 
community, industrial, meteorological and air quality continuous monitoring stations throughout the 
AOSR. Data collected throughout the WBEA network of monitoring stations are quality controlled and 
available online through direct download and annual reports on the WBEA website (WBEA 2021a). 

A list of the WBEA AMSs within the modelling domain over the last full 5-year period (2016 to 2020), 
along with the coordinates, station type, and period of operation, is provided in Table 2C.1. Some WBEA 
stations are outside of the study area and are not discussed herein. Figure 2C.1 shows the WBEA 
stations within the study area and those that lie outside the study area but within the modelling domain. 
A summary of the compounds of interest and parameters measured at each WBEA AMS within the study 
area over the last full 5-year period is provided in Table 2C.2. The compounds of interest for this air 
quality assessment include NO2, SO2, PM2.5, and TSP. There are no WBEA stations that monitor TSP.  
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Of the 19 stations within the modelling domain listed in Table 2C.1, 15 stations are within the study 
area. One station (Lower Camp [AMS 3]) is strictly a meteorological monitoring station. Of the remaining 
18 air monitoring stations, 16 were operational at the time of writing. AMS 16 at the Canadian Natural 
Upgrading Limited Muskeg River Mine was decommissioned in November of 2018 (WBEA 2019). AMS 15 
at the Canadian Natural Resources Limited Horizon Mine was decommissioned in September of 2020 
and replaced with the Ells River Station (AMS 30). Of the 16 active AMSs, 11 are classified as industry 
stations because their purpose is to measure air quality used to determine compliance with the 
applicable ambient air quality criterion at the fenceline of an industrial facility. The Waskōw ohci 
Pimâtisiwin station was deployed in 2017 to monitor SO2 and H2S for acute emergency events and is an 
emergency response station. The other four are classified as community stations. 

Data from all the WBEA stations within the study area are discussed in this appendix. Data were 
downloaded for the last 5-year period (2016 to 2020) from the WBEA database (WBEA 2021a). The 
continuous monitoring data presented in the following sections are based on 1-hour WBEA data. Data 
values for other averaging periods (e.g., 24-hour, monthly, annual) are derived from the 1-hour values. 
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Table 2C.1: List of Wood Buffalo Environmental Association Air Quality Continuous Monitoring 
Stations within the Modelling Domain 

Station Name Station ID Station Type 
Coordinates [m](a) Study 

Area Monitoring Period 
Easting Northing 

Bertha Ganter-Fort McKay AMS 1 Community 461292 6338657 IN Dec 1997 to Present 

Mildred Lake AMS 2 Industry 465795 6323069 IN Dec 1997 to Present 

Lower Camp AMS 3 Meteorological 469264 6321073 IN Dec 1997 to Present 

Buffalo Viewpoint AMS 4 Industry 463981 6317153 IN Dec 1997 to Present 

Mannix AMS 5 Industry 470697 6313920 IN Dec 1997 to Present 

Patricia McInnes AMS 6 Community 470869 6289809 OUT Dec 1997 to Present 

Athabasca Valley AMS 7 Community 476127 6287698 OUT Jan 1997 to Present 

Fort Chipewyan AMS 8 Community 489780 6507596 OUT Dec 1997 to Present 

Barge Landing AMS 9 Industry 463769 6339612 IN Oct 2000 to Present 

Lower Camp AMS 11 Industry 469264 6321073 IN Jul 2001 to Present 

Fort McKay South AMS 13 Industry 461119 6334165 IN Sep 2002 to Present 

Horizon(b) AMS 15 Industry 455437 6351437 IN Jan 2008 to Sep 2020 

Muskeg River(b) AMS 16 Industry 469313 6345230 IN Feb 2009 to Nov 2018 

Wapasu AMS 17 Industry 497673 6346240 IN Dec 2013 to Present 

Firebag AMS 19 Industry 506034 6343808 IN Jul 2014 to Present 

MacKay River AMS 20 Industry 435087 6295194 OUT Feb 2016 to Present 

Fort Hills AMS 23 Industry 461505 6356406 IN Jun 2017 to Present 

Waskōw ohci Pimâtisiwin AMS 25 Emergency 
Response 461348 6338013 IN Jul 2017 to Present 

Ells River AMS 30 Industry 456424 6344478 IN Sep 2020 to Present 

Notes: 
(a) Coordinates are in Universal Transverse Mercator (UTM) NAD83 Zone 12. 
(b) AMS no longer in service. 
AMS = air monitoring station. 
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Table 2C.2: Summary of Air Quality Parameters Measured at the Selected Wood Buffalo 
Environmental Association Continuous Air Quality Monitoring Stations in the Study Area 

Station ID Station Name SO2 NO/NO2/ 
NOX PM2.5 

AMS 1 Bertha Ganter-Fort McKay X X X 

AMS 2 Mildred Lake X — — 

AMS 3 Lower Camp(a) — — — 

AMS 4 Buffalo Viewpoint X X X 

AMS 5 Mannix X — — 

AMS 9 Barge Landing X X X 

AMS 11 Lower Camp X — — 

AMS 13 Fort McKay South X X X 

AMS 15 Horizon  X X X 

AMS 16 Muskeg River X X X 

AMS 17 Wapasu X X X 

AMS 19 Firebag X X — 

AMS 23 Fort Hills X X X 

AMS 25 Waskōw ohci Pimâtisiwin X — — 

AMS 30 Ells River X X X 

Notes: 
(a) AMS 3 only monitors meteorological parameters. 
Source: WBEA 2021b. 
X = the parameter is measured at the AMS; — = the parameter is not measured at the AMS; AMS = air monitoring station; 
NO = nitrogen oxide; NO2 = nitrogen dioxide; NOX = nitrogen oxides; PM2.5 = particulate matter with a mean aerodynamic 
diameter less than 2.5 microns; SO2 = sulphur dioxide. 

Ambient air quality monitoring data were often measured in units of parts per billion (ppb). To convert 
units to micrograms per cubic metre (µg/m3), as often required for ambient air quality criteria 
comparison, the following formula is applied: 

µg
m3 = 𝑝𝑝𝑝𝑝𝑝𝑝 × 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐶𝐶𝐶𝐶 × 𝑀𝑀𝑀𝑀 (AEP 2013) 

Where: 

● Conversion Factor = 40.8862 (standard conditions, 25°C, 101.325 kPa) (AEP 2013). 

● MW = Molecular weight of measured compound that is being converted. 

 Applicable Ambient Air Quality Criteria 
A range of effects may result from air emissions introduced into the atmosphere by industrial activities. 
The emissions can have direct and indirect effects on humans, animals, vegetation, soil, and water. For 
these reasons, environmental regulatory agencies have established maximum ambient air concentration 
objectives, standards, and guidelines. The ambient air quality criteria and air quality triggers used to 
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assess and manage air quality in the study area and considered as constraints or limiting factors for the 
local or regional air quality are discussed in this section. They include: 

● Alberta Ambient Air Quality Objectives (AAAQO) and Guidelines (AAAQG) (AEP 2019) 

● Canadian Ambient Air Quality Standards (CAAQS) (AEP 2021; CCME 2012, 2021a, b) 

● Alberta Air Zone Management Levels and Thresholds (AEP 2021) 

● Lower Athabasca Regional Plan (LARP) Ambient Air Quality Triggers and Limits (Government of 
Alberta 2012a, b) 

2C.1.1.2.1. Alberta Ambient Air Quality Objectives 

Alberta Environment and Parks (AEP) has developed air quality objectives and guidelines to be used for 
comparison with actual air quality measurements for the province of Alberta. The AAAQOs and AAAQGs 
(AEP 2019) are based on an evaluation of scientific, social, technical, and economic factors. The intent of 
the AAAQOs is to provide protection of the environment and human health to an extent that is 
technically and economically feasible, as well as socially and politically acceptable (AEP 2019). The 
AAAQGs are developed for airshed management and planning, as a general performance indicator and 
to address local concerns. The AAAQOs and AAAQGs relevant to the IPA are presented in Table 2C.3. 

Table 2C.3: Alberta Ambient Air Quality Objectives and Guidelines Relevant to the Integrated Plan 
Amendment 

Compound Averaging Period 
Concentration [µg/m3] 

AAAQO AAAQG 

Criteria Air Contaminants    

NO2 
1-hour 300 – 

Annual 45 – 

SO2 

1-hour 450 – 

24-hour 125 – 

Monthly 30 – 

Annual 25 – 

PM2.5 
1-hour – 80 

24-hour 29 – 

TSP 
24-hour 100 – 

Annual 60(a) – 

Notes: 
(a) Based on annual geometric mean. 
Source: AEP 2019. 
– = no data; µg/m3 = micrograms per cubic metre; AAAQG = Alberta Ambient Air Quality Guidelines; AAAQO = Alberta Ambient 
Air Quality Objectives; NO2 = nitrogen dioxide; PM2.5 = particulate matter with a mean aerodynamic diameter less than 2.5 
microns; SO2 = sulphur dioxide; TSP = total suspended particulates.  
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2C.1.1.2.2. Canadian Ambient Air Quality Standards 

The Canadian Council of Ministers of the Environment (CCME) and the Canadian provinces and 
territories (except Quebec) agreed to implement a national Air Quality Management System (AQMS) in 
2012 (CCME 2012). This framework has resulted in the development of the CAAQSs for NO2, SO2, and 
PM2.5. There are two phase-in dates for the achievement of CAAQSs. For PM2.5, they were 2015 and 
2020 (CCME 2012). For NO2 and SO2, they are 2020 and 2025 (CCME 2021a, 2021b). A summary of the 
CAAQSs is presented in Table 2C.4. 

Table 2C.4: Canadian Ambient Air Quality Standard Summary 

Compound Averaging 
Period 

Concentration 
Unit Statistic Form 

2015 2020 2025 

NO2 

1-hour 
– 60 42 ppb The 3-year average of the annual 98th percentile of 

the daily maximum 1-hour average concentrations – 113 79 µg/m3 

Annual 
– 17 12 ppb The average over a single calendar year of all 1-hour 

average concentrations – 32 22.6 µg/m3 

SO2 

1-hour 
– 70 65 ppb The 3-year average of the annual 99th percentile of 

the daily maximum 1-hour average concentrations – 183 170 µg/m3 

Annual 
– 5 4 ppb The average over a single calendar year of all 1-hour 

average concentrations – 13 10.5 µg/m3 

PM2.5 
24-hour 28 27 – µg/m3 The 3-year average of the annual 98th percentile of 

the daily 24-hour average concentrations 

Annual 10 8.8 – µg/m3 The 3-year average of the annual average of all 1-
hour concentrations 

Notes: 
– = no data; µg/m3 = micrograms per cubic metre; NO2 = nitrogen dioxide; ppb = parts per billion; PM2.5 = particulate matter 
with a mean aerodynamic diameter less than 2.5 microns; SO2 = sulphur dioxide.  

2C.1.1.2.3. Alberta Air Zone Management Level and Thresholds 

An Air Zone Management Framework (AZMF) was developed under the national AQMS to provide a 
framework for achieving the CAAQSs and implementing the national AQMS in Alberta (AEP 2015). The 
AZMF uses four management levels that provide actions to be taken based on the level an air zone is in. 
The management levels are determined based on concentration thresholds. The AZMF Management 
Levels are summarized in Table 2C.5. The thresholds for each management level are summarized in 
Table 2C.6. 
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Table 2C.5: Alberta Air Zone Management Levels and Objectives 

Management Level Air Quality Objective 

Green To maintain good air quality through proactive air management measures to keep clean areas clean 

Yellow To improve air quality using early and ongoing actions for continuous improvement 

Orange To improve air quality through active air management and prevent exceedance of the CAAQS 

Red To reduce contaminant levels below the CAAQS through advanced air management actions 

Notes: 
Source: AEP 2021. 
CAAQS = Canadian Ambient Air Quality Standards. 

 

Table 2C.6: Alberta Air Zone Management Level Thresholds 
Air Quality 

Management 
Level 

Unit 
1-hour NO2 Annual NO2 1-hour SO2 Annual SO2 24-hour PM2.5 Annual PM2.5 

2020 2025 2020 2025 2020 2025 2020 2025 2015 2020 2015 2020 

Red 
ppb >60 >42 >17.0 >12.0 >70 >65 >5.0 >4.0 n/a n/a n/a n/a 

µg/m3 >112.9 >79 >32 >22.6 >183 >170 >13 >10.5 >28 >27 >10.0 >8.8 

Orange 
ppb >31 and ≤60 >31 and ≤42 >7.0 and ≤17 >7.0 and ≤12 >50 and ≤70 >50 and ≤65 >30 and 

≤5.0 
>3.0 and 

≤4.0 n/a n/a n/a n/a 

µg/m3 >58.3 and ≤ 
112.9 

>58.3 and 
≤79 

>13.2 and 
≤32 

>13.2 and 
≤22.6 

>131 and 
≤183 

>131 and 
≤170 

>8 and 
≤13 

>8 and 
≤10.5 

>19 and 
≤28 

>19 and 
≤27 

>6.4 and 
≤10.0 

>6.4 and 
≤8.8 

Yellow 
ppb >20 and ≤31 >2.0 and ≤7.0 >30 and ≤50 >2.0 and ≤3.0 n/a n/a 

µg/m3 >37.6 and ≤58.3 >3.8 and ≤13.2 >79 and ≤ 131 >5 and ≤8 >10 and ≤19 >4.0 and ≤6.4 

Green 
ppb ≤20 ≤2.0 ≤30 ≤2.0 n/a n/a 

µg/m3 ≤37.6 ≤3.8 ≤79 ≤5 ≤10 ≤4.0 

Notes: 
> = greater than; ≤ = less than or equal to; µg/m3 = micrograms per cubic metre; n/a = not applicable; NO2 = nitrogen dioxide; PM2.5 = particulate matter with a mean 
aerodynamic diameter less than 2.5 microns; ppb = parts per billion; SO2 = sulphur dioxide. 
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Beginning in 2015, AEP published Alberta’s air zone report annually to summarize how air quality levels 
in each air zone in Alberta compared to the CAAQS over a 3-year reporting period (Brown 2019). The 
latest annual report was published in September 2021 and summarized the compliance status of each 
air zone with the CAAQS for PM2.5 and O3 for the reporting period of 2016-2018. Only ambient air quality 
monitoring stations selected by AEP were used to determine overall air quality for each air zone. The 
FHOSP and the study area both fall within the Lower Athabasca Air Zone as shown in Figure 2C.2. The 
stations selected by AEP to represent the Lower Athabasca Air Zone are also presented in Figure 2C.2. 
AEP has developed criterion to determine which monitoring stations will not be used for the CAAQS 
reporting (Brown 2021), which are: 

● sites within areas of industrial activity 

● sites that are very near industrial activities, except those used or assessed by members of the 
public or near population centres 

● special study sites 

Data associated with transboundary flows and exceptional events were removed before AEP started the 
calculations used to determine compliance with the CAAQS. The comparison with the CAAQS conducted 
in this existing air quality summary, except for statements directly referenced from the official AEP 
annual air zone reports, are not considered the official CAAQS compliance status because the 
monitoring data used in the analysis of this existing air quality summary did not remove the data 
associated with transboundary flows and exceptional events. 

 

Figure 2C.2: Alberta’s Six Air Zone Boundaries and Reporting Stations within each Air Zone 
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2C.1.1.2.4. Lower Athabasca Regional Plan Ambient Air Quality Triggers and Limits 

The LARP is a cumulative effects management plan developed by the Government of Alberta for north-
eastern Alberta which extends from south of Cold Lake to the northern Alberta border. The purpose of 
the plan is to manage cumulative effects for air, land, water, and biodiversity at the regional level. 

The Air Quality Management Framework (AQMF) is one of five frameworks developed under the LARP. 
Ambient air quality triggers and limits for SO2 and NO2 were developed because these are the two 
substances of potential concern in the region. The LARP ambient air quality limits are identical to the 
AAAQOs. The air quality triggers for Level 2 and Level 3 are 1/3 and 2/3 of the AAAQOs. The LARP 
ambient air quality triggers are set lower than the limits so that there is sufficient time to plan and react 
to manage air quality to avoid reaching the limits. The four management levels under the framework are 
(Government of Alberta 2012a, b): 

● Level 1 – Ambient air quality is well below air quality limits. The management intent is to apply 
standard regulatory and non-regulatory approaches. 

● Level 2 – Ambient air quality is below air quality limits but above the Level 2 trigger level 
(i.e., 1/3 of the AAAQO). The management intent is to improve knowledge and understanding, 
and plan. 

● Level 3 – Ambient air quality is below but approaching air quality limits and above the Level 3 
trigger (i.e., 2/3 of the AAAQO). The management intent is to proactively maintain air quality 
below limits. 

● Level 4 – Ambient air quality is above the air quality limits (i.e., AAAQO). The management 
intent is to improve air quality to below limits. 

The LARP triggers and limits are meant for management purposes only, and they are based on 
monitoring data, not air dispersion model predictions. The LARP ambient air quality triggers and limits 
for SO2 and NO2 are presented in Table 2C.7. 

Table 2C.7: Lower Athabasca Regional Plan Ambient Air Quality Triggers and Limits 

Description NO2 SO2 

Annual Concentration   

Limit  45 µg/m3 (24 ppb) 20 µg/m3 (8 ppb) 

Trigger for Level 3 30 µg/m3 (16 ppb) 13 µg/m3 (5 ppb) 

Trigger for Level 2 15 µg/m3 (8 ppb) 8 µg/m3 (3 ppb) 

99th Percentile Hour Concentration   

Trigger for Level 4 176 µg/m3 (92 ppb) 94 µg/m3 (36 ppb) 

Trigger for Level 3 118 µg/m3 (62 ppb) 63 µg/m3 (24 ppb) 

Trigger for Level 2 57 µg/m3 (30 ppb) 31 µg/m3 (12 ppb) 

Notes: 
µg/m3 = micrograms per cubic metre; NO2 = nitrogen dioxide; ppb = parts per billion; SO2 = sulphur dioxide. 
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 Existing Air Quality Summary 

 Nitrogen Dioxide (NO2) Concentrations 
Nitrogen dioxide can be directly released to the air, but more often it is produced by the conversion of 
nitric oxide (NO) released from combustion processes. Together, NO2 and NO are typically referred as 
nitrogen oxides (NOX). The primary anthropogenic sources of NOX emissions in the study area are fossil 
fuel combustion associated with the oil sands developments. Traffic and space heating are also large 
sources of NOX emissions at the communities. Nitrogen dioxide can cause short-term health effects in 
humans and contributes to smog, acid rain, and secondary particulate formation. There are criteria 
(i.e., AAAQO, CAAAQS) and management targets (i.e., LARP triggers) in place for 1-hour, 24-hour, and 
annual NO2. Each criterion and management target uses a different method of evaluating the data 
(e.g., maximum value, 99th percentile value). The monitoring data were compared using the appropriate 
method. 

The key statistics of the NO2 data measured at the selected stations between 2016 and 2020 are 
presented in Table 2C.8. The exceedances of the 1-hour AAAQO during this period are summarized in 
Table 2C.9. The LARP management level status for hourly and annual NO2 are presented in  
Table 2C.10 and Table 2C.11, respectively. 

A summary of the NO2 monitoring data is: 

● There was no exceedance of the 1-hour or annual AAAQO at Fort Hills (AMS 23) between 2017 
and 2020. 

● Only one station (Muskeg River AMS 16) has exceedance of 1-hour AAAQO. No station has 
exceedance of annual AAAQO (Table 2C-9). 

● Hourly NO2 concentrations were in LARP Management Level 1 or 2 (Table 2C.10). Three of 
the stations (AMS 17, AMS 19 and AMS 30) were in LARP Management Level 1 for all years of 
monitoring in the 2016 to 2020 period. There were no stations in LARP Management Level 3 or 
4. 

● Annual NO2 concentrations were in LARP Management Level 1 at most stations (Table 2C.11). 
Only four industry stations, Barge Landing (AMS 9), Horizon (AMS 15), Muskeg River (AMS 16) 
and Fort Hills (AMS 23), were in LARP Management Level 2 for at least one year within the 
period. All stations were in LARP Management Level 1 in 2020, except Horizon (AMS 15), which 
was in LARP Management Level 2. There were no stations in LARP Management Level 3 or 4. 

● No official compliance status information has been provided in AEP’s annual Alberta air zone 
reports because the CAAQS for NO2 came into effect in 2020 and the official report has not yet 
been released. 

● Based on the analysis conducted in this existing air quality summary, hourly NO2 concentrations 
were compliant with the 2020 1-hour CAAQS at all stations. Annual NO2 concentrations were 
compliant with the annual CAAQS at all stations. 
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Table 2C.8: Continuous Monitoring Nitrogen Dioxide Concentrations 

Station ID Station Name Station Type 
Year 

2016 2017 2018 2019 2020 
Maximum 1-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 122.6 121.9 170.8 126.3 
AMS 1 Bertha Ganter-Fort McKay Community 90.7 273.9 86.1 100.9 80.8 
AMS 4 Buffalo Viewpoint Industry – 85.2 100.4 85.4 81.6 
AMS 9 Barge Landing Industry – – 78.5 137.3 102.7 

AMS 13 Fort McKay South Industry 82.8 77.3 91.8 100.4 75.9 
AMS 15 Horizon Industry 83.7 85.0 142.0 195.6 164.6 
AMS 16 Muskeg River Industry 124.0 120.6 441.7 – – 
AMS 17 Wapasu Industry 66.4 62.8 52.1 64.7 62.8 
AMS 19 Firebag Industry 72.0 101.9 137.9 121.9 81.3 
AMS 30 Ells River Industry – – – – 67.1 

Applicable Criteria 300 (AAAQO) 
99th Percentile 1-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 75.7 79.2 83.0 72.7 
AMS 1 Bertha Ganter-Fort McKay Community 52.7 62.3 62.8 65.5 59.0 
AMS 4 Buffalo Viewpoint Industry – 60.1 55.5 62.4 57.7 
AMS 9 Barge Landing Industry – – 68.4 81.3 66.6 

AMS 13 Fort McKay South Industry 49.3 58.1 60.9 60.0 53.5 
AMS 15 Horizon Industry 57.2 58.7 68.0 76.6 76.9 
AMS 16 Muskeg River Industry 67.9 72.2 76.7 – – 
AMS 17 Wapasu Industry 30.8 32.2 32.7 33.3 31.4 
AMS 19 Firebag Industry 34.2 37.3 37.1 53.4 43.6 
AMS 30 Ells River Industry – – – – 56.1 

Applicable Criteria 176, 118, 57 (LARP Triggers) 
90th Percentile 1-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 41.4 47.2 50.4 43.2 
AMS 1 Bertha Ganter-Fort McKay Community 32.9 38.0 37.4 39.3 36.6 
AMS 4 Buffalo Viewpoint Industry – 31.2 27.8 26.1 24.7 
AMS 9 Barge Landing Industry – – 51.8 47.4 40.2 

AMS 13 Fort McKay South Industry 29.2 34.4 35.6 34.8 32.8 
AMS 15 Horizon Industry 28.8 29.0 35.0 43.6 44.1 
AMS 16 Muskeg River Industry 40.3 44.4 41.2 – – 
AMS 17 Wapasu Industry 12.4 14.5 14.9 13.4 13.5 
AMS 19 Firebag Industry 13.4 14.7 14.1 15.8 15.2 
AMS 30 Ells River Industry – – – – 35.1 

Applicable Criteria n/a 
Maximum 24-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 61.8 79.3 73.1 73.5 
AMS 1 Bertha Ganter-Fort McKay Community 46.2 49.2 58.0 55.7 57.9 
AMS 4 Buffalo Viewpoint Industry – 47.3 49.7 58.6 48.7 
AMS 9 Barge Landing Industry – – 49.3 79.0 56.3 

AMS 13 Fort McKay South Industry 45.5 49.6 54.4 50.0 55.5 
AMS 15 Horizon Industry 49.2 39.0 47.7 82.1 69.3 
AMS 16 Muskeg River Industry 62.1 56.6 259.4 – – 
AMS 17 Wapasu Industry 26.1 28.6 23.7 23.5 27.6 
AMS 19 Firebag Industry 28.7 35.3 36.5 45.5 27.5 
AMS 30 Ells River Industry – – – – 42.9 

Applicable Criteria n/a 
Annual Average Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 14.5 17.3 18.2 15.2 
AMS 1 Bertha Ganter-Fort McKay Community 12.7 13.5 14.2 15.6 13.7 
AMS 4 Buffalo Viewpoint Industry – 11.7 10.3 10.3 9.0 
AMS 9 Barge Landing Industry – – 28.5 19.2 15.5 

AMS 13 Fort McKay South Industry 11.1 12.4 13.7 13.8 12.2 
AMS 15 Horizon Industry 10.4 9.8 12.7 17.4 16.7 
AMS 16 Muskeg River Industry 17.1 18.8 18.7 – – 
AMS 17 Wapasu Industry 4.3 5.1 5.7 4.9 5.0 
AMS 19 Firebag Industry 5.3 5.9 5.7 6.6 6.0 
AMS 30 Ells River Industry – – – – 10.8 

Applicable Criteria 45 (AAAQO), 32.0 (2020 CAAQS), 22.6 (2025 CAAQS), 45, 30, 15 (LARP Triggers) 
3-year Average of Annual 98th Percentile Daily Maximum 1-hour Concentration (µg/m3) 

AMS 23 Fort Hills Industry – – – 101.9 94.9 
AMS 1 Bertha Ganter-Fort McKay Community 66.8 67.6 69.5 76.0 73.6 
AMS 4 Buffalo Viewpoint Industry – – – 71.0 71.8 
AMS 9 Barge Landing Industry – – – – 84.2 

AMS 13 Fort McKay South Industry 64.4 63.1 66.9 72.2 70.6 
AMS 15 Horizon Industry 78.8 75.3 78.1 85.3 95.3 
AMS 16 Muskeg River Industry 84.8 83.4 87.0 – – 
AMS 17 Wapasu Industry 48.2 46.4 45.3 46.5 46.5 
AMS 19 Firebag Industry 62.5 60.9 61.2 68.6 71.9 
AMS 30 Ells River Industry – – – – – 

Applicable Criteria 112.9 (2020 CAAQS), 79.0 (2025 CAAQS) 
Notes: 
– = no data; n/a = not applicable; µg/m3 = micrograms per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; AMS = air monitoring station; CAAQS = Canadian 
Ambient Air Quality Objective; LARP = Lower Athabasca Regional Plan. 
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Table 2C.9: Exceedance Summary of 1-hour Alberta Ambient Air Quality Objective for Nitrogen Dioxide 

Station 
ID Station Name Station Type 

Year 

2016 2017 2018 2019 2020 

AMS 23 Fort Hills Industry – 0 0 0 0 

AMS 1 Bertha Ganter-Fort McKay Community 0 0 0 0 0 

AMS 4 Buffalo Viewpoint Industry – 0 0 0 0 

AMS 9 Barge Landing Industry – – 0 0 0 

AMS 13 Fort McKay South Industry 0 0 0 0 0 

AMS 15 Horizon Industry 0 0 0 0 0 

AMS 16 Muskeg River Industry 0 0 9 – – 

AMS 17 Wapasu Industry 0 0 0 0 0 

AMS 19 Firebag Industry 0 0 0 0 0 

AMS 30 Ells River Industry – – – – 0 

  Total 0 0 9 0 0 
Notes: 
– = no data.; AMS = air monitoring station. 
 

Table 2C.10: Lower Athabasca Regional Plan Management Level Status for Hourly Nitrogen Dioxide 

Station 
ID Station Name Station Type 

Year 

2016 2017 2018 2019 2020 

99th Percentile 1-hour Concentration (ppb)      

AMS 23 Fort Hills Industry – 40 42 44 39 

AMS 1 Bertha Ganter-Fort McKay Community 28 33 33 35 31 

AMS 4 Buffalo Viewpoint Industry – 27 30 33 31 

AMS 9 Barge Landing Industry – – 36 43 35 

AMS 13 Fort McKay South Industry 26 31 32 32 28 

AMS 15 Horizon Industry 30 31 36 41 41 

AMS 16 Muskeg River Industry 36 38 39 – – 

AMS 17 Wapasu Industry 16 17 17 18 17 

AMS 19 Firebag Industry 18 20 20 28 23 

AMS 30 Ells River Industry – – – – 30 
Notes: 

 
Source: WBEA 2021b. 
– = no data; ppb = parts per billion; AMS = Air Monitoring Station. 
  

Level 4
Level 3
Level 2
Level 1
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Table 2C.11: Lower Athabasca Regional Plan Management Level Status for Annual Nitrogen Dioxide 

Station 
ID Station Name Station Type 

Year 

2016 2017 2018 2019 2020 

Annual Concentration (ppb)      

AMS 23 Fort Hills Industry – 8 9 10 8 

AMS 1 Bertha Ganter-Fort McKay Community 7 7 8 8 7 

AMS 4 Buffalo Viewpoint Industry – 5 5 5 5 

AMS 9 Barge Landing Industry – – 15 10 8 

AMS 13 Fort McKay South Industry 6 7 7 7 6 

AMS 15 Horizon Industry 6 5 7 9 9 

AMS 16 Muskeg River Industry 9 10 9 –  

AMS 17 Wapasu Industry 3 3 3 3 2 

AMS 19 Firebag Industry 3 3 3 4 3 

AMS 30 Ells River Industry – – – – 6 
Notes: 

 
Source: WBEA 2021b. 
– = no data; ppb = parts per billion; AMS = Air Monitoring Station.  

 Sulphur Dioxide (SO2) Concentrations 
Sulphur dioxide emissions in the study area are primarily from sulphur recovery and upgrading 
operations at oil sands developments. Sulphur dioxide is a colourless gas with a weak odour. It can cause 
both short-term and long-term health effects on both humans and vegetation. Ambient SO2 is also a 
major factor in the formation of acid rain and secondary particulate matter. There are regulatory criteria 
(i.e., AAAQO, CAAQS) and management targets (i.e., LARP triggers) in place for 1-hour, 24-hour, 
monthly, and annual SO2 concentrations. Each criterion and target use a different method of evaluating 
the data (e.g., maximum value, 99th percentile value). The monitoring data were compared to the 
applicable criterion and target using the appropriate method. 

The key statistics of the SO2 measurements at the selected stations between 2016 and 2020 are 
summarized in Table 2C.12. The exceedances of the AAAQOs at the individual stations are summarized 
in Table 2C.13. A comparison of the hourly and annual measurements to the LARP triggers and limits is 
provided in Table 2C.14 and Table 2C.15, respectively. 

  

Level 4
Level 3
Level 2
Level 1



  
Fort Hills Oils Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 

 

15 | Page 

A summary of the SO2 monitoring data is: 

● The SO2 concentrations at Fort Hills (AMS 23) are well below all the AAAQOs for SO2. 

● There was a total of five exceedances of the 1-hour AAAQO between 2016 and 2020  
(Table 2C.13). These exceedances were recorded at Mannix (AMS 5), Horizon (AMS 15), and 
Mildred Lake (AMS 2), all industrial stations for the three upgraders in the study area. There 
were no exceedances of 24-hour, 30-day, or annual AAAQO at any station. 

● Hourly SO2 concentrations were in LARP Management Level 1 or 2 at most stations 
(Table 2C.14). Only three industry stations, Mildred Lake (AMS 2), Mannix (AMS 5), and Lower 
Camp (AMS 11), were in LARP Management Level 3. Lower Camp (AMS 11) was in LARP 
Management Level 4 in 2016 and 2017. Similarly, Mannix (AMS 5) reached LARP Management 
Level 4 in 2020.  

● Annual SO2 concentrations were in LARP Management Level 1 for all years at all stations  
(Table 2C.15). 

● No official compliance status information has been provided in AEP’s annual Alberta air zone 
reports because the CAAQS for SO2 came into effect in 2020 and the official status report has 
not yet been released.  

● Based on a preliminary analysis conducted in this existing air quality summary, hourly 
SO2 concentrations were compliant with the 1-hour CAAQS (Table 2C.12), except at three 
stations: Mildred Lake (AMS 2), Mannix (AMS 5), and Lower Camp (AMS 11). These are all 
industry stations near the “fenceline” of oil sands developments, rather than community 
stations. Annual SO2 concentrations were compliant with the annual CAAQS at all stations. 
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Table 2C.12: Continuous Monitoring Sulphur Dioxide Concentrations 

Station ID Station Name Station Type 
Year 

2016 2017 2018 2019 2020 

Maximum 1-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 48.5 90.0 114.3 107.6 

AMS 1 Bertha Ganter-Fort McKay Community 204.5 227.7 112.0 239.7 286.7 

AMS 2 Mildred Lake Industry 293.3 339.3 1,107.3 174.7 244.6 

AMS 4 Buffalo Viewpoint Industry 295.2 401.3 263.2 159.6 357.2 

AMS 5 Mannix Industry 484.8 322.0 287.0 214.5 453.2 

AMS 9 Barge Landing Industry – – 27.6 120.0 188.6 

AMS 11 Lower Camp Industry 388.3 380.8 325.7 323.7 275.8 

AMS 13 Fort McKay South Industry 227.9 173.9 127.5 112.2 376.2 

AMS 15 Horizon Industry 133.1 1,343.4 135.5 78.7 138.5 

AMS 16 Muskeg River Industry 117.5 128.9 101.7 – – 

AMS 17 Wapasu Industry 158.6 115.8 94.8 65.4 156.1 

AMS 19 Firebag Industry 216.0 277.1 275.3 87.0 140.6 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 96.0 101.9 199.9 255.9 

AMS 30 Ells River Industry – – – – 71.4 

Applicable Criteria 450 (AAAQO) 

99th Percentile 1-hour Concentrations (µg/m3)      

AMS 23 Fort Hills Industry – 18.9 20.0 19.4 24.3 

AMS 1 Bertha Ganter-Fort McKay Community 39.1 43.0 30.9 28.7 39.3 

AMS 2 Mildred Lake Industry 75.6 71.6 57.3 38.2 86.5 

AMS 4 Buffalo Viewpoint Industry 37.9 36.5 37.0 27.4 50.5 

AMS 5 Mannix Industry 95.0 90.4 61.8 59.4 103.0 

AMS 9 Barge Landing Industry – – 19.6 19.4 36.6 

AMS 11 Lower Camp Industry 113.2 108.9 79.5 69.1 83.9 

AMS 13 Fort McKay South Industry 40.2 42.9 26.9 26.3 39.7 

AMS 15 Horizon Industry 31.2 32.0 24.5 20.1 29.5 

AMS 16 Muskeg River Industry 40.4 34.7 37.8 – – 

AMS 17 Wapasu Industry 31.5 34.4 29.3 24.5 32.7 

AMS 19 Firebag Industry 30.2 37.8 27.9 22.2 31.2 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 23.6 25.8 23.6 36.3 

AMS 30 Ells River Industry – – – – 23.4 

Applicable Criteria 94, 63, 31 (LARP Triggers) 

90th Percentile 1-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 3.0 3.1 3.8 4.4 

AMS 1 Bertha Ganter-Fort McKay Community 5.0 6.1 4.3 4.7 4.8 

AMS 2 Mildred Lake Industry 18.8 16.4 9.6 7.7 14.2 

AMS 4 Buffalo Viewpoint Industry 3.3 3.7 2.9 3.5 4.6 

AMS 5 Mannix Industry 18.0 13.4 8.4 9.1 14.0 

AMS 9 Barge Landing Industry – – 3.2 3.2 4.1 

AMS 11 Lower Camp Industry 17.9 16.0 12.6 12.4 18.7 

AMS 13 Fort McKay South Industry 4.0 5.3 3.6 4.3 4.1 

AMS 15 Horizon Industry 3.4 4.6 3.7 4.1 5.4 

AMS 16 Muskeg River Industry 6.4 5.9 3.9 – – 

AMS 17 Wapasu Industry 5.2 8.1 6.2 4.4 7.6 

AMS 19 Firebag Industry 6.3 7.9 5.9 4.6 7.7 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 3.6 3.4 4.1 4.4 

AMS 30 Ells River Industry – – – – 2.7 

Applicable Criteria n/a 

Maximum 24-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 9.3 19.6 22.9 17.9 

AMS 1 Bertha Ganter-Fort McKay Community 21.5 28.2 26.1 33.8 43.8 

AMS 2 Mildred Lake Industry 57.6 75.6 83.8 35.4 66.8 

AMS 4 Buffalo Viewpoint Industry 28.8 43.4 55.0 23.6 84.3 

AMS 5 Mannix Industry 114.4 85.8 51.6 54.1 121.5 

AMS 9 Barge Landing Industry – – 12.9 17.5 42.2 

AMS 11 Lower Camp Industry 65.8 72.5 70.5 42.9 69.2 

AMS 13 Fort McKay South Industry 26.2 29.3 21.8 18.1 36.0 
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Table 2C.12: Continuous Monitoring Sulphur Dioxide Concentrations 

Station ID Station Name Station Type 
Year 

2016 2017 2018 2019 2020 

AMS 15 Horizon Industry 22.6 100.0 23.2 16.2 21.1 

AMS 16 Muskeg River Industry 39.2 32.4 21.0 – – 

AMS 17 Wapasu Industry 20.4 39.9 18.6 15.8 17.1 

AMS 19 Firebag Industry 23.0 59.4 21.9 16.0 30.1 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 11.4 21.6 28.4 36.5 

AMS 30 Ells River Industry – – – – 9.7 

Applicable Criteria 125 (AAAQO) 

Maximum Monthly Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 2.1 3.4 3.7 2.9 

AMS 1 Bertha Ganter-Fort McKay Community 4.4 5.6 4.7 4.9 5.1 

AMS 2 Mildred Lake Industry 9.2 8.4 6.4 5.2 10.3 

AMS 4 Buffalo Viewpoint Industry 4.4 5.8 3.5 2.9 6.4 

AMS 5 Mannix Industry 15.7 10.8 7.5 11.1 16.6 

AMS 9 Barge Landing Industry – – 1.9 2.5 4.2 

AMS 11 Lower Camp Industry 11.5 12.5 9.1 8.4 9.7 

AMS 13 Fort McKay South Industry 4.9 5.5 3.6 3.4 4.0 

AMS 15 Horizon Industry 3.6 5.9 3.8 3.4 3.7 

AMS 16 Muskeg River Industry 5.0 4.6 4.1 – – 

AMS 17 Wapasu Industry 4.3 8.4 6.0 3.8 5.7 

AMS 19 Firebag Industry 4.7 8.5 5.9 3.8 7.8 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 2.3 4.1 4.2 4.8 

AMS 30 Ells River Industry – – – – 2.3 

Applicable Criteria 30 (AAAQO) 

Annual Average Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 1.4 1.8 1.8 2.1 

AMS 1 Bertha Ganter-Fort McKay Community 2.5 2.8 2.3 2.4 2.6 

AMS 2 Mildred Lake Industry 6.1 6.0 4.5 3.4 6.2 

AMS 4 Buffalo Viewpoint Industry 2.2 2.4 2.2 2.0 3.1 

AMS 5 Mannix Industry 7.1 5.7 4.1 4.1 6.8 

AMS 9 Barge Landing Industry – – 1.7 1.6 2.2 

AMS 11 Lower Camp Industry 7.7 7.4 5.6 5.4 7.2 

AMS 13 Fort McKay South Industry 2.3 2.9 2.2 2.2 2.6 

AMS 15 Horizon Industry 1.8 2.8 2.2 2.1 2.6 

AMS 16 Muskeg River Industry 2.9 2.4 2.1 – – 

AMS 17 Wapasu Industry 2.5 2.9 2.6 2.1 2.8 

AMS 19 Firebag Industry 2.6 3.1 2.5 2.0 2.8 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 2.0 2.1 2.4 2.8 

AMS 30 Ells River Industry – – – – 1.5 

Applicable Criteria 25 (AAAQO), 13.0 (2020 CAAQS), 10.5 (2025 CAAQS), 
20, 13, 8 (LARP Triggers) 

3-year Average of Annual 99th Percentile of Daily 1-hour Concentration (µg/m3) 

AMS 23 Fort Hills Industry – – – 58.4 67.6 

AMS 1 Bertha Ganter-Fort McKay Community 110.6 122.8 123.7 103.8 101.4 

AMS 2 Mildred Lake Industry 186.2 185.5 185.1 163.4 164.4 

AMS 4 Buffalo Viewpoint Industry 101.4 124.7 146.5 132.1 136.8 

AMS 5 Mannix Industry 228.5 229.8 215.4 171.1 221.1 

AMS 9 Barge Landing Industry – – – – 55.3 

AMS 11 Lower Camp Industry 189.2 255.8 286.3 271.9 236.2 

AMS 13 Fort McKay South Industry 109.2 112.9 112.4 97.6 105.4 

AMS 15 Horizon Industry 84.3 81.3 76.7 72.1 59.9 

AMS 16 Muskeg River Industry 95.3 78.1 81.6 – – 

AMS 17 Wapasu Industry 76.0 77.0 70.1 63.1 63.6 

AMS 19 Firebag Industry 78.6 77.0 82.7 72.6 71.9 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – – – 71.1 94.2 

AMS 30 Ells River Industry – – – – – 

Applicable Criteria 183 (2020 CAAQS), 170 (2025 (CAAQS) 

Notes: 
– = no data; n/a = not applicable; µg/m3 = micrograms per cubic metre; AAAQO = Alberta Ambient Air Quality Objective; AMS = air monitoring station; CAAQS = Canadian 
Ambient Air Quality Objective; LARP = Lower Athabasca Regional Plan. 
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Table 2C.13: Exceedance Summary of 1-hour Alberta Ambient Air Quality Objectives for Sulphur 
Dioxide 

Station ID Station Name Station Type 
Year 

2016 2017 2018 2019 2020 

AMS 23 Fort Hills Industry – 0 0 0 0 

AMS 1 Bertha Ganter-Fort McKay Community 0 0 0 0 0 

AMS 2 Mildred Lake Industry 0 0 1 0 0 

AMS 4 Buffalo Viewpoint Industry 0 0 0 0 0 

AMS 5 Mannix Industry 1 0 0 0 1 

AMS 9 Barge Landing Industry – – 0 0 0 

AMS 11 Lower Camp Industry 0 0 0 0 0 

AMS 13 Fort McKay South Industry 0 0 0 0 0 

AMS 15 Horizon Industry 0 2 0 0 0 

AMS 16 Muskeg River Industry 0 0 0 0 0 

AMS 17 Wapasu Industry 0 0 0 0 0 

AMS 19 Firebag Industry 0 0 0 0 0 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 0 0 0 0 

AMS 30 Ells River Industry - - – – 0 

  Total 1 2 1 0 1 
Notes: 
– = no data; AMS = air monitoring station. 
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Table 2C.14: Lower Athabasca Regional Plan Management Level Status for Hourly Sulphur Dioxide 

Station ID Station Name Station Type 
Year 

2016 2017 2018 2019 2020 

99th Percentile 1-hour Concentration (ppb)      

AMS 23 Fort Hills Industry – 7 8 7 9 

AMS 1 Bertha Ganter-Fort McKay Community 15 16 12 11 15 

AMS 2 Mildred Lake Industry 29 27 22 15 33 

AMS 4 Buffalo Viewpoint Industry 14 14 14 11 19 

AMS 5 Mannix Industry 36 34 24 23 39 

AMS 9 Barge Landing Industry – – 7 7 14 

AMS 11 Lower Camp Industry 43 42 30 26 32 

AMS 13 Fort McKay South Industry 15 16 10 10 15 

AMS 15 Horizon Industry 12 12 9 8 11 

AMS 16 Muskeg River Industry 15 13 14 – – 

AMS 17 Wapasu Industry 12 13 11 9 13 

AMS 19 Firebag Industry 12 0 11 8 12 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 9 10 9 14 

AMS 30 Ells River Industry – – – – 9 
Notes: 

 
Source: WBEA 2021b. 
– = no data; ppb = parts per billion; AMS = air monitoring station. 
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Table 2C.15: Lower Athabasca Regional Plan Management Level Status for Annual Sulphur Dioxide 

Station 
ID Station Name Station 

Type 
Year 

2016 2017 2018 2019 2020 

Annual Concentration (ppb)      

AMS 23 Fort Hills Industry – 0 1 1 1 

AMS 1 Bertha Ganter-Fort 
McKay Community 1 1 1 1 1 

AMS 2 Mildred Lake Industry 2 2 2 1 2 

AMS 4 Buffalo Viewpoint Industry 1 1 1 1 1 

AMS 5 Mannix Industry 3 2 2 2 3 

AMS 9 Barge Landing Industry – – 1 1 1 

AMS 11 Lower Camp Industry 3 3 2 2 3 

AMS 13 Fort McKay South Industry 1 1 1 1 1 

AMS 15 Horizon Industry 1 1 1 1 1 

AMS 16 Muskeg River Industry 1 1 1 – – 

AMS 17 Wapasu Industry 1 1 1 1 1 

AMS 19 Firebag Industry 1 0 1 1 1 

AMS 25 Waskōw ohci Pimâtisiwin Emergency – 1 1 1 1 

AMS 30 Ells River Industry - – – – 1 
Notes: 

 
Source: WBEA 2021b. 
– = no data; ppb = parts per billion; AMS = air monitoring station. 

 

 Fine Particulate Matter (PM2.5) Concentrations 
Fine particulate matter refers to airborne solid or liquid particles that are 2.5 microns or less in 
aerodynamic diameter. It is either emitted directly (primary PM2.5) or formed in the atmosphere from 
precursor emissions (secondary PM2.5). Key precursors of secondary PM2.5 are NOX, SO2, ammonia (NH3), 
and volatile organic compounds (VOCs). Primary PM2.5 is formed predominantly by combustion 
processes such as fossil fuel combustion and forest fires. The chemical composition of the particulate 
matter can vary depending on the processes through which the particulate matter is formed. The 
primary source of PM2.5 emissions in the study area is combustion equipment (e.g., mine fleet exhaust, 
natural gas-fired boilers for steam generation, natural gas-fired turbines for power generation) and 
mining activities (e.g., fugitive road dust) associated with the oil sands developments. There are criteria 
(i.e., AAAQO, AAAQG, CAAQS) in place for 1-hour, 24-hour, and annual PM2.5. Each criterion and 
management target uses a different method of evaluating the data (e.g., maximum value, 98th percentile 
value). The monitoring data were compared to the applicable criteria using the appropriate method. 

Level 4
Level 3
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The key statistics of the PM2.5 measurements at the selected stations between 2016 and 2020 are 
presented in Table 2C.16. The exceedances of the AAAQO at the individual stations are summarized in 
Table 2C.17.  

A summary of the available PM2.5 monitoring data is: 

● There were exceedances of the 24-hour AAAQO at Fort Hills (AMS 23) ranging from four 
exceedances in 2017 to 12 exceedances in 2018. Most of the exceedances were because of 
wildfires in the region. There were no exceedances of the 24-hour AAAQO for PM2.5 at Fort Hills 
in 2020. 

● There were concentrations above the 1-hour AAAQG at almost all stations and in all years  
(Table 2C.17). The frequency of concentrations above the 1-hour AAAQG was markedly less in 
2020 than in the years preceding. The maximum frequency of concentrations above the AAAQG 
was less than 1.3% of a year (115 hours at AMS1 in 2018, Table 2C.17). Many of these higher 
concentrations are a result of wildfires both locally and afar.  

● There were exceedances of the 24-hour AAAQO at all stations throughout the 5-year period 
(Table 2C-17). The maximum number of the exceedance is 16 days in a year. Many of the 
exceedances were a result of wildfires. There was only one exceedance of the 24-hour AAAQO 
in 2020, which occurred at Horizon (AMS 15).  

● Based on AEP’s most recent Alberta air zone report (Brown 2021), the Lower Athabasca air zone 
was in the CAAQS orange management level for PM2.5 in the first three 3-year periods (2011 to 
2013, 2012 to 2014, 2013 to 2015). The Lower Athabasca air zone was in the CAAQS yellow 
management level in the three most recent 3-year periods (2014 to 2016, 2015 to 2017, 2016 to 
2018). 

● Without removing the data affected by transboundary flows or exceptional events 
(e.g., wildfires), almost all stations observed exceedances of the 2015 and 2020 CAAQS for 24-
hour PM2.5.  

● Without removing the data affected by transboundary flows or exceptions events (e.g., forest 
fires), there were exceedances of the 2015 CAAQS for annual PM2.5 at Muskeg River (AMS 16) in 
2016. Two stations (Bertha Ganter-Fort McKay and Muskeg River) observed exceedance of the 
2020 CAAQS for annual PM2.5 throughout the period. 

● Concentrations were higher in 2016 at almost all stations because of the 2016 Horse River 
wildfire near Fort McMurray. The higher 2016 measurements affected the 2016 to 
2018 concentrations calculated for comparison with 24-hour and annual CAAQS, because the 
CAAQS values are based on average of preceding three years of data.  
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Table 2C.16: Continuous Monitoring Fine Particulate Matter Concentrations 

Station ID Station Name Station Type 
Year 

2016 2017 2018 2019 2020 

Maximum 1-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 284.6 309.2 270.8 84.1 

AMS 1 Bertha Ganter-Fort McKay Community 3,151.6 330.2 325.0 211.9 102.5 

AMS 4 Buffalo Viewpoint Industry – 39.6 303.2 353.2 57.0 

AMS 9 Barge Landing Industry – – 18.5 254.6 117.7 

AMS 13 Fort McKay South Industry 3,866.6 199.9 235.1 198.1 50.1 

AMS 15 Horizon Industry 2,027.8 278.3 178.7 223.1 127.9 

AMS 16 Muskeg River Industry 6,070.2 234.2 263.3 – – 

AMS 17 Wapasu Industry 1,238.2 113.4 235.2 210.8 35.0 

AMS 30 Ells River Industry – – – – 25.0 

Applicable Criteria 80 (AAAQG) 

90th Percentile 1-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 18.2 17.2 14.3 10.3 

AMS 1 Bertha Ganter-Fort McKay Community 12.9 14.9 18.5 14.3 13.0 

AMS 4 Buffalo Viewpoint Industry – 6.5 12.4 11.1 9.2 

AMS 9 Barge Landing Industry – – 11.0 14.8 11.1 

AMS 13 Fort McKay South Industry 9.6 10.9 12.9 12.0 10.2 

AMS 15 Horizon Industry 9.9 12.5 13.8 13.3 11.6 

AMS 16 Muskeg River Industry 13.4 14.0 19.5 – – 

AMS 17 Wapasu Industry 8.7 9.7 10.4 9.1 7.2 

AMS 30 Ells River Industry – – – – 6.9 

Applicable Criteria n/a 

Maximum 24-hour Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 59.1 108.6 43.0 25.9 

AMS 1 Bertha Ganter-Fort McKay Community 1,233.4 98.8 191.2 79.9 27.5 

AMS 4 Buffalo Viewpoint Industry – 16.8 140.8 100.9 19.9 

AMS 9 Barge Landing Industry – – 13.0 94.3 25.8 

AMS 13 Fort McKay South Industry 1,266.6 40.1 135.9 76.2 27.0 

AMS 15 Horizon Industry 463.2 45.9 113.1 75.0 31.3 

AMS 16 Muskeg River Industry 1,674.0 43.6 153.5 – – 

AMS 17 Wapasu Industry 344.8 23.2 133.7 94.3 20.3 

AMS 30 Ells River Industry – – – – 12.9 

Applicable Criteria 29 (AAAQO) 

Annual Average Concentration (µg/m3)      

AMS 23 Fort Hills Industry – 8.8 9.1 7.1 4.7 

AMS 1 Bertha Ganter-Fort McKay Community 10.8 7.5 9.8 8.2 6.7 

AMS 4 Buffalo Viewpoint Industry – 3.1 6.8 5.8 4.6 

AMS 9 Barge Landing Industry – – 6.0 8.4 5.9 

AMS 13 Fort MacKay South Industry 9.5 5.6 7.3 6.9 5.6 

AMS 15 Horizon Industry 7.5 6.2 7.1 7.4 6.3 

AMS 16 Muskeg River Industry 12.9 6.9 10.1 – – 

AMS 17 Wapasu Industry 7.9 5.0 5.4 4.9 4.0 

AMS 30 Ells River Industry – – – – 3.7 

Applicable Criteria n/a 

3-year Average of Annual 98th Percentile 24-hour Concentration (µg/m3) 

AMS 23 Fort Hills Industry – – – 31.5 28.1 

AMS 1 Bertha Ganter-Fort McKay Community 31.8 28.7 34.7 36.0 34.4 

AMS 4 Buffalo Viewpoint Industry – – – 21.1 22.5 

AMS 9 Barge Landing Industry – – – – 20.3 

AMS 13 Fort McKay South Industry 32.9 27.4 27.9 26.2 26.6 

AMS 15 Horizon Industry 31.0 25.5 23.0 27.6 28.2 

AMS 16 Muskeg River Industry 39.2 36.0 36.5 – – 

AMS 17 Wapasu Industry 50.0 45.3 34.7 21.7 20.0 

AMS 30 Ells River Industry – – – – – 

Applicable Criteria 28 (2015 CAAQS), 27 (2020 CAAQS) 

3-year Average of Annual Average Concentration (µg/m3) 

AMS 23 Fort Hills Industry – – – 8.3 7.0 

AMS 1 Bertha Ganter-Fort McKay Community 9.1 8.9 9.3 8.5 8.2 

AMS 4 Buffalo Viewpoint Industry – – – 5.2 5.7 

AMS 9 Barge Landing Industry – – – – 6.8 

AMS 13 Fort McKay South Industry 8.0 7.5 7.5 6.6 6.6 

AMS 15 Horizon Industry 8.5 7.4 6.9 6.9 7.0 

AMS 16 Muskeg River Industry 10.3 9.8 9.9 – – 

AMS 17 Wapasu Industry 7.3 7.0 6.1 5.1 4.8 

AMS 30 Ells River Industry – – – – – 

Applicable Criteria 10 (2015 CAAQS), 8.8 (2020 CAAQS) 

Notes: 
– = no data; µg/m3 = micrograms per cubic metre; AAAQG = Alberta Ambient Air Quality Guidelines; AAAQO = Alberta Ambient Air Quality Objectives; AMS = air monitoring 
station; CAAQS = Canadian Ambient Air Quality Objectives; n/a = not applicable. 
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Table 2C.17: Summary of Hours Above the 1-hour Alberta Ambient Air Quality Guideline and 24-hour 
Alberta Ambient Air Quality Objective Exceedances for Fine Particulate Matter 

Station ID Station Name Station Type 
Year 

2016 2017 2018 2019 2020 

Hours Above 1-hour AAAQG      

AMS 23 Fort Hills Industry – 12 66 19 1 

AMS 1 Bertha Ganter-Fort McKay Community 79 34 115 42 1 

AMS 4 Buffalo Viewpoint Industry – 0 21 30 0 

AMS 9 Barge Landing Industry – – 0 47 2 

AMS 13 Fort McKay South Industry 63 6 39 32 0 

AMS 15 Horizon Industry 43 5 28 17 9 

AMS 16 Muskeg River Industry 88 10 59 – – 

AMS 17 Wapasu Industry 101 2 24 18 0 

AMS 30 Ells River Industry - – – – 0 

  Total 374 69 352 205 13 

24-hour Exceedance      

AMS 23 Fort Hills Industry – 4 14 6 0 

AMS 1 Bertha Ganter-Fort McKay Community 8 6 15 9 0 

AMS 4 Buffalo Viewpoint Industry 0 0 10 6 0 

AMS 9 Barge Landing Industry – – 0 10 0 

AMS 13 Fort McKay South Industry 9 1 12 8 0 

AMS 15 Horizon Industry 5 1 10 10 1 

AMS 16 Muskeg River Industry 12 1 16 – – 

AMS 17 Wapasu Industry 9 0 9 5 0 

AMS 30 Ells River Industry – – – – – 

  Total 43 13 86 57 1 

Notes: 
– = no data; AAAQG = Alberta Ambient Air Quality Guideline; AMS = air monitoring station. 
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1.0 INTRODUCTION 
An Environmental Assessment (EA) has been prepared to support the Fort Hills Energy Corporation (FHEC) Fort 
Hills Integrated Plan Amendment (IPA) Application for the approved Fort Hills Oil Sands Project (FHOSP). The 
IPA application considers changes to the approved FHOSP area and operations, including the addition of the 
North and East Extension Areas and modifications to the mine and tailings plans. Major noise sources associated 
with the FHOSP include:  

 mining operations 

 plant site 

 ore processing plant (OPP) 

 acoustic bird deterrents 

 electrical infrastructure (i.e., cogeneration units and substations) 

Environmental noise from the FHOSP is regulated by the Alberta Energy Regulator (AER), through Directive 038: 
Noise Control (EUB 2007). Environmental noise from the FHOSP electrical infrastructure is regulated by the 
Alberta Utilities Commission (AUC) through Rule 012: Noise Control (AUC 2021). 

The most recent noise assessment (Golder 2017) for the FHOSP was completed in February 2017 as part of the 
Fort Hills Mine Amendment (FHMA) Application (FHEC 2017) and was conducted in accordance with methods set 
out in AER Directive 038. The 2017 FHMA noise assessment concluded the FHOSP would comply with AER 
Directive 038 noise limits.  

FHEC is proposing to adjust the FHOSP mine and tailings plans that were the basis of the 2017 FHMA noise 
assessment. The proposed IPA mine plan includes changes to the location and composition of the mine fleet, and 
to the schedule and sequence of mining and tailings activities, which will also result in changes to the number and 
location of acoustic bird deterrents. The IPA has the potential to change the conclusions of the most recent 
FHOSP noise assessment (Golder 2017). As such, AER Directive 038 requires that a new noise assessment be 
completed for the IPA. 

1.1 Overview of the Noise Assessment 
The IPA noise assessment was conducted in accordance with methods and techniques set out in AER 
Directive 038. The IPA noise assessment was also conducted in a manner consistent with past FHOSP noise 
assessments (FHEC 2010, 2017; Golder 2013, 2017).  

To characterize potential noise impacts associated with proposed changes to the FHOSP mine plan, the IPA 
noise assessment compared predicted noise levels that would exist without the IPA (i.e., the Baseline Case) to 
predicted noise levels that would exist with the IPA (i.e., the Application Case). The Baseline Case considered the 
version of the FHOSP that has already received regulatory approval (FHEC 2017) and the Application Case 
considered the version of the FHOSP that will be developed if the IPA receives regulatory approval. The IPA only 
impacts noise associated with FHOSP mining activities and bird deterrents; therefore, the FHOSP plant, OPP, 
and electrical infrastructure were treated identically in the Baseline Case and the Application Case.  

Equipment owned by contractors is used to support mining and other tasks on the FHOSP site; as such, 
contractor equipment is part of the Baseline Case. However, because detailed information about contractor 
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equipment was not available at the time of the FHMA, this equipment was omitted from the FHMA noise 
assessment (Golder 2017). Information about contractor equipment is now available, and the IPA noise 
assessment considers the noise contribution from the contractor equipment fleet in both the Baseline Case and 
Application Case.     

AER Directive 038 is concerned with cumulative noise levels, not noise levels from a single facility in isolation. In 
accordance with AER Directive 038, the IPA noise assessment predicted cumulative noise levels that included 
contributions from: 

 natural and non-industrial sources 

 the FHOSP itself – as currently approved (the Baseline Case) or as it will be developed if the IPA is 
approved (the Application Case) 

 the following existing or approved third-party facilities, which are located within approximately 
10 kilometres (km) of the FHOSP: 

 Canadian Natural Resources Ltd. (Canadian Natural) Horizon Mine 

 Canadian Natural Horizon South Mine  

 Canadian Natural Muskeg River Mine and Expansion  

 Canadian Natural Jackpine Mine and Expansion 

 Syncrude Canada Ltd. (Syncrude) Aurora North Mine  

Cumulative noise levels were predicted for six receptors identified in accordance with AER Directive 038 and past 
FHOSP noise assessments. Cumulative noise levels were predicted using a combination of publicly available 
noise assessments and purpose-built computer models. In particular, past noise assessments were used to 
estimate the noise contribution of FHOSP elements that have already received regulatory approval (i.e., plant, 
OPP, electrical infrastructure). Past noise assessments were also used to estimate the noise contribution from 
third-party industrial facilities. New computer models were developed to estimate the noise contribution from the 
IPA mine plan, acoustic bird deterrents, and contractor fleet.  

The IPA mine plan covers multiple years of development, beginning in approximately 2021 and ending in 
approximately 2066. The IPA noise assessment focused on the snapshot year with the greatest potential for noise 
impacts. The use of a snapshot year in the IPA noise assessment is consistent with the approach taken in the 
2017 FHMA noise assessment (Golder 2017) and facilitated a direct comparison between Baseline Case and 
Application Case noise levels.  

For each receptor, Baseline Case and Application Case cumulative noise levels were compared to each other and 
to limits from AER Directive 038 to assess potential noise impacts associated with the IPA. Compliance with AER 
Directive 038 was established by demonstrating that: 

1) Application Case cumulative noise levels will not exceed applicable limits; or  

2) There will be “no net increase” in cumulative noise levels as a result of the IPA (i.e., an increase no greater 
than 0.4 A-weighted decibel (dBA) between Baseline Case and Application Case cumulative noise levels).  
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For four of six receptors, the IPA noise assessment predicted compliance with AER Directive 038 based on the 
first approach. For one of six receptors, the IPA noise assessment predicted compliance with AER Directive 038 
based on the second approach. For the remaining receptor, the IPA noise assessment predicted non-compliance 
with AER Directive 038. However, the non-compliant receptor is a historical cabin site within the FHOSP footprint, 
which is being preserved because of its cultural importance to local stakeholders. The non-compliant receptor is 
not an occupied dwelling and so compliance with AER Directive 038 is not required at this location.  

The overall conclusion of the IPA noise assessment is that proposed changes to FHOSP mining and tailings 
activities, and bird deterrents associated with the IPA are compliant with AER Directive 038 and will not materially 
change FHOSP noise impacts that have already been assessed and approved as part of past regulatory 
applications (FHEC 2010, 2017; Golder 2013, 2017). 

1.2 Introduction to Noise Terminology 
1.2.1 Noise Levels and Noise Descriptors 
From a physical perspective, noise is simply a pressure fluctuation in the air. The physical unit typically used to 
express pressure is the pascal (Pa) or the micropascal (mPa). However, the range of pressure fluctuations the 
human auditory system is sensitive to is large, running from approximately 20 mPa to more than 
100,000,000 mPa. Therefore, expressing noise levels directly in mPa is not practical. Instead, noise levels are 
usually expressed using the logarithmic decibel (dB) scale. The dB is simply a way of compressing an unwieldy 
range of values into a scale that can be handled more easily. 

Because it is a logarithmic unit, dB arithmetic can be counterintuitive. For example, if the noise level resulting from 
a given piece of equipment (e.g., a lawnmower) is observed to be 60 dB then one might expect that the noise 
level resulting from two such lawnmowers would be 120 dB (i.e., 60 + 60 = 120), but this is not the case. If the 
noise from one lawnmower is observed to be 60 dB, then the noise from two such lawnmowers would only be 
63 dB (i.e., on the dB scale 60 + 60 = 63): doubling the amount of noise corresponds to an increase of 3 dB. 
Likewise quadrupling the amount of noise (which corresponds to doubling and then doubling again) leads to an 
increase of 6 dB. A change in noise level of 3 dB is generally accepted as the smallest that can be perceived by 
humans, and a change of 10 dB is perceived as a doubling (or halving) of the noise (Cowan 1994).  

In addition to noise level or magnitude expressed in dB, noise is also characterized by frequency content 
expressed in hertz (Hz) or kilohertz (kHz). Frequency refers to the speed or rate at which pressure fluctuations 
occur. Pressure fluctuations that occur slowly have a low frequency and are perceived as having a low pitch. 
Pressure fluctuations that occur quickly have a high frequency and are perceived as having a high pitch. Noise 
can be made up of a single frequency (in which case the noise is referred to as having tonal spectral structure) or 
the combination of many frequencies (in which case the noise is referred to as having broadband spectral 
structure). Assuming noise level is equal, noise with a tonal spectral structure will be more perceptible to the 
human auditory system than noise with a broadband spectral structure (ISO 2003). 

The human auditory system is not equally sensitive to all frequencies of noise; it is most sensitive to noise in the 
frequency range of 1 to 4 kHz and less sensitive to noise at higher and lower frequencies. The A-weighting scale 
has been developed to reflect the frequency sensitivity of the human auditory system by placing more emphasis 
on noise at frequencies between 1 and 4 kHz and less emphasis on noise at other frequencies. In contrast, the 
C-weighting scale has been developed to emphasize low frequency content. When the A-weighting scale has 
been applied to a noise level, it is expressed in A-weighted dB, which is abbreviated dBA. When the C-weighting 
scale has been applied to a noise levels, it is expressed in C-weighted dB, which is abbreviated dBC. 
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1.2.2 Noise Emissions 
Noise emissions refer to the amount of sound power radiated by a source into the environment. The physical unit 
typically used to express power is the watt (W) or picowatt (pW) but, as with noise levels, the relevant range of 
noise emissions is so large that the pW unit is not practical. Instead, the logarithmic dB unit is typically used to 
express noise emissions. As with noise levels, noise emission dB values can be scaled to reflect human 
perception using the A-weighting scale, in which case they are written as dBA. Likewise, the spectral structure of 
noise emissions can be either broadband or tonal.  

Although noise emissions and noise levels are closely related, they are not the same thing. Noise emissions are 
an inherent property of a source (e.g., piece of equipment), and noise levels reflect the manifestation of that 
source at some location in the environment. For example, consider a noise emissions source with a sound power 
level of 95 dBA; the observed noise level at distance “A” from this source may be 85 dBA while the observed 
noise level at distance “B” from this source may only be 70 dBA, even though the noise emissions from the source 
are constant. 

1.2.3 Noise Propagation 
The process by which noise emissions from a source move into the environment is referred to as noise 
propagation. Propagation conditions influence observed noise levels via four main mechanisms:  

 geometric divergence 

 atmospheric absorption 

 ground absorption 

 screening by barriers  

Geometric divergence accounts for the fact that as the finite noise emissions from a source propagate into the 
environment they are spread out over a larger and larger area (i.e., the surface of an ever-expanding sphere). 
This geometric spreading means that the farther away one moves from a noise source, the lower the observed 
noise level will be because the same amount of total energy is spread over a larger area.  

Atmospheric absorption accounts for the fact that noise emissions from a source are absorbed via interaction with 
molecules present in the air. Atmospheric absorption effects are more pronounced at high frequencies than at low 
frequencies. As a result, the perceived pitch of a noise source will decrease as propagation distance increases, 
even though the noise emissions from the source are constant.  

Ground absorption accounts for the fact that each time the noise emissions associated with a source interact with 
the ground, they are partially absorbed. The amount of noise absorbed depends on the type of ground surface. 
During interactions with hard ground (e.g., paved roads) very little noise is absorbed, but during interactions with 
soft ground (e.g., thick moss) a substantial amount of noise is absorbed. As a result, if all other factors are held 
constant, observed noise levels associated with a source operating in an area of hard ground will be higher than 
observed noise levels associated with a source operating in an area of soft ground.   

Screening by barriers accounts for the fact that a physical object (either man-made or natural) located between a 
noise source and receptor will tend to block some of the noise emissions and thereby reduce observed noise 
levels. The amount of noise screened by a barrier is dependent on its height, width, and thickness; large barriers 
typically provide more screening than small barriers. 
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2.0 NOISE ASSESSMENT APPROACH AND METHODS 
2.1 Assessment Approach 
The approach taken in the IPA noise assessment was consistent with guidance provided by AER Directive 038. In 
particular, to characterize potential noise impacts associated with the IPA, the noise assessment:  

 identified noise receptor locations 

 predicted cumulative noise levels at receptors as they would exist without the IPA (i.e., Baseline Case) 

 predicted cumulative noise levels at receptors as they will exist if the IPA is approved (i.e., Application Case) 

 compared Application Case cumulative noise levels to limits set out in AER Directive 038 

 compared Baseline Case and Application Case cumulative noise levels to quantify the change that would 
result from approval of the IPA.  

Cumulative noise level predictions, which form the basis of the IPA noise assessment, include the contribution 
from natural and non-industrial sources, the FHOSP itself, and nearby third-party industrial facilities. The AER 
Directive 038 refers to the noise contribution from natural and non-industrial sources as the ambient sound level 
(ASL) and outlines a desktop technique for estimating ASL values, which accounts for population density and 
proximity to transportation infrastructure. The IPA noise assessment used the AER Directive 038 technique to 
establish ASL values for each receptor.  

The IPA noise assessment used a combination of previous regulatory noise assessments and purpose-built 
computer models to predict the noise contribution of the FHOSP itself at each receptor. For the Baseline Case, 
noise contributions from the mine, plant, OPP, acoustic bird deterrents, and electrical infrastructure were 
estimated using the most recent Project noise assessment, which was prepared for the FHMA (FHEC 2017). The 
Baseline Case estimated the noise contribution from the contractor fleet in use at the FHOSP using a computer 
model developed specifically for the IPA noise assessment. The Application Case treated the plant, OPP, and 
electrical infrastructure in the same way as the Baseline Case since these FHOSP elements are unchanged 
because of the IPA. The Application Case estimated the noise contribution from the mine, acoustic bird 
deterrents, and contractor fleet using a new computer model developed specifically for the IPA noise assessment. 
The same noise emissions were used to model the contractor fleet in both the Baseline Case and Application 
Case, but the location of the contractor fleet was adjusted to reflect differences between the approved mine plan 
(Baseline Case) and the IPA mine plan (Application Case).   

The IPA mine plan covers 43 years of mining activities, beginning in 2021 and ending in 2063. The Application 
Case for the IPA noise assessment followed the approach used in the most recent noise assessment for the 
FHOSP (Golder 2017) and selected a snapshot year for modelling and detailed assessment. The specific 
snapshot year was selected to capture mining activities with the greatest potential for noise impacts at receptors. 
The snapshot year was selected as the period when the size of the mine fleet will peak (i.e., the greatest amount 
of mining equipment will be active on-site) and mining activities will occur in the new northeast portion of the 
expanded FHOSP area proposed by the IPA. The noise assessment snapshot year for the Application Case 
corresponds to calendar-year 2040.    

For each receptor, the IPA noise assessment used publicly available regulatory applications to estimate the noise 
contribution of nearby third-party industrial facilities. Noise contributions from the Canadian Natural Horizon Mine 
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were established using data presented in Volume 3 of the Environmental Impact Assessment for the Horizon 
North Pit Extension (Canadian Natural 2018). Noise contributions from the Canadian Natural Horizon South Mine 
and from the Canadian Natural Muskeg River Mine and Expansion were established using data presented in the 
Joslyn North Mine Project Additional Information Project Update (TEPCA 2010). Noise contributions from the 
Canadian Natural Jackpine Mine and Expansion were established using data presented in Volume 3 of the 
Application for Approval of the Jackpine Mine Expansion Project and Pierre River Mine Project – Environmental 
Impact Assessment (Shell 2007). Noise contributions from the Syncrude Aurora North Mine was established using 
data presented in the Environmental Impact Assessment for the Aurora Mine (Syncrude 1996).  

2.2 Study Area and Noise Receptors 
The AER Directive 038 (EUB 2007) indicates that noise impacts should be assessed within 1.5 km of the project. 
As such, the local study area (LSA) for the noise assessment was established as a 1.5 km buffer surrounding the 
Amended Project Area boundary, which consists of the Approved Project Area plus the proposed North and East 
Extension Areas. The LSA was used to identify relevant noise receptors (i.e., locations where project noise 
impacts may be observed).  

The regional study area (RSA) for the IPA noise assessment was established as a 10 km buffer surrounding the 
Amended Project Area boundary for consistency with the 10 km management zone from the Moose Lake Access 
Management Plan (MLAMP; Government of Alberta 2021). Although the Project is not located within the Moose 
Lake management zone, the MLAMP provides general guidance on the assessment of potential cumulative 
effects. The RSA was used to identify third-party industrial facilities for inclusion in the noise assessment 
(i.e., third-party facilities within the RSA were considered when estimating cumulative noise levels).  

The AER Directive 038 indicates that noise impacts should be assessed at receptors corresponding to 
permanently or seasonally occupied dwellings, where a seasonally occupied dwelling is defined as one used at 
least six weeks per year. It is not clear that there are any locations within the LSA that meet the strict AER 
Directive 038 definition of a noise receptor. Notwithstanding this uncertainty, past noise assessments for the 
Project have included noise receptors at a number of locations thought to be trapper cabins. The occupancy 
status of these cabins has not been confirmed; therefore, many or all of these cabins may not meet the seasonal 
occupancy requirements of an AER Directive 038 noise receptor (i.e., they may be occupied less than six weeks 
per year). In addition, past noise assessments for the FHOSP have included noise receptors at a number of 
locations that are definitely not dwellings but have been identified as important by local stakeholders. The IPA 
noise assessment has taken a similar approach.  

A map of the FHOSP area (including the LSA, RSA, and noise receptors) as it will exist during the snapshot year 
for the IPA Application Case (i.e., calendar-year 2040) is shown in Figure 1. As described above, many of the 
noise receptors are located outside of the LSA; these receptor locations have been included for consistency with 
past FHOSP noise assessments or in response to specific stakeholder requests. The location of third-party 
industrial facilities located within the RSA that are considered in the IPA noise assessment are also shown in 
Figure 1. A list of the receptors included in the IPA noise assessment is presented in Table 1, along with a brief 
description and cross-reference with receptors from past FHOSP noise assessments. 
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Table 1: Noise Receptors 

IPA Noise 
Receptor 

Universal Transverse Mercator 
Coordinates (NAD83, Zone 12) Description / Comments 

Equivalent Receptor in 2017 
FHMA Noise Assessment 

(Golder 2017) Easting (m) Northing (m) 

RA 462436 6367719 
trapper cabin identified in past FHOSP 
noise assessments; current occupancy 
status is unknown 

R02 

RB 461386 6338255 Community of Fort McKay; closest 
population centre to the FHOSP  R05 

RC 476438 6368336 
unoccupied location on south shore of 
McClelland Lake; included because of 
importance to local stakeholders 

R06 

RD 479246 6375603 
unoccupied location near north shore of 
McClelland Lake; included because of 
importance to local stakeholders 

R07 

RE 461938 6363594 
historical cabin site within the FHOSP 
footprint; no longer used as a dwelling but 
preserved for cultural importance 

R10(a) 

RF 478779 6374246 
unoccupied boat launch on north shore of 
McClelland Lake; included because of 
importance to local stakeholders 

n/a(b) 

Notes: 
(a) Coordinates for this receptor have been updated based on new information about its location.
(b) This receptor was not included in the 2017 FHMA noise assessment (Golder 2017).
IPA = Fort Hills Integrated Plan Amendment; FHOSP = Fort Hills Oil Sands Project; m = metres; n/a = not applicable.

2.3 Noise Modelling Approach and Limitations 
Computer noise models, as discussed in Section 2.1, were developed to predict the contribution of the IPA bird 
deterrents, the IPA mine and tailings plans, and the contractor equipment fleet to cumulative noise levels at the 
receptors listed in Table 1. Computer models for the IPA noise assessment were developed using the Computer 
Aided Noise Abatement (CadnaA) Version 4.6.155 software package. In accordance with AER Directive 038, 
CadnaA implements the noise propagation algorithm described in the International Organization for 
Standardization (ISO) 9613-2 technical standard (ISO 1996).  

Inputs to the computer noise models consisted of source noise emissions in the form of octave band sound power 
levels (Section 3.1 and Section 4.1) and environmental parameters that are known to impact noise propagation 
(e.g., ground cover, temperature, humidity, and wind conditions). Specific values for key environmental modelling 
parameters were selected for consistency with the 2017 FHMA noise assessment (Golder 2017). A summary of 
model input parameters used in the IPA noise assessment is presented in Table 2. 
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Table 2: Noise Model Input Parameters 

Parameter Model Setting Description / Comments 

calculation 
standard ISO 9613-2 (ISO 1996) noise sources, noise attenuation, and noise propagation modelled in 

accordance with this standard 

source type 
 line sources – haul roads 

and acoustic bird deterrents  
 area sources – mine fleet 

haul roads modelled using line sources; acoustic bird deterrents modelled 
using line sources surrounding each pond; mine fleet modelled using area 
sources distributed across the active mining areas 

ground 
absorption 

 0.0 – waterbodies (tailings 
ponds and Athabasca 
River) 

 0.2 – mining areas 
 1.0 – elsewhere in the 

LSA/RSA 

a ground factor of 0.0 is consistent with hard/reflective ground; a ground 
factor of 1.0 is consistent with porous/absorptive ground; ground factors 
between 0.0 and 1.0 are consistent with mixed ground (partway between 
hard and porous); specific ground factors were selected for consistency 
with the 2017 FHMA noise assessment (Golder 2017) 

temperature 10 degrees Celsius 
typical default value intended to represent nighttime summer conditions; 
specific temperature selected for consistency with the 2017 FHMA noise 
assessment (Golder 2017) 

relative 
humidity  70% 

typical default value intended to represent nighttime summer conditions; 
specific humidity selected for consistency with the 2017 FHMA noise 
assessment (Golder 2017) 

wind 
conditions 

1 to 5 m/s from sources to 
receptors 100% of the time 

default ISO 9613-2 wind conditions; consistent with the 2017 FHMA noise 
assessment (Golder 2017) 

terrain 

 terrain within FHOSP area 
represented using elevation 
contours provided by FHEC 

 terrain elsewhere in the 
LSA/RSA represented 
using elevation contours 
from publicly available 
database 

model accounted for terrain effects when modelling noise propagation 
from sources to receptors 

Notes:  
FHEC = Fort Hills Energy Corporation; FHMA = Fort Hills Mine Amendment; FHOSP = Fort Hills Oil Sands Project; LSA = local study area; 
m/s = metres per second; RSA = regional study area. 

 

According to the ISO 9613-2 standard, the overall accuracy of the propagation algorithm used in the IPA noise 
assessment model is ±3 dBA for distances between source and receptor up to 1 km (ISO 1996). The accuracy for 
propagation distances greater than 1 km is not stated in the standard. Model accuracy also depends on the 
accuracy of the noise emissions inputs, which is often ±2 dBA for measured sources and even larger for 
emissions values calculated from acoustics handbooks or technical standards. Accounting for both these sources 
of uncertainty, the overall accuracy of the noise level predictions presented in the IPA noise assessment is 
expected to be ±3.6 dBA.  

Conservative assumptions have been incorporated into the computer models developed for the IPA noise 
assessment to account for the level of uncertainty inherent in the noise level predictions. Most importantly, all 
receptors were assumed to be downwind from all sources 100% of the time. Downwind conditions tend to 
enhance noise propagation; therefore, this assumption overestimates the potential noise impacts of implementing 
the IPA mine plan. 
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2.4 Assessment Criteria 
2.4.1 Broadband Noise Criteria 
AER Directive 038 typically requires that broadband noise compliance for the IPA be assessed by comparing 
Application Case cumulative noise levels with a mandated permissible sound level (PSL). The appropriate PSL for 
each receptor, which accounts for population density and proximity to transportation infrastructure, is calculated 
using a desktop technique described in AER Directive 038.  

For receptors where Baseline Case cumulative noise levels already exceed the PSL, broadband noise 
compliance for the IPA may be demonstrated by showing that the proposed modified mine plan will result in “no 
net increase” in cumulative noise levels, where “no net increase” is generally accepted as meaning an increase no 
larger than 0.4 dBA (AUC 2021). In other words, at receptors where Approved Case cumulative noise levels 
already exceed the PSL, IPA compliance may be demonstrated by showing that the difference between Baseline 
Case and Application Case cumulative noise levels is not more than 0.4 dBA. 

AER Directive 038 provides separate PSL values for the daytime and nighttime periods, where daytime is defined 
as 7 am to 10 pm and nighttime is defined as 10 pm to 7 am. The IPA noise assessment focused exclusively on 
the nighttime period because FHOSP operations will occur continuously 24 hours per day and because the 
nighttime PSL is more restrictive than the daytime PSL.  

With the exception of RB (the Community of Fort McKay), all of the receptors considered in the IPA noise 
assessment are located in areas with population density less than nine dwellings per quarter section and farther 
than 500 m from heavily travelled roads or railways. As such, Directive 038 indicates that the appropriate PSL 
values for these receptors are those consistent with a quiet rural environment. For RB, AER Directive 038 
requires that the PSL be increased to reflect elevated background noise levels associated with increased 
population. Nighttime PSL values calculated in accordance with AER Directive 038 for each of the receptors 
considered in the IPA noise assessment are presented in Table 3. 

Table 3: Noise Receptor Permissible Sound Levels 
IPA Noise Receptor Nighttime Permissible Sound Level [dBA] 

RA 40(a) 

RB 43 

RC 40(b) 

RD 40(b) 

RE 40(b) 

RF 40(b) 
Notes: 
(a) PSL is only applicable if this receptor is occupied more than six weeks per year.  
(b) This receptor corresponds to an unoccupied location; consequently, the PSL is not strictly applicable. 
dBA = A-weighted decibels; IPA = Integrated Plan Amendment. 
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2.4.2 Low Frequency Noise Criteria 
Low frequency noise (LFN) can be an issue even when broadband noise levels are otherwise acceptable. 
Therefore, AER Directive 038 requires a separate assessment of LFN issues in cases where suitable information 
is available. AER Directive 038 indicates that a LFN issue may exist when the following occur: 

 the value of the predicted noise level, expressed in dBC, minus the predicted noise level, expressed in dBA, 
is greater than or equal to 20 

 a clear tonal component exists at a frequency below 250 Hz 

The first LFN condition can be assessed using model predictions but the second LFN condition requires access to 
high-resolution spectral data, which is not available from model predictions and can only be obtained from field 
measurements. Consequently, the IPA noise assessment was only able to provide an assessment of potential 
LFN issues based on the first criterion. 

It is understood that the LFN criteria described above should be applied to cumulative noise levels (i.e., noise 
levels that include the contributions from natural and non-industrial sources, the Project itself, and nearby third-
party industrial facilities). It was feasible to get estimates of dBA noise levels for all relevant contributors but 
estimates of dBC noise levels were not available for some contributors. As such, it was necessary to apply the 
AER Directive 038 LFN test using partial estimates of cumulative noise levels (i.e., noise level estimates that omit 
noise contributions from sources or facilities where dBC information is not available). 

3.0 BASELINE CASE 
3.1 Noise Emissions 
As discussed in Section 2.1, the Baseline Case for the IPA noise assessment was established using: 

 AER Directive 038 desktop techniques to calculate ASL values intended to characterize the noise 
contribution from natural and non-industrial sources  

 the 2017 FHMA noise assessment to estimate the noise contribution from the FHOSP mine, plant, OPP, 
acoustic bird deterrents, and electrical infrastructure (Golder 2017) 

 a purpose-built computer model to estimate the noise contribution from the contractor fleet in use on the 
FHOSP site 

 publicly available regulatory applications to characterize the noise contribution from nearby third-party 
industrial facilities (Canadian Natural 2018; TEPCA 2010; Shell 2007; Syncrude 1996)  

Noise emissions from the approved FHOSP mine plan and acoustic bird deterrents are described in detail in the 
2017 FHMA noise assessment (Golder 2017). Noise emissions from the approved FHOSP plant and OPP are 
described in detail in the 2010 Fort Hills Updated Project Application noise assessment (FHEC 2010). Noise 
emissions from the approved FHOSP electrical infrastructure (i.e., cogeneration units and substations) are 
described in detail in the 2013 electrical infrastructure noise assessment (Golder 2013). Noise emissions for 
approved FHOSP elements will not be reproduced here, but interested parties are directed to the publicly 
available original documents described above.  
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Noise emissions for individual pieces of contractor equipment were established using a combination of vendor 
data sheets, measurements of similar equipment operating at other facilities, and professional experience. Raw 
noise emissions for contractor equipment are presented in Table 4 in the form of octave band sound power levels. 
The sound power levels presented in Table 4 correspond to noise emissions during periods when a source is 
active; in other words, the Table 4 noise emissions do not account for source usage factor. 

Back-up alarms were included in the noise modelling of the contractor fleet. Noise emissions from back-up alarms 
were penalized because their tonal spectral structure will be more perceptible to the human auditory system than 
noise with a broadband spectral structure (ISO 2003). Rather than being treated as separate sources, the back-up 
alarm noise emissions were combined with the noise emissions for contractor fleet equipment using standard 
usage factor assumptions. In particular, the following back-up alarm usage factors were assumed for various 
types of contractor equipment: 

 large excavators and shovels: 0% 

 haul trucks: 0% 

 dozers: 50% 

 graders: 10% 

 loaders: 50% 

 small excavators: 25%  

 support trucks and light vehicles: 10% 

To create a computer model of contractor fleet, the individual equipment noise emissions values from Table 4 
(which already include the noise contribution from tonal back-up alarms) were scaled using an overall equipment 
usage factor calculated based on planned Gross Operating Hours (GOH) for each piece of equipment. Scaled 
noise emissions for individual pieces of equipment were summed to get total noise emissions for the entire 
contractor fleet. Combined noise emissions for the complete contractor fleet are presented in Table 5 in the form 
of octave band sound power levels.  
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Table 4: Contractor Equipment Noise Emissions 

Contractor Equipment Quantity 
Octave Band Sound Power Level Per Unit(a) (dBZ) Total Sound Power Level Per Unit(a) 

(dBA) 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
KOMATSU PC8000LC-8 Excavators  1 121.0 124.0 128.0 127.0 121.0 120.2 115.0 106.0 99.0 124.7 
Hitachi 2500 Hydraulic Shovels 1 119.5 122.5 126.5 125.5 119.5 118.5 113.5 104.5 97.5 123.2 
Hitachi 3600 Hydraulic Shovels 1 119.5 122.5 126.5 125.5 119.5 118.5 113.5 104.5 97.5 123.2 
Hitachi 5500 Hydraulic Shovels 2 119.5 122.5 126.5 125.5 119.5 118.5 113.5 104.5 97.5 123.2 
CAT 789 Haul Trucks 7 124.3 125.3 129.3 122.3 115.3 115.3 112.3 106.3 105.3 121.0 
KOMATSU PC1250LC-8 Excavators  4 120.8 122.7 124.0 117.0 118.0 115.2 113.2 107.6 101.7 120.5 
Hitachi EX1200 Backhoes 5 120.8 122.7 124.0 117.0 118.0 115.2 113.2 107.6 101.7 120.5 
Hitachi EX1900 Backhoes 3 120.8 122.7 124.0 117.0 118.0 115.2 113.2 107.6 101.7 120.5 
CAT 6015B Excavators 4 120.8 122.7 124.0 117.0 118.0 115.2 113.2 107.6 101.7 120.5 
JD 850 Excavators 10 120.5 122.4 123.7 116.7 117.7 114.9 112.9 107.3 101.4 120.2 
HITACHI ZX850LC-3 Excavators 4 120.5 122.4 123.7 116.7 117.7 114.9 112.9 107.3 101.4 120.2 
JD 800 Excavators 1 120.5 122.4 123.7 116.7 117.7 114.9 112.9 107.3 101.4 120.2 
JD 670G Excavators 2 120.5 122.4 123.7 116.7 117.7 114.9 112.9 107.3 101.4 120.2 
JD 650 Excavators 35 120.5 122.4 123.7 116.7 117.7 114.9 112.9 107.3 101.4 120.2 
CAT 773 Haul Trucks 11 107.2 109.2 116.2 112.2 113.2 113.2 111.2 105.2 97.2 117.5 
KOMATSU HD465-7EO Haul Trucks 4 107.2 109.2 116.2 112.2 113.2 113.2 111.2 105.2 97.2 117.5 
CAT 988H Wheel Loaders 1 116.9 118.8 120.1 113.1 114.1 112.9 109.3 103.7 97.8 117.2 
CAT 777 Haul Trucks 46 106.0 108.0 115.0 111.0 112.0 112.0 110.0 104.0 96.0 116.3 
KOMATSU HD785 Haul Trucks 4 106.0 108.0 115.0 111.0 112.0 112.0 110.0 104.0 96.0 116.3 
CAT 785D Haul Trucks 19 106.0 108.0 115.0 111.0 112.0 112.0 110.0 104.0 96.0 116.3 
CAT 24H Graders 3 102.0 107.0 118.0 112.0 112.0 112.4 108.0 103.0 101.0 116.1 
JD 460E Articulated Rock Trucks 5 105.7 107.7 114.7 110.7 111.7 112.1 109.7 103.7 95.7 116.1 
JD 400D Articulated Rock Trucks 11 105.7 107.7 114.7 110.7 111.7 112.1 109.7 103.7 95.7 116.1 
KOMATSU 30T Articulated Rock 
Trucks 4 105.7 107.7 114.7 110.7 111.7 112.1 109.7 103.7 95.7 116.1 

VOLVO A40F Haul Trucks 1 105.7 107.7 114.7 110.7 111.7 111.7 109.7 103.7 95.7 116.0 
CAT 740B Haul Trucks 17 105.7 107.7 114.7 110.7 111.7 111.7 109.7 103.7 95.7 116.0 
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Table 4: Contractor Equipment Noise Emissions 

Contractor Equipment Quantity 
Octave Band Sound Power Level Per Unit(a) (dBZ) Total Sound Power Level Per Unit(a) 

(dBA) 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
VOLVO A40G Haul Trucks 15 105.7 107.7 114.7 110.7 111.7 111.7 109.7 103.7 95.7 116.0 
CAT 745C Haul Trucks 10 105.7 107.7 114.7 110.7 111.7 111.7 109.7 103.7 95.7 116.0 
KOMATSU HM400-5 Haul Trucks 4 105.7 107.7 114.7 110.7 111.7 111.7 109.7 103.7 95.7 116.0 
CAT 336 Excavators  7 116.0 117.9 119.2 112.2 113.2 111.3 108.4 102.8 96.9 116.0 
HITACHI ZX450LC-3 Excavators 3 116.0 117.9 119.2 112.2 113.2 111.3 108.4 102.8 96.9 116.0 
JD 350 Excavators 6 116.0 117.9 119.2 112.2 113.2 111.3 108.4 102.8 96.9 116.0 
CAT 770 Haul Trucks 10 105.7 107.7 114.7 110.7 111.7 111.7 109.7 103.7 95.7 116.0 
CAT 730 Haul Trucks 2 105.2 107.2 114.2 110.2 111.2 111.2 109.2 103.2 95.2 115.5 
CAT 769 Haul Trucks 1 105.2 107.2 114.2 110.2 111.2 111.2 109.2 103.2 95.2 115.5 
KOMATSU D65 PX Dozers 5 108.2 111.2 113.2 115.2 107.2 112.1 106.2 104.2 98.2 115.2 
CAT D9 Dozers 13 108.2 111.2 113.2 115.2 107.2 112.1 106.2 104.2 98.2 115.2 
KOMATSU D155AX-7 Dozers 3 108.2 111.2 113.2 115.2 107.2 112.1 106.2 104.2 98.2 115.2 
BOMAG BW145DH Smooth Drum 
Compactors 4 121.9 116.9 111.9 107.9 108.9 111.5 107.9 103.9 98.9 114.9 

CAT 938K Loaders 5 113.9 115.8 117.1 110.1 111.1 111.4 106.3 100.7 94.8 114.8 
CAT 950 Loaders 6 113.9 115.8 117.1 110.1 111.1 111.4 106.3 100.7 94.8 114.8 
VOLVO L60F Loaders 1 113.9 115.8 117.1 110.1 111.1 111.4 106.3 100.7 94.8 114.8 
JD 624 Wheel Loaders 2 113.9 115.8 117.1 110.1 111.1 111.4 106.3 100.7 94.8 114.8 
CAT 794 Haul Trucks 16 118.0 119.0 123.0 116.0 109.0 109.0 106.0 100.0 99.0 114.7 
JD 544J Wheel Loaders 2 113.5 115.4 116.7 109.7 110.7 111.2 105.9 100.3 94.4 114.5 
CAT 14 Graders 8 101.0 103.0 116.0 112.0 110.0 111.5 105.0 100.0 95.0 114.4 
JD 872G Graders 6 101.0 103.0 116.0 112.0 110.0 111.5 105.0 100.0 95.0 114.4 
CAT 16 Graders 21 101.0 103.0 116.0 112.0 110.0 111.5 105.0 100.0 95.0 114.4 
CAT 930G Loaders 1 113.4 115.3 116.6 109.6 110.6 111.2 105.8 100.2 94.3 114.4 
CAT 980H Loaders 1 113.4 115.3 116.6 109.6 110.6 111.2 105.8 100.2 94.3 114.4 
JD160H Graders 1 101.0 103.0 116.0 112.0 110.0 111.5 105.0 100.0 95.0 114.4 
CAT 621G Scrapers 1 101.0 103.0 116.0 112.0 110.0 111.5 105.0 100.0 95.0 114.4 
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Table 4: Contractor Equipment Noise Emissions 

Contractor Equipment Quantity 
Octave Band Sound Power Level Per Unit(a) (dBZ) Total Sound Power Level Per Unit(a) 

(dBA) 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
JD 744K Wheel Loaders 1 113.4 115.3 116.6 109.6 110.6 111.2 105.8 100.2 94.3 114.4 
JD 724K Wheel Loaders 1 113.4 115.3 116.6 109.6 110.6 111.2 105.8 100.2 94.3 114.4 
CAT D11 Dozers 3 107.0 110.0 112.0 114.0 106.0 111.5 105.0 103.0 97.0 114.3 
WA 900 Wheel Loaders 1 102.0 104.0 118.0 116.0 107.0 110.8 105.0 98.0 90.0 114.2 
CAT 815 Smooth Drum Compactors 1 120.3 115.3 110.3 106.3 107.3 110.9 106.3 102.3 97.3 113.8 
CAT 84 Smooth Drum Compactors 4 120.3 115.3 110.3 106.3 107.3 110.9 106.3 102.3 97.3 113.8 
CAT D7 Dozers 3 98.6 101.6 119.6 110.6 107.6 110.6 103.6 97.6 88.6 113.4 
CAT 631 Scrapers 9 99.8 101.8 114.8 110.8 108.8 110.5 103.8 98.8 93.8 113.3 
CAT 627G Scrapers 2 99.8 101.8 114.8 110.8 108.8 110.5 103.8 98.8 93.8 113.3 
CAT D6 Dozers 21 98.1 101.1 119.1 110.1 107.1 110.5 103.1 97.1 88.1 113.1 
D6K Dozers 1 98.1 101.1 119.1 110.1 107.1 110.5 103.1 97.1 88.1 113.1 
D6R Dozers 2 98.1 101.1 119.1 110.1 107.1 110.5 103.1 97.1 88.1 113.1 
JD 764 Dozers 1 98.1 101.1 119.1 110.1 107.1 110.5 103.1 97.1 88.1 113.1 
JD 750J Dozers 12 98.1 101.1 119.1 110.1 107.1 110.5 103.1 97.1 88.1 113.1 
JD 700K Dozers 2 98.1 101.1 119.1 110.1 107.1 110.5 103.1 97.1 88.1 113.1 
CAT D10 Dozers 43 98.0 101.0 119.0 109.0 107.0 110.5 103.0 97.0 88.0 113.0 
CAT 834B Dozers 1 98.0 101.0 119.0 109.0 107.0 110.5 103.0 97.0 88.0 113.0 
PC 650 Backhoes 5 104.0 103.0 116.0 106.0 108.0 109.5 105.0 99.0 94.0 112.7 
Hitachi EX870 Backhoes 8 104.0 103.0 116.0 106.0 108.0 109.5 105.0 99.0 94.0 112.7 
CAT D8 Dozers 37 95.0 98.0 116.0 107.0 104.0 109.8 100.0 94.0 85.0 111.5 
HITACHI ZX470LC-6 Excavators  1 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
HITACHI ZX670 Excavators  2 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
VOLVO EC750EL Excavators  1 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
CAT 374FL Excavators  1 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
CAT 390 Excavators  7 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
HITACHI ZX870LC Excavators  2 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
KOMATSU PC490LC-10 Excavators 5 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
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Table 4: Contractor Equipment Noise Emissions 

Contractor Equipment Quantity 
Octave Band Sound Power Level Per Unit(a) (dBZ) Total Sound Power Level Per Unit(a) 

(dBA) 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
HITACHI ZX470LC-5 Excavators 6 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
JD 470G Excavators 1 101.3 100.3 113.3 103.3 105.3 108.2 102.3 96.3 91.3 110.8 
JD 140H Graders 1 96.1 101.1 112.1 106.1 106.1 107.5 102.1 97.1 95.1 110.6 
CAT 236D Skid Steer 2 89.9 92.1 107.3 103.6 95.9 109.2 93.3 86.6 78.3 109.7 
CAT 279D Skid Steer 3 89.9 92.1 107.3 103.6 95.9 109.2 93.3 86.6 78.3 109.7 
CAT D3N Dozers 1 88.1 91.1 109.1 100.1 97.1 109.2 93.1 87.1 78.1 109.7 
JD 450 Dozers 8 88.1 91.1 109.1 100.1 97.1 109.2 93.1 87.1 78.1 109.7 
CAT 242D Skid Steers 8 89.9 92.1 107.3 103.6 95.9 109.2 93.3 86.6 78.3 109.7 
BOBCAT S590 Skid Steers 3 89.9 92.1 107.3 103.6 95.9 109.2 93.3 86.6 78.3 109.7 
BOBCAT S550 Skid Steers 1 89.9 92.1 107.3 103.6 95.9 109.2 93.3 86.6 78.3 109.7 
BOBCAT T740 Skid Steers 1 89.9 92.1 107.3 103.6 95.9 109.2 93.3 86.6 78.3 109.7 
BOBCAT 7650 Skid Steers 1 89.9 92.1 107.3 103.6 95.9 109.2 93.3 86.6 78.3 109.7 
CAT 349F Excavators  6 106.4 108.3 109.6 102.6 103.6 107.0 98.8 93.2 87.3 109.0 
WS WTB123 Support Trucks 2 121.0 121.0 114.0 104.0 104.0 104.5 100.0 92.0 87.0 108.4 
KENWORTH T800 Support Trucks 2 121.0 121.0 114.0 104.0 104.0 104.5 100.0 92.0 87.0 108.4 
INTERNATIONAL 7000 Support 
Trucks 1 121.0 121.0 114.0 104.0 104.0 104.5 100.0 92.0 87.0 108.4 

OSHKOSH M1070 Support Trucks  1 121.0 121.0 114.0 104.0 104.0 104.5 100.0 92.0 87.0 108.4 
CAT 323 Excavator 3 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 
Hitachi EX450 Backhoes 9 114.3 112.4 113.0 106.9 100.5 106.5 91.1 83.0 85.1 108.1 
KOMATSU PC 360LC-10 
Excavators 2 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 

HITACHI ZX350LC-3 Excavators 3 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 
JD 270 Excavators 1 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 
JD 240DLC Excavators 1 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 
JD 200DLC Excavators 3 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 
HITACHI ZX160LC-3 Excavators 1 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 
CAT 320 Excavators 1 104.4 106.3 107.6 100.6 101.6 106.7 96.8 91.2 85.3 108.1 
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Table 4: Contractor Equipment Noise Emissions 

Contractor Equipment Quantity 
Octave Band Sound Power Level Per Unit(a) (dBZ) Total Sound Power Level Per Unit(a) 

(dBA) 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
HITACHI ZAXIS 120 Excavators 1 92.3 91.3 104.3 94.3 96.3 106.4 93.3 87.3 82.3 107.0 
JD 50D Excavators 4 92.3 91.3 104.3 94.3 96.3 106.4 93.3 87.3 82.3 107.0 
INTERNATIONAL 7500 Support 
Trucks 1 68.0 79.4 98.6 85.9 84.0 102.0 77.8 70.3 63.1 102.1 

ELGIN-EAGLE M2 Support Trucks 1 68.0 79.4 98.6 85.9 84.0 102.0 77.8 70.3 63.1 102.1 
BOMAG BW211D5 Support Trucks 1 68.0 79.4 98.6 85.9 84.0 102.0 77.8 70.3 63.1 102.1 
PETERBUILT TRUCK Support 
Trucks  3 68.0 79.4 98.6 85.9 84.0 102.0 77.8 70.3 63.1 102.1 

Notes: 
(a) Noise emissions include the time-averaged contribution from a back-up alarm. The back-up alarm noise contribution has been penalized to reflect its tonal character (ISO 2003). 
dBZ = unweighted decibels; kHz = kilohertz; Hz = hertz. 

 

Table 5: Contractor Fleet Total Noise Emissions 

Contractor Fleet Source 
Octave Band Sound Power Level (dBZ) 

Total Sound Power Level (dBA) 
31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 

Contractor Fleet 132.0 133.6 137.6 132.4 129.7 129.7 125.9 120.0 114.3 133.8 
Notes: 
dBZ = unweighted decibels; kHz = kilohertz; Hz = hertz. 
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Noise emissions from the Canadian Natural Horizon Mine are described in detail in Volume 3 of the 
Environmental Impact Assessment for the Horizon North Pit Extension (Canadian Natural 2018). Noise emissions 
from Canadian Natural Horizon South Mine are described in detail in the Joslyn North Mine Project Additional 
Information Project Update (TEPCA 2010). Noise emissions from the Canadian Natural Muskeg River Mine and 
Expansion are described in detail in the Muskeg River Mine Expansion Project Application and Environmental 
Impact Assessment (Albian Sands 2005). Noise emissions from the Canadian Natural Jackpine Mine and 
Expansion are described in detail in Volume 3 of the Application for Approval of the Jackpine Mine Expansion 
Project and Pierre River Mine Project – Environmental Impact Assessment (Shell 2007). Noise emissions from the 
Syncrude Aurora North Mine are described in detail in the Environmental Impact Assessment for the Aurora Mine 
(Syncrude 1996). Noise emissions for third-party industrial facilities will not be reproduced here, but interested 
parties are directed to the publicly available original documents described above.  

3.2 Predicted Noise Levels 
Baseline Case cumulative noise level predictions for all receptors are presented in Tables 6 and 7. In particular: 

 estimates of cumulative noise levels in dBA are presented in Table 6 

 partial estimates of cumulative noise levels in dBC are presented in Table 7 

Estimates of dBC noise levels were not available for some third-party facilities, as discussed in Section 2.4.2. 
Therefore, it was not feasible to develop complete predictions of cumulative noise levels in dBC. Partial 
predictions of cumulative noise levels in dBC were developed using the available information. 
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Table 6: Baseline Case A-Weighted Cumulative Noise Levels 

IPA Noise 
Receptor 

Nighttime 
Ambient 
Sound 
Level(a) 
(dBA) 

Third-Party Facility Noise Level (dBA) FHOSP Noise Level (dBA) 

Cumulative 
Noise Level 

(dBA) 
Canadian 
Natural 

Horizon(b) 

Canadian 
Natural 
Horizon 
South(c) 

Canadian 
Natural 

Muskeg River 
Mine and 

Expansion(c) 

Canadian 
Natural 

Jackpine Mine 
and 

Expansion(d) 

Syncrude 
Aurora 
North 
Mine(e) 

Plant(f) OPP(f) Electrical 
Infrastructure(f) 

Bird 
Deterrents(f) Mining(f) Contractor 

Fleet 

RA 35 38.1 18.7 --(g) --(g) 33.1 22.5 12.4 13.7 27.1 38.7 34.8 43.6 

RB 38 24.5 26.2 21.4 11.9 34.0 10.7 --(g) 2.7 7.7 --(g) --(g) 39.9 

RC 35 22.2 --(g) --(g) 13.2 33.8 21.1 16.2 10.4 16.3 30.7 27.5 38.9 

RD 35 16.7 --(g) --(g) 6.5 31.2 15.8 9.0 4.5 5.8 19.2 16.8 36.7 

RE 35 46.4 23.7 6.4 --(g) 34.6 29.6 12.5 19.6 37.7 31.9 28.6 47.7 

RF 35 17.8 --(g) --(g) 7.9 31.6 16.6 10.2 5.4 9.1 20.8 18.4 36.9 
Notes: 
(a)  ASL values established using desktop technique outlined in AER Directive 038 (EUB 2007). ASL values are 5 dBA less than applicable PSL values (Table 3). 
(b)  Noise contribution from this facility estimated using data from publicly available regulatory application (Canadian Natural 2018).  
(c)  Noise contribution from this facility estimated using data from publicly available regulatory application (TEPCA 2010). 
(d)  Noise contribution from this facility estimated using data from publicly available regulatory application (Shell 2007). 
(e)  Noise contribution from this facility estimated using data from publicly available regulatory application (Syncrude 1996). 
(f)  FHOSP noise contribution established using results of noise assessment for  FHMA (Golder 2017) and reflect FHOSP  during calendar-year 2045.  
(g)  Noise contribution too small to be meaningfully quantified. 
ASL = Ambient sound level; dBA = A-weighted decibels; FHOSP = Fort Hills Oil Sands Project; IPA = Integrated Plan Amendment; OPP = ore processing plant. 
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Table 7: Baseline Case C-Weighted Partial Cumulative Noise Levels 

IPA Noise 
Receptor 

Nighttime 
Ambient 
Sound 
Level 
(dBC) 

Third-Party Facility Noise Level (dBC) FHOSP Noise Level (dBC) 
Partial 

Cumulative 
Noise Level 

(dBC) 

Canadian 
Natural 

Horizon(a) 

Canadian 
Natural 
Horizon 
South(b) 

Canadian 
Natural 

Muskeg River 
Mine and 

Expansion(b) 

Canadian 
Natural 

Jackpine Mine 
and 

Expansion(c) 

Syncrude 
Aurora 
North 
Mine 

Plant(d) OPP(d) Electrical 
Infrastructure(d) 

Bird 
Deterrents(d) Mining(d) Contractor 

Fleet 

RA 42(e) 54.4 40.0 --(f) 6.7 --(g) 43.0 31.1 41.7 40.9 52.2 49.0 57.7 

RB --(g) 43.0 46.4 31.5 37.1 --(g) 35.9 18.8 31.8 30.0 --(f) --(f) 48.8 

RC 39(e) 41.8 --(f) --(f) 32.3 --(g) 46.0 40.4 38.8 35.8 48.0 44.8 52.6 

RD 39(e) 37.6 --(f) --(f) 28.0 --(g) 41.1 34.8 33.4 24.6 38.7 35.7 46.4 

RE 42(e) 59.4 45.0 24.4 20.8 --(g) 47.3 31.3 47.3 48.8 47.0 44.2 60.7 

RF 39(e) 38.4 --(f) --(f) 28.9 --(g) 41.8 35.8 34.1 29.1 39.9 36.9 47.2 
Notes: 
(a)  Noise contribution from this facility estimated using data from publicly available regulatory application (Canadian Natural 2018).  
(b)  Noise contribution from this facility estimated using data from publicly available regulatory application (TEPCA 2010). 
(c)  Noise contribution from this facility estimated using data from publicly available regulatory application (Shell 2007). 
(d)  FHOSP noise contribution established using results of noise assessment for  FHMA (Golder 2017) and reflect FHOSP during calendar-year 2045. 
(e)  AER Directive 038 does not provide a technique for estimating C-weighted ASL values; therefore, these values have been taken from the acoustics literature (Young et al. 2015).   
(f)  Noise contribution too small to be meaningfully quantified. 
(g)  C-weighted noise level estimates are not available. 
dBC = C-weighted decibels; FHOSP = Fort Hills Oil Sands Project; IPA = Integrated Plan Amendment; OPP = ore processing plant. 
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4.0 APPLICATION CASE 
4.1 Noise Emissions 
The Application Case treated noise emissions from third-party industrial facilities in the same way as the Baseline 
Case since operations at third-party industrial facilities are expected to be unchanged because of the IPA. 
Likewise, as discussed in Section 2.1, the Application Case treated noise emissions from the FHOSP plant, OPP, 
electrical infrastructure, and contractor fleet in the same way as the Baseline Case since these FHOSP elements 
will be unchanged because of the IPA. Only noise emissions from FHOSP mining and tailings activities, and 
acoustic bird deterrents are different in the Baseline Case and Application Case, since FHOSP mining and tailings 
activities will be changed because of the IPA, and changes to the size and location of FHOSP ponds will require 
adjustments to the specific number and location of acoustic bird deterrents used on-site.  

Noise emissions for individual pieces of FHOSP mining equipment were established for consistency with 
the FHMA noise assessment (Golder 2017). Raw noise emissions for mining equipment that will be in use during 
the Application Case snapshot (calendar-year 2040) are presented in Table 8 in the form of octave band sound 
power levels. The sound power levels presented in Table 8 correspond to noise emissions during periods when a 
source is active; in other words, the Table 8 noise emissions do not account for source usage factor. 

Back-up alarms were included in the Application Case noise modelling. Noise emissions from back-up alarms 
were penalized because their tonal spectral structure will be more perceptible to the human auditory system than 
noise with a broadband spectral structure (ISO 2003). Rather than being treated as separate sources, the back-up 
alarm noise emissions were combined with the noise emissions for mine fleet equipment using standard usage 
factor assumptions. In particular, the following back-up alarm usage factors were assumed for various types of 
mining equipment: 

 large excavators and shovels: 0% 

 haul trucks: 0% 

 dozers: 50% 

 graders: 10% 

 loaders: 50% 

 small excavators: 25%  

 support trucks and light vehicles: 10% 

To create a computer model of FHOSP mining activities, the individual equipment noise emissions values from 
Table 8 (which already include the noise contribution from tonal back-up alarms) were scaled using an overall 
equipment usage factor calculated based on planned GOH for each piece of equipment. Scaled noise emissions 
for individual pieces of equipment were summed to get total noise emissions for the entire FHOSP mining fleet, 
which were then distributed across active mining areas, haul roads, and overburden placement areas using line 
and area sources. Noise emissions for Application Case mine fleet sources are presented in Table 9 in the form of 
octave band sound power levels.  
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Table 8: Application Case Mine Equipment Noise Emissions 

Mining Equipment Quantity 
Octave Band Sound Power Level Per Unit(a) (dBZ) Total Sound Power Level Per Unit(a) 

(dBA) 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 

EX8000 Hydraulic Shovel/Excavator 3 121.0 124.0 128.0 127.0 121.0 120.0 115.0 106.0 99.0 124.7 

980E-1 (AHS) Haul Truck 105 109.9 119.0 117.5 115.6 114.3 113.2 111.7 104.7 107.4 118.3 

24H Large Grader 19 102.0 107.0 118.0 112.0 112.0 112.4 108.0 103.0 101.0 116.1 

P&H 4100C Boss Cable Shovel 8 120.0 120.0 120.0 113.0 108.0 113.0 108.0 101.0 93.0 115.9 

854 Rubber Tired Dozer 6 96.3 101.3 117.3 114.3 110.3 112.7 106.3 101.3 93.3 115.6 

16H Small Grader 4 101.0 103.0 116.0 112.0 110.0 111.5 105.0 100.0 95.0 114.4 

D11 Dozer 28 107.0 110.0 112.0 114.0 106.0 111.5 105.0 103.0 97.0 114.3 

385 Excavator 3 104.0 103.0 116.0 106.0 108.0 109.5 105.0 99.0 94.0 112.7 

D8 Dozer 16 95.0 98.0 116.0 107.0 104.0 109.8 100.0 94.0 85.0 111.5 

345 Excavator 2 114.3 112.4 113.0 106.9 100.5 106.5 91.1 83.0 85.1 108.1 

Light Vehicle (Pick Up Truck) 608 68.0 79.4 98.6 85.9 84.0 102.0 77.8 70.3 63.1 102.1 
Notes: 
(a) Noise emissions include the time-averaged contribution from a back-up alarm. The back-up alarm noise contribution has been penalized to reflect its tonal character (ISO 2003). 
dBA = A-weighted decibel; dBZ = unweighted decibels; kHz = kilohertz; Hz = hertz. 

 

Table 9: Application Case Mine Fleet Total Noise Emissions 

Mine Fleet Source 
Octave Band Sound Power Level (dBZ) 

Total Sound Power Level (dBA) 
31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 

Haul Road (line source) 129.3 138.4 137.0 135.0 133.7 133.0 131.1 124.1 126.8 137.8 

Active Mining (area source) 130.3 131.6 135.2 132.8 127.9 129.3 124.0 118.7 114.2 132.9 

Overburden Placement (area source) 115.5 118.3 127.7 123.4 119.9 123.0 116.5 112.5 108.1 125.8 
Notes:  
dBA = A-weighted decibel; dBZ = unweighted decibels; kHz = kilohertz; Hz = hertz. 
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Three types of acoustic bird deterrents will be used on FHOSP tailings ponds: 

 cannons, which generate noise through the explosive detonation of propane 

 BirdGard® units, which are omni-directional speakers used to play predator calls and other disruptive sounds 

 Acoustic Hailing Devices (AHDs), which are highly directional projectors used to direct an intense “beam” of 
acoustic energy directly at birds approaching tailings ponds.  

Acoustic Hailing Devices will always be deployed as part of radar-linked packages that will only become active 
when birds are detected close to a tailings pond (i.e., when there is a potential for birds to approach or land on a 
tailings pond). BirdGard® units and bird deterrent cannons will be deployed as part of radar-linked packages but 
will also be deployed in a non-radar-linked configuration. When deployed in a non-radar-linked configuration the 
BirdGard® units and cannons will fire randomly to prevent bird habituation to their noise. AHDs, BirdGard® units, 
and bird deterrent cannons were all considered in the FHMA noise assessment (Golder 2017); the IPA noise 
assessment took noise emissions for all three types of acoustic bird deterrents directly from the FHMA noise 
assessment.  

Raw noise emissions for the bird deterrent cannons, BirdGard® units, and AHDs considered in the IPA noise 
assessment are presented in Table 10 in the form of octave band sound power levels. The sound power levels 
presented in Table 10 correspond to noise emissions during an activation of the source; in other words, the 
Table 10 emissions do not account for usage factor or directivity of the source. Noise emissions for bird deterrent 
noise sources adjusted for usage factor and directivity are presented in Table 11. For each source, the assumed 
usage factor and directivity are consistent with assumptions used in the FHMA noise assessment (Golder 2017). 
The adjusted noise emissions presented in Table 11 were used to represent acoustic bird deterrents in the 
computer model developed for the IPA noise assessment.       

In the computer model developed for the IPA noise assessment, acoustic bird deterrents were allocated to 
different FHOSP ponds based on surface area. The specific allocation of acoustic bird deterrents considered in 
the IPA Application Case are presented in Table 12. 



December 2021 20138990-1300-5 

 

 
 

 24 

 

Table 10: Raw Noise Emissions for Acoustic Bird Deterrents 

Acoustic Bird Deterrent 
Octave Band Sound Power Level Per Unit (dBZ) 

Total Sound Power Level Per Unit (dBA) 
31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 

AHD --(a) --(a) --(a) --(a) 145.8 151.1 154.1 157.1 147.9 160.7 

cannon 123.0 131.0 138.0 137.0 131.0 123.0 128.0 120.0 115.0 134.2 

BirdGard® unit --(a) --(a) --(a) --(a) --(a) 103.3 111.5 105.7 --(a) 114.1 
Notes: 
(a)  Deterrent does not emit noise in this octave band. 
AHD = Acoustic Hailing Device; dBA = A-weighted decibels; dBZ = unweighted decibels; kHz = kilohertz; Hz = hertz. 

 

Table 11: Adjusted Noise Emissions for Acoustic Bird Deterrents 

Acoustic Bird 
Deterrent 

Usage 
Factor (%) 

Directivity 
(degrees) 

Adjusted Octave Band Sound Power Level Per Unit (dBZ) Adjusted Total Sound Power 
Level Per Unit (dBA) 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 

AHD (radar-linked) 0.42 30 --(a) --(a) --(a) --(a) 111.2 116.5 119.5 122.5 113.3 126.1 

cannon (non-radar-
linked) 4.2 360 109.2 117.2 124.2 123.2 117.2 109.2 114.2 106.2 101.2 120.4 

cannon (radar-linked) 0.42 360 99.2 107.2 114.2 113.2 107.2 99.2 104.2 96.2 91.2 110.4 

BirdGard® unit (non-
radar-linked) 4.2 360 --(a) --(a) --(a) --(a) --(a) 89.5 97.7 91.9 --(a) 100.3 

BirdGard® unit (radar-
linked) 0.42 360 --(a) --(a) --(a) --(a) --(a) 79.5 87.7 81.9 --(a) 90.3 

Notes: 
(a)  Deterrent does not emit noise in this octave band. 
AHD = Acoustic Hailing Device; dBA = A-weighted decibels; dBZ = unweighted decibels; kHz = kilohertz; Hz = hertz; % = percent. 
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Table 12: Acoustic Bird Deterrent Allocation for Application Case Snapshot (Calendar-Year 2040) 

FHOSP Operation Area 
Number of Acoustic Bird Deterrents 

Adjusted Total Sound 
Power Level (dBA) Radar-Linked 

AHDs 
Non-Radar-Linked 

Cannons 
Radar-Linked 

Cannons 
Non-Radar-Linked 
BirdGard® Units 

Radar-Linked 
BirdGard® Units 

South Dedicated Disposal Area (DDA) 24 0 18 0 18 140.0 

Out-of-Pit Tailings Area (OPTA) 20 0 15 0 15 139.2 

Centre DDA 16 0 12 0 12 138.2 

OPTA East 8 0 6 0 6 135.2 

OPTA Phase 1 8 0 6 0 6 135.2 

South Pit Tailings Area (SPTA) 8 0 6 0 6 135.2 

OPTA Phase 2 0 6 0 6 0 128.2 
Notes:  
AHD = Acoustic Hailing Device; dBA = A-weighted decibels; FHOSP = Fort Hills Oil Sands Project. 
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4.2 Predicted Noise Levels 
Application Case cumulative noise level predictions for all receptors are presented in Tables 13 and 14. In 
particular: 

 estimates of cumulative noise levels in dBA are presented in Table 13 

 partial estimates of cumulative noise levels in dBC are presented in Table 14 

Estimates of dBC noise levels were not available for some third-party facilities, as discussed in Section 2.4.2. 
Therefore, it was not feasible to develop complete predictions of cumulative noise levels in dBC. Partial 
predictions of cumulative noise levels in dBC were developed using the available information. 

5.0 NOISE ASSESSMENT 
5.1 Broadband Criteria Comparison 
Baseline Case cumulative noise levels are compared in Table 15 to PSL limits set out in AER Directive 038. The 
results presented in Table 15 indicate that Baseline Case cumulative noise levels are predicted to exceed 
applicable PSL limits at two of six receptor locations considered in the IPA noise assessment: RA and RE. At the 
other four receptor locations, Baseline Case cumulative noise levels are predicted to comply with applicable PSL 
limits. Receptor RA is a trapper cabin identified in past FHOSP noise assessments. The current occupancy status 
of receptor RA is unknown. Receptor RE is a historical cabin site within the FHOSP footprint, which is no longer 
used as a dwelling but preserved for cultural importance.  

At receptors where Baseline Case cumulative noise levels are predicted to exceed applicable PSL limits, AER 
Directive 038 allows compliance for the IPA to be demonstrated by showing that the proposed mine plan changes 
will result in “no net increase” in cumulative noise levels (i.e., that the difference between Baseline Case and 
Application Case cumulative noise levels does not exceed 0.4 dBA). Baseline Case cumulative noise levels and 
Application Case cumulative noise levels are compared in Table 16. For one of the two receptors where Baseline 
Case cumulative noise levels were predicted to exceed PSL limits (i.e., RA) the change in cumulative noise levels 
between the Baseline Case and the Application Case is predicted to be less than 0.4 dBA. At RE, the other 
receptor where Baseline Case cumulative noise levels were predicted to exceed PSL limits, the predicted change 
in cumulative noise levels is greater than 0.4 dBA; however, as discussed previously, receptor RE is a historical 
cabin site, which is no longer used as a dwelling and, therefore, compliance with AER Directive 038 is not 
required at this receptor.  

Application Case cumulative noise levels are compared to PSL limits set out in AER Directive 038 in Table 17. At 
the four receptors where Baseline Case cumulative noise levels were predicted to comply with applicable PSL 
limits (i.e., RB, RC, RD, and RF), Application Case cumulative noise levels are also predicted to be PSL-
compliant.  

A summary of the broadband noise compliance assessment for the IPA is provided in Table 18, which indicates 
that the IPA is predicted to be compliant with AER Directive 038 for five of six receptor locations. The only 
receptor predicted to be non-compliant with AER Directive 038 is RE, but this location is not an occupied dwelling 
and, therefore, compliance is not a regulatory requirement. 
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Table 13: Application Case A-Weighted Cumulative Noise Levels 

IPA Noise 
Receptor 

Nighttime 
Ambient 
Sound 
Level(a) 
(dBA) 

Third-Party Facility Noise Level [dBA] FHOSP Noise Level [dBA] 

Cumulative 
Noise Level 

(dBA) 
Canadian 
Natural 

Horizon(b) 

Canadian 
Natural 
Horizon 
South(c) 

Canadian 
Natural Muskeg 
River Mine and 

Expansion(c) 

Canadian 
Natural 

Jackpine Mine 
and 

Expansion(d) 

Syncrude 
Aurora 
North 
Mine(e) 

Plant(f) OPP(f) Electrical 
Infrastructure(f) 

Bird 
Deterrents Mining Contractor 

Fleet 

RA 35 38.1 18.7 --(g) --(g) 33.1 22.5 12.4 13.7 30.9 36.8 33.1 43.0 

RB 38 24.5 26.2 21.4 11.9 34.0 10.7 --(g) 2.7 0.7 --(g) --(g) 39.9 

RC 35 22.2 --(g) --(g) 13.2 33.8 21.1 16.2 10.4 13.7 26.2 22.9 38.2 

RD 35 16.7 --(g) --(g) 6.5 31.2 15.8 9.0 4.5 5.8 18.2 15.1 36.7 

RE 35 46.4 23.7 6.4 --(g) 34.6 29.6 12.5 19.6 40.6 38.3 35.3 48.6 

RF 35 17.8 --(g) --(g) 7.9 31.6 16.6 10.2 5.4 7.3 17.9 14.6 36.8 
Notes: 
(a)  ASL values established using desktop technique outlined in AER Directive 038 (EUB 2007). ASL values are 5 dBA less than applicable PSL values (refer to Table 3). 
(b)  Noise contribution from this facility estimated using data from publicly available regulatory application (Canadian Natural 2018).  
(c)  Noise contribution from this facility estimated using data from publicly available regulatory application (TEPCA 2010). 
(d)  Noise contribution from this facility estimated using data from publicly available regulatory application (Shell 2007). 
(e)  Noise contribution from this facility estimated using data from publicly available regulatory application (Syncrude 1996). 
(f)  Noise contribution from this FHOSP element is unchanged from the Baseline Case.  
(g)  Noise contribution too small to be meaningfully quantified. 
dBA = A-weighted decibels; dBZ = unweighted decibels; FHOSP = Fort Hills Oil Sands Project; kHz = kilohertz; Hz = hertz. 
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Table 14: Application Case C-Weighted Partial Cumulative Noise Levels 

IPA Noise 
Receptor 

Nighttime 
Ambient 
Sound 

Level (dBC) 

Third-Party Facility Noise Level (dBC) FHOSP Noise Level (dBC) 
Partial 

Cumulative 
Noise Level 

(dBC) 

Canadian 
Natural 

Horizon(a) 

Canadian 
Natural 
Horizon 
South(b) 

Canadian 
Natural Muskeg 
River Mine and 

Expansion(b) 

Canadian 
Natural 

Jackpine Mine 
and 

Expansion(c) 

Syncrude 
Aurora 

North Mine 
Plant(d) OPP(d) Electrical 

Infrastructure(d) 
Bird 

Deterrents Mining Contractor 
Fleet 

RA 42(e) 54.4 40.0 --(f) 6.7 --(g) 43.0 31.1 41.7 44.2 51.7 48.9 57.7 

RB --(g) 43.0 46.4 31.5 37.1 --(g) 35.9 18.8 31.8 22.7 4.8 11.5 48.8 

RC 39(e) 41.8 --(f) --(f) 32.3 --(g) 46.0 40.4 38.8 31.2 46.0 41.4 51.4 

RD 39(e) 37.6 --(f) --(f) 28.0 --(g) 41.1 34.8 33.4 25.0 38.5 34.4 46.3 

RE 42(e) 59.4 45.0 24.4 20.8 --(g) 47.3 31.3 47.3 48.1 51.2 49.1 61.2 

RF 39(e) 38.4 --(f) --(f) 28.9 --(g) 41.8 35.8 34.1 26.2 38.5 34.1 46.7 
Notes: 
(a) Noise contribution from this facility estimated using data from publicly available regulatory application (Canadian Natural 2018).  
(b) Noise contribution from this facility estimated using data from publicly available regulatory application (TEPCA 2010). 
(c) Noise contribution from this facility estimated using data from publicly available regulatory application (Shell 2007). 
(d) Noise contribution from this FHOSP element is unchanged from the Baseline Case.  
(e) AER Directive 038 does not provide a technique for estimating C-weighted ASL values; therefore, these values have been taken from the acoustics literature (Young et al. 2015).   
(f) Noise contribution too small to be meaningfully quantified. 
(g) C-weighted noise level estimates are not available. 
FHOSP = Fort Hills Oil Sands Project; IPA = Integrated Plan Amendment; dBC = C-weighted decibels. 
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Table 15: Permissible Sound Level Compliance - Baseline Case 
IPA Noise 
Receptor 

Nighttime Permissible 
Sound Level (dBA) 

Baseline Case Cumulative 
Noise Level (dBA) Comment 

RA 40 43.6 Cumulative noise levels exceed the PSL. 

RB 43 39.9 Cumulative noise levels are below the PSL. 

RC 40 38.9 Cumulative noise levels are below the PSL. 

RD 40 36.7 Cumulative noise levels are below the PSL. 

RE 40 47.7 Cumulative noise levels exceed the PSL. 

RF 40 36.9 Cumulative noise levels are below the PSL. 
Notes:  
IPA = Fort Hills Integrated Plan Amendment; dBA = A-weighted decibels; PSL = permissible sound level. 
 
 
Table 16: Baseline Case vs. Application Case Cumulative Noise Levels 

IPA Noise 
Receptor 

Baseline Case 
Cumulative Noise 

Level (dBA) 

Application Case 
Cumulative Noise 

Level (dBA) 

Difference: Application 
Case minus Baseline 

Case (dBA) 
Comment 

RA 43.6 43.0 -0.6 “No net increase” in cumulative 
noise levels.  

RB 39.9 39.9 0.0 “No net increase” in cumulative 
noise levels.  

RC 38.9 38.2 -0.7 “No net increase” in cumulative 
noise levels.  

RD 36.7 36.7 0.0 “No net increase” in cumulative 
noise levels.  

RE 47.7 48.6 +0.9 
Change in cumulative noise 
levels exceeds the “no net 
increase” threshold (+0.4 dBA).  

RF 36.9 36.8 -0.1 “No net increase” in cumulative 
noise levels.  

Notes:  
IPA = Fort Hills Integrated Plan Amendment; dBA = A-weighted decibels. 
 
 
Table 17: Permissible Sound Level Compliance - Application Case 

IPA Noise 
Receptor 

Nighttime Permissible 
Sound Level (dBA) 

Application Case Cumulative 
Noise Level (dBA) Comment 

RA 40 43.0 Cumulative noise levels exceed the PSL. 

RB 43 39.9 Cumulative noise levels are below the PSL. 

RC 40 38.2 Cumulative noise levels are below the PSL. 

RD 40 36.7 Cumulative noise levels are below the PSL. 

RE 40 48.6 Cumulative noise levels exceed the PSL. 

RF 40 36.8 Cumulative noise levels are below the PSL. 
Notes:  
IPA = Fort Hills Integrated Plan Amendment; dBA = A-weighted decibels; PSL = permissible sound level. 
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Table 18: Broadband Noise Compliance Summary 
IPA Noise Receptor Broadband Noise Compliance Assessment 

RA Compliant with AER Directive 038 based on “no net increase”.  

RB Compliant with AER Directive 038 based on PSL and “no net increase”.  

RC Compliant with AER Directive 038 based on PSL and “no net increase”. 

RD Compliant with AER Directive 038 based on PSL and “no net increase”. 

RE(a) Not compliant with AER Directive 038.  

RF Compliant with AER Directive 038 based on PSL and “no net increase”. 
Notes: 
This receptor is a historical cabin site within the FHOSP footprint, which is no longer used as a dwelling. Therefore, compliance with AER 
Directive 038 is not required at this receptor. 
AER = Alberta Energy Regulator; FHOSP = Fort Hills Oil Sands Project; IPA = Fort Hills Integrated Plan Amendment; PSL = permissible 
sound level. 
 
 
5.2 Low Frequency Criteria Comparison 
The LFN test set out in AER Directive 038 has two parts, as discussed in Section 2.4.2: a comparison of predicted 
dBA and dBC noise levels and an examination of high-resolution spectral data to check for a low frequency tone. 
Because the IPA noise assessment is based on model predictions, it was only possible to apply the dBA vs. dBC 
test; high-resolution spectral data suitable for application of the tone test is not available from computer models. 
As such, the IPA noise assessment could not definitively identify LFN issues based on the full, two-part LFN test; 
instead, it could only identify potential LFN issues based on the dBA vs. dBC part of the test. Furthermore, 
estimates of dBC noise levels were not available for some third-party facilities and so it was not feasible to 
develop complete predictions of cumulative noise levels in dBC. Partial predictions of cumulative noise levels in 
dBC were developed using available information. 

Partial cumulative noise levels in dBA and dBC for the Baseline Case are compared in Table 19. The results 
presented in Table 19 indicate that there is no potential for LFN issues at any of the six receptors considered in 
the IPA noise assessment. For all receptors, the difference between predicted dBA and dBC noise levels is less 
than the threshold value of 20 that AER Directive 038 considers indicative of a potential LFN issue.  

Partial cumulative noise levels in dBA and dBC for the Application Case are compared in Table 20. The results 
presented in Table 20 indicate that there is no potential for LFN issues at any of the six receptors considered in 
the IPA noise assessment. 
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Table 19: Low Frequency Noise Assessment (Partial) - Baseline Case 

IPA Noise Receptor LFN Threshold (dBC 
minus dBA) 

Baseline Case Partial 
Cumulative Noise Level 

(dBA) 

Baseline Case Partial 
Cumulative Noise Level(a) 

(dBC) 
Difference:  

dBC minus dBA LFN Assessment 

RA 20 43.2(b) 57.7 14.5 no LFN 

RB 20 29.4(c) 48.8 19.4 no LFN 

RC 20 37.3(b) 52.6 15.3 no LFN 

RD 20 35.3(b) 46.4 11.1 no LFN 

RE 20 47.5(b) 60.7 13.2 no LFN 

RF 20 35.4(b) 47.2 11.8 no LFN 
Notes: 
These values taken directly from Table 5. 
This value was obtained by summing the A-weighted contributions from ASL, Horizon, Horizon South, Muskeg River Mine and Expansion, Jackpine Mine and Expansion, and FHOSP presented 
in Table 4. 
This value was obtained by summing the A-weighted contributions from Horizon, Horizon South, Muskeg River Mine and Expansion, Jackpine Mine and Expansion, and FHOSP presented in 
Table 4. 
FHOSP = Fort Hills Oil Sands Project: IPA = Fort Hills Integrated Plan Amendment; dBA = A-weighted decibels; dBC = C-weighted decibels; LFN = low frequency noise. 
 
Table 20: Low Frequency Noise Assessment (Partial) - Application Case 

IPA Noise Receptor LFN Threshold  
(dBC minus dBA) 

Application Case Partial 
Cumulative Noise Level 

(dBA) 

Application Case Partial 
Cumulative Noise 

Level(a) (dBC) 
Difference:  

dBC minus dBA LFN Assessment 

RA 20 42.5(b) 57.7 15.2 no LFN 

RB 20 29.4(c) 48.8 19.4 no LFN 

RC 20 36.2(b) 51.4 15.2 no LFN 

RD 20 35.3(b) 46.3 11.0 no LFN 

RE 20 48.4(b) 61.2 12.8 no LFN 

RF 20 35.3(b) 46.7 11.4 no LFN 
Notes: 
These values taken directly from Table 14. 
This value was obtained by summing the A-weighted contributions from ASL, Horizon, Horizon South, Muskeg River Mine and Expansion, Jackpine Mine and Expansion, and FHOSP presented 
in Table 13. 
This value was obtained by summing the A-weighted contributions from Horizon, Horizon South, Muskeg River Mine and Expansion, Jackpine Mine and Expansion, and FHOSP presented in 
Table 13. 
FHOSP = Fort Hills Oil Sands Project; IPA = Fort Hills Integrated Plan Amendment; dBA = A-weighted decibels; dBC = C-weighted decibels; LFN = low frequency noise. 
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6.0 NOISE ASSESSMENT CONCLUSIONS 
The IPA noise assessment was focused on six receptor locations, identified as RA through RF. Many or all of 
these six locations may not meet the strict AER Directive 038 definition of a receptor (i.e., a dwelling occupied at 
least six weeks per year). Moreover, one of the nine receptors (RE) is a historical cabin site within the FHOSP 
footprint, which is no longer used as a dwelling but preserved for cultural importance.  

The IPA noise assessment predicted cumulative noise levels at all six receptors. In accordance with AER 
Directive 038, the cumulative noise level predictions included the noise contributions from natural and non-
industrial sources, the FHOSP itself, and nearby third-party industrial facilities. The IPA noise assessment 
predicted cumulative noise levels for the Baseline Case (i.e., noise levels as they would exist without the IPA) and 
the Application Case (i.e., noise levels as they would exist with the IPA). The IPA noise assessment was focused 
on a snapshot year of FHOSP operations, which was selected to capture the greatest potential noise effects.  

Potential noise impacts from the IPA were assessed by:  

 comparing Application Case cumulative noise levels to PSL limits from AER Directive 038 

 comparing Application Case cumulative noise levels to Baseline Case cumulative noise levels to quantify the 
change in noise levels expected to result from the IPA  

 testing Application Case cumulative noise levels for potential LFN issues using a protocol set out in AER 
Directive 038 

The specific conclusions of the IPA noise assessment are: 

 For four receptors (RB, RC, RD, and RF), Application Case cumulative noise levels are predicted to comply 
with applicable AER Directive 038 PSL limits. 

 For one receptor (RA), there is predicted to be “no net increase” in cumulative noise levels as a result of the 
IPA. 

 For one receptor (RE), the Application Case cumulative noise level is predicted to exceed the AER 
Directive 038 PSL limit, and the cumulative noise level is predicted to increase beyond the “no net increase’ 
threshold (i.e., 0.4 dBA). However, this location is not an occupied dwelling; therefore, compliance with AER 
Directive 038 is not a regulatory requirement. 

 For all six receptors, there is predicted to be no potential for LFN issues. 

The overall conclusion of the IPA noise assessment is that proposed changes to FHOSP mining activities 
associated with the IPA are compliant with AER Directive 038 and will not materially change FHOSP noise 
impacts that have already been assessed and approved as part of past regulatory applications (FHEC 2010, 
2017; Golder 2013, 2017). 
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Table 2E-1: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen VWP A VWP B VWP C VWP D VWP E VWP F 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled 

(m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

FH18-ES401-SN1 481469.4 6378930.5 305.03 - 96.7 VWP - - n/a 88.5 Quaternary-Aquifer 70 Rafted McMurray 29.5 03 Surface Sand 11 03 Surface Sand n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES403-SN1 481599.9 6377441.0 299.54 300.50 83.82 MW 72.03 75.07 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES404-SN1 479299.9 6377452.5 299.66 - 87.1 VWP - - n/a 86 Indeterminate 76 Rafted McMurray 58 Quaternary-Aquitard 26 03 Surface Sand n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES405-SN1 484006.3 6376073.1 304.52 305.48 71.63 MW 24.03 27.14 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES407-SN1 474106.2 6374695.2 297.22 298.21 65.22 MW 15.29 18.41 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES408-SN1 482988.8 6374419.3 294.21 - 62.48 VWP - - n/a 56.5 Rafted McMurray 24 03 Surface Sand 10 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES410-SN1 484175.2 6372729.4 293.58 - 50.29 VWP - - n/a 43.5 Quaternary-Aquifer 20.5 03 Surface Sand 10.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES411-SN1 475837.6 6372267.3 302.80 - 71.63 VWP - - n/a 10 Rafted McMurray 22.5 Rafted McMurray 30 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES412-MR1 483677.8 6372376.2 294.02 - 69 VWP - - n/a 63 Beaverhill 42 10 Clay Till 2 n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES412-SN1 483674.1 6372380.5 294.18 295.16 50.29 MW 15 18 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES415-SN1 474540.0 6370073.0 295.50 n/a 48.76 VWP n/a n/a n/a 14 Rafted McMurray 8.9 03 Surface Sand 2.1 01 Peat n/a n/a n/a n/a n/a n/a 5 

FH18-ES416-SN1 476440.4 6370549.1 294.95 295.81 56.39 MW 16.88 20 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH18-ES417-SN1 483905.6 6369484.9 300.50 - 50.29 VWP - - n/a 46.3 10 Clay Till 2 16.4 09 Silty Sand AQ4 8.5 09 Silty Sand AQ4 4.2 09 Silty Sand AQ4 n/a n/a n/a n/a Fort Hills Upland 

FH18-ES419-DR1 472120.7 6368819.9 306.87 307.73 39.4 PW - - 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES419-MR1 472121.0 6368815.7 306.77 - 123.5 VWP - - n/a 121 Beaverhill 109 Basal Aquifer 100 Basal Aquifer n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES419-SN1 472126.2 6368815.7 306.83 - 56.39 VWP - - n/a 51.1 Rafted McMurray 38.5 Quaternary-Aquifer 12 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH18-ES421-SN1 482330.2 6368408.2 295.68 - 38.1 VWP - - n/a 35.9 Rafted McMurray 7.7 03 Surface Sand 4.5 01 Peat n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES424-MR1 471421.0 6365877.7 299.81 - 131 VWP - - n/a 126 Beaverhill 119.5 Basal Aquifer 106 Basal Aquifer n/a n/a n/a n/a n/a n/a 2 

FH18-ES424-SN1 471420.6 6365883.5 299.82 - 36.58 VWP - - n/a 29.3 Rafted McMurray 15.5 03 Surface Sand 4 Quaternary-Aquifer 2.5 01 Peat n/a n/a n/a n/a 2 

FH18-ES426-DR1 474451.8 6366578.0 296.87 297.89 25.2 PW - - Rafted McMurray n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH18-ES426-SN1 474457.0 6366577.7 296.94 297.49 41.15 MW 19.38 22.5 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH18-ES426-SN2 474456.6 6366575.6 296.97 297.45 9.14 MW 4 7.12 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH18-ES427-SN1 478638.9 6366060.4 320.76 321.75 65.53 MW 22.56 25.6 07 Silty Sand AQ3 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES430-SN1 476461.4 6365993.6 308.04 309.15 53.34 MW 22.86 25.91 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES431-MR1 471164.3 6364366.7 300.46 - 135 VWP - - n/a 130 Beaverhill 120 Basal Aquifer 112 Basal Aquifer n/a n/a n/a n/a n/a n/a 6 

FH18-ES431-SN1 471164.1 6364372.2 300.48 - 38.1 VWP - - n/a 20.5 Rafted McMurray 10.2 Rafted McMurray 2.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 6 

FH18-ES436-DR1 474915.8 6364586.7 325.44 326.03 45 PW - - 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES436-SN1 474919.9 6364589.0 325.55 326.42 62.48 MW 34.98 38.1 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES437-SN1 477591.3 6363134.5 336.16 337.00 77.72 MW 57 60.05 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES438-SN1 474886.0 6363973.2 336.55 337.42 70.1 MW 29.57 32.61 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES440-MR1 478796.2 6362010.7 343.29 - 156 VWP - - n/a 152 Beaverhill 142 Basal Aquifer 134 Basal Aquifer n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES440-SN1 478790.3 6362011.9 343.09 - 80.77 VWP - - n/a 65 09 Silty Sand AQ4 40.7 09 Silty Sand AQ4 11.2 03 Surface Sand n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH18-ES441-SN1 473645.5 6362339.2 332.93 333.94 65.53 MW 32 35.05 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 
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Table 2E-1: Boreholes Drilled by Matrix Solutions Inc. 
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FH19-ES512-SN2 469064.2 6369810.0 301.60 - 48.76 VW - - n/a 44.5 Rafted McMurray 20.8 03 Surface Sand 12 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES519-SN2 468806.5 6369197.8 302.33 - 48.76 VW - - n/a 42.3 Rafted McMurray 22.4 03 Surface Sand 10.6 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES534-SN2 468690.4 6368180.7 303.92 304.94 16.76 MW 11.89 14.8 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES562-SN2 467554.0 6367383.7 302.41 303.55 10.67 MW 6.5 9.46 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES565-MR2 470363.2 6367156.6 301.93 302.79 115.7 PW - - Basal Aquifer n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES601-SN1 489847.2 6376304.7 288.38 289.32 48.77 MW 39.35 40.85 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES601-SN2 489841.7 6376303.9 288.37 289.12 7.62 MW 4.58 7.58 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES602-SN1 484832.1 6378774.7 309.25 - 80.77 VW - - n/a 66.5 Rafted McMurray 42.3 03 Surface Sand 23.1 03 Surface Sand 6 03 Surface Sand n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES603-SN1 477143.7 6375843.9 298.58 299.48 83.82 MW 28.54 31.54 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES603-SN2 477144.6 6375849.2 298.46 299.33 13.72 MW 10.05 13.05 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES604-SN1 485700.9 6372965.2 292.28 293.20 50.29 MW 29.1 32.1 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES604-SN2 485695.2 6372963.2 292.28 293.10 19.81 MW 16.3 19.3 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES605-DR1 483705.3 6372384.5 293.99 294.45 21.8 PW - - 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES605-SN1 483706.2 6372369.0 294.00 294.89 48.77 MW 36.85 39.85 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES606-SN1 471732.5 6371083.5 306.46 307.33 74.68 MW 68.04 71.04 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES606-SN2 471732.6 6371078.7 306.56 307.49 28.96 MW 25.1 28.1 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES607-SN1 472627.3 6369877.4 306.94 308.01 62.48 MW 46.42 49.42 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES607-SN2 472628.7 6369873.3 307.07 307.99 28.96 MW 24.68 27.68 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES608-SN1 475682.4 6369567.8 295.13 - 47.24 VW - - n/a 43.3 Rafted McMurray 29 04 Clay Till 14 03 Surface Sand 8 03 Surface Sand n/a n/a n/a n/a 1 

FH19-ES609-DR1 472440.5 6368858.3 306.33 307.06 35.66 PW - - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES609-SN1 472431.3 6368847.9 306.16 - 54.86 VW - - n/a 51 Rafted McMurray 28 03 Surface Sand 10 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES610-SN1 471970.1 6368835.8 306.81 307.77 54.34 MW 25.4 28.4 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES610-SN2 471973.9 6368831.8 306.72 307.71 9.14 MW 5.29 8.29 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES611-SN1 475613.2 6368398.4 295.21 - 41.15 n/a - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2 

FH19-ES612-DR1 472141.8 6367696.7 302.17 302.17 26.9 PW - - 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES613-SN1 472730.4 6367624.9 300.65 - 44.2 VW - - n/a 30.5 04 Clay Till 17 Rafted McMurray n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES613-SN2 472728.3 6367623.9 300.60 - 7.62 VW - - n/a 7 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 
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FH19-ES614-SN1 471973.1 6367610.0 300.01 300.94 42.67 MW 12.5 15.5 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES615-SN1 473599.7 6367450.1 297.56 - 38.64 VW - - n/a 38.3 Rafted McMurray 25 04 Clay Till 9.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 4 

FH19-ES616-SN1 472210.6 6367400.6 299.75 300.84 42.67 MW 14.53 17.53 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES619-SN1 475257.3 6367189.1 296.00 - 42.67 VW - - n/a 37 10 Clay Till 2 10 03 Surface Sand 4.5 01 Peat n/a n/a n/a n/a n/a n/a 5 

FH19-ES620-SN1 473976.6 6367023.9 297.11 - 35.05 VW - - n/a 31 Rafted McMurray 9.5 03 Surface Sand 3.5 01 Peat n/a n/a n/a n/a n/a n/a 2 

FH19-ES621-SN1 480357.9 6366954.5 312.32 313.17 57.91 MW 33.61 36.66 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES621-SN2 480359.4 6366949.5 312.39 313.21 22.86 MW 17.84 20.89 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES623-SN1 473932.2 6366720.6 297.36 297.75 36.58 MW 27.24 30.24 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 4 

FH19-ES623-SN2 473928.6 6366722.9 297.38 297.79 15.72 MW 11.7 14.7 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 4 

FH19-ES625-SN1 473610.3 6366528.1 298.01 - 35.05 VW - - n/a 11.1 03 Surface Sand 5.6 01 Peat n/a n/a n/a n/a n/a n/a n/a n/a 2 

FH19-ES626-SN1 474950.4 6366620.3 296.43 - 42.67 VW - - n/a 34.8 Rafted McMurray 26.5 Rafted McMurray 5 03 Surface Sand n/a n/a n/a n/a n/a n/a 5 

FH19-ES627-SN1 474117.6 6366500.6 297.29 - 39.62 VW - - n/a 32.5 Rafted McMurray 27.5 Rafted McMurray 7.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 5 

FH19-ES630-SN1 467291.9 6366349.3 301.75 - 38.1 VW - - n/a 33.5 Quaternary-Aquifer 14.2 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES631-SN1 474251.1 6366273.5 297.30 298.30 41.15 MW 32.9 35.9 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH19-ES631-SN2 474257.6 6366272.3 297.33 298.29 10.67 MW 5.28 8.28 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH19-ES634-SN1 474704.8 6366230.4 297.56 298.65 42.67 MW 15.4 16.9 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES634-SN2 474702.4 6366226.7 297.65 298.58 13.72 MW 9.5 12.5 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES640-SN1 482489.6 6367075.6 295.70 296.50 41.15 MW 25.06 28.11 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES640-SN2 482489.9 6367080.0 295.70 296.43 7.62 MW 2.6 5.6 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES641-SN1 475053.1 6365757.9 303.22 - 44.2 VW - - n/a 36.6 Rafted McMurray 27.6 09 Silty Sand AQ4 23.8 09 Silty Sand AQ4 17.5 Rafted McMurray n/a n/a n/a n/a 6 

FH19-ES644-SN1 466963.2 6365577.8 302.25 303.31 45.72 MW 37.29 40.29 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES644-SN2 466961.7 6365573.2 302.29 303.31 15 MW 11 14 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES647-SN1 475072.9 6365476.7 311.23 311.95 54.86 MW 23.28 26.28 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES651-SN1 475442.7 6365338.1 316.56 317.73 59.44 MW 38.15 41.15 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES651-SN2 475438.1 6365337.8 316.46 317.42 19.81 MW 15.31 18.31 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES652-SN1 474529.0 6365221.6 310.44 - 51.82 VW - - n/a 45 09 Silty Sand AQ4 38.5 Rafted McMurray 23.5 Rafted McMurray 11.5 Rafted McMurray n/a n/a n/a n/a Fort Hills Upland 

FH19-ES656-SN1 475006.1 6365187.8 324.19 325.00 64 MW 48.81 51.81 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES656-SN2 475010.7 6365189.3 324.07 324.84 28.96 MW 23.1 26.1 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES659-SN1 475799.7 6365067.0 317.26 318.19 59.44 MW 49.28 52.28 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES659-SN2 475794.9 6365066.6 317.27 318.10 41.15 MW 37 40 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES663-SN1 474939.6 6364893.3 324.39 325.29 64.01 MW 50.58 53.58 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES663-SN2 474943.8 6364892.3 324.40 325.13 33.52 MW 29.71 32.71 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES664-SN1 466600.8 6364889.2 302.44 - 38.1 VW - - n/a 31 Rafted McMurray 27 Quaternary-Aquifer 9.9 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-ES665-SN1 474098.3 6364815.0 310.38 311.32 51.82 MW 34.24 37.24 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES665-SN2 474098.1 6364819.9 310.29 311.02 28.96 MW 25.12 28.12 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES666-SN1 473581.0 6364815.5 305.93 - 39.62 VW - - n/a 28.7 09 Silty Sand AQ4 29.2 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES668-SN1 475152.0 6364743.6 325.04 325.80 62.48 MW 38.12 41.17 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES668-SN2 475149.0 6364743.2 325.09 326.01 16.76 MW 11.51 14.56 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 
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FH19-ES670-SN1 476181.9 6364490.1 345.74 346.70 87.17 MW 75.45 78.45 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES670-SN2 476185.1 6364493.3 345.73 346.75 30.78 MW 27 30 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES672-SN1 474973.0 6364584.1 328.53 329.38 65.53 MW 50.38 53.38 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES672-SN2 474969.7 6364581.2 328.40 329.12 41.15 MW 36.45 39.45 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES672-SN3 474973.1 6364577.1 328.64 329.65 19.81 MW 15.3 18.3 01 Peat - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES676-SN1 473375.3 6364592.7 306.05 306.93 42.67 MW 32.77 35.77 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES676-SN2 473379.9 6364592.9 306.05 306.80 21.34 MW 15.59 18.64 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES678-SN1 474745.2 6364382.5 324.89 325.66 62.48 MW 48.14 51.14 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES678-SN2 474742.1 6364386.1 324.68 325.45 38.1 MW 34.27 37.32 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES682-SN1 466891.1 6364132.1 302.21 303.13 41.15 MW 32.79 35.79 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES682-SN2 466896.0 6364131.9 302.27 303.18 7.62 MW 3.55 6.55 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES684-SN1 473390.4 6364198.5 310.77 - 45.72 VW - - n/a 34 Rafted McMurray 17 09 Silty Sand AQ4 7.5 Rafted McMurray n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES690-SN1 476946.2 6363950.7 330.14 - 71.38 VW - - n/a 62.5 Rafted McMurray 46 09 Silty Sand AQ4 36.5 09 Silty Sand AQ4 8 09 Silty Sand AQ4 n/a n/a n/a n/a Fort Hills Upland 

FH19-ES691-SN1 467346.7 6363573.2 303.71 - 42.67 VW - - n/a 32.4 Rafted McMurray 20.5 Rafted McMurray 13.5 08 Till Aquitard AT2 n/a n/a n/a n/a n/a n/a 6 

FH19-ES696-SN1 475260.4 6363277.7 335.13 - 70.41 VW - - n/a 62.5 Rafted McMurray 32.5 09 Silty Sand AQ4 7.4 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES700-SN2 472168.0 6363134.1 323.58 324.54 19.81 MW 16.25 19.3 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES702-SN1 467847.8 6362713.5 310.42 311.46 38.1 MW 24.25 27.25 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES702-SN2 467843.3 6362714.4 310.49 311.29 10.67 MW 6.6 9.6 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH19-ES706-SN1 471787.9 6362221.9 341.90 343.05 71.63 MW 61 64 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES706-SN2 471792.9 6362223.7 341.69 342.62 25.91 MW 22 25 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES707-SN1 468804.1 6361699.5 335.59 - 62.48 VW - - n/a 57 Rafted McMurray 46 Rafted McMurray 26.5 Rafted McMurray 17.5 Rafted McMurray n/a n/a n/a n/a Fort Hills Upland 

FH19-ES708-SN1 471326.2 6361671.6 340.69 - 68.58 VW - - n/a 59 Rafted McMurray 39 Rafted McMurray 15 Quaternary-Aquitard n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES709-SN1 470220.3 6361602.1 336.95 337.81 62.48 MW 27.25 30.25 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-ES709-SN2 470220.9 6361599.6 336.33 336.99 19.81 MW 14.08 17.08 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-GL504-SN2 469325.1 6371491.3 296.89 - 44.2 VW - - n/a 23.5 03 Surface Sand 13.6 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL534-SN1 468690.4 6368180.7 303.92 304.94 51.82 MW 44.61 47.11 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL547-SN1 468966.8 6367584.2 301.90 - 44.2 VW - - n/a 16.8 03 Surface Sand 10.2 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL550-SN1 471294.2 6367584.1 305.45 - 45.2 VW - - n/a 23.2 03 Surface Sand 11.5 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL551-SN1 470370.5 6367589.5 305.99 306.95 48.24 MW 16.66 19.66 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL553-SN1 469783.2 6367580.5 303.55 - 50.29 VW - - n/a 44.5 Rafted McMurray 37.1 04 Clay Till 17.7 03 Surface Sand 8.5 03 Surface Sand n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL562-SN1 467557.3 6367380.9 302.51 303.52 41.15 MW 13.21 16.26 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL565-MR1 470356.7 6367180.7 301.81 - 124.7 VW - - n/a 122 Beaverhill 106 Basal Aquifer 95 Basal Aquifer 72 Basal Aquifer n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL565-SN1 470356.7 6367180.7 301.81 - 40.62 VW - - n/a 36 Rafted McMurray 27.5 Quaternary-Aquifer 8.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL570-MR1 470176.4 6366809.8 302.04 - 137.7 VW - - n/a 135 Beaverhill 123.8 Basal Aquifer 111.1 Basal Aquifer 90 Basal Aquifer n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL570-SN1 470181.5 6366809.2 302.11 302.96 39.62 MW 12.99 15.99 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 
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Table 2E-1: Boreholes Drilled by Matrix Solutions Inc. 
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FH19-GL612-SN1 472127.3 6367687.6 301.41 302.50 44.2 MW 19.77 22.77 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH19-GL662-SN1 472369.3 6364702.8 300.94 - 39.62 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH19-GL667-SN1 474650.0 6364771.1 315.97 - 54.86 VW - - n/a 38.5 Rafted McMurray 28.5 Rafted McMurray 16 Rafted McMurray n/a n/a n/a n/a n/a n/a 6 

FH19-GL698-SN1 473148.6 6363245.7 325.30 - 59.19 VW - - n/a 50.6 Rafted McMurray 35 09 Silty Sand AQ4 19.5 Rafted McMurray 13.5 Rafted McMurray n/a n/a n/a n/a Fort Hills Upland 

FH19-GL700-SN3 472167.5 6363141.1 323.60 324.65 56.39 MW 47.32 50.37 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH19-GL701-SN1 471294.5 6362944.3 320.50 - 53.64 VW - - n/a 47.5 10 Clay Till 2 32 09 Silty Sand AQ4 11 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR601-MR1 481474.9 6378936.1 304.80 - 148 VWP - - n/a 142.3 Beaverhill 124.3 Indeterminate 95.3 Rafted McMurray n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR602-MR1 484992.6 6378711.2 310.20 - 90.1 VWP - - n/a 84 Beaverhill - n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR603-MR3 479305.8 6377453.3 299.71 - 148.2 VWP - - n/a 143 Beaverhill 133.5 Beaverhill 122 Beaverhill n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR604-MR1 481605.7 6377445.7 299.50 - 100.8 VWP - - n/a 95 Beaverhill 86.5 Beaverhill n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR605-MR1 489850.9 6376309.0 288.40 - 79 VWP - - n/a 72 Beaverhill 63.5 Beaverhill n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR606-MR1 484012.0 6376077.5 304.50 - 84 VWP - - n/a 75.5 Basal Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR607-MR1 477285.4 6375948.4 298.10 - 116.7 VWP - - n/a 114.8 Beaverhill 96 Beaverhill 75 Beaverhill n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR608-SN1 486702.6 6375778.5 305.10 305.90 74.68 MW 61.96 65 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR608-SN2 486700.0 6375783.2 305.20 305.90 47.24 MW 41.96 45 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR609-SN1 487879.7 6374890.6 289.90 290.70 45.72 MW 18.01 21.05 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR609-SN2 487874.7 6374893.2 290.00 290.70 9.14 MW 5.18 8.22 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR610-MR1 474110.7 6374699.4 296.40 - 76.6 VWP - - n/a 76.2 Beaverhill 62 10 Clay Till 2 n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR611-SN1 492617.1 6373285.6 293.30 294.20 30.48 MW 13.93 16.97 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR611-SN2 492621.1 6373285.6 293.30 294.10 9.14 MW 4.2 7.24 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR612-SN1 487842.6 6373908.0 290.70 291.50 16.76 MW 13.76 16.76 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR612-SN2 487838.1 6373907.4 290.70 291.40 7.62 MW 4.62 7.62 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR613-SN1 473791.4 6372140.6 300.10 - 68.58 VWP - - n/a 8 03 Surface Sand 22 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR614-DR1 473857.0 6372058.5 300.90 301.80 40.2 PW 28.4 37.8 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR614-SN1 473853.4 6372062.7 301.10 - 71.63 VWP - - n/a 63 Rafted McMurray 37 03 Surface Sand 19 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR615-SN1 473922.5 6371990.7 300.40 - 67.06 VWP - - n/a 62 Rafted McMurray 31 03 Surface Sand 18 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR616-SN1 473588.9 6371400.4 307.20 - 73.15 VWP - - n/a 38.5 03 Surface Sand 29 03 Surface Sand 17 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR617-DR1 473556.2 6371308.7 304.40 305.10 37.8 PW 24.3 33.7 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 
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Table 2E-1: Boreholes Drilled by Matrix Solutions Inc. 
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FH20-WR617-SN1 473558.4 6371314.2 304.20 - 68.58 VWP - - n/a 35 03 Surface Sand 20 03 Surface Sand 10 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR618-SN1 482233.4 6371266.8 294.02 - 18.29 VWP - - n/a 17.47 04 Clay Till 17.47 04 Clay Till 14.8 03 Surface Sand 14.8 03 Surface Sand 9.7 03 Surface Sand 9.7 03 Surface Sand Fort Hills Upland 

FH20-WR619-SN1 473540.1 6371200.0 304.90 - 67.06 VWP - - n/a 41 03 Surface Sand 28 03 Surface Sand 12 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR620-MR1 471680.2 6370754.2 305.90 - 140.8 VWP - - n/a 135 Beaverhill 119 Beaverhill 92 Basal Aquifer n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR621-SN1 490444.3 6370784.6 290.80 291.60 21.34 MW 9 12.04 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR621-SN2 490444.5 6370790.4 290.90 291.70 4.57 MW 1.55 3.35 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR622-SN1 472795.7 6370698.1 307.00 - 65.53 VWP - - n/a 39.5 03 Surface Sand 28 03 Surface Sand 16 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR623-SN1 472893.0 6370687.0 306.40 - 62.48 VWP - - n/a 52.5 Rafted McMurray 11 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR624-DR1 472988.1 6370702.5 307.90 309.00 - - 35.07 43.57 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR624-SN1 472984.4 6370696.8 307.90 - 62.48 VWP - - n/a 42 03 Surface Sand 32 03 Surface Sand 15.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR625-SN1 480986.4 6370201.2 293.98 - 16.45 VWP - - n/a 16 Quaternary-Aquitard 16 04 Clay Till 11.22 03 Surface Sand 11.22 03 Surface Sand 7.4 03 Surface Sand 7.4 03 Surface Sand Fort Hills Upland 

FH20-WR626-SN1 472265.9 6369828.0 310.90 - 65.53 VWP - - n/a 40 03 Surface Sand 30 03 Surface Sand 20 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR627-DR1 472363.6 6369849.6 310.40 311.40 - - 34.6 43.2 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR627-SN1 472364.2 6369845.2 310.20 - 65.53 VWP - - n/a 39.73 03 Surface Sand 20.73 03 Surface Sand 12.73 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR628-SN1 472459.2 6369846.2 309.60 - 65.53 VWP - - n/a 44 03 Surface Sand 34 03 Surface Sand 24 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR629-SN1 469344.3 6368111.4 304.90 305.90 56.39 MW 8.47 11.52 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR630-SN1 469741.3 6368135.2 307.10 - 54.86 VWP - - n/a 51.6 Rafted McMurray 23 03 Surface Sand 13.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR631-SN1 470186.7 6368135.6 306.10 307.20 51.82 MW 15 18.05 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR632-SN1 470552.5 6368136.0 308.70 - 54.86 VWP - - n/a 51.1 Rafted McMurray 27 03 Surface Sand 17.5 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR633-SN1 470931.4 6368137.2 309.90 310.70 53.64 MW 27.68 30.73 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR634-SN1 471340.5 6368094.9 306.40 - 51.82 VWP - - n/a 25 03 Surface Sand 13 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR635-SN1 471752.2 6368045.4 305.80 306.70 51.82 MW 22.61 25.66 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR636-SN1 472140.8 6368092.5 305.20 - 53.34 VWP - - n/a 27.5 03 Surface Sand 15 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR637-SN1 472551.9 6368033.4 303.50 304.40 50.29 MW 23.2 26.2 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR638-SN1 473349.4 6368053.3 299.90 - 46.02 VWP - - n/a 42.2 Rafted McMurray 17 03 Surface Sand 6.9 03 Surface Sand n/a n/a n/a n/a n/a n/a 6 

FH20-WR639-SN1 477616.8 6367799.3 296.10 297.00 50.29 MW 34.89 37.94 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR639-SN2 477622.0 6367804.0 296.00 296.80 19.67 MW 15.37 18.42 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR639-SN3 477617.0 6367804.2 295.90 296.80 10.67 MW 7.5 10.55 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR640-SN1 473632.9 6367816.6 297.20 298.00 44.2 MW 32.12 35.12 04 Clay Till - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 4 
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Table 2E-1: Boreholes Drilled by Matrix Solutions Inc. 
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Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled 

(m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

FH20-WR640-SN2 473633.4 6367822.0 297.10 297.90 16.76 MW 9.68 12.68 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 4 

FH20-WR641-MR1 471282.3 6362799.1 322.50 323.10 
328 
mKB 

VWP - - n/a 
260.0 
mKB 

Beaverhill 
252.5 
mKB 

Beaverhill 
206.5 
mKB 

Beaverhill 
182.5 
mKB 

Beaverhill n/a n/a n/a n/a Fort Hills Upland 

FH20-WR642-SN1 472434.2 6367650.3 300.70 - 45.72 VWP - - n/a 41.6 Rafted McMurray 23.5 04 Clay Till 13 03 Surface Sand n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR643-SN1 471836.9 6367644.1 301.50 - 45.72 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR644-SN1 472841.5 6367670.1 301.50 - 45.72 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR645-SN1 473018.3 6367623.6 300.90 - 47.24 VWP - - n/a 43.1 Basal Aquitard 14 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR646-SN1 471600.0 6367658.9 304.30 - 47.24 VWP - - n/a 21.85 03 Surface Sand 8.55 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR647-SN1 473233.7 6367624.5 298.00 - 44.2 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR648-SN1 477340.2 6367611.9 294.80 295.70 45.72 MW 31.15 34.15 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR648-SN2 477338.3 6367619.2 294.80 295.60 22.86 MW 19.75 22.75 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR648-SN3 477335.9 6367614.7 294.80 295.50 13.72 MW 10.45 11.95 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR649-SN1 471369.9 6367572.9 304.80 - 45.72 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR650-SN1 470096.5 6367604.7 304.70 - 48.77 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR651-SN1 470248.1 6367635.6 304.80 - 48.77 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR652-SN1 469570.7 6367588.1 303.60 - 73.15 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR653-SN1 470639.2 6367587.1 305.00 - 48.77 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR654-SN1 470909.8 6367587.7 306.00 306.80 47.24 MW 18.1 21.1 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR655-SN1 469440.1 6367584.9 303.40 - 60.96 VWP - - n/a 46 Quaternary-Aquifer 15 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR656-SN1 469311.4 6367651.2 302.00 - 47.24 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
North Outwash 

Plain 

FH20-WR657-SN1 473907.4 6367537.4 296.70 - 38.1 VWP - - n/a 13 03 Surface Sand 7 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 4 

FH20-WR658-SN1 478603.1 6367421.7 313.50 314.40 62.48 MW 44 47 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR658-SN2 478607.1 6367428.5 313.40 314.30 32 MW 29 32 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR658-SN3 478600.6 6367427.1 313.60 314.40 19.81 MW 15 18 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR659-SN1 477117.3 6367291.1 296.20 297.00 44.2 MW 32.01 35.06 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR659-SN2 477114.2 6367295.4 296.00 296.80 22.86 MW 19.58 21.08 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR659-SN3 477113.6 6367288.1 296.10 296.90 10.67 MW 8.01 10.01 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR660-SN1 473705.0 6367306.0 297.10 - 39.62 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 4 

FH20-WR661-SN1 474110.2 6367280.7 296.70 297.30 36.58 MW 11 14 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2 

FH20-WR661-SN2 474115.1 6367277.8 296.70 297.30 10.67 MW 3.96 6.96 01 Peat - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 2 

FH20-WR662-SN1 491196.1 6367141.9 296.90 297.70 9.14 MW 2.51 4.01 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR663-SN1 476798.3 6367018.7 295.50 296.00 45.72 MW 34.73 37.73 Quaternary-Confined - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR663-SN2 476794.3 6367021.0 295.50 295.90 13.72 MW 10.92 12.92 Quaternary-Confined - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR663-SN3 476795.7 6367014.0 295.50 296.20 7.62 MW 4.27 7.27 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 
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Table 2E-1: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen VWP A VWP B VWP C VWP D VWP E VWP F 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled 

(m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

FH20-WR664-SN1 474457.7 6366955.7 296.70 - 41.15 VWP - - n/a 29 Rafted McMurray 8.5 03 Surface Sand n/a n/a n/a n/a n/a n/a n/a n/a 4 

FH20-WR665-SN1 474135.4 6366920.5 296.90 - 38.1 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 4 

FH20-WR666-SN1 476549.5 6366847.0 295.70 296.50 44.2 MW 35.08 38.12 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR666-SN2 476552.7 6366843.7 295.70 296.40 25.91 MW 22.76 25.8 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR666-SN3 476553.3 6366850.1 295.70 296.50 10.67 MW 6.96 10 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR667-SN1 478043.1 6366719.5 317.20 318.10 68.58 MW 43.78 46.78 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR667-SN2 478040.0 6366715.5 317.50 318.30 28.96 MW 25.44 28.44 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR667-SN3 478046.8 6366716.1 317.30 318.50 19.81 MW 15.21 17.21 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR668-SN1 474732.2 6366664.2 296.60 297.70 44.2 MW 22.78 25.78 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR668-SN2 474729.2 6366660.0 296.70 297.20 13.72 MW 5.76 7.76 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 5 

FH20-WR669-SN1 476268.1 6366450.3 298.40 299.30 44.2 MW 36.24 39.24 Quaternary-Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR669-SN2 476271.5 6366446.0 298.50 299.40 28.96 MW 25.05 28.05 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR669-SN3 476271.9 6366453.1 298.30 299.00 16.76 MW 8.25 11.25 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR670-SN1 476033.3 6366165.7 299.60 300.50 44.2 MW 35.2 44.2 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR670-SN2 476030.9 6366170.2 299.60 300.30 24.38 MW 20.76 23.76 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR670-SN3 476028.8 6366163.4 299.60 300.30 16.76 MW 12.1 15.1 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR671-SN1 474768.0 6366114.3 302.20 - 45.72 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR672-SN1 477311.3 6366042.2 315.30 316.10 62.48 MW 35.14 38.14 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR672-SN2 477311.9 6366037.0 315.30 316.10 25.91 MW 22.5 25.5 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR672-SN3 477316.2 6366041.9 315.30 316.00 12.19 MW 7.4 10.4 03 Surface Sand - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR673-SN1 475666.8 6365896.5 304.10 304.80 48.04 MW 29.71 32.71 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR673-SN2 475662.8 6365900.1 304.00 304.70 22.86 MW 16.78 18.28 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR673-SN3 475663.2 6365892.9 304.30 305.00 10.67 MW 4.47 7.47 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR674-SN1 475013.6 6365603.0 307.80 - 48.77 VWP - - n/a 43.7 10 Clay Till 2 29.5 Rafted McMurray 6.9 08 Till Aquitard AT2 n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR675-SN1 476728.8 6365601.6 320.50 321.30 64.01 MW 53.23 56.23 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR675-SN2 476724.7 6365598.6 320.50 321.40 35.05 MW 31.77 34.77 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR675-SN3 476731.6 6365597.2 320.40 321.30 16.76 MW 13.5 16.5 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR676-SN1 475009.2 6365268.2 322.00 - 62.48 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR677-SN1 476221.6 6365077.9 324.80 325.70 68.58 MW 43 46 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR677-SN2 476215.5 6365076.8 324.60 325.30 36.57 MW 33 36 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR677-SN3 476222.1 6365073.0 324.70 325.50 13.72 MW 10.72 13.72 07 Silty Sand AQ3 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR678-SN1 475105.9 6365039.1 319.30 - 59.44 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR679-SN1 475044.0 6364818.3 328.10 - 67.06 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR680-SN1 473365.3 6364772.2 302.30 - 38.1 VWP - - n/a 34 10 Clay Till 2 24.5 09 Silty Sand AQ4 18.5 Quaternary-Aquitard n/a n/a n/a n/a n/a n/a 6 

FH20-WR681-SN1 473794.4 6364816.8 305.60 - 42.67 VWP - - n/a 38.6 10 Clay Till 2 29 Rafted McMurray 16 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a 6 

FH20-WR682-SN1 473960.5 6364816.5 311.00 - 51.82 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR683-SN1 474108.0 6364815.0 310.20 - 51.82 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR684-SN1 474494.6 6364810.8 312.70 - 51.82 VWP - - n/a 34 Quaternary-Aquitard 11 08 Till Aquitard AT2 n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR685-SN1 474898.1 6364757.0 322.70 - 62.48 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR686-SN1 474919.0 6364841.1 323.40 - 62.48 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR687-MR1 473364.9 6364591.8 306.30 - 141.6 VWP - - n/a 137 Beaverhill 119 Basal Aquifer 99.5 Basal Aquifer n/a n/a n/a n/a n/a n/a 6 

FH20-WR687-MR2 473360.3 6364589.9 306.20 307.10 130.8 PW 114.38 126.69 Basal Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 
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Table 2E-1: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen VWP A VWP B VWP C VWP D VWP E VWP F 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled 

(m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic Unit 

FH20-WR688-SN1 473391.2 6364300.9 310.10 - 45.72 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 6 

FH20-WR689-SN1 473299.0 6363996.9 315.50 - 51.82 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR690-SN1 473374.6 6363891.7 314.60 - 50.29 VWP - - n/a 39 Rafted McMurray 22 Rafted McMurray 11 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR691-SN1 473388.1 6363720.9 316.60 - 53.34 VWP - - n/a 48.1 10 Clay Till 2 36 Rafted McMurray 17.5 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR692-SN1 473087.8 6363507.4 318.10 318.90 54.86 MW 36.49 39.54 Rafted McMurray - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR692-SN2 473085.0 6363504.5 318.20 319.10 21.34 MW 16.95 20 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR693-SN1 473191.8 6363259.4 324.10 - 57.91 VWP - - n/a 54.5 10 Clay Till 2 31 09 Silty Sand AQ4 17.9 Rafted McMurray n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR694-SN1 473199.6 6363200.3 327.50 - 60.96 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR695-SN1 472703.1 6363185.4 328.50 - 62.48 Abandon - - n/a - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR696-SN1 472909.7 6363229.0 327.50 328.30 60.96 MW 36.16 39.16 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR696-SN2 472915.4 6363229.4 327.50 328.20 18.29 MW 15.1 18.1 09 Silty Sand AQ4 - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR697-SN1 472303.7 6363143.6 321.90 - 53.34 VWP - - n/a 49 10 Clay Till 2 30 09 Silty Sand AQ4 45.5 09 Silty Sand AQ4 n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR698-SN1 472590.9 6363146.9 326.30 - 60.95 VWP - - n/a 48 Rafted McMurray 32 09 Silty Sand AQ4 17.5 Rafted McMurray n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR699-MR1 472992.6 6363101.5 331.60 - 179 VWP - - n/a 173.9 Beaverhill 155.9 Basal Aquifer 143.9 Basal Aquifer n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR699-MR2 472988.6 6363105.5 331.40 332.40 167.1 PW 144.59 163.48 Basal Aquifer - n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Fort Hills Upland 

FH20-WR700-MR1 474760.7 6365020.3 315.10 - 135.1 VWP - - n/a 130 Beaverhill 119 Basal Aquifer 101 Basal Aquifer n/a n/a n/a n/a n/a n/a Fort Hills Upland 

Notes: 
Projection: UTM Zone 12 
Datum: NAD 83 
* original unit description was unit interpreted the year the hole was drilled 
"-" = no data; n/a = not available/not installed; masl = metres above sea level; GW = groundwater; m = meters; mbgs = metres below ground surface; ToC = top of casing. 
QA/QC s 

QA/QC   
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH17-ES631-
SN1 

466744 6360923 345.44 346.67 68.6 n/a 7.2 15.5 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES632-
SN1 

466934 6360923 348.24 349.66 71.6 n/a 14.5 23.63 07 Silty Sand AQ3 n/a n/a - n/a /A n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES633-
SN1 

467135 6360924 347.94 348.99 77.7 N/A 16 22.1 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES634-
SN1 

467334 6360923 349.15 350.26 76.2  n/a 7.62 22.86 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES635-
SN1 

466609 6360923 344.92 346.07 68.6 n/a 15 25 08 Silty Sand AT2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES636-
SN1 

466834 6360923 347.6 348.71 71.7 n/a 45.9 48.9 09 Silty Sand AQ4 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES636-
SN2 

466835 6360923 347.72 348.62 25.9 n/a 10 25 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES637-
SN1 

467037 6360923 347.59 348.72 25.9 n/a 13.25 24 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES638-
SN1 

467233 6360923 349.02 350.06 74.7 n/a 5.53 68.58 09 Silty Sand AQ4 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES638-
SN2 

467236 6360923 349.01 350.04 47.24 n/a 39.98 43.03 09 Silty Sand AQ4 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES638-
SN3 

467239 6360923 349.04 350.15 25.9 n/a 22.4 25.4 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES639-
SN1 

467437 6360924 348.09 349.29 25.9 n/a 9.81 22 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES640-
SN1 

467637 6360923 348.48 349.75 79.3 n/a 17.32 25 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES641-
SN1 

467837 6360919 348.01 349.28 25.9 n/a 17.32 25 09 Silty Sand AQ4 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES642-
SN1 

468037 6360920 347.79 348.95 74.9 n/a 12 25.7 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES643-
SN1 

468183 6360916 346.6 347.67 25.9 n/a 11 25 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES884-
AR1-PW 

470114 6357223 - - - - - - - - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH17-ES884-
DR1-PW 

470112 6357225 334.3 335.42 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES884-
SN1-MW 

470114 6357223 334.31 335.16 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES885-
AR1-PW 

470129 6357080 - - - - - - - - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH17-ES885-
SN1-MW 

470129 6357080 334.29 335.08 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES891-
SN1-MW 

469801 6361395 333.2 334.29 59.4 n/a 4.57 16.57 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES892-
SN1-MW 

469972 6361403 332.27 333.21 56.4 n/a 14 20 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-ES893-
SN1-MW 

470102 6361413 331.59 332.53 56.4 n/a 5 15.15 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH17-GL108-
MR1 

465635 6356056 293.88 n/a n/a n/a n/a n/a Basal Aquifer n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GL119-
MR1 

465719 6355851 295.62 n/a n/a n/a n/a n/a Basal Aquifer n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GL309-
MR1 

462345 6365058 249.99 251.06 57.9 n/a 43.1 44.1 Basal Aquitard n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GL318-
MR1 

463628 6364281 280.14 281.23 95.7 n/a 79 80 Basal Aquifer n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL329-
MR1 

463204 6363723 275.09 276.1 95.9 n/a 71 77 Basal Aquitard n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL331-
MR1 

463869 6363766 331.54 332.51 144.5 n/a 126.5 131 12 McMurray n/a n/a - n/a n/a - n/a n/a - 76 12 McMurray 115 12 McMurray n/a - 
North 

Outwash Plain 

FH17-GL337-
MR1 

464273 6363436 333.4 N/A 138.8 n/a 125 126.5 Basal Aquifer n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL339-
MR1 

463450 6363097 285.68 286.58 102.7 n/a 76.5 85.5 Basal Aquifer n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL340-
MR1 

461923 6363036 242.04 242.83 74 n/a 56.5 59.5 Basal Aquitard n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL340-
MR2 

n/a n/a n/a n/a n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GL347-
MR1 

464023 6362842 342 342.86 149 n/a 129.5 132.5 Basal Aquifer n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL350-
MR1 

464831 6362596 345.62 346.58 147.7 n/a 134 135 12 McMurray n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL351-
MR1 

463473 6362594 287 n/a 98.3 n/a 76.3 82 Basal Aquifer n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL354-
MR1 

461660 6362359 237.62 n/a n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GL366-
SN1 

465120 6361767 354.1 355.12 n/a Active 41.07 44.12 09 Silty Sand AQ4 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-GL366-
SN2 

463098 6355303 288.7 291.443 n/a Active n/a n/a 
Quaternary-
Unconfined 

n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GL368-
SN1-MW 

462606 6361552 279.85 280.56 18.29 Active 15.55 15.96 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GT261-
SN1-SP 

462873 6358058 289.08 290.04 n/a Active 19 22 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GT262-
SN1-SP 

463154 6358338 287.05 287.93 n/a Active 9.3 12.3 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GT263-
SN1-SP 

463521 6358535 287.03 288.08 n/a Active 19.5 22.5 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GT264-
SN1-SP 

463240 6357827 288.01 288.92 n/a Active 19.5 22.5 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GT265-
SN1-SP 

463608 6357991 287.94 288.85 n/a Active 10.8 13.8 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GT266-
SN1-SP 

463754 6358352 287.02 288.01 n/a Active 23.9 26.9 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-GT267-
SN1-SP 

463356 6358182 287.16 287.84 n/a Active 12.2 15.2 10 Clay Till 2 n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH17-
WR351-MR1 

463473 6362594 286.96 287.65 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-
WR366-SN2 

465120 6361761 353.95 354.64 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-
WR406-SN2 

483544 6372083 298.31 n/a n/a n/a n/a n/a - n/a n/a - n/a A n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-
WR491-SN1 

465588 6362630 322.9 323.865 n/a Active n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
North 

Outwash Plain 

FH17-
WR494-SN1-

MW 
461518 6359122 286.982 288 n/a Active n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH17-
WR495-SN1 

461447 6358790 286.43 287.32 n/a Active n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-
WR513-SN1 

473036 6358487 339.64 340.65 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-
WR514-SN1 

472885 6358387 337.63 338.64 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-
WR515-SN1 

472960 6358387 337.04 337.82 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-
WR516-SN1 

473030 6358387 334.69 335.64 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-
WR516-SN2 

473036 6358387 334.65 335.58 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-
WR517-DR1 

472985 6358387 336.93 338 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH17-
WR518-SN1 

472986 6358341 336.23 337.48 n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-ES631-
AR1-PW 

466749 6360923 345.44 346.44 33 n/a 18 21 07 Silty Sand AQ3 24 30 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-ES632-
AR1-PW 

466937 6360934 348.38 349.38 33 n/a 22 23.5 07 Silty Sand AQ3 26.5 29.5 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-ES633-
AR1-PW 

467140 6360924 348.12 349.04 39 n/a 21 22.5 07 Silty Sand AQ3 27 34.5 - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-ES634-
AR1-PW 

467337 6360923 349.15 350.15 33 n/a 20 24.5 07 Silty Sand AQ3 27.5 29 07 Silty Sand AQ3 n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-GL061-
MR1-MW 

463330 6358613 286.85 n/a n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-GL062-
MR1-MW 

463881 6358613 285.83 n/a n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-GL071-
MR1-MW 

464008 6358376 286.22 n/a n/a n/a n/a n/a - n/a n/a - n/a n/a - n/a n/a - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-GL075-
MR1-MW 

463874 6358148 286.52 n/a 122.24 n/a n/a n/a - n/a n/a - n/a n/a - n/a N/A - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH18-GL076-
MR1-MW 

464097 6358033 286.38 n/a 118.28 n/a n/a n/a - n/a n/a - n/a n/a - n/a N/A - n/a - n/a - n/a - 
Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-ES417-
SN1-MW 

470140 6358985 340.4 341.29 68.6 - 28 43 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES407-
SN4-MW 

470143 6358793 338.8 339.8 65.6 - 43 55 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES407-
SN2-MW 

470143 6358799 338.8 339.68 38.1 - 32 35 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES407-
SN3-MW 

470143 6358796 338.8 339.8 16.8 - 13.5 16.5 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES408-
SN1-MW 

470142 6358602 335.9 336.75 62.5 - 36 51 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES409-
SN1-MW 

470141 6358420 335.5 336.43 62.5 - 43 55 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES410-
SN1-MW 

470137 6358029 335.1 335.99 71.7 - 29.8 45.1 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES411-
SN1-MW 

470135 6357829 334.8 335.71 62.5 - 31.8 47 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES412-
SN1-MW 

470134 6357629 334.6 335.41 61 - 31.7 46.9 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES413-
SN1-MW 

470133 6357439 334.9 336.01 61 - 29.8 44.9 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES413-
SN2-MW 

470133 6357442 334.9 335.91 25.9 - 22 25 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES413-
SN3-MW 

470133 6357445 334.9 336.01 16.8 - 11.3 14.3 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH17-ES884-
SN1-MW 

470112.2 6357224.9 334.3 335.42 56.4 - 4.7 15.3 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH17-ES885-
SN1-MW 

470129.6 6357077.4 334.3 335.51 56.4 - 4.8 17 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES415-
SN1-MW 

469992.2 6357057 334.8 335.64 58.1 - 39 48.2 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES416-
SN1-MW 

469975.7 6356985 334.4 335.27 58 - 26.5 41.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-
WR801-DR1-

PW 
469668.7 6361421.9 336.43 337.6 51.7 Active 24.6 48.6 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR802-DR1-

PW 
469728.1 6361456.8 335.64 336.63 54.8 Active 25.7 51.7 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR803-DR1-

PW 
469840.4 6361462.6 334.59 335.56 45.1 Active 33 42 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR804-DR1-

PW 
469981.2 6361468.2 334.93 335.88 38.1 Active 20 35 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-
WR805-DR1-

PW 
470104.4 6361473.5 335.16 336.18 38.1 Active 25 35 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR806-DR1-

PW 
470213.7 6361483.3 336.86 337.81 51.3 Active 25 50 10 Clay Till 2 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR807-DR1-

PW 
472786.9 6359379.5 344.66 345.68 59.1 Active 29 56 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR808-DR1-

PW 
472840.4 6359130.5 344.71 345.79 55 Active 28.9 51.9 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR809-DR1-

PW 
470897.1 6359130.6 339.29 340.38 45.4 Active 25.3 42.3 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR810-DR1-

PW 
470738.6 6359130.3 339.01 340.01 55.1 Active 34 52 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR811-DR1-

PW 
470576 6359130.2 338.6 339.53 47.1 Active 24 44 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR812-DR1-

PW 
470407.5 6359120.9 338.76 339.76 47.5 Active 30 45 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR813-DR1-

PW 
470230.6 6359104.8 338.42 339.09 46.7 Active 23.7 43.7 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR814-SN1-

MW 
468496.4 6360922.6 342.62 343.39 28 Active 22 25 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR815-SN1-

MW 
468555.8 6360988.8 341.99 342.81 25.2 Active 19.1 22.1 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR816-SN1-

MW 
468616.3 6361069.1 339.72 340.56 25 Active 18.9 21.9 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR817-SN1-

MW 
468698.8 6361180 338.45 339.39 23.7 Active 17.7 20.7 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR818-SN1-

MW 
468716.6 6361205.9 338.22 339.06 59.3 Active 53.3 56.3 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR818-SN2-

MW 
468718.8 6361208.7 338.25 339.11 44.2 Active 38.2 41.2 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR818-SN3-

MW 
468714.8 6361203.5 338.2 338.96 22.9 Active 16.8 19.8 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-
WR819-SN1-

MW 
468798.5 6361304.7 337.33 338.26 22.9 Active 16.8 19.8 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR820-SN1-

MW 
468971.3 6361256 338.29 339.1 20 Active 14 17 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR821-SN1-

MW 
469089.5 6361305.2 337.92 338.8 29 Active 23 26 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR822-SN1-

MW 
469218.5 6361340.6 337.89 338.72 31.8 Active 25.8 28.8 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR823-SN1-

MW 
469362.4 6361341.2 337.45 338.34 28.4 Active 22.4 25.4 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR824-SN1-

MW 
469499.6 6361343.2 337.21 337.96 28.5 Active 22.5 25.5 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR825-SN1-

MW 
469623.6 6361375.7 336.94 337.79 19.7 Active 13.6 16.6 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR826-SN1-

MW 
469695 6361445.2 336.04 336.94 19.3 Active 13.3 16.3 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR827-SN1-

MW 
469781.6 6361462.2 335.07 336.14 14.2 Active 8.2 11.2 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR828-SN1-

MW 
469912.9 6361465 334.34 335.37 17 Active 11 14 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR829-SN1-

MW 
470042 6361470.3 334.98 335.71 20 Active 13.9 16.9 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR830-SN1-

MW 
470158.7 6361476.2 334.98 335.71 28.3 Active 22.3 25.3 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR831-SN1-

MW 
470264.5 6361486.7 337.43 338.2 37.6 Active 31.5 34.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR832-SN1-

MW 
470370.1 6361494.1 338.31 339.19 38.1 Active 32.2 35.2 08 Till Aquitard AT2 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR833-SN1-

MW 
470427.9 6361364.5 339.47 340.3 31.4 Active 25.3 28.4 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR834-SN1-

MW 
470613.7 6361330.1 339.24 340.04 27.4 Active 21.4 24.4 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-
WR835-SN1-

MW 
470816.8 6361331.4 339.64 340.47 24.3 Active 18.3 21.3 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR836-SN1-

MW 
470986.8 6361332.5 340.02 340.9 52.5 Active 46.5 49.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR836-SN2-

MW 
470983.5 6361332.5 339.92 340.68 38.1 Active 32 35.1 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR836-SN3-

MW 
470980.6 6361332.2 339.92 340.73 22.9 Active 16.8 19.8 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR837-SN1-

MW 
471205.3 6361337.8 340.59 341.42 22.9 Active 16.9 19.9 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR838-SN1-

MW 
471435.6 6361334.2 340.8 341.65 27.8 Active 21.8 24.8 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR839-SN1-

MW 
471671.2 6361332.5 341.07 341.84 25.9 Active 19.8 22.9 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR840-SN1-

MW 
471918.5 6361346.1 342.03 342.68 22.9 Active 16.9 19.9 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR841-SN1-

MW 
472074.9 6361288.9 342.15 343.01 24.2 Active 18.2 21.2 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR842-SN1-

MW 
472114.6 6361136.9 342.53 343.41 24.2 Active 18.2 21.2 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR843-SN1-

MW 
472218.6 6360902 343.34 344.36 60.5 Active 54.5 57.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR843-SN2-

MW 
472219.7 6360899.2 343.26 344.24 40.5 Active 34.5 37.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR843-SN3-

MW 
472218.2 6360905 343.31 344.33 24.3 Active 18.3 21.3 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR844-SN1-

MW 
472356.5 6360501.2 344.16 345 25 Active 19 22 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR845-SN1-

MW 
472520.3 6360071.8 344.92 345.86 30.9 Active 24.9 27.9 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR846-SN1-

MW 
N/M N/M N/M N/M 64.9 Decommissioned 58.9 61.9 - - - - - - - - - - - - - - - - - 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-
WR846-SN2-

MW 
472653.2 6359729.8 346.67 346.83 43.6 Active 37.6 40.6 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR846-SN3-

MW 
472651.3 6359735.7 346.74 347.66 25 Active 19 22 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR846-SN4-

MW 
472649.4 6359739.5 346.7 347.66 65 Active 59 62 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR847-SN1-

MW 
472753.7 6359452.5 345.61 346.52 29 Active 23 26 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR848-SN1-

MW 
472834.1 6359254.7 344.99 345.85 29 Active 23 26 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR849-SN1-

MW 
472685.9 6359128 344.4 345.31 27.6 Active 21.6 24.6 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR850-SN1-

MW 
472362.1 6359130.2 342.79 343.73 25.2 Active 19.2 22.2 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR851-SN1-

MW 
N/M N/M N/M N/M 50.4 Decommissioned 44.4 47.4 - - - - - - - - - - - - - - - - - 

FH19-
WR851-SN2-

MW 
472106.4 6359132.1 341.73 342.69 40 Active 34 37 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR851-SN3-

MW 
472112.2 6359131.6 341.79 342.75 25 Active 19 22 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR851-SN4-

MW 
472119.3 6359131.3 341.82 342.72 53.3 Active 47.2 50.2 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR852-SN1-

MW 
471864.9 6359131.4 341.16 342.13 24.4 Active 11.3 21.4 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR853-SN1-

MW 
471668.3 6359130.1 340.78 341.72 24.5 Active 18.5 21.5 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR854-SN1-

MW 
471505 6359128.6 340.38 341.29 24 Active 18 21 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR855-SN1-

MW 
471335.1 6359126.4 340.31 341.1 22.8 Active 16.8 19.8 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR856-SN1-

MW 
471159.4 6359131.1 339.72 340.6 22.9 Active 16.9 19.9 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-
WR857-SN1-

MW 
470985.2 6359129.6 339.53 340.38 24.3 Active 18.3 21.3 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR858-SN1-

MW 
470817.5 6359130.4 339.07 339.97 22.9 Active 17.1 20.1 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR859-SN1-

MW 
470656.5 6359130.2 339.01 339.85 49.5 Active 43.5 46.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR859-SN2-

MW 
470653.4 6359130.3 338.89 339.76 37.5 Active 31.5 34.5 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR859-SN3-

MW 
470659.5 6359130.2 338.87 339.75 21.9 Active 15.9 18.9 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR860-SN1-

MW 
470488.8 6359127.2 338.75 339.6 18.5 Active 12.5 15.5 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR861-SN1-

MW 
470319.1 6359111.9 338.19 338.98 21.3 Active 15.2 18.3 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR862-SN1-

MW 
472879.3 6359126.6 345.16 345.96 32.2 Active 26.2 29.2 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR551-SN1-

MW 
473253.7 6358892.8 324.12 325.06 38.5 Active 32.5 35.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR551-SN2-

MW 
473248.5 6358892.1 324.46 324.98 24.2 Active 18.2 21.2 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR551-SN3-

MW 
473258.7 6358892.8 323.97 324.9 14.2 Active 9.7 11.2 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR552-SN2-

MW 
473338.9 6358272.6 321.97 322.8 29.9 Active 24.9 27.9 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR552-SN3-

MW 
473334 6358277.8 322.02 322.98 17.5 Active 11.5 14.5 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR553-SN1-

MW 
472782.3 6358306.7 335.8 336.61 46 Active 40 43 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR553-SN2-

MW 
472777.5 6358306.8 335.76 336.58 33 Active 27 30 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR553-SN3-

MW 
472782.2 6358311.8 335.81 336.65 20 Active 14 17 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH20-
WR554-SN2-

MW 
472187.8 6358299.2 337.62 338.48 33.3 Active 30 31.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR554-SN3-

MW 
472194.7 6358300.4 337.37 338.28 15 Active 9 12 

05 Silty Sand AQ1 
AQ2 

- - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH20-
WR555-SN1-

MW 
471490.8 6358283.1 333.84 334.73 47 Active 41 44 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR555-SN2-

MW 
471490.7 6358278 333.75 334.61 23.5 Active 17.5 20.5 07 Silty Sand AQ3 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR555-SN3-

MW 
471486.2 6358283.3 333.79 334.7 11 Active 5 8 

05 Silty Sand AQ1 
AQ2 

- - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH20-
WR556-SN2-

MW 
470872.3 6358295.4 334.26 335.24 29 Active 26.9 28.4 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR556-SN3-

MW 
470877.6 6358290.8 334.26 335.06 21.7 Active 15.7 18.7 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR557-SN1-

MW 
470144.4 6357564.3 335.09 335.91 43 Active 37 40 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR557-SN2-

MW 
470144.5 6357569.3 335.01 335.96 27.5 Active 21.5 24.5 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR557-SN3-

MW 
470144.3 6357559.2 335.01 335.72 13.5 Active 8.9 10.4 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR801-SN1-

VW 
469665.6 6361419.1 336.882 - 62.52 Active - - - - - - - - - - - - 45 09 Silty Sand AQ4 26.5 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH19-
WR802-SN1-

VW 
469724.2 6361456.4 335.836 - 59.47 Active - - - - - - - - - - - - 47 10 Clay Till 2 28.5 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH19-
WR803-SN1-

VW 
469836.1 6361462.4 334.609 - 59.4 Active - - - - - - - - - - - - 41 09 Silty Sand AQ4 32.5 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH19-
WR804-SN1-

VW 
469977.2 6361468.4 334.957 - 56.42 Active - - - - - - - - - - - - 37.5 09 Silty Sand AQ4 27 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH19-
WR805-SN1-

VW 
470100.8 6361473.6 335.265 - 59.47 Active - - - - - - - - - - - - 35 09 Silty Sand AQ4 23 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH19-
WR806-SN1-

VW 
470209.7 6361483.1 336.974 - 60.99 Active - - - - - - - - - - - - 53 10 Clay Till 2 35 09 Silty Sand AQ4 - - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-
WR807-SN1-

VW 
472783.8 6359383.2 344.605 - 68.59 Active - - - - - - - - - - - - 48.5 09 Silty Sand AQ4 28 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH19-
WR808-SN1-

VW 
472844.4 6359133 344.673 - 68.62 Active - - - - - - - - - - - - 48 09 Silty Sand AQ4 33.5 09 Silty Sand AQ4 - - 

Fort Hills 
Upland 

FH19-
WR809-SN1-

VW 
470892.8 6359130.7 339.414 - 61.61 Active - - - - - - - - - - - - 40 09 Silty Sand AQ4 36.95 09 Silty Sand AQ4 - - 

Fort Hills 
Upland 

FH19-
WR810-SN1-

VW 
470734.3 6359130 339.128 - 60.99 Active - - - - - - - - - - - - 49 10 Clay Till 2 38 09 Silty Sand AQ4 - - 

Fort Hills 
Upland 

FH19-
WR811-SN1-

VW 
470571.9 6359130.1 338.752 - 62.52 Active - - - - - - - - - - - - 44 09 Silty Sand AQ4 31.5 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH19-
WR812-SN1-

VW 
470403.8 6359120.2 338.682 - 62.52 Active - - - - - - - - - - - - 42 09 Silty Sand AQ4 32.5 09 Silty Sand AQ4 - - 

Fort Hills 
Upland 

FH19-
WR813-SN1-

VW 
470226.9 6359104.7 338.329 - 62.52 Active - - - - - - - - - - - - 40 10 Clay Till 2 27 09 Silty Sand AQ4 - - 

Fort Hills 
Upland 

FH17-ES460-
MR2-IW 

461785 6356246 286.6 - - Active 132 160 Basal Aquifer - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH17-ES460-
MR1-VW 

461785.2 6356241.4 286.6 - - Active - - - - - - - - - - - - 127 Basal Aquifer 145 Basal Aquifer 145 Beaverhill 
Fort Hills 
Upland 

FH18-ES601-
MR2-PW 

463463 6355260.1 290.42 - 140.5 - 116 133.1 Basal Aquifer - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH18-ES602-
MR2-PW 

464043.5 6355174.1 292.81 - 140.8 - 108 127.3 Basal Aquifer 132 137.8 Basal Aquifer - - - - - - - - - - - - 
Fort Hills 
Upland 

FH18-ES603-
MR2-PW 

465758.6 6355291.9 292.26 - 148.2 - 121 126.2 Basal Aquifer 130 144.2 Basal Aquitard - - - - - - - - - - - - 
Fort Hills 
Upland 

FH18-ES604-
MR2-PW 

465855.1 6355650.3 296.31 - 149 - 118 129.5 Basal Aquifer 134 146 Basal Aquifer - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES241-
MR1-VW 

465599 6356300 296.38 - 171 - - - - - - - - - - - - - 125 Basal Aquifer 150 Basal Aquifer - - 
Fort Hills 
Upland 

FH19-ES241-
MR2-PW 

465605 6356301 297.06 - 156 - 119 144.9 Basal Aquifer 146 154.4 Basal Aquifer - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES242-
MR1-VW 

465744 6356025 297.58 - 156.5 - - - - - - - - - - - - - 101 Basal Aquitard 120 Basal Aquifer 120 Basal Aquifer 
Fort Hills 
Upland 

FH19-ES242-
MR2-PW 

465750 6356025 297.84 - 143.5 - 115 122 Basal Aquifer 126 140.5 Basal Aquifer - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES243-
MR1-VW 

464232 6355402 291.3 - 137 - - - - - - - - - - - - - 103 Basal Aquitard 113 Basal Aquifer - - 
Fort Hills 
Upland 

FH19-ES243-
MR2-PW 

464236 6355402 291.27 - 119 - 99.9 105.9 Basal Aquitard 107 113.4 Basal Aquifer - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES253-
MR1-PW 

462055.7 6365202.9 245.91 - - - 49 50.37 Basal Aquitard - - - - - - - - - 54 Basal Aquitard - - - - 
Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-ES256-
MR1-PW 

461797.7 6364402.5 246.25 - - - 58.5 59.4 Basal Aquifer - - - - - - - - - 64 Beaverhill - - - - 
Fort Hills 
Upland 

FH19-ES280-
MR2-PW 

461936 6363037.5 242.23 - - - 58.8 59.73 Basal Aquifer - - - - - - - - - 64 Beaverhill - - - - 
North 

Outwash Plain 

FH19-ES310-
MR1-PW 

461582.5 6361637.4 249.24 - - - 54.6 55.5 Basal Aquitard - - - - - - - - - 59 Beaverhill - - - - 
Fort Hills 
Upland 

FH19-ES254-
MR2-MW 

462116.8 6365015.4 247.85 - - - 54 57 Basal Aquifer - - - - - - - - - 60 Beaverhill - - - - 
Fort Hills 
Upland 

FH19-ES286-
MR1-MW 

461968.9 6362785.2 243.24 - - - 42 43.5 12 McMurray - - - - - - - - - 53 Basal Aquitard - - - - 
North 

Outwash Plain 

FH19-ES257-
MR1-VW 

461867.7 6364398.1 246.76 - - - - - - - - - - - - - - - 61 Beaverhill 57 Basal Aquitard - - 
Fort Hills 
Upland 

FH19-ES306-
MR1-VW 

461594.8 6361790.3 245.03 - - - - - - - - - - - - - - - 57 Beaverhill - - - - 
Fort Hills 
Upland 

FH19-ES314-
MR1-VW 

461540.3 6361438.1 251.22 - - - - - - - - - - - - - - - 59.5 Beaverhill 57.5 12 McMurray - - 
Fort Hills 
Upland 

FH19-ES070-
MR1-PW 

463193.1 6359711.2 283.04 - 136.7  - 117 121.6 Basal Aquitard - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES126-
MR1-MW 

462825.7 6359333.5 285.44 - 136.3 - 119 121.6 Basal Aquitard - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-ES156-
MR1-MW 

463006.2 6359125.8 285.05 - 135.5 - 120 121.5 Basal Aquifer - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-GL093-
MR1-VW 

463352.5 6359588.6 285.18 - 136.9 - - - - - - - - - - - - - 120 Basal Aquifer - - - - 
Fort Hills 
Upland 

FH19-GL199-
MR1-VW 

463155.3 6358691.5 285.56 - 149.3 - - - - - - - - - - - - - 132 Basal Aquifer - - - - 
Fort Hills 
Upland 

FH19-GL204-
MR1-VW 

463466.9 6358592.6 286.07 - 161.5 - - - - - - - - - - - - - 131 Basal Aquifer - - - - 
Fort Hills 
Upland 

FH20-
WR201-

MR1-MW 
464008.8 6363926.2 321.9 - 118 - 115 118 Basal Aquifer - - - - - - - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR202-

MR1-MW 
463454.7 6363096.8 285.8 - 87.1 - 78.1 84.1 Basal Aquifer - - - - - - - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR202-
MR2-PW 

463450 6363092.8 285.8 - 86.8 - 78.2 84.2 Basal Aquifer - - - - - - - - - - - - - - - 
North 

Outwash Plain 

FH16-
WR106-

MR1-MW 
465447.8 6344649 289.1 - 167.5 - 105 111 Beaverhill - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR251-SN1-

MW 
464268.9 6363709.9 326.6 - 46.75 - 40.7 43.8 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR251-DR1-

PW 
464267.9 6363703.9 326.65 - 53.15 - 38 39 09 Silty Sand AQ4 40.4 42.9 09 Silty Sand AQ4 - - - - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR252-SN1-

MW 
464542.3 6363158.8 343.2 - 48.4 - 35.2 47.4 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

North 
Outwash Plain 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH20-
WR252-DR1-

PW 
464542.6 6363149.2 343.25 - 50.25 - 36 44 03 Surface Sand 46 47 09 Silty Sand AQ4 - - - - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR253-SN1-

MW 
464935.9 6362564.7 347.4 - 51.7 - 32.4 50.7 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR254-SN1-

MW 
465100.7 6362303.3 355.4 - 81.5 - 46.5 49.6 08 Till Aquitard AT2 70.9 73.95 09 Silty Sand AQ4 79 80.5 10 Clay Till 2 - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR254-DR2-

PW 
465096.1 6362298.9 355.54 - 77.24 - 38.5 50.5 08 Till Aquitard AT2 55.5 64.5 09 Silty Sand AQ4 66 74 09 Silty Sand AQ4 - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR255-SN1-

MW 
464874 6362035.3 338.6 - 56.42 - 40.2 43.2 09 Silty Sand AQ4 44.2 47.27 09 Silty Sand AQ4 50.3 53.37 09 Silty Sand AQ4 - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR255-DR1-

PW 
464866.3 6362032.2 338.51 - 56.25 - 34 43 09 Silty Sand AQ4 45 47 09 Silty Sand AQ4 52 53 09 Silty Sand AQ4 - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR256-SN1-

VW 
464740.4 6361604.2 345.6 - - - - - - - - - - - - - - - 66 10 Clay Till 2 55 10 Clay Till 2 55 08 Till Aquitard AT2 

North 
Outwash Plain 

FH20-
WR256-DR1-

PW 
464734.8 6361596.5 345.7 - 60.25 - 35 46.5 09 Silty Sand AQ4 54 57 10 Clay Till 2 - - - - - - - - - - - - 

North 
Outwash Plain 

FH20-
WR401-DR1-

PW 
465055.1 6360114 317.66 - 25 - 10.1 22.05 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR402-DR1-

PW 
465333.5 6359951.3 328.52 - 46 - 16.7 19.74 09 Silty Sand AQ4 23.7 26.74 09 Silty Sand AQ4 28.24 32.24 09 Silty Sand AQ4 32.24 42.74 10 Clay Till 2 - - - - - - 

Fort Hills 
Upland 

FH20-
WR403-DR1-

PW 
465579.8 6359833.4 339.86 - 41 - 25.8 37.75 09 Silty Sand AQ4 - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR404-DR1-

PW 
465702.9 6359553 338.87 - 41.25 - 18.5 22.5 09 Silty Sand AQ4 24.5 38 09 Silty Sand AQ4 - - - - - - - - - - - - 

Fort Hills 
Upland 

FH20-
WR405-DR1-

PW 
465796 6359141.1 333.61 - 51.25 - 15.5 18.5 09 Silty Sand AQ4 23 32 09 Silty Sand AQ4 38 44 09 Silty Sand AQ4 46.5 48 10 Clay Till 2 - - - - - - 

Fort Hills 
Upland 

FH20-
WR406-DR1-

PW 
465867.9 6358862.9 330.08 - 38.85 - 17.1 20.1 09 Silty Sand AQ4 20.1 35.1 09 Silty Sand AQ4 - - - - - - - - - - - - 

Fort Hills 
Upland 

FH19-
WR438-
MR1-VW 

463043 6361744 216 - NA Abandoned - - - - - - - - - - - - - - - - - - 
Fort Hills 
Upland 

FH19-
WR436-
MR1-VW 

464425 6355885 234.61 - 144.01 - - - - - - - - - - - - - 72.6 Basal Aquifer 61.6 Basal Aquifer - - 
Fort Hills 
Upland 

FH19-
WR436-
MR2-PW 

464425 6355880 234.7 - 158.1 - 57.4 72.37 Basal Aquifer - - - - - - - - - - - - - - - 
Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH19-
WR440-
MR1-VW 

463772 6355753.4 235.1 - 140.17 - - - - - - - - - - - - - 74.63 Basal Aquifer 61.63 Basal Aquifer - - 
Fort Hills 
Upland 

FH19-
WR440-
MR2-PW 

463766.9 6355753.4 235.17 - 154.04 - 58.6 67.57 Basal Aquifer 69.6 72.57 Basal Aquifer 74.6 77.57 Basal Aquifer - - - - - - - - - 
Fort Hills 
Upland 

FH16-A-1 460776 6355135 283.863 N/A 2.6 Abandoned n/a  n/a  - - - - - - - - - - n/a  n/a - - - - 
Fort Hills 
Upland 

FH16-A-12 460903 6358641 263.274 264.42 5.15 Active 1.7 2.7 
05 Silty Sand AQ1 

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-A-14 461072 6359488 256.73 257.7 8.5 Active 2.6 3.5 
05 Silty Sand AQ1 

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-A-16 462104 6360518 286.23 287.13 8.6 Active 3.5 6.5 
05 Silty Sand AQ1 

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-A-17 463590 6361520 291.544 N/A 10.62 Active 5.5 8.5 09 Silty Sand AQ4 - - - - - - - - - n/a  n/a - - - - 
North 

Outwash Plain 

FH16-A-2 460872 6355572 283.944 284.929 11.3 Active 1.3 2.85 
05 Silty Sand AQ1-

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-A-3 461191 6355942 283.97 284.99 8.3 Active 2 3.5 
05 Silty Sand AQ1-

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-A-34 462914 6361018 281.27 282.12 7.6 Active n/a n/a 
Quaternary-
Unconfined 

- - - - - - - - - n/a  n/a - - - - 
Fort Hills 
Upland 

FH16-A-35 463314 6360773 283.935 284.8 10.64 Active 4.71 7.71 
05 Silty Sand AQ1 

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-A-36 465058 6360137 317.64 318.505 23.75 Active 5 8 09 Silty Sand AQ4 - - - - - - - - - n/a  n/a - - - - 
Fort Hills 
Upland 

FH16-A-38 465274 6358132 306.338 307.36 14.6 Active 9.5 12.5 09 Silty Sand AQ4 - - - - - - - - - n/a  n/a - - - - 
Fort Hills 
Upland 

FH16-A-4 460885 6356769 283.23 284.19 5.55 Active 2.35 3.35 
05 Silty Sand AQ1 

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-A-7 464932 6364401 303.445 304.58 17.45 Active 5 8 03 Surface Sand - - - - - - - - - n/a  n/a - - - - 
North 

Outwash Plain 

FH16-B-1 462365 6361501 283.934 284.86 10.64 Active 3.2 6.2 
Quaternary-
Unconfined 

- - - - - - - - - n/a  n/a - - - - 
Fort Hills 
Upland 

FH16-B-2 461519 6359122 286.982 287.78 13.68 Abandoned 3.6 6.6 
05 Silty Sand AQ1 

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-B-3 461448 6358785 286.626 287.48 13.68 Abandoned 2 3.5 
05 Silty Sand AQ1 

AQ2 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-B-4 460790 6355135 284.017 284.57 17.85 Active 11.5 13 
Quaternary-

Confined 
- - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-
WR101-

MR1-MW 
463943 6357764 287.4 288.39 149 n/a 117.2 123.2 Basal Aquifer - - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 

FH16-
WR102-

MR1-MW 
464624 6356288 287.5 288.36 128.4 n/a 107 113 Basal Aquifer - - - - - - - - - n/a  n/a - - - - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH16-
WR104-

MR1-MW 
463515 6355603 290.9 291.89 149 n/a 108.5 114.5 Basal Aquifer - - - - - - - - - n/a n/a - - - - 

Fort Hills 
Upland 

FH16-
WR105-

MR1-MW 
464315 6355597 290.6 291.58 131.9 n/a 105.7 111.7 Basal Aquifer - - - - - - - - - 31.2 12 McMurray 82.4 

14 CM40 CA40 Mud 
Oil Sand 

- - 
Fort Hills 
Upland 

FH16-
WR107-

MR1-MW 
465713 6355170 292.8 293.68 168.9 n/a 93.3 99.3 Basal Aquifer - - - - - - - - - 78.3 12 McMurray 116.3 

14 CM40 CA40 Mud 
Oil Sand 

- - 
Fort Hills 
Upland 

FH16-
WR111-
MR1-VW 

465144 6356272 287.96 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR111-
MR2-PW 

465145 6356272 288 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR112-
MR1-VW 

464392 6356159 288.86 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR112-
MR2-PW 

464388 6356161 289.38 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR113-
MR1-VW 

464686 6356085 286.78 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR113-
MR2-PW 

464682 6356084 287.27 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR114-
MR1-VW 

465427 6355916 289.86 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR114-
MR2-PW 

465429 6355920 290.66 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR115-
MR1-VW 

464207 6355791 290.53 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR115-
MR2-PW 

464209 6355795 291.07 n/a n/a n/a n/a n/a Basal Aquifer - - - - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR641-AR1-

PW 
470142 6359076 341.25 342.1 n/a Active 19.87 28.63 07 Silty Sand AQ3 - - - - - - - - - n/a n/a - - - - 

Fort Hills 
Upland 

FH16-
WR641-SN1-

VW 
470145 6359077 341.381 N/A n/a Active 28.49 28.96 - - - - - - - - - - 28.49 08 Till Aquitard AT2 11.99 07 Silty Sand AQ3 - - 

Fort Hills 
Upland 

FH16-
WR645-AR1-

PW 
470140 6358893 337.2 337.9 n/a Active 18.3 21.12 09 Silty Sand AQ4 34.62 40.5 09 Silty Sand AQ4 - - - - - - n/a n/a n/a - - - 

Fort Hills 
Upland 

FH16-
WR645-SN1-

VW 
470144 6358893 338.83 N/A n/a Active 45.05 45.06 - n/a n/a n/a - - - - - - 45 09 Silty Sand AQ4 24 09 Silty Sand AQ4 10 07 Silty Sand AQ3 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH16-
WR649-AR1-

PW 
470138 6358691 335.52 336.27 n/a Active 9 11.88 07 Silty Sand AQ3 32.23 40.66 09 Silty Sand AQ4 - - - - - - n/a n/a n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR649-SN1-

VW 
470142 6358691 337.213 n/a n/a Active n/a n/a - n/a n/a n/a - - - - - - 45 09 Silty Sand AQ4 24 07 Silty Sand AQ3 10 07 Silty Sand AQ3 

Fort Hills 
Upland 

FH16-
WR653-AR1-

PW 
470137 6358511 334.95 335.78 n/a Active 14.84 19.22 07 Silty Sand AQ3 32.83 36.2 07 Silty Sand AQ3 - - - - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR653-SN1-

VW 
470141 6358511 335.69 n/a n/a Active 35.66 35.67 - n/a n/a n/a - - - - - - 35.66 07 Silty Sand AQ3 19.21 07 Silty Sand AQ3 n/a - 

Fort Hills 
Upland 

FH16-
WR657-AR1-

PW 
470136 6358329 334.55 334.93 n/a Active 12.26 18.14 

05 Silty Sand AQ1 
AQ2 

33.14 36.02 07 Silty Sand AQ3 - - - - - - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH16-
WR657-SN1-

VW 
470140 6358329 335.518 n/a n/a Active 35.85 35.86 07 Silty Sand AQ3 n/a n/a n/a - - - - - - 38.85 07 Silty Sand AQ3 17.85 

05 Silty Sand AQ1 
AQ2 

n/a - 
Fort Hills 
Upland 

FH16-
WR659-SN1 

470135 6358229 335.274 336.12 n/a Active 21.95 25 07 Silty Sand AQ3 n/a n/a n/a - - - - - - n/a - n/a - n/a - 
Fort Hills 
Upland 

FH16-
WR659-SN2 

470135 6358231 335.295 336.09 n/a Active 6.45 9.5 
05 Silty Sand AQ1 

AQ2 
n/a n/a n/a - - - - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR661-AR1-

PW 
470134 6358129 334.26 334.99 n/a Active 11.25 16.13 07 Silty Sand AQ3 26.24 31.12 09 Silty Sand AQ4 - - - - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR661-SN1-

VW 
470138 6358129 335.37 n/a n/a Active 31.32 31.33 - n/a n/a n/a - - - - - - 31.32 09 Silty Sand AQ4 15.2 07 Silty Sand AQ3 4.22 

05 Silty Sand AQ1 
AQ2 

Fort Hills 
Upland 

FH16-
WR665-AR1-

PW 
470132 6357929 334.83 335.72 n/a Active 13.14 16.02 09 Silty Sand AQ4 24.16 28.54 09 Silty Sand AQ4 - - - - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR665-SN1-

VW 
470137 6357929 334.934 n/a n/a Active 67.5 67.51 Basal Aquifer n/a n/a n/a - - - - - - 31.32 09 Silty Sand AQ4 15.2 09 Silty Sand AQ4 4.22 09 Silty Sand AQ4 

Fort Hills 
Upland 

FH16-
WR669-AR1-

PW 
470130 6357729 289.08 290.2 n/a Active 12.73 14.11 Basal Aquifer 16.98 18.85 12 McMurray 23.1 25.98 12 McMurray 28.24 37 12 McMurray n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR669-SN1-

VW 
470135 6357729 334.68 n/a n/a Active 33.7 33.71 - n/a n/a n/a n/a n/a n/a - - - 33.7 09 Silty Sand AQ4 13.31 09 Silty Sand AQ4 n/a - 

Fort Hills 
Upland 

FH16-
WR673-AR1-

PW 
470124 6357529 287.94 288.29 n/a Active 16.1 19.39 Basal Aquifer 22.24 25.12 12 McMurray 52:48.0 31 12 McMurray - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR673-SN1-

VW 
470133 6357529 334.583 n/a n/a Active 44.08 44.09 - n/a n/a n/a n/a n/a n/a - - - 44.08 09 Silty Sand AQ4 31.08 09 Silty Sand AQ4 9.38 09 Silty Sand AQ4 

Fort Hills 
Upland 

FH16-
WR677-AR1-

PW 
470129 6357349 296.09 296.71 48.7 Active 13.14 16.02 10 Clay Till 2 20.17 38.06 12 McMurray n/a n/a n/a - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR677-SN1-

VW 
470133 6357349 335.54 n/a 197.6 Active 42.02 42.03 - n/a n/a n/a n/a n/a n/a - - - 42.02 09 Silty Sand AQ4 16.02 09 Silty Sand AQ4 n/a - 

Fort Hills 
Upland 
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Table 2E-2: Boreholes Drilled by Matrix Solutions Inc. 

Well ID 

As-built Well Screen 1 Well Screen 2 Well Screen 3 Well Screen 4 VWP A VWP B VWP C 

Ecohydrology 
Zone Easting Northing 

Ground 
Elevation 

(masl) 

Top of Pipe 
Elevation 

(masl) 

Depth 
Drilled (m) 

Completion 
Type 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Top 
(mbgs) 

Bottom 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

Depth 
(mbgs) 

Interpreted 
Hydrostratigraphic 

Unit 

FH16-
WR681-AR1-

PW 
470123 6357153 292.34 293.32 52.8 Active 16.81 21.71 Basal Aquifer 23.1 24.98 12 McMurray 30.25 39.01 12 McMurray - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR681-SN1-

VW 
470121 6357149 334.316 n/a 36.53 Abandoned n/a 36.52 Basal Aquifer n/a n/a n/a - - - - - - 36.52 Basal Aquifer 13.02 Basal Aquifer n/a - 

Fort Hills 
Upland 

FH16-
WR685-AR1-

PW 
470133 6356956 285.9 286.53 33.2 Active 15.36 21.24 Basal Aquifer 23.1 28.98 12 McMurray - - - - - - n/a - n/a - n/a - 

Fort Hills 
Upland 

FH16-
WR685-SN1-

VW 
470131 6356952 334.19 n/a 53.34 Active 32.45 32.46 Basal Aquifer n/a n/a n/a - - - - - - 32.45 Basal Aquifer 20.95 Basal Aquifer 9.25 07 Silty Sand AQ3 

Fort Hills 
Upland 

FH16-
WR687-SN1 

470050 6356887 333.81 334.60 53.34 Active 37.54 40.59 09 Silty Sand AQ4 n/a n/a n/a - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR687-SN2 

470054 6356887 333.92 334.68 22.87 Active 11.25 14.3 09 Silty Sand AQ4 n/a n/a n/a - - - - - - n/a n/a - - - - 
Fort Hills 
Upland 

FH16-
WR689-AR1-

PW 
469962 6356869 287.68 288.4 47.8 Active 15.91 20.79 - 32.27 41.03 12 McMurray - - - - - - n/a n/a - - - - 

Fort Hills 
Upland 

FH16-
WR689-SN1-

VW 
469958 6356869 333.71 n/a 56.4 Active 43.5 43.51 Beaverhill - - - - - - - - - 43.5 10 Clay Till 2 20.5 Dev-Collapsed PE - - 

Fort Hills 
Upland 

FH16-
WR106-

MR1-MW 
465447.8 6344649 289.1 - 167.5 - 105 111 Beaverhill - - - - - - - - - - - - - - - 

Fort Hills 
Upland 

Notes: 
Projection: UTM Zone 12 
Datum: NAD 83 
* original unit description was unit interpreted the year the hole was drilled 
"-" = no data; n/a = not available/not installed; masl = metres above sea level; GW = groundwater; m = metres; mbgs = metres below ground surface; ToC = top of casing. 

Table 2E-3: Devonian Wells 

Well ID Ground Elevation (masl) Easting Northing Inclination from Vertical (°) Azimuth Elevation for top of Devonian (masl) Total Drilled Elevation (masl) 
Formation that the Borehole 

Terminated 

FHEC 18-ES522-MR1-MW SL 06-18-97-10 263.0 462579 6363507 45 16.9 191 85.0 Prairie Evaporite (Collapse) 

FHEC 18-ES523-MR1-MW SL 10-07-97-10 274.0 462961 6362550 45 89.5 208 91.0 Prairie Evaporite (Collapse) 

FHEC DV-VWP-01 FT HILLS 10-19-96-10 289.5 463030 6356245 30 134.4 186 122.0 Prairie Evaporite (Collapse) 

FHEC DV-VWP-05 FT HILLS 11-30-96-10 290.1 462526 6357614 0 n/a 137 -43.9 Precambrian 

FHEC DV-VWP-06 FT HILLS 04-29-96-10 287.7 463943 6356880 30 47.9 177 105.7 Prairie Evaporite (Intact) 

FHEC DV-VWP-07 FT HILLS 03-29-96-10 288.3 464156 6356880 30 45.2 184 119.3 Prairie Evaporite (Collapse) 

FHEC DV-VWP-08 FT HILLS 02-19-96-10 289.9 463048 6355302 30 89 191 136.5 Prairie Evaporite (Collapse) 

FHEC DV-VWP-09 FT HILLS 02-19-96-10 290.9 463064 6355152 30 46.4 196 132.2 Prairie Evaporite (Collapse) 

Notes:  
masl = metres above sea level; ° = degrees. 



Fort Hills Oil Sands Project 
Volume 2 Integrated Plan Amendment 

February 2022 

Appendix 2F Compiled Pump Testing and Slug Testing Results from 
2017 through 2020 



Fort Hills Oil Sands Project 
Volume 2 Integrated Plan Amendment 

February 2022 

FORT HILLS ENERGY CORPORATION 

FORT HILLS OPERATIONS 

Fort Hills Integrated Plan Amendment Application 

Appendix 2F 

Compiled Pump Testing and Slug Testing Results from 

2015 Through 2020 

February 2022 



  
Fort Hills Oil Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 

 

2F-1 | Page 

Table 2F-1: Pump Tests Conducted from 2015 through 2020 

Hydrostratigraphic Unit (unit at time of 
testing) 

Well ID Year Tested Duration 
Estimated Transmissivity 

(m2/day) 
Estimated Hydraulic 
Conductivity (m/s) 

Estimated Storativity 
(m3/m3) 

07 Silty Sand AQ3 FH16-WR641-AR1-PW 2019 10 days 1647 3.6 x 10-4 2.1 x 10-3 

09 Silty Sand AQ4 FH16-WR645-AR1-PW 2019 10 days 663 1.5 x 10-4 2.7 x 10-2 

07 Silty Sand AQ3 / 09 Silty Sand AQ4 FH16-WR649-AR1-PW 2019 10 days 740 1.6 x 10-4 7.6 x 10-4 

07 Silty Sand AQ3 FH16-WR653-AR1-PW 2019 10 days 1179 2.4 x 10-4 9.3 x 10-5 

05 Silty Sand AQ1 AQ2 / 07 Silty Sand AQ3 FH16-WR657-AR1-PW 2019 10 days 1250 3.1 x 10-4 2.2 x 10-3 

07 Silty Sand AQ3 / 09 Silty Sand AQ4 FH16-WR661-AR1-PW 2019 10 days 1869 4.2 x 10-4 6.5 x 10-2 

09 Silty Sand AQ4 FH16-WR665-AR1-PW 2019 10 days 2137 5.3 x 10-4 2.5 x 10-5 

12 McMurray (Basal Aquifer) FH16-WR669-AR1-PW 2019 10 days 2239 5.2 x 10-4 9.8 x 10-5 

12 McMurray (Basal Aquifer) FH16-WR673-AR1-PW 2019 10 days 3080 7.8 x 10-4 4.8 x 10-4 

10 Clay Till 2 / 12 McMurray FH16-WR677-AR1-PW 2019 10 days 3079 7.8 x 10-4 1.5 x 10-3 

12 McMurray (Basal Aquifer) FH16-WR681-AR1-PW 2019 10 days 2619 6.5 x 10-4 6.1 x 10-3 

12 McMurray (Basal Aquifer) FH16-WR685-AR1-PW 2019 10 days 907 2.8 x 10-4 4.6 x 10-2 

12 McMurray FH16-WR689-AR1-PW 2019 10 days 371 8.2 x 10-5 8.7 x 10-2 

Basal Aquifer FH17-WR421-MR2 2018 (also 2017) 10 days 202.6 1.0 x 10-4 6.0 x 10-4 

03 Surface Sand FH17-WR441-DR1 2017 3 days 40 3.0 x 10-5 1.0 x 10-4 

Rafted McMurray FH18-ES426-DR1 2018 8 hours 0.5 4.0 x 10-7 9.0 x 10-4 

03 Surface Sand FH18-ES419-DR1 2018 3 days 240 1.0 x 10-4 2.0 x 10-3 

03 Surface Sand FH18-ES419-DR1 2019 15 days 220 8.0 x 10-5 2.0 x 10-3 

09 Silty Sand AQ4 FH18-ES436-DR1 2018 5 days 55 3.0 x 10-5 4.0 x 10-4 

09 Silty Sand AQ4 FH18-ES436-DR1 2019 15 days 46 2.0 x 10-5 4.0 x 10-4 

03 Surface Sand FH19-ES612-DR1 2019 5 days 130 7.0 x 10-5 1.0 x 10-3 

03 Surface Sand FH19-ES605-DR1 2019 3 days 218 1.0 x 10-4 2.0 x 10-3 

Basal Aquifer FH19-ES565-MR2 2019 3 days 141 1.0 x 10-4 3.0 x 10-5 

10 Clay Till 2 FH19-WR806-DR1-PW  2019 3 days 69 1.7 x 10-5 1.1 x 10-2 

09 Silty Sand AQ4 FH19-WR807-DR1-PW  2019 3 days 160 4.5 x 10-5 1.9 x 10-2 

09 Silty Sand AQ4 FH19-WR812-DR1-PW  2019 3 days 230 5.1 x 10-5 1.7 x 10-3 

09 Silty Sand AQ4 FH19-WR801-DR1-PW  2019 8 hours 36 8.6 x 10-6 2.9 x 10-3 

09 Silty Sand AQ4 FH19-WR802-DR1-PW  2019 8 hours 44 1.0 x 10-5 1.0 x 10-5 

09 Silty Sand AQ4 FH19-WR803-DR1-PW  2019 8 hours 680 1.9 x 10-4 5.5 x 10-5 

07 Silty Sand AQ3 FH19-WR804-DR1-PW  2019 8 hours 12 4.1 x 10-6 4.9 x 10-3 

09 Silty Sand AQ4 FH19-WR805-DR1-PW  2019 8 hours 18 5.1 x 10-6 1.5 x 10-4 

10 Clay Till 2 FH19-WR806-DR1-PW  2019 8 hours 55 1.4 x 10-5 4.5 x 10-3 

09 Silty Sand AQ4 FH19-WR807-DR1-PW  2019 8 hours 190 5.3 x 10-5 1.4 x 10-2 

09 Silty Sand AQ4 FH19-WR808-DR1-PW  2019 8 hours 400 1.1 x 10-4 5.5 x 10-5 

09 Silty Sand AQ4 FH19-WR809-DR1-PW  2019 8 hours 59 1.3 x 10-5 3.4 x 10-3 

09 Silty Sand AQ4 FH19-WR810-DR1-PW 2019 8 hours 70 1.6 x 10-5 5.0 x 10-3 

07 Silty Sand AQ3 FH19-WR811-DR1-PW 2019 8 hours 140 3.6 x 10-5 1.3 x 10-4 

09 Silty Sand AQ4 FH19-WR812-DR1-PW  2019 8 hours 200 4.5 x 10-5 1.5 x 10-2 

09 Silty Sand AQ4 FH19-WR813-DR1-PW  2019 8 hours 200 5.2 x 10-5 5.8 x 10-6 

03 Surface Sand FH20-WR617-DR1 2020 20 days 375 1.9 x 10-4 2 x 10-4 

03 Surface Sand FH20-WR624-DR1 2020 10 days 370 1.0 x 10-4 2 x 10-4 

17 CW50 Basal Aquifer BA-PW-101 2015 10 days 2.E-04 2.0 x 10-5 1.0 x 10-4 

17 CW50 Basal Aquifer BA-PW-102 2015 10 days 4.E-04 2.0 x 10-5 1.0 x 10-4 

Basal Aquifer FH17-WR351-MR1 2017 3 days 7.E-04 6.0 x 10-5 - 

Basal Aquifer FH16-WR111-MR2-PW 2017 10 days 3.E-04 3.0 x 10-5 1.0 x 10-4 

Basal Aquifer FH16-WR112-MR2-PW 2017 10 days 7.E-04 5.0 x 10-5 1.0 x 10-4 

Basal Aquifer FH16-WR113-MR2-PW 2017 10 days 6.E-04 4.0 x 10-5 1.0 x 10-4 

Basal Aquifer FH16-WR114-MR2-PW 2017 10 days 9.E-04 4.0 x 10-5 1.0 x 10-4 

Basal Aquifer FH16-WR115-MR2-PW 2017 10 days 2.E-03 8.0 x 10-5 1.0 x 10-4 

17 CW50 Basal Aquifer FH18-ES601-MR2-PW 2018 3 days 7.E-04 3.0 x 10-5 1.0 x 10-4 

15 CW40 Basal Aquifer FH18-ES604-MR2-PW 2018 3 days 2.E-03 8.0 x 10-5 1.0 x 10-4 

17 CW50 Basal Aquifer FH18-ES602-MR2-PW 2018 3 days 2.E-03 7.0 x 10-5 1.0 x 10-4 

15 CW40 Basal Aquifer FH18-ES603-MR2-PW 2018 3 days 1.E-03 8.0 x 10-5 1.0 x 10-4 

17 CW50 Basal Aquifer FH19-ES241-MR2-PW 2019 3 days 1.E-03 2.0 x 10-5 1.0 x 10-4 

15 CW40 Basal Aquifer FH19-ES242-MR2-PW 2019 3 days 1.E-03 3.0 x 10-5 2.0 x 10-4 

16 CM50 CA50 Mud Oil Sand FH19-ES243-MR2-PW 2019 3 days 8.E-04 4.0 x 10-5 1.0 x 10-4 

14 CM40 CA40 Mud Oil Sand FH19-ES253-MR1-PW 2019 6 hours 5.E-06 1.0 x 10-6 1.0 x 10-4 

15 CW40 Basal Aquifer FH19-ES256-MR1-PW 2019 24 hours 6.E-04 3.0 x 10-4 3.0 x 10-4 

15 CW40 Basal Aquifer FH19-ES280-MR2-PW 2019 24 hours 4.E-05 3.0 x 10-5 3.0 x 10-3 

14 CM40 CA40 Mud Oil Sand FH19-ES310-MR1-PW 2019 24 hours 6.E-05 4.0 x 10-5 4.0 x 10-5 

16 CM50 CA50 Mud Oil Sand FH19-ES070-MR1-PW 2019 3 days 4.E-05 4.0 x 10-6 1.0 x 10-4 

13 UW60 Basal Aquifer FH20-WR202-MR2-PW  2020 3 days 3 x 10-4 4.0 x 10-5 - 

Basal Aquifer FH19-WR440-MR2-PW 2020 3 days 1.E-03 5.0 x 10-5 1.0 x 10-3 

Basal Aquifer FH19-WR436-MR2-PW 2020 4.5 hours 2.E-03 7.0 x 10-5 1.0 x 10-3 

03 Surface Sand FH20-WR252-DR1-PW 2020 2 hours 6.E-05 1.3 x 10-5 4.0 x 10-4 

09 Silty Sand AQ4 FH20-WR253-SN1-MW 2020 0.22 hours 2.E-06 3.5 x 10-7 4.0 x 10-4 

08 Till Aquitard AT2 FH20-WR254-DR2-PW 2020 3 days 2.E-03 1.2 x 10-4 1.0 x 10-4 

09 Silty Sand AQ4 FH20-WR255-DR1-PW 2020 3 days 8.E-04 4.2 x 10-5 - 

09 Silty Sand AQ4 FH20-WR256-DR1-PW 2020 3 days 3.E-04 2.9 x 10-5 - 

Notes: 

The unit identified at the time of testing may have a different naming convention than the units from the 2020 unified model. The units are labelled based on the 2020 unified 
model where possible. Units with names not in the 2020 Unified hydrostratigraphic model were renamed to reflect the unit identified at the time of the pump test. 

m2/day = square metres per day; m/s = metres per second; m3/m3 = cubic metre by cubic metre; “-“ = not measured. 
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Table 2F-2: Slug Tests Conducted from 2015 through 2020  

Well ID 
As-Built 
Easting 

As-Built Northing 

As-Built 
Ground 

Elevation 
(masl) 

Completion Target 
Formation 

Screen Top 
(mbgs) 

Screen 
Bottom 
(mbgs) 

Screen Length (m) 
Hydraulic 

Conductivity (m/s) 
Analytical Method 

FH17-WR402-SN2 472732.75 6365129.16 300.63 03 Surface Sand 6.82 9.93 3.11 9.20 x 10-5 KGS 

FH17-WR404-SN1 471721.47 6365334.39 299.96 Quaternary-Aquitard 34.50 36.00 1.50 9.40 x 10-8 KGS 

FH17-WR404-SN2 471721.95 6365338.98 299.96 03 Surface Sand 7.35 10.35 3.00 2.80 x 10-4 KGS 

FH17-WR406-SN1 470037.77 6365497.60 300.05 03 Surface Sand 7.00 10.00 3.00 5.20 x 10-4 Springer-Gelhar 

FH17-WR407-SN1 477728.29 6373038.85 301.15 03 Surface Sand 13.95 17.00 3.05 4.10 x 10-5 Bouwer-Rice 

FH17-WR412-SN1 480774.07 6375910.63 294.90 03 Surface Sand 49.75 52.80 3.05 3.00 x 10-6 Hvorslev 

FH17-WR412-SN2 480774.07 6375910.63 294.91 03 Surface Sand 16.76 19.81 3.05 1.50 x 10-4 Springer-Gelhar 

FH17-WR414-SN1 478165.62 6367061.43 316.89 09 Silty Sand AQ4 44.65 47.75 3.10 2.50 x 10-7 Bouwer-Rice 

FH17-WR414-SN2 478160.40 6367061.08 316.69 07 Silty Sand AQ3 17.70 20.70 3.00 1.40 x 10-6 KGS 

FH17-WR418-SN1 474995.47 6369344.19 295.39 03 Surface Sand 41.65 43.15 1.50 3.30 x 10-7 KGS 

FH17-WR418-SN2 474990.86 6369346.76 295.31 03 Surface Sand 13.37 16.42 3.05 3.30 x 10-4 Springer-Gelhar 

FH17-WR420-SN1 476197.17 6367509.28 295.31 03 Surface Sand 7.60 9.10 1.50 1.10 x 10-4 KGS 

FH17-WR425-SN1 470645.48 6364153.36 302.88 03 Surface Sand 9.45 10.97 1.52 2.60 x 10-6 KGS 

FH17-WR427-SN1 472185.62 6366509.47 299.41 03 Surface Sand 18.34 21.34 3.00 9.20 x 10-5 KGS 

FH17-WR428-SN1 473804.41 6368888.12 300.15 03 Surface Sand 18.97 24.97 6.00 3.00 x 10-5 KGS 

FH17-WR433-SN1 470458.16 6366114.35 299.90 03 Surface Sand 10.93 13.97 3.04 3.70 x 10-4 Springer-Gelhar 

FH17-WR440-SN1 473794.14 6367187.18 297.17 03 Surface Sand 8.70 11.70 3.00 3.40 x 10-5 Bouwer-Rice 

FH17-WR441-SN1 473369.46 6367617.08 297.86 03 Surface Sand 12.00 15.00 3.00 2.60 x 10-5 Bouwer-Rice 

FH17-WR446-SN1 473616.48 6366540.55 297.93 03 Surface Sand 10.50 13.50 3.00 3.40 x 10-5 Bouwer-Rice 

FH17-WR449-SN1 473171.93 6365742.66 298.90 03 Surface Sand 7.20 8.70 1.50 2.00 x 10-4 KGS 

FH17-WR450-SN1 474190.83 6367925.87 296.32 03 Surface Sand 13.32 16.32 3.00 4.40 x 10-5 KGS 

FH17-WR451-SN1 475031.64 6367137.71 296.09 09 Silty Sand AQ4 32.90 36.00 3.10 7.30 x 10-7 KGS 

FH17-WR451-SN2 475028.30 6367135.26 295.98 03 Surface Sand 9.40 12.50 3.10 1.80 x 10-5 KGS 

FH17-WR452-SN1 469463.39 6367467.59 303.14 03 Surface Sand 9.35 12.35 3.00 7.20 x 10-6 KGS 

FH18-ES407-SN1 474106.18 6374695.17 297.22 03 Surface Sand 15.29 18.41 3.12 1.30 x 10-4 Springer-Gelhar 

FH18-ES416-SN1 476440.42 6370549.05 294.95 03 Surface Sand 16.88 20.00 3.12 2.50 x 10-5 KGS 

FH18-ES430-SN1 476461.43 6365993.60 308.04 Rafted McMurray 22.86 25.91 3.05 1.30 x 10-6 KGS 

FH18-ES437-SN1 477591.27 6363134.47 336.16 09 Silty Sand AQ4 57.00 60.05 3.05 4.90 x 10-5 Hvorslev 

FH18-ES441-SN1 473645.53 6362339.23 332.93 09 Silty Sand AQ4 32.00 35.05 3.05 4.30 x 10-5 Hvorslev 

FH19-ES534-SN2-MW 468690.44 6368180.72 303.92 03 Surface Sand 11.89 14.80 2.91 1.50 x 10-4 KGS 

FH19-ES562-SN2-MW 467554.00 6367383.67 302.41 03 Surface Sand 6.50 9.46 2.96 9.00 x 10-5 KGS 

FH19-ES603-SN1-MW 477143.66 6375843.87 298.58 03 Surface Sand 28.54 31.54 3.00 1.10 x 10-5 KGS 

FH19-ES603-SN2-MW 477144.58 6375849.22 298.46 03 Surface Sand 10.05 13.05 3.00 3.10 x 10-4 Springer-Gelhar 

FH19-ES604-SN1-MW 485700.85 6372965.18 292.28 Rafted McMurray 29.10 32.10 3.00 3.20 x 10-6 KGS 

FH19-ES604-SN2-MW 485695.19 6372963.16 292.28 03 Surface Sand 16.30 19.30 3.00 7.20 x 10-4 Springer-Gelhar 

FH19-ES605-SN1-MW 483706.19 6372368.98 294.00 Rafted McMurray 36.85 39.85 3.00 2.40 x 10-5 KGS 

FH19-ES606-SN1-MW 471732.49 6371083.47 306.46 Rafted McMurray 68.04 71.04 3.00 1.00 x 10-5 KGS 

FH19-ES606-SN2-MW 471732.64 6371078.73 306.56 03 Surface Sand 25.10 28.10 3.00 1.60 x 10-4 Springer-Gelhar 

FH19-ES607-SN1-MW 472627.26 6369877.42 306.94 03 Surface Sand 46.42 49.42 3.00 2.50 x 10-5 KGS 

FH19-ES610-SN1-MW 471970.08 6368835.80 306.81 03 Surface Sand 25.40 28.40 3.00 6.40 x 10-5 Springer-Gelhar 

FH19-ES614-SN1-MW 471973.14 6367609.95 300.01 03 Surface Sand 12.50 15.50 3.00 9.60 x 10-6 KGS 

FH19-ES616-SN1-MW 472210.58 6367400.62 299.75 03 Surface Sand 14.53 17.53 3.00 5.10 x 10-5 Springer-Gelhar 

FH19-ES621-SN1-MW 480357.85 6366954.49 312.32 Rafted McMurray 33.61 36.66 3.05 6.40 x 10-6 KGS 

FH19-ES621-SN2-MW 480359.40 6366949.52 312.39 Rafted McMurray 17.84 20.89 3.05 7.70 x 10-5 KGS 

FH19-ES631-SN1-MW 474251.11 6366273.48 297.30 Rafted McMurray 32.90 35.90 3.00 2.00 x 10-7 KGS 

FH19-ES631-SN2-MW 474257.56 6366272.29 297.33 03 Surface Sand 5.30 8.30 3.00 2.20 x 10-4 Springer-Gelhar 

FH19-ES634-SN1-MW 474704.84 6366230.43 297.56 09 Silty Sand AQ4 15.40 16.90 1.50 3.20 x 10-7 KGS 

FH19-ES634-SN2-MW 474702.41 6366226.74 297.65 Rafted McMurray 9.50 12.50 3.00 6.80 x 10-7 KGS 

FH19-ES640-SN1-MW 482489.64 6367075.55 295.70 Rafted McMurray 25.06 28.11 3.05 1.10 x 10-5 KGS 

FH19-ES640-SN2-MW 482489.91 6367079.99 295.70 03 Surface Sand 2.60 5.60 3.00 4.00 x 10-5 Butler 

FH19-ES644-SN1-MW 466963.23 6365577.77 302.25 03 Surface Sand 37.29 40.29 3.00 7.20 x 10-5 KGS 

FH19-ES644-SN2-MW 466961.73 6365573.16 302.29 03 Surface Sand 11.00 14.00 3.00 4.80 x 10-4 Springer-Gelhar 

FH19-ES647-SN1-MW 475072.93 6365476.71 311.23 Rafted McMurray 23.28 26.28 3.00 9.00 x 10-6 KGS 

FH19-ES651-SN1-MW 475442.73 6365338.11 316.56 09 Silty Sand AQ4 38.15 41.15 3.00 6.40 x 10-6 KGS 

FH19-ES651-SN2-MW 475438.11 6365337.83 316.46 09 Silty Sand AQ4 15.31 18.31 3.00 1.20 x 10-5 KGS 

FH19-ES656-SN1-MW 475006.09 6365187.83 324.19 Rafted McMurray 48.81 51.81 3.00 9.00 x 10-7 KGS 

FH19-ES656-SN2-MW 475010.69 6365189.30 324.07 Rafted McMurray 23.10 26.10 3.00 1.10 x 10-5 KGS 

FH19-ES659-SN1-MW 475799.74 6365066.99 317.26 Rafted McMurray 49.28 52.28 3.00 8.50 x 10-6 KGS 

FH19-ES659-SN2-MW 475794.86 6365066.61 317.27 09 Silty Sand AQ4 37.00 40.00 3.00 1.90 x 10-5 KGS 

FH19-ES663-SN1-MW 474939.58 6364893.28 324.39 Rafted McMurray 50.58 53.58 3.00 5.50 x 10-6 KGS 

FH19-ES663-SN2-MW 474943.78 6364892.31 324.40 Rafted McMurray 29.71 32.71 3.00 2.30 x 10-5 KGS 

FH19-ES665-SN1-MW 474098.27 6364815.00 310.38 Rafted McMurray 34.24 37.24 3.00 2.40 x 10-6 KGS 

FH19-ES665-SN2-MW 474098.08 6364819.86 310.29 Rafted McMurray 25.12 28.12 3.00 1.10 x 10-5 KGS 

FH19-ES668-SN1-MW 475151.96 6364743.56 325.04 Rafted McMurray 38.12 41.17 3.05 1.50 x 10-5 KGS 

FH19-ES668-SN2-MW 475148.98 6364743.22 325.09 Rafted McMurray 11.51 14.56 3.05 5.10 x 10-7 KGS 

FH19-ES670-SN1-MW 476181.88 6364490.05 345.74 Rafted McMurray 75.45 78.45 3.00 2.30 x 10-5 KGS 

FH19-ES670-SN2-MW 476185.07 6364493.25 345.73 Rafted McMurray 27.00 30.00 3.00 1.10 x 10-5 KGS 

FH19-ES672-SN1-MW 474973.01 6364584.08 328.53 Rafted McMurray 50.38 53.38 3.00 1.10 x 10-5 KGS 

FH19-ES672-SN2-MW 474969.74 6364581.15 328.40 09 Silty Sand AQ4 36.45 39.45 3.00 2.70 x 10-5 KGS 

FH19-ES672-SN3-MW 474973.09 6364577.07 328.64 01 Peat 15.30 18.30 3.00 1.60 x 10-5 KGS 

FH19-ES678-SN1-MW 474745.18 6364382.53 324.89 Rafted McMurray 48.14 51.14 3.00 2.00 x 10-6 KGS 

FH19-ES678-SN2-MW 474742.09 6364386.05 324.68 Rafted McMurray 34.27 37.32 3.05 3.50 x 10-5 Butler 

FH19-ES682-SN1-MW 466891.11 6364132.10 302.21 03 Surface Sand 33.61 36.61 3.00 1.70 x 10-4 Butler 

FH19-ES682-SN2-MW 466896.02 6364131.87 302.27 03 Surface Sand 3.55 6.55 3.00 4.50 x 10-5 KGS 

FH19-ES700-SN2-MW 472168.00 6363134.07 323.58 Rafted McMurray 16.25 19.30 3.05 9.60 x 10-6 KGS 

FH19-ES702-SN1-MW 467847.78 6362713.46 310.42 Rafted McMurray 24.25 27.25 3.00 1.60 x 10-7 KGS 

FH19-ES702-SN2-MW 467843.34 6362714.41 310.49 Rafted McMurray 6.60 9.60 3.00 1.20 x 10-5 KGS 

FH19-ES706-SN2-MW 471792.88 6362223.65 341.69 Rafted McMurray 22.00 25.00 3.00 8.50 x 10-6 KGS 

FH19-GL534-SN1-MW 468690.44 6368180.72 303.92 03 Surface Sand 44.61 47.11 2.50 1.70 x 10-5 KGS 

FH19-GL551-SN1-MW 470370.47 6367589.47 305.99 03 Surface Sand 16.66 19.66 3.00 5.70 x 10-5 KGS 

FH19-GL562-SN1-MW 467557.30 6367380.89 302.51 03 Surface Sand 13.21 16.26 3.05 1.80 x 10-4 Springer-Gelhar 

FH19-GL570-SN1-MW 470181.54 6366809.15 302.11 03 Surface Sand 12.99 15.99 3.00 1.30 x 10-4 KGS 

FH19-GL612-SN1-MW 472127.34 6367687.57 301.41 03 Surface Sand 19.77 22.77 3.00 2.60 x 10-5 KGS 

FH19-GL700-SN3-MW 472167.52 6363141.13 323.60 Rafted McMurray 47.32 50.37 3.05 3.00 x 10-6 KGS 

FH19-WR814-SN1-MW 468496.43 6360922.60 342.62 07 Silty Sand AQ3 22.00 25.00 3.00 1.0 x 10-5 Bouwer-Rice 
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Table 2F-2: Slug Tests Conducted from 2015 through 2020  

Well ID 
As-Built 
Easting 

As-Built Northing 

As-Built 
Ground 

Elevation 
(masl) 

Completion Target 
Formation 

Screen Top 
(mbgs) 

Screen 
Bottom 
(mbgs) 

Screen Length (m) 
Hydraulic 

Conductivity (m/s) 
Analytical Method 

FH19-WR815-SN1-MW 468555.82 6360988.77 341.99 07 Silty Sand AQ3 19.10 22.10 3.00 1.2 x 10-5 Bouwer-Rice 

FH19-WR816-SN1-MW 468616.28 6361069.11 339.72 07 Silty Sand AQ3 18.90 21.90 3.00 4.8 x 10-6 Bouwer-Rice 

FH19-WR817-SN1-MW 468698.82 6361179.97 338.45 07 Silty Sand AQ3 17.70 20.70 3.00 1.8 x 10-4 Bouwer-Rice 

FH19-WR818-SN3-MW 468714.78 6361203.46 338.20 07 Silty Sand AQ3 16.80 19.80 3.00 1.7 x 10-5 Bouwer-Rice 

FH19-WR818-SN2-MW 468718.75 6361208.73 338.25 09 Silty Sand AQ4 38.20 41.20 3.00 1.3 x 10-5 Bouwer-Rice 

FH19-WR818-SN1-MW 468716.60 6361205.91 338.22 09 Silty Sand AQ4 53.30 56.30 3.00 1.8 x 10-5 Bouwer-Rice 

FH19-WR819-SN1-MW 468798.50 6361304.74 337.33 07 Silty Sand AQ3 16.80 19.80 3.00 2.1 x 10-5 Bouwer-Rice 

FH19-WR820-SN1-MW 468971.31 6361256.02 338.29 07 Silty Sand AQ3 14.00 17.00 3.00 1.5 x 10-5 Bouwer-Rice 

FH19-WR821-SN1-MW 469089.51 6361305.23 337.92 07 Silty Sand AQ3 23.00 26.00 3.00 2.2 x 10-5 Bouwer-Rice 

FH19-WR822-SN1-MW 469218.48 6361340.59 337.89 07 Silty Sand AQ3 25.80 28.80 3.00 4.0 x 10-5 Bouwer-Rice 

FH19-WR823-SN1-MW 469362.38 6361341.18 337.45 07 Silty Sand AQ3 22.40 25.40 3.00 3.8 x 10-5 Bouwer-Rice 

FH19-WR824-SN1-MW 469499.62 6361343.21 337.21 07 Silty Sand AQ3 22.50 25.50 3.00 2.2 x 10-5 Bouwer-Rice 

FH19-WR825-SN1-MW 469623.56 6361375.71 336.94 07 Silty Sand AQ3 13.60 16.60 3.00 8.4 x 10-6 Bouwer-Rice 

FH19-WR826-SN1-MW 469695.02 6361445.16 336.04 07 Silty Sand AQ3 13.30 16.30 3.00 1.0 x 10-5 Bouwer-Rice 

FH19-WR827-SN1-MW 469781.57 6361462.23 335.07 07 Silty Sand AQ3 8.20 11.20 3.00 2.9 x 10-6 Bouwer-Rice 

FH19-WR828-SN1-MW 469912.94 6361464.98 334.34 07 Silty Sand AQ3 11.00 14.00 3.00 7.2 x 10-6 Bouwer-Rice 

FH19-WR829-SN1-MW 470042.04 6361470.33 334.98 07 Silty Sand AQ3 13.90 16.90 3.00 4.3 x 10-5 Bouwer-Rice 

FH19-WR830-SN1-MW 470158.72 6361476.22 334.98 07 Silty Sand AQ3 22.30 25.30 3.00 4.3 x 10-6 Bouwer-Rice 

FH19-WR831-SN1-MW 470264.47 6361486.70 337.43 09 Silty Sand AQ4 31.50 34.50 3.00 6.5 x 10-5 Bouwer-Rice 

FH19-WR832-SN1-MW 470370.06 6361494.11 338.31 08 Till Aquitard AT2 32.20 35.20 3.00 3.1 x 10-5 Bouwer-Rice 

FH19-WR833-SN1-MW 470427.85 6361364.45 339.47 07 Silty Sand AQ3 25.30 28.40 3.10 1.8 x 10-4 Bouwer-Rice 

FH19-WR834-SN1-MW 470613.69 6361330.09 339.24 07 Silty Sand AQ3 21.40 24.40 3.00 2.4 x 10-5 Bouwer-Rice 

FH19-WR835-SN1-MW 470816.80 6361331.36 339.64 07 Silty Sand AQ3 18.30 21.30 3.00 4.5 x 10-6 Bouwer-Rice 

FH19-WR836-SN3-MW 470980.59 6361332.22 339.92 07 Silty Sand AQ3 16.80 19.80 3.00 1.2 x 10-5 Bouwer-Rice 

FH19-WR836-SN2-MW 470983.45 6361332.49 339.92 09 Silty Sand AQ4 32.00 35.10 3.10 5.6 x 10-6 Bouwer-Rice 

FH19-WR837-SN1-MW 471205.34 6361337.79 340.59 07 Silty Sand AQ3 16.90 19.90 3.00 1.2 x 10-5 Bouwer-Rice 

FH19-WR838-SN1-MW 471435.64 6361334.16 340.80 07 Silty Sand AQ3 21.80 24.80 3.00 5.4 x 10-6 Bouwer-Rice 

FH19-WR839-SN1-MW 471671.18 6361332.47 341.07 07 Silty Sand AQ3 19.80 22.90 3.10 1.1 x 10-5 Bouwer-Rice 

FH19-WR840-SN1-MW 471918.51 6361346.07 342.03 07 Silty Sand AQ3 16.90 19.90 3.00 3.2 x 10-5 Bouwer-Rice 

FH19-WR841-SN1-MW 472074.91 6361288.90 342.15 07 Silty Sand AQ3 18.20 21.20 3.00 2.4 x 10-5 Bouwer-Rice 

FH19-WR842-SN1-MW 472114.61 6361136.92 342.53 09 Silty Sand AQ4 18.20 21.20 3.00 1.2 x 10-5 Bouwer-Rice 

FH19-WR843-SN3-MW 472218.22 6360905.04 343.31 07 Silty Sand AQ3 18.30 21.30 3.00 3.7 x 10-5 Bouwer-Rice 

FH19-WR843-SN1-MW 472218.56 6360902.03 343.34 09 Silty Sand AQ4 54.50 57.50 3.00 9.6 x 10-6 Bouwer-Rice 

FH19-WR844-SN1-MW 472356.52 6360501.21 344.16 07 Silty Sand AQ3 19.00 22.00 3.00 4.6 x 10-5 Springer-Gelhar 

FH19-WR845-SN1-MW 472520.30 6360071.83 344.92 09 Silty Sand AQ4 24.90 27.90 3.00 6.1 x 10-6 Bouwer-Rice 

FH19-WR846-SN3-MW 472651.25 6359735.67 346.74 07 Silty Sand AQ3 19.00 22.00 3.00 4.8 x 10-6 Bouwer-Rice 

FH19-WR846-SN4-MW 472649.41 6359739.51 346.70 09 Silty Sand AQ4 59.00 62.00 3.00 6.3 x 10-6 Bouwer-Rice 

FH19-WR847-SN1-MW 472753.69 6359452.54 345.61 07 Silty Sand AQ3 23.00 26.00 3.00 1.6 x 10-5 Bouwer-Rice 

FH19-WR848-SN1-MW 472834.13 6359254.71 344.99 07 Silty Sand AQ3 23.00 26.00 3.00 1.3 x 10-5 Bouwer-Rice 

FH19-WR849-SN1-MW 472685.86 6359127.95 344.40 07 Silty Sand AQ3 21.60 24.60 3.00 3.8 x 10-5 Bouwer-Rice 

FH19-WR850-SN1-MW 472362.13 6359130.18 342.79 07 Silty Sand AQ3 19.20 22.20 3.00 3.1 x 10-5 Bouwer-Rice 

FH19-WR851-SN3-MW 472112.20 6359131.62 341.79 09 Silty Sand AQ4 19.00 22.00 3.00 2.6 x 10-5 Bouwer-Rice 

FH19-WR851-SN2-MW 472106.41 6359132.13 341.73 09 Silty Sand AQ4 34.00 37.00 3.00 1.5 x 10-5 Bouwer-Rice 

FH19-WR852-SN1-MW 471864.94 6359131.40 341.16 07 Silty Sand AQ3 11.30 21.40 10.10 3.0 x 10-5 Bouwer-Rice 

FH19-WR853-SN1-MW 471668.32 6359130.07 340.78 07 Silty Sand AQ3 18.50 21.50 3.00 9.5 x 10-6 Bouwer-Rice 

FH19-WR854-SN1-MW 471505.01 6359128.60 340.38 07 Silty Sand AQ3 18.00 21.00 3.00 5.6 x 10-5 Bouwer-Rice 

FH19-WR855-SN1-MW 471335.08 6359126.44 340.31 07 Silty Sand AQ3 16.80 19.80 3.00 6.7 x 10-5 Bouwer-Rice 

FH19-WR856-SN1-MW 471159.43 6359131.14 339.72 07 Silty Sand AQ3 16.90 19.90 3.00 1.4 x 10-5 Bouwer-Rice 

FH19-WR857-SN1-MW 470985.19 6359129.61 339.53 07 Silty Sand AQ3 18.30 21.30 3.00 3.6 x 10-5 Bouwer-Rice 

FH19-WR858-SN1-MW 470817.53 6359130.43 339.07 07 Silty Sand AQ3 17.10 20.10 3.00 6.4 x 10-5 Bouwer-Rice 

FH19-WR859-SN3-MW 470659.48 6359130.15 338.87 07 Silty Sand AQ3 15.90 18.90 3.00 2.8 x 10-5 Bouwer-Rice 

FH19-WR859-SN2-MW 470653.38 6359130.25 338.89 07 Silty Sand AQ3 31.50 34.50 3.00 2.8 x 10-5 Bouwer-Rice 

FH19-WR859-SN1-MW 470656.46 6359130.17 339.01 09 Silty Sand AQ4 43.50 46.50 3.00 5.1 x 10-5 Bouwer-Rice 

FH19-WR860-SN1-MW 470488.77 6359127.19 338.75 07 Silty Sand AQ3 12.50 15.50 3.00 4.3 x 10-6 Bouwer-Rice 

FH19-WR862-SN1-MW 472879.34 6359126.57 345.16 09 Silty Sand AQ4 26.20 29.20 3.00 1.4 x 10-5 Bouwer-Rice 

FH20-WR551-SN1-MW 473253.71 6358892.83 324.12 09 Silty Sand AQ4 32.50 35.50 3.00 1.4 x 10-5 Bouwer-Rice 

FH20-WR551-SN2-MW 473248.51 6358892.08 324.46 09 Silty Sand AQ4 18.20 21.20 3.00 1.8 x 10-5 Bouwer-Rice 

FH20-WR552-SN2-MW 473338.94 6358272.62 321.97 09 Silty Sand AQ4 24.90 27.90 3.00 2.3 x 10-5 Bouwer-Rice 

FH20-WR552-SN3-MW 473333.98 6358277.83 322.02 07 Silty Sand AQ3 11.50 14.50 3.00 2.8 x 10-5 Bouwer-Rice 

FH20-WR553-SN1-MW 472782.29 6358306.70 335.80 09 Silty Sand AQ4 40.00 43.00 3.00 2.5 x 10-5 Bouwer-Rice 

FH20-WR553-SN2-MW 472777.53 6358306.82 335.76 09 Silty Sand AQ4 27.00 30.00 3.00 7.4 x 10-6 Bouwer-Rice 

FH20-WR553-SN3-MW 472782.21 6358311.79 335.81 07 Silty Sand AQ3 14.00 17.00 3.00 5.7 x 10-6 Bouwer-Rice 

FH20-WR554-SN2-MW 472187.77 6358299.22 337.62 09 Silty Sand AQ4 30.00 31.50 1.50 3.8 x 10-5 Bouwer-Rice 

FH20-WR554-SN3-MW 472194.67 6358300.44 337.37 05 Silty Sand AQ1 AQ2 9.00 12.00 3.00 1.5 x 10-5 Bouwer-Rice 

FH20-WR555-SN1-MW 471490.75 6358283.12 333.84 09 Silty Sand AQ4 41.00 44.00 3.00 1.0 x 10-5 Bouwer-Rice 

FH20-WR555-SN2-MW 471490.66 6358278.04 333.75 07 Silty Sand AQ3 17.50 20.50 3.00 1.7 x 10-6 Bouwer-Rice 

FH20-WR555-SN3-MW 471486.15 6358283.26 333.79 05 Silty Sand AQ1 AQ2 5.00 8.00 3.00 1.8 x 10-6 Bouwer-Rice 

FH20-WR556-SN2-MW 470872.26 6358295.37 334.26 09 Silty Sand AQ4 26.90 28.40 1.50 8.6 x 10-6 Bouwer-Rice 

FH20-WR556-SN3-MW 470877.61 6358290.78 334.26 09 Silty Sand AQ4 15.70 18.70 3.00 2.1 x 10-5 Bouwer-Rice 

FH20-WR557-SN1-MW 470144.36 6357564.28 335.09 09 Silty Sand AQ4 37.00 40.00 3.00 4.4 x 10-6 Bouwer-Rice 

FH20-WR557-SN2-MW 470144.45 6357569.28 335.01 09 Silty Sand AQ4 21.50 24.50 3.00 1.5 x 10-5 Bouwer-Rice 

FH20-WR557-SN3-MW 470144.34 6357559.18 335.01 09 Silty Sand AQ4 8.90 10.40 1.50 3.0 x 10-6 Bouwer-Rice 

FH20-WR608-SN1-MW 486702.57 6375778.48 305.10 03 Surface Sand 61.96 65.00 3.04 2.50 x 10-5 KGS 

FH20-WR608-SN2-MW 486700.03 6375783.16 305.20 03 Surface Sand 41.96 45.00 3.04 2.60 x 10-4 Springer-Gelhar 

FH20-WR609-SN1-MW 487879.73 6374890.61 289.90 03 Surface Sand 18.01 21.05 3.04 3.30 x 10-5 KGS 

FH20-WR609-SN2-MW 487874.72 6374893.16 290.00 03 Surface Sand 5.18 8.22 3.04 1.00 x 10-4 KGS 

FH20-WR611-SN1-MW 492617.11 6373285.63 293.30 03 Surface Sand 13.93 16.97 3.04 3.90 x 10-5 Hvorslev 

FH20-WR611-SN2-MW 492621.07 6373285.60 293.30 03 Surface Sand 4.20 7.24 3.04 1.63 x 10-5 Dagan 

FH20-WR612-SN1-MW 487842.56 6373907.95 290.70 03 Surface Sand 13.76 16.76 3.00 4.04 x 10-5 Bouwer-Rice 

FH20-WR612-SN2-MW 487838.07 6373907.37 290.70 03 Surface Sand 4.62 7.62 3.00 7.69 x 10-5 Bouwer-Rice 

FH20-WR621-SN1-MW 490444.32 6370784.61 290.80 03 Surface Sand 9.00 12.04 3.04 7.06 x 10-4 Springer-Gelhar 

FH20-WR621-SN2-MW 490444.49 6370790.36 290.90 03 Surface Sand 1.55 3.35 1.80 1.76 x 10-4 KGS 

FH20-WR629-SN1-MW 469344.31 6368111.43 304.90 03 Surface Sand 8.47 11.52 3.05 1.20 x 10-5 Dagan 

FH20-WR631-SN1-MW 470186.69 6368135.62 306.10 03 Surface Sand 15.00 18.05 3.05 2.00 x 10-4 KGS 

FH20-WR633-SN1-MW 470931.44 6368137.15 309.90 03 Surface Sand 27.68 30.73 3.05 2.40 x 10-5 KGS 

FH20-WR635-SN1-MW 471752.17 6368045.40 305.80 03 Surface Sand 22.61 25.66 3.05 1.30 x 10-5 KGS 
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Table 2F-2: Slug Tests Conducted from 2015 through 2020  

Well ID 
As-Built 
Easting 

As-Built Northing 

As-Built 
Ground 

Elevation 
(masl) 

Completion Target 
Formation 

Screen Top 
(mbgs) 

Screen 
Bottom 
(mbgs) 

Screen Length (m) 
Hydraulic 

Conductivity (m/s) 
Analytical Method 

FH20-WR637-SN1-MW 472551.86 6368033.44 303.50 03 Surface Sand 23.20 26.20 3.00 1.95 x 10-5 Hvorslev 

FH20-WR639-SN1-MW 477616.81 6367799.27 296.10 Rafted McMurray 34.89 37.94 3.05 1.06 x 10-5 KGS 

FH20-WR639-SN2-MW 477622.03 6367803.98 296.00 Rafted McMurray 15.37 18.42 3.05 5.99 x 10-7 Hvorslev 

FH20-WR639-SN3-MW 477617.00 6367804.19 295.90 Rafted McMurray 7.50 10.55 3.05 9.25 x 10-6 KGS 

FH20-WR640-SN1-MW 473632.94 6367816.59 297.20 04 Clay Till 32.12 35.12 3.00 2.70 x 10-5 KGS 

FH20-WR640-SN2-MW 473633.41 6367821.97 297.10 03 Surface Sand 9.68 12.68 3.00 1.70 x 10-5 KGS 

FH20-WR648-SN1-MW 477340.18 6367611.91 294.80 Rafted McMurray 31.15 34.15 3.00 2.29 x 10-6 Hvorslev 

FH20-WR648-SN2-MW 477338.31 6367619.22 294.80 Rafted McMurray 19.75 22.75 3.00 5.59 x 10-6 Hvorslev 

FH20-WR648-SN3-MW 477335.87 6367614.72 294.80 Rafted McMurray 10.45 11.95 1.50 1.63 x 10-5 KGS 

FH20-WR654-SN1-MW 470909.83 6367587.68 306.00 03 Surface Sand 18.10 21.10 3.00 2.90 x 10-5 KGS 

FH20-WR658-SN1-MW 478603.14 6367421.72 313.50 Rafted McMurray 44.00 47.00 3.00 2.55 x 10-5 KGS 

FH20-WR658-SN2-MW 478607.06 6367428.50 313.40 Rafted McMurray 29.00 32.00 3.00 3.78 x 10-5 KGS 

FH20-WR658-SN3-MW 478600.64 6367427.06 313.60 Rafted McMurray 15.00 18.00 3.00 1.42 x 10-5 KGS 

FH20-WR659-SN1-MW 477117.26 6367291.08 296.20 Rafted McMurray 32.01 35.06 3.05 2.50 x 10-5 KGS 

FH20-WR659-SN2-MW 477114.21 6367295.38 296.00 Rafted McMurray 19.58 21.08 1.50 1.60 x 10-5 KGS 

FH20-WR659-SN3-MW 477113.59 6367288.06 296.10 Rafted McMurray 8.01 10.01 2.00 9.60 x 10-6 KGS 

FH20-WR661-SN1-MW 474110.19 6367280.68 296.70 03 Surface Sand 11.00 14.00 3.00 1.00 x 10-4 KGS 

FH20-WR661-SN2-MW 474115.13 6367277.77 296.70 01 Peat 3.96 6.96 3.00 2.00 x 10-5 KGS 

FH20-WR662-SN1-MW 491196.11 6367141.90 296.90 03 Surface Sand 2.51 4.01 1.50 6.33 x 10-6 KGS 

FH20-WR663-SN1-MW 476798.31 6367018.73 295.50 09 Silty Sand AQ4 34.73 37.73 3.00 2.70 x 10-6 KGS 

FH20-WR663-SN2-MW 476794.33 6367020.96 295.50 09 Silty Sand AQ4 10.92 12.92 2.00 2.00 x 10-5 KGS 

FH20-WR663-SN3-MW 476795.68 6367014.02 295.50 03 Surface Sand 4.27 7.27 3.00 4.90 x 10-6 KGS 

FH20-WR666-SN1-MW 476549.50 6366846.96 295.70 Rafted McMurray 35.08 38.12 3.04 3.60 x 10-6 KGS 

FH20-WR666-SN2-MW 476552.73 6366843.66 295.70 Rafted McMurray 22.76 25.80 3.04 2.10 x 10-6 KGS 

FH20-WR666-SN3-MW 476553.30 6366850.10 295.70 03 Surface Sand 6.96 10.00 3.04 2.10 x 10-5 KGS 

FH20-WR667-SN1-MW 478043.05 6366719.48 317.20 09 Silty Sand AQ4 43.78 46.78 3.00 8.05 x 10-6 KGS 

FH20-WR667-SN2-MW 478039.95 6366715.54 317.50 03 Surface Sand 25.44 28.44 3.00 1.19 x 10-4 KGS 

FH20-WR667-SN3-MW 478046.80 6366716.06 317.30 Rafted McMurray 15.21 17.21 2.00 6.96 x 10-6 KGS 

FH20-WR668-SN1-MW 474732.23 6366664.22 296.60 Rafted McMurray 22.78 25.78 3.00 6.90 x 10-6 KGS 

FH20-WR668-SN2-MW 474729.20 6366659.95 296.70 03 Surface Sand 5.76 7.76 2.00 5.90 x 10-5 KGS 

FH20-WR669-SN1-MW 476268.10 6366450.34 298.40 03 Surface Sand 36.24 39.24 3.00 2.70 x 10-6 KGS 

FH20-WR669-SN2-MW 476271.48 6366446.00 298.50 Rafted McMurray 25.05 28.05 3.00 2.20 x 10-6 KGS 

FH20-WR669-SN3-MW 476271.91 6366453.06 298.30 Rafted McMurray 8.25 11.25 3.00 1.02 x 10-6 KGS 

FH20-WR670-SN1-MW 476033.27 6366165.72 299.60 Rafted McMurray 35.20 44.20 9.00 1.10 x 10-5 KGS 

FH20-WR670-SN2-MW 476030.85 6366170.18 299.60 Rafted McMurray 20.76 23.76 3.00 2.80 x 10-6 KGS 

FH20-WR670-SN3-MW 476028.81 6366163.40 299.60 Rafted McMurray 12.10 15.10 3.00 4.10 x 10-6 KGS 

FH20-WR672-SN1-MW 477311.28 6366042.17 315.30 09 Silty Sand AQ4 35.14 38.14 3.00 2.37 x 10-5 KGS 

FH20-WR672-SN2-MW 477311.91 6366036.98 315.30 Rafted McMurray 22.50 25.50 3.00 1.62 x 10-5 KGS 

FH20-WR672-SN3-MW 477316.16 6366041.91 315.30 03 Surface Sand 7.40 10.40 3.00 2.38 x 10-5 KGS 

FH20-WR673-SN1-MW 475666.83 6365896.48 304.10 Rafted McMurray 29.71 32.71 3.00 8.37 x 10-6 KGS 

FH20-WR673-SN2-MW 475662.76 6365900.13 304.00 09 Silty Sand AQ4 16.78 18.28 1.50 1.30 x 10-5 KGS 

FH20-WR673-SN3-MW 475663.24 6365892.88 304.30 Rafted McMurray 4.47 7.47 3.00 2.20 x 10-6 KGS 

FH20-WR675-SN1-MW 476728.83 6365601.55 320.50 Rafted McMurray 53.23 56.23 3.00 3.18 x 10-6 KGS 

FH20-WR675-SN2-MW 476724.66 6365598.56 320.50 09 Silty Sand AQ4 31.77 34.77 3.00 5.18 x 10-5 Bouwer-Rice 

FH20-WR675-SN3-MW 476731.64 6365597.18 320.40 Rafted McMurray 13.50 16.50 3.00 1.11 x 10-5 KGS 

FH20-WR677-SN1-MW 476221.63 6365077.92 324.80 Rafted McMurray 43.00 46.00 3.00 5.04 x 10-5 KGS 

FH20-WR677-SN2-MW 476215.46 6365076.78 324.60 09 Silty Sand AQ4 33.00 36.00 3.00 7.37 x 10-5 KGS 

FH20-WR677-SN3-MW 476222.09 6365072.99 324.70 07 Silty Sand AQ3 10.72 13.72 3.00 3.23 x 10-5 KGS 

FH20-WR692-SN1-MW 473087.79 6363507.42 318.10 Rafted McMurray 36.49 39.54 3.05 1.20 x 10-6 Hvorslev 

FH20-WR692-SN2-MW 473085.00 6363504.47 318.20 09 Silty Sand AQ4 16.95 20.00 3.05 7.77 x 10-5 Hvorslev 

FH20-WR696-SN1-MW 472909.73 6363229.02 327.50 09 Silty Sand AQ4 36.16 39.16 3.00 3.60 x 10-5 KGS 

FH20-WR696-SN2-MW 472915.37 6363229.37 327.50 09 Silty Sand AQ4 15.10 18.10 3.00 2.40 x 10-5 KGS 

FH17-GL318-MR1 463627.92 6364281.31 280.14 Basal Aquifer 79 80 1.00 3.00 x 10-5 Spane and Wurstner 

FH17-GL329-MR1 463203.73 6363722.5 275.09 Basal Aquifer 71 77 6.00 1.00 x 10-5 Spane and Wurstner 

FH17-GL331-MR1  463868.64 6363766.41 331.54 Basal Aquifer 126.5 131 4.50 1.00 x 10-5 Spane and Wurstner 

FH17-GL337-MR1 464273.36 6363435.59 333.4 Basal Aquifer 125 126.5 1.50 6.00 x 10-6 Spane and Wurstner 

FH17-GL340-MR1 461923.02 6363035.71 242.04 Basal Aquifer 56.5 59.5 3.00 1.00 x 10-5 Spane and Wurstner 

FH17-GL347-MR1 464023.4 6362842.25 342 Basal Aquifer 129.5 132.5 3.00 2.00 x 10-7 Spane and Wurstner 

FH17-GL350-MR1 464831.02 6362595.6 345.62 Basal Aquifer 134 135 1.00 7.00 x 10-7 Spane and Wurstner 

FH16-WR101-MR1-MW 463942.57 6357763.69 287.4 Basal Aquifer 117.2 123.2 6.00 2.00 x 10-5 Spane and Wurstner 

FH16-WR102-MR1-MW 464624.36 6356288.42 287.5 Basal Aquifer 107 113 6.00 1.00 x 10-5 Spane and Wurstner 

FH16-WR104-MR1-MW 463515.17 6355602.83 290.9 Basal Aquifer 108.5 114.5 6.00 1.00 x 10-5 Spane and Wurstner 

FH16-WR105-MR1-MW 464315.32 6355597.13 290.6 Basal Aquifer 105.7 111.7 6.00 2.00 x 10-5 Spane and Wurstner 

FH16-WR106-MR1-MW 465447.8 6344649 289.1 Basal Aquifer 105 111 6.00 3.00 x 10-6 Spane and Wurstner 

FH16-WR107-MR1-MW 465713 6355170 292.8 Basal Aquifer 93.3 99.3 6.00 1.00 x 10-5 Spane and Wurstner 

FH19-ES254-MR2-MW 462116.77 6365015.4 247.85 Basal Aquifer 54 57 3.00 4.00 x 10-6 Spane and Wurstner 

FH19-ES286-MR1-MW 461968.92 6362785.19 243.24 Basal Aquifer 42 43.5 1.50 4.00 x 10-7 Spane and Wurstner 

Notes: 
The unit at time of testing was the reported unit from the associated field report. These units have since been renamed and reinterpreted. 
masl = metres above sea level; m = metres; mbgs = metres below ground surface; m/s = metres per second. 
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Table 2F-3: Injection Tests Conducted After 2017 

Well ID Year Tested Duration 
Completion Target 

Formation 
Estimated Transmissivity 

(m2/day) 
Estimate Hydraulic 
Conductivity (m/s) 

Estimated Storativity (m3/m3) 

2005-04-001 2018 10 days Basal Aquifer 3.E-03 8.00 x 10-5 1.E-04 

DP07-02 2018 10 days Basal Aquifer 2.E-03 5.00 x 10-5 1.E-04 

FH17-ES460-MR2-IW 2018 3 days Basal Aquifer 1.E-03 3.00 x 10-5 1.E-04 

FH17-ES460-MR2-IW 2018 6 days Basal Aquifer 9.E-04 3.00 x 10-5 1.E-04 

Notes:  
m2/day = square metres per day; m/s = metres per second; m3/m3 = cubic metre by cubic metre. 

 

Table 2F-4: Estimates Based On Airlifting Conducted After 2017 

Well ID 
As-Built 
Easting 

As-Built Northing 
As-Built Ground 

Elevation 
Completion 

Target Formation 
Screen Top 

(mbgs) 
Screen Bottom 

(mbgs) 
Screen Length (m) 

Estimate Hydraulic 
Conductivity (m/s) 

Estimated 
Storativity 

(m3/m3, Assumed) 

FH20-WR402-DR1-PW 465333.46 6359951.34 328.52 09 Silty Sand AQ4 16.74 19.74 3 1.00 x 10-4 1.00 x 10-4 

FH20-WR403-DR1-PW 465579.76 6359833.39 339.86 09 Silty Sand AQ4 25.75 37.75 12 4.00 x 10-4 1.00 x 10-4 

FH20-WR404-DR1-PW 465702.86 6359552.95 338.87 09 Silty Sand AQ4 18.5 22.5 4 2.00 x 10-4 1.00 x 10-4 

FH20-WR405-DR1-PW 465796.01 6359141.05 333.61 09 Silty Sand AQ4 15.5 18.5 3 2.00 x 10-4 1.00 x 10-4 

FH20-WR406-DR1-PW 465867.88 6358862.92 330.08 09 Silty Sand AQ4 17.1 20.1 3 5.00 x 10-4 1.00 x 10-4 

Notes: 
The unit at time of testing was the reported unit from the associated field report. These units have since been renamed and reinterpreted. 

mbgs = metres below ground surface; m = metres; m/s = metres per second; m3/m3 = cubic metre by cubic metre. 

 

Table 2F-5 Packer Testing Conducted After 2017 

Well ID 
As-Built Ground 

Elevation 
As-Built 
Easting 

As-Built 
Northing 

Completion Target Unit 
Interval Top 

(mKB) 
Interval Bottom 

(mKB) 
Hydraulic 

Conductivity (m/s) 

FHEC-18-ES522-MR1-PW 263.0 462579 6363507  n/a (Devonian) 112.2 masl 67.5 masl <6 x 10-10 

FHEC-18-ES522-MR1-PW 263.0 462579 6363507 n/a (Devonian) 140.7 masl 67.5 masl <9 x 10-10 

FHEC-18-ES522-MR1-PW 263.0 462579 6363507 n/a (Devonian) 171.8 masl 67.5 masl <5 x 10-10 

FHEC-180ES523-MR1-PW 274.0 462961 6362550 n/a (Devonian) 192.6 masl 89.6 masl <4 x 10-10 

FHEC DV-VWP-01 FT 
HILLS 10-19-96-10 

289.5 463030 6356245 Waterways 132.94 145.11 4 x 10-10 

FHEC DV-VWP-01 FT 
HILLS 10-19-96-10 

289.5 463030 6356245 Waterways 145.5 157.67 1 x 10-9 

FHEC DV-VWP-01 FT 
HILLS 10-19-96-10 

289.5 463030 6356245 Waterways, Slave Point and Watt Mountain 157.63 169.8 3 x 10-9 

FHEC DV-VWP-01 FT 
HILLS 10-19-96-10 

289.5 463030 6356245 
Watt Mountain and Prairie Evaporite (Collapse) 
Formation 

168.87 181.04 5 x 10-9 

FHEC DV-VWP-01 FT 
HILLS 10-19-96-10 

289.5 463030 6356245 Prairie Evaporite (Collapse) Formation 189.7 193.0 3 x 10-5 

FHEC DV-VWP-01 FT 
HILLS 10-19-96-10 

289.5 463030 6356245 Prairie Evaporite (Collapse) Formation 182.15 194.32 4 x 10-8 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 
Waterways, Slave Point and Watt Mountain 
Formation 

172.6 205.51 2 x 10-8 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 
Watt Mountain, Prairie Evaporite (Collapse) and 
Prairie Evaporite (Intact) 

202.1 235.01 2 x 10-8 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 Prairie Evaporite (Intact) 235.6 268.51 3 x 10-6 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 Prairie Evaporite (Intact) 246 248 2 x 10-8 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 Prairie Evaporite (Intact) 255 257 9 x 10-9 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 
Prairie Evaporite (Intact), Keg River and Contact 
Rapids 

266.28 299.19 1 x 10-8 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 Prairie Evaporite (Intact) 268 270 3 x 10-7 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 
Contact Rapids, Granite Wash Formations and 
Precambrian 

298 330.91 7 x 10-9 

FHEC DV-VWP-05 FT 
HILLS 11-30-96-10 

290.1 462526 6357614 Granite Wash 321 323 3 x 10-8 

FHEC DV-VWP-06 FT 
HILLS 04-29-96-10 

287.7 463943 6356880 Waterways and Slave Point Formation 141.8 157.02 7 x 10-11 

FHEC DV-VWP-06 FT 
HILLS 04-29-96-10 

287.7 463943 6356880 Slave Point and Watt Mountain Formation 154.48 169.7 5 x 10-9 

FHEC DV-VWP-06 FT 
HILLS 04-29-96-10 

287.7 463943 6356880 Watt Mountain Formation 164.24 179.46 1 x 10-9 

FHEC DV-VWP-06 FT 
HILLS 04-29-96-10 

287.7 463943 6356880 
Watt Mountain and Prairie Evaporite (Collapse) 
Formation 

178.3 193.52 2 x 10-10 

FHEC DV-VWP-06 FT 
HILLS 04-29-96-10 

287.7 463943 6356880 Prairie Evaporite (Collapse) Formation 184.4 189.4 3 x 10-4 

FHEC DV-VWP-06 FT 
HILLS 04-29-96-10 

287.7 463943 6356880 
Prairie Evaporite (Collapse) and Prairie Evaporite 
(Intact) Formation 

193.65 208.87 1 x 10-9 

FHEC DV-VWP-07 FT 
HILLS 03-29-96-10 

288.3 464156 6356880 Waterways Formation 132.93 148.15 2 x 10-10 

FHEC DV-VWP-07 FT 
HILLS 03-29-96-10 

288.3 464156 6356880 Waterways and Slave Point Formation 146.04 161.26 5 x 10-11 

FHEC DV-VWP-07 FT 
HILLS 03-29-96-10 

288.3 464156 6356880 Slave Point and Watt Mountain Formation 159.91 175.13 3 x 10-10 

FHEC DV-VWP-07 FT 
HILLS 03-29-96-10 

288.3 464156 6356880 
Watt Mountain and Prairie Evaporite (Collapse) 
Formation 

172.53 187.75 2 x 10-10 

FHEC DV-VWP-07 FT 
HILLS 03-29-96-10 

288.3 464156 6356880 Prairie Evaporite (Collapse) Formation 181.5 196.72 5 x 10-12 

FHEC DV-VWP-08 FT 
HILLS 02-19-96-10 

289.9 463048 6355302 Waterways Formation 127.48 142.7 4 x 10-10 

FHEC DV-VWP-08 FT 
HILLS 02-19-96-10 

289.9 463048 6355302 
Waterways, Slave Point and Watt Mountain 
Formation 

141.41 156.63 6 x 10-10 

FHEC DV-VWP-08 FT 
HILLS 02-19-96-10 

289.9 463048 6355302 
Slave Point, Watt Mountain and Prairie Evaporite 
(Collapse) Formation  

154.48 169.7 5 x 10-10 

FHEC DV-VWP-08 FT 
HILLS 02-19-96-10 

289.9 463048 6355302 Watt Mountain and Prairie Evaporite (Collapse) 163.48 178.7 9 x 10-10 

FHEC DV-VWP-09 FT 
HILLS 02-19-96-10 

290.9 463064 6355152 Waterways Formation 123.61 138.83 1 x 10-9 

FHEC DV-VWP-09 FT 
HILLS 02-19-96-10 

290.9 463064 6355152 Waterways and Slave Point Formation 136.75 151.97 1 x 10-9 

FHEC DV-VWP-09 FT 
HILLS 02-19-96-10 

290.9 463064 6355152 Slave Point and Watt Mountain Formation  150.41 165.63 8 x 10-10 

FHEC DV-VWP-09 FT 
HILLS 02-19-96-10 

290.9 463064 6355152 
Watt Mountain and Prairie Evaporite (Collapse) 
Formation 

163.98 179.2 9 x 10-10 

Notes: 
The unit at time of testing was the reported unit from the associated field report. These units have since been renamed and reinterpreted. 
masl = metres above sea level; mbgs = metres below ground surface; m/s = metres per second; n/a = not applicable; mKB = metres below kelly bushing. 
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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) was retained by Suncor Energy Inc. (Suncor) to conduct seasonal baseline water 
quality and fish and fish habitat sampling at the Fort Hills Oil Sands Project (Fort Hills) site in support of the Fort 
Hills Integrated Plan Amendment (IPA) application. Included in the proposed development plan is the addition of 
two expansion areas to the current Fort Hills development area:  

1) The North Expansion Area (NEA) in the north to accommodate the extension of the North Pit and relocation 
of the North External Dump (NED); and  

2) The East Expansion Area (EEA) in the east to accommodate surface infrastructure (Reclamation Material 
Stockpile [RMS] and infrastructure corridor) to support water management activities.  

Water quality and fish and fish habitat data, including information on benthic invertebrate communities, were 
collected from watercourses that are representative of the watercourses that flow through or are located adjacent 
to these expansion areas.  

The information collected during the seasonal field surveys will be used to satisfy regulatory requirements for 
baseline characterization of water quality, benthic invertebrates, and fish communities and their supporting 
habitat, and to provide technical information to understand the potential effects of the IPA on the aquatic 
environment. The fish and fish habitat information will also be used to support fisheries offsetting for aquatic 
resources in the expansion areas, should the IPA assessment determine that offsetting is required.  

This technical memorandum provides a data summary of the baseline field programs completed for water quality 
and fish and fish habitat for the IPA expansion areas. A comprehensive analysis of the data and interpretation of 
the results will be provided in the baseline reports prepared for the water quality and fish and fish habitat 
components as part of the IPA submission. 

2.0 METHODS 
2.1 Survey Timing and Locations 
2.1.1 Overview 
Water quality and fish and fish habitat sampling in 2020 occurred during two seasonal sampling programs: one in 
the spring (May 20 to 24, 2020) and one in the fall (October 1 to 3, 2020).  

Water quality stations and fish and fish habitat sampling sites were selected based on both a desktop review and 
helicopter reconnaissance survey of water features that flow through the NEA and EEA. The desktop analysis 
consisted of a review of satellite imagery overlain with GIS-based hydrology mapping layers of the general area, 
and an understanding of Fort HIlls and the proposed disturbance areas (Figures 1 and 2). These water features 
were evaluated during a helicopter reconnaissance survey of the expansion areas during the spring field program. 
The objective of the reconnaissance survey was to determine whether a watercourse, as defined under the Water 
Act, was present at the locations identified based on the desktop analysis, to determine the fish habitat use 
potential of the identified features, and to identify sites that would be suitable for the ground-level surveys.  

Water quality sampling stations are summarized in Table 1 and shown on Figure 1, and fish and fish habitat 
survey sites are summarized in Table 2 and shown on Figure 2. The specific stations sampled for water quality 
and the sites for fish and fish habitat, and rationale for their selection, are discussed in Sections 2.1.2 and 2.1.3.  
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2.1.2 Water Quality 
Water quality sampling stations were selected based on water features identified during the spring program as 
defined watercourses with the potential to provide habitat for fish. Water quality samples were collected at one 
station in the NEA and at four stations in the EEA during the spring and fall field programs. One additional station 
downstream of the EEA, near the confluence with McClelland Lake (i.e., ML-S-TRIB-CON), was sampled during 
the spring field program only (Table 1). Another drainage located in the NEA that drains toward McClelland Lake 
was determined to consist of an isolated pond with no defined watercourse channel and no samples were 
collected due to lack of flow and connectivity.   

Table 1: Summary of Water Quality Sampling Stations 

Sampling 
Area 

Sampling 
Station Location Description 

UTM Coordinates 
(NAD 83, Zone 12V) Sampling 

Season 

Total 
Water 
Depth 
(m)(a) 

Wetted 
Width 
(m)(b) Easting Northing 

North 
Expansion 
Area 

AR-N-TRIB-1 

 Tributary to the 
Athabasca River 

 Downstream of the 
road crossing within 
the proposed NED 
footprint 

469216 6374645 S, F 0.3 to 0.6 0.7 

East 
Expansion 
Area 

ML-S-TRIB-1 
 Headwaters of the 

branched tributary 
system to 
McClelland Lake 

473848 6365820 S, F 0.5 to 1.0 15(c) 

ML-S-TRIB-2 475123 6365770 S, F 0.3 0.7 

ML-S-TRIB-4 477884 6364057 S, F 0.4 1.6 

ML-S-TRIB-6 473218 6363864 S, F 0.3 to 0.7 0.8 

ML-S-TRIB-CON 

 Downstream of the 
branched tributary 
system close to the 
confluence and 
before flow reaches 
McClelland Lake 

476696 6368051 S(d) 1.1 - 

Notes: 
a) Total water depth at the sampling station. 
b) Wetted width was collected during the fall program only. 
c) Area mostly consisted of pooled water. 
d) The station ML-S-TRIB-CON was not sampled during the fall program due to time constraints in the field. 
- = not collected; m = metres; S = spring; F = fall. 
 

2.1.3 Fish and Fish Habitat 
In total, 11 sites were sampled for the fish and fish habitat component. Two sites were located within the NEA and 
one site was located downstream of the NEA. Three sites were located within the EEA and five sites were located 
downstream of the EEA. Sampling seasons and sampling activities for each of the 11 sites is provided in Table 2. 

In addition to field surveys to collect current baseline data, the Alberta Environment and Parks’ (AEP) Fish and 
Wildlife Management Information System (FWMIS; AEP 2020) was queried to identify locations where other 
recent fish and fish habitat sampling in the vicinity of the expansion areas has occurred. The locations of FWMIS 
survey sites are indicated in Figure 2. 
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2.2 Field Sampling Methods  
2.2.1 Water Quality 
Water quality stations were determined based on results of a desktop analysis and helicopter reconnaissance 
during the spring program, and targeting watercourses with visible flow, as possible. Some targeted tributaries 
(i.e., ML-S-TRIB-1, ML-S-TRIB-2, and ML-S-TRIB-CON) had no visible flow, in which case water quality samples 
were collected from areas with sufficient depth (> 30 cm). More details on flow and characteristics of these 
watercourses are presented in Section 4.2.1.  

In situ field measurements were taken using field-calibrated meters. A YSI 556 multiparameter water quality meter 
was used to measure water temperature, specific conductivity, pH, dissolved oxygen, and redox potential. Redox 
potential was only measured during the fall program. 

Water quality samples were collected, handled, and shipped using Golder’s standard technical procedures, which 
were developed based on provincial and federal sampling standards (i.e., Alberta Environment 2006, CCME 
2011). Grab water quality samples for laboratory analysis were collected from mid-channel (when possible) by 
submerging the laboratory-provided bottles to mid-depth, or at least 15 cm below the surface. Water quality 
samples were shipped in coolers on ice to ALS Environmental (ALS; Edmonton laboratory) as soon as possible 
after collection and were filtered and/or preserved by the laboratory upon receipt.  

Water quality samples submitted to the laboratory were analyzed for routine parameters, major ions, nutrients, 
total and dissolved metals, volatile organic compounds, naphthenic acids, and total phenolics. Polycyclic aromatic 
hydrocarbons (PAHs) were only analyzed in the spring samples during freshet to capture potential inputs from 
aerial deposition of PAHs on the winter snowpack and their release during snowmelt.  

2.3 Fish and Fish Habitat 
The spring and fall fish and fish habitat field programs included characterization of fish habitat conditions and fish 
inventory sampling. Benthic invertebrate samples were also collected at one site during the fall field program. 
Sampling activities at each survey site during the spring and fall field programs are summarized in Table 2. Field 
sampling methods for each survey type are provided in the sections 2.3.1 through 2.3.3. 
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Table 2: Summary of Fish and Fish Habitat Sites 

Watershed 
(Expansion Area) Watercourse Site Description 

UTM Coordinates (NAD83, Zone 12 V) Sampling Activities 

Downstream Boundary Upstream Boundary 
In Situ Water 

Quality 
Benthic 

Invertebrates Fish Habitat 
Fish Inventory 

Easting Northing Easting Northing Backpack 
Electrofishing 

Minnow 
Trapping 

Athabasca River 
(NEA) Creek A 

N-CkA-1
 Located downstream of the NEA boundary, 

1.2 km upstream of the inflow to the 
Athabasca River 

469146 6374694 469427 6374646 S, F F S, F F - 

N-CkA-2  Located within the NED footprint 470920 6373688 471522 6373688 F - F(a) - - 

McClelland Lake 
(NEA) MT1 N-MT1-1  Located east of NED footprint 473427 6371363 473419 6371063 F - F F F 

McClelland Lake 
(EEA) 

MT2 
E-MT2-1  Located west of the EEA boundary 473199 6363880 473232 6363637 S, F - S S S 

E-MT2-2  Located at a water crossing location for the 
infrastructure corridor 473357 6363284 473432 6363063 F - F - - 

MT3 E-MT3-1  Located at a water crossing location for the 
infrastructure corridor 473850 6363114 N/A N/A - - F(a) - - 

MT4 

E-MT4-1  Located 1.5 km downstream of the EEA 473833 6366042 473783 6365755 S, F - S, F - S, F 

E-MT4-2  Located within the EEA, where ponded water 
was evident on satellite imagery 474587 6363617 474239 6363888 - - F(a) - - 

E-MT4-3  Located at a water crossing location for the 
infrastructure corridor 474872 6363245 474942 6363054 F - F - - 

MT5 E-MT5-1  Located adjacent to the EEA 474990 6365942 475151 6365740 S, F - S - - 

MT6 E-MT6-1  Located approximately 2 km downstream of 
the EEA 477913 6364081 47708 6363971 S, F - S S S 

Notes: 
a) qualitative fish habitat survey completed
UTM = Universal Transverse Mercator; S=spring; F = fall; MT = McClelland Lake Tributary; NEA = North Expansion Area; EEA = East Expansion Area; NED = North External Dump
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2.3.1 Benthic Invertebrate Community 
Following standard practices for the oil sands region, a benthic invertebrate sample was collected during fall 
sampling at Site N-CkA-1 (Table 2). The sample was collected from depositional habitat (i.e., dominated by fine 
sediments) using a standard Ekman grab (bottom area 0.023 m2) secured to a pole. The sample consisted of five 
replicates, each comprising one Ekman grab subsample. Sample material from each Ekman grab was passed 
through a 250 μm mesh sieve in the field. All material retained in the sieve was transferred to a sample bottle and 
preserved with 10% buffered formalin. 

The following supporting field data were collected at the sampled location: 

 Field water quality parameters (as described in Section 2.2.1) 

 Water depth, using a calibrated wading rod 

 Current velocity, using a velocity meter 

 Wetted channel width 

 Substrate particle size as a visual estimate of percentage cover by various particle types. 

Laboratory analysis was conducted for the benthic invertebrate samples. The samples were shipped to J. Zloty, 
Ph.D. (an independent consultant located in Summerland, B.C.), for taxonomic identification and enumeration. 

Invertebrates were identified to the lowest practical taxonomic level recommended by Environment Canada 
(1998), which was typically genus for most invertebrates. Exceptions included major groups for zooplankton, 
ostracods and aquatic mites, family for aquatic worms (Oligochaeta) and phylum for nematode worms. 
Recognized taxonomic keys were used for invertebrate identifications (Brinkhurst 1986; Stewart and Stark 1988; 
Pennak 1989; Clifford 1991; Merritt and Cummins 1996; Wiederholm 1983). 

2.3.2 Fish Habitat Assessment 
During the fish habitat assessment, a 300 m long section of each watercourse site was surveyed, except at the 
sites indicated in Table 2 as having a qualitative assessment. Each section was divided longitudinally into distinct 
channel units representing different classes of key habitat types (i.e., riffle, run, pool, flat, impoundment), to 
provide the composition and extent of each channel unit type. The information collected from each individual 
channel unit included: 

 Channel unit type, class, and length 

 Maximum water depth 

 Wetted width and channel (bankfull) width 

 Bank stability rating  

 Instream cover types and percent cover for fish 

 Overhead cover types and percent availability 

 Substrate particle size distribution 
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Information collected at the survey sites included discharge, in situ water quality measurements, identification of 
any barriers or impedances to fish passage, and representative photographs. A discharge measurement was 
completed at surveys sites where the conditions were suitable, using standard discharge protocols at a location 
with uniform flow, using a topsetting wading rod and a Marsh-McBirney Flow Mate meter to measure depth and 
velocity at a series of stations across the wetted width of the channel. In situ water quality field parameters were 
measured according to the methods described in Section 2.2.1. 

In certain cases, as indicated in Table 2, a cursory habitat survey was completed instead of the full assessment 
described in this section. This was done in cases where a suitable helicopter landing location could not be found, 
or due to time limitations. 

2.3.3 Fish Inventory Sampling 
Fish sampling was completed at select survey sites (as listed in Table 2) by backpack electrofishing and minnow 
trapping. Electrofishing was completed using a Smith Root Model LR-20B backpack electrofishing unit equipped 
with a hand-held anode wand and a rattail cathode and was conducted over the full 300 m length of each survey 
site. A single pass electrofishing effort was completed at each site, across the entire wetted width of the channel. 
Total electrofishing effort (seconds) was recorded for each survey site.  

Minnow trapping was completed in local low-velocity areas at survey sites, as listed in Table 2, using standard 
Gee Traps. Total minnow trapping effort (trap-hours) was recorded for each survey site  

Sampling effort was used to calculate catch-per-unit-effort (CPUE) values for each survey site and sampling 
method – electrofishing CPUE was expressed as number of fish captured per 100 seconds of active electrofishing 
(i.e., time electrical current was applied to the water), and minnow trapping CPUE was expressed as number of 
fish captured per trap-hour. CPUE values allow comparison of fish abundance (as represented by catch rate) 
between sampling sites or sampling seasons. 

3.0 QUALITY ASSURANCE AND QUALITY CONTROL 
As part of routine practices for field operations, the following Quality Assurance (QA) procedures were undertaken 
for the water quality and fish and fish habitat field surveys: 

 The YSI water quality meter was calibrated according to the manufacturer’s recommendations prior to 
sample collection. 

 Surface water samples and fish and fish habitat field surveys were completed by experienced personnel 
following provincial standard methods and Golder’s technical procedures for surface water sample collection; 
fish inventory methods; stream discharge measurement; and watercourse habitat mapping. 

 Detailed field notes were recorded in a waterproof field notebook. 

 Field data were checked at the end of the sampling event for completeness and accuracy. 

 Chain-of-custody (COC) forms were used to track all sample shipments from the field to the analytical 
laboratory. 
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As part of the Quality Assurance/Quality Control (QA/QC) program, a series of Quality Control (QC) samples were 
collected for the water quality component: 

 Duplicate samples were collected at ML-S-TRIB-6 during the spring and fall field programs to assess 
variability introduced during sample collection, sample handling, and laboratory analytical procedures 

 Travel blanks were collected during the spring and fall field programs to determine if contamination may 
have occurred during transportation, storage, or analysis 

 Field blanks were collected during the spring and fall field programs to assess potential contamination during 
sample collection 

Additional details regarding QA/QC procedures are provided in Appendix A. 

4.0 RESULTS 
4.1 Water Quality 
4.1.1 North and East Expansion Area 
A summary of water quality results from the 2020 spring and fall programs at the North and East expansion areas 
and a comparison of the data to the provincial guidelines for the protection of aquatic life and wildlife health 
(GOA 2018) are provided in Appendix B (Tables B-1 and B-2). Laboratory certificates of analyses are provided in 
Appendix C. 

In the NEA, pH and dissolved oxygen was within the recommended range for aquatic life (GOA 2018). All 
concentrations were below aquatic life and wildlife health guidelines in the NEA, with the exception of the total and 
dissolved iron concentrations at AR-N-TRIB-1, which were above the chronic guideline for aquatic life during the 
fall field program. Naphthenic acids and volatile organic compounds in the NEA were below the analytical 
detection limit during both programs. Total phenolics were also non-detected (spring) or near detection (fall) at a 
concentration of 1.2 µg/L (Table B-1).   

In the EEA, pH was within the recommended range for aquatic life. Water in the EEA was generally well 
oxygenated for aquatic life, with the exception of the headwater tributary stations ML-S-TRIB-1 during both 
programs and ML-S-TRIB-2 during the spring program, which were below the minimum chronic guideline for 
dissolved oxygen. The stations ML-S-TRIB-1 and ML-S-TRIB-2 were in areas of standing water (no visible flow) 
with mats of vegetation at the surface, which may affect dissolved oxygen concentrations. Both stations had poor 
connectivity to McClelland Lake; the station ML-S-TRIB-2 had poor fish habitat with no fish presence during the 
surveys and fish species tolerant to low dissolved oxygen concentrations were observed at the station ML-S-
TRIB-1 (Section 4.2). 

Concentrations of ions in the EEA were below guidelines, with the exception of fluoride, sulphide, and iron. 
Fluoride concentrations were above the chronic aquatic life guideline in nearly all samples, and sulphide 
concentrations were above the chronic aquatic life guideline at ML-S-TRIB-1 during both programs and at ML-S-
TRIB-2 and ML-S-TRIB-6 during the spring program. Total iron concentrations were above the aquatic life 
guideline in more than half of the samples and dissolved iron concentrations were above the aquatic life guideline 
at ML-S-TRIB-2 and ML-S-TRIB-4 in the samples collected during the fall program.  

Total phenolics concentrations during the fall program were above the chronic aquatic life guideline at ML-S-
TRIB-2 and the wildlife health guideline at ML-S-TRIB-2 and ML-S-TRIB-4. Naphthenic acids and volatile organic 
compounds were lower than the detection limit in all samples collected in the EEA.  
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As part of the spring field program, PAHs were sampled and were below the detection limit in all samples 
collected at both expansion areas. 

4.1.2 Summary of Quality Assurance and Quality Control 
The QC assessment indicates some variability for dissolved iron in samples collected under this program. Based 
on the overall QA/QC assessment results, the data are considered to be of acceptable quality for the objectives of 
the baseline data collection. Detailed results of the QA/QC assessment are provided in Appendix A. 

4.2 Fish and Fish Habitat 
4.2.1 Benthic Invertebrate Community 
Habitat data for the benthic invertebrate sample collected at sampling site N-CkA-1 on Creek A are presented in 
Table 3. Benthic invertebrate abundance data, represented as counts of individual taxa within each of five 
replicate subsamples, are provided in Table 4.  
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Table 3: Benthic Invertebrate Habitat Data for Site N-CkA-1 

Bankfull 
Width (m) 

Wetted 
Width (m) 

Mean Water 
Depth (m) 

Mean Water 
Velocity (m/s) 

Field Water Quality Data Substrate Data (%) 

Water 
Temperature (°C) 

Specific 
Conductivity (µS/cm) 

Dissolved 
Oxygen (mg/L) pH Emb. Be Bo Co Gr Sa/Si/Cl 

1.3 0.7 0.42 0.21 6.0 165 10.5 7.5 n/a 0 0 0 0 100 
m/s = meters per second; °C = degrees Celsius; µS/cm = microSiemens per centimetre; mg/L = milligrams per litre; Emb. = embeddedness; Be = bedrock; Bo = boulder; Co = cobble; Gr = 
Gravel; Sa/Si/Cl = Sand/Silt/Clay 

Table 4: Raw Benthic Invertebrate Abundance Data (numbers per sample) for Site N-CkA-1 

Major Taxon Family Subfamily/Tribe Genus/Species 
N-CkA-1 

Subsample 
A B C D E 

Platyhelminthes Planariidae - Polycelis coronata  1  1  

Oligochaeta Enchytraeidae - -  2   2 
Naididae Naidinae - 4  2   

Gastropoda Valvatidae - Valvata sincera   1   

Acari - Hydracarina Hydrozetidae - Hydrozetes  1  6 3 
Sperchontidae - Sperchon 1 1 1 1  

Nematoda - - - 2 7 5 2 3 
Ostracoda - - - 63 80 81 99 115 
Copepoda - Harpacticoida - - -     1 
Plecoptera Chloroperlidae - -    1  

Nemouridae - Zapada  1 1 2  

Ephemeroptera Baetidae - Baetis 2 11 1 2 1 
Trichoptera Rhyacophylidae - Rhyacophila 1  1 2  

Coleoptera Dytiscidae (i/d) - -  1  1  
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Table 4: Raw Benthic Invertebrate Abundance Data (numbers per sample) for Site N-CkA-1 

Major Taxon Family Subfamily/Tribe Genus/Species 
N-CkA-1 

Subsample 
A B C D E 

Diptera Empididae - Chelifera   2   

Tipulidae - Dicranota 3  1 2 1 
Chironomidae Chironomini (i/d) -  1    

Chironomini Chironomus 1     

Paracladopelma 1     

Polypedilum  1 1 1  

Diamesini Pagastia   1 1  

Tanytarsini Micropsectra 9 14 86 10  

Stempellina    2 1 
Orthocladiinae Brillia  1 6 13 1 

Corynoneura   2   

Heleniella     2 
Nanocladius   2   

Parametriocnemus 1 5 2  7 
Tvetenia 1     

Cricotopus / Orthocladius   1   

Tanypodinae (i/d) - 1 6  2 3 
Tanypodinae Ablabesmyia    1 1 

Paramerina   3 3 9 
Thienemannimyia gr.   1  1 

Terrestrial - - - 1     

Total 91 133 201 152 151 
i/d = immature or damaged specimen; - = not applicable.
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4.2.2 Fish Habitat  
In situ water quality parameters, discharge measurements, and stream habitat parameters at the surveyed sites 
are summarized in Tables 5, 6 and 7, respectively. A brief description of the fish habitat conditions for each water 
feature, with emphasis on the sections flowing through and downstream of the expansion areas, is provided in 
Sections 4.2.2.1 and 4.2.2.2. 

4.2.2.1 North Expansion Area  
Creek A 
Creek A is a tributary of the Athabasca River. Its headwaters are located within the NEA and the tributary flows in 
a northwesterly direction, before draining into the Fort Hills No Net Loss Lake. The lower portion of Creek A, near 
the Athabasca River inflow, had a small well-defined channel and banks and was composed primarily of shallow, 
depositional run habitat. The upper portion near the highway crossing consisted of a drainage with no defined 
channel or banks and was dry upstream of the highway. 

Watercourse MT1 
MT1 is an unnamed tributary of McClelland Lake and was surveyed at site N-MT1-1. The upper portion of the 
drainage flows north within the NEA, and then east toward McClelland Lake. The drainage was composed of 
unconfined flow with no discernible bank or channel with open pockets of water and floating mats of vegetation. In 
the upper portion of the drainage, an isolated area of pooled water is present within a low-lying area inundated 
with terrestrial vegetation. This area has no surface connectivity (i.e., no defined watercourse) downstream to 
McClelland lake. 

4.2.2.2 East Expansion Area  
Watercourse MT2 
MT2 is an unnamed tributary of McClelland Lake and was surveyed at sites E-MT2-1 and E-MT2-2. Its 
headwaters are located south of the EEA and the tributary flows north along the west boundary of the EEA, and 
then northeast, before discharging into McClelland Lake. The watercourse generally had a defined bed and banks 
and was composed primarily of shallow, depositional run habitat. Several beaver impoundments were also 
present along the watercourse.  

Watercourse MT3 
MT3 is an unnamed ephemeral drainage that flows into MT2 and was surveyed at site E-MT3-1. The drainage 
flows in a generally northerly direction through the west portion of the EEA, eventually joining watercourse MT2 
downstream of the EEA boundary. At the time of survey, the infrastructure corridor crossing location for this 
drainage was dry and there was no discernible channel or banks. 

Watercourse MT4 
MT4 is an unnamed tributary of McClelland Lake and was surveyed at sites E-MT4-2, E-MT4-2 and E-MT4-3. Its 
headwaters are located within the EEA and the tributary flows north-northwest, and then northeast, before 
discharging into McClelland Lake. The tributary was composed of a series of beaver impoundments, connected 
by sections of poorly defined channel and unconfined flow with no discernible channel or banks, open pockets of 
water, and floating mats of vegetation. At the infrastructure corridor crossing location, the tributary was composed 
of unconfined flow and pooled water. 

 



12 November 2021 20138990 

 

 

  14 

 

Watercourse MT5 
MT5 is an unnamed tributary of McClelland Lake and was surveyed at site E-MT5-1. The tributary flows north-
northwest through the EEA, and then northeast, before discharging into McClelland Lake. The tributary was 
composed of unconfined flow across the floodplain with no defined channel or bank and open pockets of standing 
water. 

Watercourse MT6 
MT6 is an unnamed tributary of McClelland Lake and was surveyed at site E-MT6-1. Its headwaters are located in 
the southern portion of the EEA and the tributary flows in a north-easterly direction toward McClelland Lake. The 
tributary was composed of sections of well defined and poorly defined channel and banks with unconfined flow 
across the floodplain in the upstream portion. The well-defined sections were composed of depositional run 
habitat.  

Table 5: Summary of In Situ Water Quality Parameters  

Season Site Total Water 
Depth (m) 

Water Temperature 
(°C) DO (mg/L) DO 

(%) pH Specific Conductivity 
(µS/cm) 

Spring 

N-CkA-1 0.30 6.5 9.7 79.1 7.3 273 

E-MT2-1 0.30 4.8 8.5 66.8 6.8 393 

E-MT4-1 1.00 10.4 5.6 52.5 7.1 297 

E-MT5-1 0.30 3.5 6.9 51.5 6.9 352 

E-MT6-1 0.40 3.9 8.4 66.6 7.8 146 

Fall 

N-CkA-1 0.60 6.0 10.5 84.1 7.5 259 

N-CkA-2 0.10 5.6 1.6 12.5 7.3 307 

N-MT1-1 0.32 5.9 4.4 35.1 5.5 411 

E-MT2-1 0.55 6.8 9.6 79.1 8.9 416 

E-MT2-2 0.30 7.3 9.3 77.6 -(a) 396 

E-MT4-1 0.50 6.4 3.2 25.8 7.0 399 

E-MT4-3 0.40 7.8 3.5 29.3 7.0 176 

E-MT5-1 0.25 8.0 1.1 9.3 7.2 442 

E-MT6-1 0.42 7.5 8.1 67.6 7.0 187 
°C = degrees Celsius; DO = dissolved oxygen; mg/L = milligrams per litre; µS/cm = microSiemens per centimetre.  
(a) - = reading was erroneous 
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Table 6: Summary of Stream Habitat Parameters  

Site Season Channel 
Unit 

Channel 
Type 

Channel 
Unit 

Length 
(m) 

Maximum 
Depth (m) 

Width (m) 
Unstable 
Bank (%) 

Instream Cover (%) Overhead Cover (%) Substrate (%) 

Wetted Channel SWD LWD SUB D/T UCB OHG OHWV Or C/S Sa Gr Co Bo Be 

N-CkA-1 
Spring 1 R3(a) 300 0.45 1 1.3 30 15 5 0 0 15 <1 20 0 60 35 <1 0 0 0 

Fall 1 R3(a) 300 0.62 0.75 1.1 30 15 20 0 0 35 <1 20 0 60 35 <1 0 0 0 

N-MT1-1 Fall 1 FL 300 0.65 15 15 0 1 <1 0 10 0 <1 20 20 80 0 0 0 0 0 

E-MT2-1 Spring 

1 R3 120 0.72 0.8 1 5 14 2 0 1 30 3 2 30 40 30 0 0 0 0 

2 IP2 55 1.50 50 50 0 3 1 0 60 0 1 0 80 20 0 0 0 0 0 

3 R3 35 0.30 1 1 0 0 0 0 0 15 1 0 20 40 40 0 0 0 0 

4 IP3 90 0.70 45 45 0 10 1 0 10 0 2 0 80 20 0 0 0 0 0 

E-MT2-2 Fall 

1 IP3 45 0.80 48 44 0 1 3 0 10 0 <1 0 100 0 0 0 0 0 0 

2 R3 135 0.34 0.65 0.7 10 3 0 0 5 5 10 0 0 65 35 0 0 0 0 

3 IP3 13 0.70 30 30 0 0 1 0 20 0 <1 0 100 0 0 0 0 0 0 

4 R3/FL 62 0.30 0.65 0.75 0 0 0 0 5 0 0 3 100 0 0 0 0 0 0 

E-MT4-1 
Spring 1 FL 300 1.00 80 N/A 0 11 5 0 3 0 3 5 100 0 0 0 0 0 0 

Fall 1 FL 300 0.80 116 N/A 0 1 <1 0 10 0 <1 15 20 80 0 0 0 0 0 

E-MT4-3 Fall 1 FL 250 0.28 15 N/A 0 30 25 0 0 0 3 35 85 15 0 0 0 0 0 

E-MT5-1 Spring 1 FL 300 0.34 24 20 0 30 15 0 0 0 10 20 100 0 0 0 0 0 0 

E-MT6-1 Spring 
1 R3 200 0.75 0.55 1.9 10 20 5 0 0 15 5 4 20 80 0 0 0 0 0 

2 FL 100 0.35 10.7 0.35 0 5 1 0 0 5 15 10 20 80 0 0 0 0 0 
R3 = Run Class 3; FL = Undefined Channel; IP2 = Impoundment Class 2; IP3 = Impoundment Class; SWD = Small woody debris; LWD = Large Woody Debris: SUB = Substrate; D/T = Depth 
and/or Turbulence; UCB = Undercut Bank; OHG = Overhanging Grasses; OHWV = Overhanging Woody Vegetation; Or = Organics; C/S = Clay/Silt; Sa = Sand; Gr = Gravel; Co = Cobble; Bo= 
Boulder; Be = Bedrock.  
a) There were two cascades located in the upper reach of the survey area. 
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Table 7: Summary of Discharge Measurements 

Location(a) Season Discharge (m3/sec) 

N-CkA-1 
Spring 0.017 

Fall 0.060 

E-MT2-1 Spring 0.049 

E-MT2-2 Fall 0.015 

E-MT5-1 Spring 0.0003 

E-MT6-1 Spring 0.030 
a) Discharge was measured only at sites where a suitable location to conduct a stream discharge was available.  
m3/sec = cubic metres per second 

4.2.3 Fish Community 
In total, 12 fish, consisting of two small-bodied fish species (Brook Stickleback and Pearl Dace), were captured 
during the spring and fall fish inventory surveys (Table 8). These fish were captured primarily by minnow trapping 
(n = 9; Tables 9 and 10). Fish were captured in three of the five watercourses surveyed (MT2, MT4 and MT6) 
during the baseline sampling (Table 8). Fish community data reported in FWMIS (AEP 2020) indicate that Brook 
Stickleback have been captured in these three watercourses during other surveys. FWMIS data also indicate that 
Brook Stickleback were captured in an unnamed tributary of McClelland Lake located in the central portion of the 
existing Fort Hills development area (Figure 2), indicating Brook Stickleback are generally present throughout the 
McClelland Lake tributary system. Although no fish were captured in Creek A, previous surveys conducted by 
Suncor for the watercourse prior to development of the Fort Hills No Net Loss Lake identified a number of fish 
species present in Creek A near the former confluence with the Athabasca River: Burbot, Northern Pike, 
Longnose Sucker, Finescale Dace, Slimy Sculpin, and Brook Stickleback. 

Table 8: Summary of Total Fish Captured 

Season Site 
Number of Fish 

Brook Stickleback Pearl Dace Total 

Spring 

E-MT2-1 3 0 3 

E-MT4-1 0 0 0 

E-MT6-1 1 1 2 

Sub-total 4 1 5 

Fall 

N-CkA-1 0 0 0 

N-MT1-1 0 0 0 

E-MT4-1 7 0 7 

Sub-total 7 0 7 

Total 11 1 12 
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Table 9: Electrofishing Results 

Season Site Species Number of 
Fish 

Effort 
(seconds) 

Catch-Per-Unit-Effort 
(No./100 sec) 

Spring 
E-MT2-1 Brook Stickleback 3 918 0.33 

E-MT6-1 no fish captured 0 1320 0.00 

Fall 
N-CkA-1 no fish captured 0 334 0.00 

N-MT1-1 no fish captured 0 674 0.00 
Note: Electrofishing was not completed at E-MT4-1 during the spring and fall survey 
No./100 sec = number per 100 seconds 

Table 10: Minnow Trapping Results 

Note: Minnow trapping was not completed at N-CkA-1 during the spring survey 
Trap-hr = trap hour; No./trap-hr= number per trap hour 

  

Season Site Species Number of 
Fish 

Effort 
(Trap-hr) 

Catch-Per-Unit-Effort 
(No./trap-hr) 

Spring 

E-MT2-1 no fish captured 0 13.34 0.00 

E-MT4-1 no fish captured 0 8.66 0.00 

E-MT6-1 

Brook Stickleback 1 

9.82 

0.10 

Pearl Dace 1 0.10 

Total 2 0.20 

Fall 
E-MT4-1 

Brook Stickleback 7 
9.00 

0.78 

Total 7 0.78 

N-MT1-1 no fish captured 0 8.00 0.00 
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1

1.0 QUALITY ASSURANCE AND QUALITY CONTROL RESULTS FOR 
WATER QUALITY 

1.1 Introduction 
The quality assurance and quality control (QA/QC) procedures implemented during the water quality sampling 
program in 2020 at the Fort Hills Oil Sands Project (Fort Hills) North and East Expansion Areas were conducted 
to assess whether data were of acceptable quality for the objectives of the spring and fall (i.e., May and October, 
respectively) baseline water quality data collection program. The assessment of the quality control (QC) results 
was completed on the data provided by ALS Laboratory Group (ALS) in Edmonton, Alberta. Key findings of this 
QA/QC review are summarized in the following sections. 

1.2 Parameter List 
All required parameters were analyzed as requested on the Chain of Custody (COC) form. 

1.3 Analytical Methods and Detection Limits 
Analytical methods and the standard ALS detection limits (DL) were analyzed as requested on the prefilled COC 
form and the analytical quote. The DLs for total dissolved solids were raised due to required sample dilutions from 
high dissolved solids, electrical conductivity, or concentrations of test analytes. 

1.4 Hold Times 
The 15-minute hold time (APHA 2012) was exceeded for pH because samples cannot be processed within this 
time limit. The field-measured pH has been used in data assessment and comparison to guidelines.   

The recommended hold times for total dissolved solids and total suspended solids (7 days) were exceeded by 1 
to 4 days during the spring program due to capacity constraints in the laboratory. The hold times were met for all 
other parameters. 

1.5 Units 
All reported units were correct, and no issues were identified during the review of electronic data against the final 
Certificate of Analysis provided by ALS. 

1.6 Qualifiers 
Qualifiers were assigned by the laboratory to results when the laboratory identified a potential issue with the 
result; the following qualifiers were identified: 

 detection limit was raised due to high dissolved solids or electrical conductivity 

 detection limit was raised due to high concentrations of test analyte(s) 

 hardness was calculated using total calcium and magnesium concentrations 

 hold time was exceeded for re-analysis or dilution, but initial testing was conducted within the recommended 
hold time 

 reported result was verified by repeat analysis 
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1.7 Field and Travel Blank Samples 
Blank samples were collected to assess for contamination that may occur during collection, handling, shipping 
and analyses of samples. Blank samples collected as part of the spring and fall baseline data collection program 
in 2020 included: 

 Travel blanks: 23 May and 1 October 2020 

 Field blanks: 20 May and 2 October 2020 

Results above five times the DL in travel and field blanks were considered notable for assessing potential 
contamination in the samples. All results in the field and travel blanks collected in 2020 were below five times the 
DL (Table A-1); these results indicate an overall low level of contamination in the samples collected from the 
North and East Expansion Areas. 

12 November 2021
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Table A-1: Field and Travel Blank Results from the Suncor Fort Hills North and East Expansion Areas, 2020 

Parameter Unit Detection Limit 

Field Blanks Travel Blanks 

20-May-20 2-Oct-20 23-May-20 1-Oct-20

L2449810-2 L2511791-2 L2451076-4 L2511794-2 

Conventional Parameters 
pH unitless 0.1 5.9 5.4 5.4 5.4

Specific conductivity µS/cm 2 <2  <2  <2  <2  

Hardness, as CaCO3 mg/L 1 <1 <1 <1 <1

Total alkalinity, as CaCO3 mg/L 2 <2 <2 <2 <2

Total dissolved solids mg/L 10 <10 <10 <10 <10 

Total dissolved solids (calculated) mg/L 1 <1 <1 <1 <1 

Total suspended solids mg/L 3 <3 <3 <3 <3 

Total organic carbon mg/L 1 <1 <1 <1 <1 

Dissolved organic carbon mg/L 1 <1 <1 <1 <1 

Major Ions 
Bicarbonate mg/L 5 <5 <5 <5 <5

Calcium mg/L 0.5 <0.5 <0.5 <0.5 <0.5

Carbonate mg/L 5 <5 <5 <5 <5

Chloride mg/L 0.5 <0.5 <0.5 <0.5 <0.5

Fluoride mg/L 0.02 <0.02 <0.02 <0.02 <0.02

Hydroxide mg/L 5 <5 <5 <5 <5

Magnesium mg/L 0.1 <0.1 <0.1 <0.1 <0.1

Potassium mg/L 0.5 <0.5 <0.5 <0.5 <0.5

Sodium mg/L 1 <1 <1 <1 <1

Sulphate mg/L 0.3 <0.3 <0.3 <0.3 <0.3

Sulphide mg/L 0.0015 <0.0015 <0.0015 <0.0015 <0.0015 

Nutrients 
Nitrate mg-N/L 0.02 <0.02 <0.02 <0.02 <0.02

Nitrite mg-N/L 0.01 <0.01 <0.01 <0.01 <0.01

Nitrate + nitrite mg-N/L 0.022 <0.022 <0.022 <0.022 <0.022 

Total ammonia mg-N/L 0.05 <0.05 <0.05 <0.05 <0.05

Total Kjeldahl nitrogen mg-N/L 0.2 <0.2 <0.2 <0.2 <0.2 

Total phosphorus mg-P/L 0.02 <0.02 <0.02 <0.02 <0.02

Dissolved phosphorus mg-P/L 0.005 or 0.02 <0.02 <0.005 <0.02 <0.005 

Chemical oxygen demand mg/L 10 <10 <10 <10 <10 

Total Metals 
Aluminum µg/L 3 <3 <3 <3 <3

Antimony µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Arsenic µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Barium µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Beryllium µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Bismuth µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Boron µg/L 10 <10 <10 <10 <10

Cadmium µg/L 0.005 <0.005 <0.005 <0.005 <0.005

Calcium µg/L 50 <50 <50 <50 <50

Chromium µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Cobalt µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Copper µg/L 0.5 <0.5 <0.5 <0.5 <0.5

Iron µg/L 10 <10 <10 <10 <10

Lead µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Lithium µg/L 1 <1 <1 <1 <1

Magnesium µg/L 5 <5 <5 <5 <5

Manganese µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Mercury µg/L 0.005 <0.005 <0.005 <0.005 <0.005

Molybdenum µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Nickel µg/L 0.5 <0.5 <0.5 <0.5 <0.5

Potassium µg/L 50 <50 <50 <50 <50

Selenium µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Silicon µg/L 100 <100 <100 <100 <100

Silver µg/L 0.01 <0.01 <0.01 <0.01 <0.01

Sodium µg/L 50 <50 <50 <50 <50

Strontium µg/L 0.2 <0.2 <0.2 <0.2 <0.2

Sulphur µg/L 500 620 <500 <500 <500

Thallium µg/L 0.01 <0.01 <0.01 <0.01 <0.01

Tin µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Titanium µg/L 0.3 <0.3 <0.3 <0.3 <0.3
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Table A-1: Field and Travel Blank Results from the Suncor Fort Hills North and East Expansion Areas, 2020 

Parameter Unit Detection Limit 

Field Blanks Travel Blanks 

20-May-20 2-Oct-20 23-May-20 1-Oct-20

L2449810-2 L2511791-2 L2451076-4 L2511794-2 
Uranium µg/L 0.01 <0.01 <0.01 <0.01 <0.01

Vanadium µg/L 0.5 0.84 <0.5 <0.5 <0.5

Zinc µg/L 3 <3 <3 <3 <3

Zirconium µg/L 0.2 <0.2 <0.2 <0.2 <0.2

Dissolved Metals 
Aluminum µg/L 1 <1 <1 <1 <1

Antimony µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Arsenic µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Barium µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Beryllium µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Bismuth µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Boron µg/L 10 <10 <10 <10 <10

Cadmium µg/L 0.005 <0.005 <0.005 <0.005 0.0058

Chromium µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Cobalt µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Copper µg/L 0.2 <0.2 <0.2 <0.2 <0.2

Iron µg/L 10 <10 <10 <10 <10

Lead µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Lithium µg/L 1 <1 <1 <1 <1

Manganese µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Mercury µg/L 0.005 <0.005 <0.005 <0.005 <0.005

Molybdenum µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Nickel µg/L 0.5 <0.5 <0.5 <0.5 <0.5

Selenium µg/L 0.05 <0.05 <0.05 <0.05 <0.05

Silicon µg/L 50 <50 <50 <50 <50

Silver µg/L 0.01 <0.01 <0.01 <0.01 <0.01

Strontium µg/L 0.2 <0.2 <0.2 <0.2 <0.2

Sulphur µg/L 500 <500 <500 <500 <500

Thallium µg/L 0.01 <0.01 <0.01 <0.01 <0.01

Tin µg/L 0.1 <0.1 <0.1 <0.1 <0.1

Titanium µg/L 0.3 <0.3 <0.3 <0.3 <0.3

Uranium µg/L 0.01 <0.01 <0.01 <0.01 <0.01

Vanadium µg/L 0.5 <0.5 <0.5 <0.5 <0.5

Zinc µg/L 1 <1 <1 <1 <1

Zirconium µg/L 0.2 <0.2 <0.2 <0.2 <0.2

General Organics 
Naphthenic acids µg/L 1,000 <1,000 <1,000 <1,000 <1,000

Total phenolics µg/L 1 <1 <1 <1 <1

Parent PAHs 
Quinoline µg/L 0.05 <0.05 - <0.05 -

Acridine µg/L 0.01 <0.01 - <0.01 -

Naphthalene µg/L 0.02 <0.02 - <0.02 -

Acenaphthylene µg/L 0.01 <0.01 - <0.01 -

Biphenyl µg/L 0.01 <0.01 - <0.01 -

Acenaphthene µg/L 0.01 <0.01 - <0.01 -

Fluorene µg/L 0.01 <0.01 - <0.01 -

Phenanthrene µg/L 0.02 <0.02 - <0.02 -

Anthracene µg/L 0.01 <0.01 - <0.01 -

Dibenzothiophene µg/L 0.01 <0.01 - <0.01 -

Pyrene µg/L 0.01 <0.01 - <0.01 -

Fluoranthene µg/L 0.01 <0.01 - <0.01 -

Benzo(a)anthracene µg/L 0.01 <0.01 - <0.01 -

Chrysene µg/L 0.01 <0.01 - <0.01 -

1-Methyl-7-isopropyl-phenanthrene (Retene) µg/L 0.01 <0.01 - <0.01 -

Benzo(b,j)fluoranthenes µg/L 0.01 <0.01 - <0.01 -

Benzo(k)fluoranthene µg/L 0.01 <0.01 - <0.01 -

Benzo(a)pyrene µg/L 0.005 <0.005 - <0.005 -

Benzo(e)pyrene µg/L 0.01 <0.01 - <0.01 -

Perylene µg/L 0.01 <0.01 - <0.01 -

Benzo(g,h,i)perylene µg/L 0.01 <0.01 - <0.01 -

Indeno(c,d-123)pyrene µg/L 0.01 <0.01 - <0.01 -

Dibenzo(a,h)anthracene µg/L 0.005 <0.005 - <0.005 -

12 November 2021
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Table A-1: Field and Travel Blank Results from the Suncor Fort Hills North and East Expansion Areas, 2020 

Parameter Unit Detection Limit 

Field Blanks Travel Blanks 

20-May-20 2-Oct-20 23-May-20 1-Oct-20

L2449810-2 L2511791-2 L2451076-4 L2511794-2 
Alkylated PAHs 
C1 substituted acenaphthenes µg/L 0.04 <0.04 - <0.04 -

C1 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 - <0.04 - 

C2 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 - <0.04 - 

C3 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 - <0.04 - 

C4 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 - <0.04 - 

C1 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L 0.04 <0.04 - <0.04 - 

C2 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L 0.04 <0.04 - <0.04 - 

C1 substituted biphenyls µg/L 0.04 <0.04 - <0.04 -

C2 substituted biphenyls µg/L 0.04 <0.04 - <0.04 -

C1 substituted dibenzothiophenes µg/L 0.04 <0.04 - <0.04 -

C2 substituted dibenzothiophenes µg/L 0.04 <0.04 - <0.04 -

C3 substituted dibenzothiophenes µg/L 0.04 <0.04 - <0.04 -

C4 substituted dibenzothiophenes µg/L 0.04 <0.04 - <0.04 -

C1 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 - <0.04 - 

C2 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 - <0.04 - 

C3 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 - <0.04 - 

C4 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 - <0.04 - 

C1 substituted fluorenes µg/L 0.04 <0.04 - <0.04 -

C2 substituted fluorenes µg/L 0.04 <0.04 - <0.04 -

C3 substituted fluorenes µg/L 0.04 <0.04 - <0.04 -

1-Methylnaphthalene µg/L 0.02 <0.02 - <0.02 -

2-Methylnaphthalene µg/L 0.02 <0.02 - <0.02 -

C2 substituted naphthalenes µg/L 0.04 <0.04 - <0.04 -

C3 substituted naphthalenes µg/L 0.04 <0.04 - <0.04 -

C4 substituted naphthalenes µg/L 0.04 <0.04 - <0.04 -

C1 substituted phenanthrenes µg/L 0.04 <0.04 - <0.04 -

C2 Substituted phenanthrenes / anthracenes µg/L 0.04 <0.04 - <0.04 - 

C3 substituted phenanthrenes / anthracenes µg/L 0.04 <0.04 - <0.04 - 

C4 substituted phenanthrenes / anthracenes µg/L 0.04 <0.04 - <0.04 - 

Volatile Organics 
Benzene µg/L 0.5 <0.5 <0.5 <0.5 <0.5

Ethylbenzene µg/L 0.5 <0.5 <0.5 <0.5 <0.5

Toluene µg/L 0.5 <0.5 <0.5 <0.5 <0.5

Xylenes µg/L 0.71 <0.71 <0.71 <0.71 <0.71

m,p-Xylenes µg/L 0.5 <0.5 <0.5 <0.5 <0.5

o-Xylene µg/L 0.5 <0.5 <0.5 <0.5 <0.5

F1 (C6-C10)-BTEX µg/L 100 <100 <100 <100 <100

F1 (C6-C10) µg/L 100 <100 <100 <100 <100

F2 (C10-C16) µg/L 100 <100 <100 <100 <100

F3 (C16-C34) µg/L 250 <250 <250 <250 <250

F4 (C34-C50) µg/L 250 <250 <250 <250 <250
Notes: 
No values in the field and travel blanks were over five times the detection limit. 
µg/L = micrograms per litre; µS/cm = microsiemens per centimetre; m = metres; mg-N/L = milligrams nitrogen per litre; mg-P/L = milligrams phosphorus per litre; CaCO3 = calcium carbonate; 
BTEX = benzene, toluene, ethylbenzene, and xylenes; PAH = polycyclic aromatic hydrocarbons; - = no data; < = less than. 

12 November 2021
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1.8 Duplicate Samples 
Duplicate samples were collected from ML-S-TRIB-6 on 23 May and 3 October 2020 to assess variability during 
sample collection, handling, and analysis. The relative percent difference (RPD) was used to determine the 
variability between laboratory analysis of the duplicate sample and corresponding field sample. Before calculating 
the RPD, concentrations below the DL were replaced with the DL in cases when only one of the concentrations 
for a given parameter was detectable. The RPD was calculated using the following formula: 

RPD = |(field sample concentration - duplicate sample concentration)| x 100 
average concentration 

If both concentrations were below the DL, the RPD was not calculated. Variability in parameter concentrations 
between the field and duplicate samples was assessed as notable if two conditions were met: 

 The parameter concentrations were greater than five times the DL. 

 The RPD was greater than 20% between samples. 

These criteria are consistent with those used by ALS for their internal QC procedures (Dang 2007, pers. comm.). 
The five times DL threshold takes into account the potential for analytical uncertainty when concentrations 
approach DLs (APHA 2012, Weiner 2000). 

Variability between the field and duplicate samples was rated as: 

 Low, if less than 10% of the parameters included in the duplicate analysis were notably different from one 
another. 

 Moderate, if 10 to 30% of the parameters included in the duplicate analysis were notably different from one 
another. 

 High, if more than 30% of the parameters included in the duplicate analysis were notably different from one 
another. 

The RPDs calculated for the duplicate samples at ML-S-TRIB-6 on 23 May and 3 October 2020 were below 20%, 
with the exception of dissolved iron for the duplicate samples collected on 3 October 2020 (Table A-2). Dissolved 
iron results for the duplicate samples collected on 3 October 2020 were confirmed by re-analysis. These overall 
QC results suggest that variability between the field and duplicate samples was low. 
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Table A-2: Duplicate Sample Results from the Suncor Fort Hills North and East Expansion Areas, 2020 

Parameter Unit Detection Limit 

ML-S-TRIB-6

RPD 

ML-S-TRIB-6

RPD 
23-May-20 3-Oct-20

Sample Duplicate Sample Duplicate 

L2451076-2 L2451076-1 L2511910-2 L2511910-3 
Conventional Parameters 
pH unitless 0.1 8.0 8.1 16% 7.9 7.9 0%

Specific conductivity µS/cm 2 385 382 1% 405 404 0%

Hardness, as CaCO3 mg/L 1 212 211 0% 248 242 2%

Total alkalinity, as CaCO3 mg/L 2 222 219 1% 242 240 1%

Total dissolved solids mg/L 20 259 250 4% 252 274 8% 

Total dissolved solids (calculated) mg/L 1 216 214 1% 238 235 1% 

Total suspended solids mg/L 3 11 9.7 - 3.5 <3 - 

Total organic carbon mg/L 1 12 12 1% 17 17 2% 

Dissolved organic carbon mg/L 1 12 12 3% 17 17 3% 

Major Ions 
Bicarbonate mg/L 5 270 268 1% 295 292 1%

Calcium mg/L 0.5 57 57 0% 67 65 2% 

Carbonate mg/L 5 <5 <5 - <5 <5 -

Chloride mg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Fluoride mg/L 0.02 0.24 0.25 4% 0.21 0.22 5%

Hydroxide mg/L 5 <5 <5 - <5 <5 -

Magnesium mg/L 0.1 17 17 2% 20 19 3% 

Potassium mg/L 0.5 2.4 2.4 - 2.2 2.1 -

Sodium mg/L 1 3.1 3.1 - 3.5 3.3 -

Sulphate mg/L 0.3 3.1 3.1 0% 0.65 0.65 -

Sulphide mg/L 0.0015 0.0047 0.0044 - 0.0034 0.0019 - 

Nutrients 
Nitrate mg-N/L 0.02 0.027 <0.02 - <0.02 <0.02 - 

Nitrite mg-N/L 0.01 <0.01 <0.01 - <0.01 <0.01 - 

Nitrate + nitrite mg-N/L 0.022 0.027 <0.022 - <0.022 <0.022 - 

Total ammonia mg-N/L 0.05 0.074 0.074 - 0.052 0.050 -

Total Kjeldahl nitrogen mg-N/L 0.2 0.48 0.47 - 0.64 0.51 - 

Total phosphorus mg-P/L 0.02 0.10 0.090 13% 0.075 0.074 - 

Dissolved phosphorus mg-P/L 0.02 <0.02 <0.02 - <0.02 0.031 - 

Chemical oxygen demand mg/L 10 61 50 20% 38 39 - 

Total Metals 
Aluminum µg/L 3 45 50 11% 7.0 5.1 -

Antimony µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 - 

Arsenic µg/L 0.1 0.23 0.29 - 0.24 0.25 - 

Barium µg/L 0.1 114 114 0% 109 108 1%

Beryllium µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 - 

Bismuth µg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - 

Boron µg/L 10 69 70 1% 55 54 2% 

Cadmium µg/L 0.005 0.0052 0.0077 - 0.013 0.0092 -

Calcium µg/L 50 58,700 59,600 2% 62,800 62,900 0% 

Chromium µg/L 0.1 0.12 0.33 - <0.1 <0.1 - 

Cobalt µg/L 0.1 <0.1 0.13 - <0.1 <0.1 - 

Copper µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Iron µg/L 10 1,220 1,330 9% 1,200 1,140 5% 

Lead µg/L 0.05 0.074 0.095 - <0.05 <0.05 - 

Lithium µg/L 1 22 22 0% 22 22 3% 

Magnesium µg/L 5 17,500 17,800 2% 18,100 18,100 0% 

Manganese µg/L 0.1 95 99 5% 105 104 1%

Mercury µg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - 

Molybdenum µg/L 0.05 0.094 0.11 - 0.054 0.053 -

Nickel µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Potassium µg/L 50 2,480 2,520 2% 2,130 2,150 1% 

Selenium µg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - 

Silicon µg/L 100 7,800 7,800 0% 9,360 9,250 1% 

Silver µg/L 0.01 <0.01 <0.01 - <0.01 <0.01 - 

Sodium µg/L 50 3,370 3,400 1% 3,450 3,500 1% 

Strontium µg/L 0.2 189 193 2% 217 217 0%

Sulphur µg/L 500 1,670 1,760 - 530 <500 -

Thallium µg/L 0.01 <0.01 <0.01 - <0.01 <0.01 - 

Tin µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 -

12 November 2021

12 November 2021
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Table A-2: Duplicate Sample Results from the Suncor Fort Hills North and East Expansion Areas, 2020 

Parameter Unit Detection Limit 

ML-S-TRIB-6

RPD 

ML-S-TRIB-6

RPD 
23-May-20 3-Oct-20

Sample Duplicate Sample Duplicate 

L2451076-2 L2451076-1 L2511910-2 L2511910-3 
Titanium µg/L 0.3 1.3 1.3 - <0.3 <0.3 -

Uranium µg/L 0.01 0.044 0.046 - 0.024 0.019 -

Vanadium µg/L 0.5 0.52 0.66 - <0.5 <0.5 - 

Zinc µg/L 3 <3 3.6 - <3 <3 -

Zirconium µg/L 0.2 <0.2 <0.2 - <0.2 <0.2 - 

Dissolved Metals 
Aluminum µg/L 1 3.3 2.8 - 3.7 1.4 -

Antimony µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 - 

Arsenic µg/L 0.1 0.19 0.20 - 0.21 0.20 - 

Barium µg/L 0.1 103 102 1% 114 104 9%

Beryllium µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 - 

Bismuth µg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - 

Boron µg/L 10 66 65 2% 54 56 4% 

Cadmium µg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - 

Chromium µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 - 

Cobalt µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 - 

Copper µg/L 0.2 <0.2 <0.2 - <0.2 <0.2 - 

Iron µg/L 10 290 256 12% 138 202 38% 
Lead µg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - 

Lithium µg/L 1 22 21 1% 22 23 4% 

Manganese µg/L 0.1 0.17 0.22 - 58 59 3%

Mercury µg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - 

Molybdenum µg/L 0.05 0.085 0.086 - <0.05 <0.05 - 

Nickel µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Selenium µg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - 

Silicon µg/L 50 7,480 7,570 1% 9,750 9,500 3% 

Silver µg/L 0.01 <0.01 <0.01 - <0.01 <0.01 - 

Strontium µg/L 0.2 196 190 3% 215 205 5%

Sulphur µg/L 500 1,510 1,750 - 620 590 -

Thallium µg/L 0.01 <0.01 <0.01 - <0.01 <0.01 - 

Tin µg/L 0.1 <0.1 <0.1 - <0.1 <0.1 - 

Titanium µg/L 0.3 <0.3 <0.3 - <0.3 <0.3 - 

Uranium µg/L 0.01 0.043 0.042 - 0.018 0.020 -

Vanadium µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Zinc µg/L 1 <1 <1 - <1 <1 -

Zirconium µg/L 0.2 <0.2 <0.2 - <0.2 <0.2 - 

General Organics 
Naphthenic acids µg/L 1,000 1,100 1,300 - <1,000 <1,000 - 

Total phenolics µg/L 1 <1 <1 - <1 3.6 - 

Parent PAHs 
Quinoline µg/L 0.05 <0.05 <0.05 - - - - 

Acridine µg/L 0.01 <0.01 <0.01 - - - - 

Naphthalene µg/L 0.02 <0.02 <0.02 - - - - 

Acenaphthylene µg/L 0.01 <0.01 <0.01 - - - - 

Biphenyl µg/L 0.01 <0.01 <0.01 - - - - 

Acenaphthene µg/L 0.01 <0.01 <0.01 - - - - 

Fluorene µg/L 0.01 <0.01 <0.01 - - - - 

Phenanthrene µg/L 0.02 <0.02 <0.02 - - - - 

Anthracene µg/L 0.01 <0.01 <0.01 - - - - 

Dibenzothiophene µg/L 0.01 <0.01 <0.01 - - - - 

Pyrene µg/L 0.01 <0.01 <0.01 - - - - 

Fluoranthene µg/L 0.01 <0.01 <0.01 - - - - 

Benzo(a)anthracene µg/L 0.01 <0.01 <0.01 - - - - 

Chrysene µg/L 0.01 <0.01 <0.01 - - - - 

1-Methyl-7-isopropyl-phenanthrene (Retene) µg/L 0.01 <0.01 <0.01 - - - - 

Benzo(b,j)fluoranthenes µg/L 0.01 <0.01 <0.01 - - - - 

Benzo(k)fluoranthene µg/L 0.01 <0.01 <0.01 - - - - 

Benzo(a)pyrene µg/L 0.005 <0.005 <0.005 - - - - 

Benzo(e)pyrene µg/L 0.01 <0.01 <0.01 - - - - 

Perylene µg/L 0.01 <0.01 <0.01 - - - - 

Benzo(g,h,i)perylene µg/L 0.01 <0.01 <0.01 - - - - 

12 November 2021
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Table A-2: Duplicate Sample Results from the Suncor Fort Hills North and East Expansion Areas, 2020 

Parameter Unit Detection Limit 

ML-S-TRIB-6

RPD 

ML-S-TRIB-6

RPD 
23-May-20 3-Oct-20

Sample Duplicate Sample Duplicate 

L2451076-2 L2451076-1 L2511910-2 L2511910-3 
Indeno(c,d-123)pyrene µg/L 0.01 <0.01 <0.01 - - - - 

Dibenzo(a,h)anthracene µg/L 0.005 <0.005 <0.005 - - - - 

Alkylated PAHs 
C1 substituted acenaphthenes µg/L 0.04 <0.04 <0.04 - - - - 

C1 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 <0.04 - - - - 

C2 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 <0.04 - - - - 

C3 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 <0.04 - - - - 

C4 substituted benzo(a)anthracenes / chrysenes µg/L 0.04 <0.04 <0.04 - - - - 

C1 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L 0.04 <0.04 <0.04 - - - - 

C2 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L 0.04 <0.04 <0.04 - - - - 

C1 substituted biphenyls µg/L 0.04 <0.04 <0.04 - - - - 

C2 substituted biphenyls µg/L 0.04 <0.04 <0.04 - - - - 

C1 substituted dibenzothiophenes µg/L 0.04 <0.04 <0.04 - - - - 

C2 substituted dibenzothiophenes µg/L 0.04 <0.04 <0.04 - - - - 

C3 substituted dibenzothiophenes µg/L 0.04 <0.04 <0.04 - - - - 

C4 substituted dibenzothiophenes µg/L 0.04 <0.04 <0.04 - - - - 

C1 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 <0.04 - - - - 

C2 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 <0.04 - - - - 

C3 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 <0.04 - - - - 

C4 substituted fluoranthenes / pyrenes µg/L 0.04 <0.04 <0.04 - - - - 

C1 substituted fluorenes µg/L 0.04 <0.04 <0.04 - - - - 

C2 substituted fluorenes µg/L 0.04 <0.04 <0.04 - - - - 

C3 substituted fluorenes µg/L 0.04 <0.04 <0.04 - - - - 

1-Methylnaphthalene µg/L 0.02 <0.02 <0.02 - - - - 

2-Methylnaphthalene µg/L 0.02 <0.02 <0.02 - - - - 

C2 substituted naphthalenes µg/L 0.04 <0.04 <0.04 - - - - 

C3 substituted naphthalenes µg/L 0.04 <0.04 <0.04 - - - - 

C4 substituted naphthalenes µg/L 0.04 <0.04 <0.04 - - - - 

C1 substituted phenanthrenes µg/L 0.04 <0.04 <0.04 - - - - 

C2 Substituted phenanthrenes / anthracenes µg/L 0.04 <0.04 <0.04 - - - - 

C3 substituted phenanthrenes / anthracenes µg/L 0.04 <0.04 <0.04 - - - - 

C4 substituted phenanthrenes / anthracenes µg/L 0.04 <0.04 <0.04 - - - - 

Volatile Organics 
Benzene µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Ethylbenzene µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Toluene µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

Xylenes µg/L 0.71 <0.71 <0.71 - <0.71 <0.71 - 

m,p-Xylenes µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

o-Xylene µg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - 

F1 (C6-C10)-BTEX µg/L 100 <100 <100 - <100 <100 - 

F1 (C6-C10) µg/L 100 <100 <100 - <100 <100 - 

F2 (C10-C16) µg/L 100 <100 <100 - <100 <100 - 

F3 (C16-C34) µg/L 250 <250 <250 - <250 <250 - 

F4 (C34-C50) µg/L 250 <250 <250 - <250 <250 - 
Notes: 
Bolded RPD values are greater than 20%. 
The percentage of RPD values over 20% for the entire dataset is 0.4%. 
µg/L = micrograms per litre; µS/cm = microsiemens per centimetre; mg-N/L = milligrams nitrogen per litre; mg-P/L = milligrams phosphorus per litre; CaCO3 = calcium carbonate; BTEX = 
benzene, toluene, ethylbenzene, and xylenes; PAH = polycyclic aromatic hydrocarbons; - = no data or RPD not calculated; < = less than; RPD = relative percent difference. 

12 November 2021
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1.9 Summary 
The QC assessment indicates some variability for dissolved iron in samples collected under this baseline data 
collection program. Based on the overall QA/QC assessment results the data were considered to be of 
acceptable quality for the objectives of the baseline data collection. 
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Appendix B: Water Quality Results and Comparison to Guidelines

Table B-1: Comparisons to Guidelines and Water Quality Results from the Suncor Fort Hills North Expansion Area, 2020

20-May-20 1-Oct-20

Acute Chronic L2449810-1 L2511794-1

Field Measured
pH unitless - 6.5 to 9.0 - 7.3 7.5
Specific conductivity µS/cm - - - 273 259
Temperature °C - - - 6.5 6.0
Dissolved oxygen mg/L 5.0(b) 6.5(b) - 9.7 11
Dissolved oxygen % - - - 79 84
Redox potential(c) mV - - - - 76
Conventional Parameters
pH unitless - 6.5 to 9.0 - 8.1 8.0
Specific conductivity µS/cm - - - 276 255
Hardness, as CaCO3 mg/L - - - 146 151
Total alkalinity, as CaCO3 mg/L - 20(b) - 148 146
Total dissolved solids mg/L - - 3,000 192 200
Total dissolved solids (calculated) mg/L - - 3,000 150 151
Total suspended solids mg/L - - - 3.3 <3
Total organic carbon mg/L - - - 3.3 4.1
Dissolved organic carbon mg/L - - - 3.0 3.7
Major Ions
Bicarbonate mg/L - - - 180 178
Calcium mg/L - - 1,000 46 47
Carbonate mg/L - - - <5 <5
Chloride mg/L 640 120 - 0.52 0.57
Fluoride mg/L - 0.12(d) 2 0.095 0.090
Hydroxide mg/L - - - <5 <5
Magnesium mg/L - - - 7.7 8.0
Potassium mg/L - - - 1.0 0.90
Sodium mg/L - - - 2.0 2.0
Sulphate mg/L - 309(e) 1,000 3.9 4.6
Sulphide mg/L - 0.004 to 0.0053(f) - <0.0015 <0.0015
Nutrients
Nitrate mg-N/L 124 2.9 - 0.028 <0.02
Nitrite mg-N/L 0.06(g) 0.02(g) 10 <0.01 <0.01
Nitrate + nitrite mg-N/L - - 100 0.028 <0.022
Total ammonia mg-N/L 28 to 37(h, i) 3.7 to 5.6(j) - <0.05 <0.05
Total Kjeldahl nitrogen mg-N/L - - - <0.2 0.20
Total phosphorus mg-P/L - - - 0.035 0.025
Dissolved phosphorus mg-P/L - - - <0.02 0.023
Chemical oxygen demand mg/L - - - <10 <10
Total Metals
Aluminum µg/L - 100(f, d) 5,000 3.9 3.3
Antimony µg/L - - - <0.1 <0.1
Arsenic µg/L 340(i) 5 25 0.17 0.11
Barium µg/L - - - 69 68
Beryllium µg/L - - 100 <0.1 <0.1
Bismuth µg/L - - - <0.05 <0.05
Boron µg/L 29,000 1,500 5,000 25 <10
Cadmium µg/L 3.1 to 3.2(e) 0.22(e) 80 <0.005 0.015
Calcium µg/L - - - 44,300 44,400
Chromium µg/L 16(i, k) 1(k) 50 0.19 <0.1
Cobalt µg/L - 1.2(e) 1,000 <0.1 <0.1
Copper µg/L - - 500 <0.5 <0.5
Iron µg/L - 300(d) - 287 400(C)

Lead µg/L 130 to 140(e, i) 5.2 to 5.4(e) 100 <0.05 <0.05
Lithium µg/L - - - 4.2 3.2
Magnesium µg/L - - - 8,040 7,390
Manganese µg/L - - - 130 170
Mercury µg/L 0.013 0.005 3 <0.005 <0.005
Molybdenum µg/L - 73 500 0.17 0.20
Nickel µg/L 650 to 660(e) 72 to 74(e) 1,000 <0.5 <0.5
Potassium µg/L - - - 993 883
Selenium µg/L - 2 50 <0.05 <0.05
Silicon µg/L - - - 5,380 5,450
Silver µg/L 7.8 to 8.2(e, i) 250 - <0.01 <0.01
Sodium µg/L - - - 2,070 1,950
Strontium µg/L - - - 72 64
Sulphur µg/L - - - 2,280 1,720
Thallium µg/L - 0.8 - <0.01 <0.01
Tin µg/L - - - <0.1 <0.1
Titanium µg/L - - - <0.3 <0.3
Uranium µg/L 33 15 200 0.052 0.041
Vanadium µg/L - - 100 1.0 <0.5
Zinc µg/L 170(i) 30 50,000 <3 <3
Zirconium µg/L - - - <0.2 <0.2
Dissolved Metals
Aluminum µg/L 100(f) 50(f) - <1 1.5
Antimony µg/L - - - <0.1 <0.1
Arsenic µg/L - - - <0.1 <0.1

Parameter Unit

Guidelines for the Protection of: AR-N-TRIB-1
Aquatic Life(a)

Wildlife Health 
(Livestock)(a)

1
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Table B-1: Comparisons to Guidelines and Water Quality Results from the Suncor Fort Hills North Expansion Area, 2020

20-May-20 1-Oct-20

Acute Chronic L2449810-1 L2511794-1
Parameter Unit

Guidelines for the Protection of: AR-N-TRIB-1
Aquatic Life(a)

Wildlife Health 
(Livestock)(a)

Barium µg/L - - - 69 70
Beryllium µg/L - - - <0.1 <0.1
Bismuth µg/L - - - <0.05 <0.05
Boron µg/L - - - 23 <10
Cadmium µg/L - - - <0.005 <0.005
Chromium µg/L - - - <0.1 <0.1
Cobalt µg/L - - - <0.1 <0.1
Copper µg/L - - - 0.25 <0.2
Iron µg/L - 300 - 178 350(C)

Lead µg/L - - - <0.05 <0.05
Lithium µg/L - - - 4.2 2.7
Manganese µg/L - - - 111 151
Mercury µg/L - - - <0.005 <0.005
Molybdenum µg/L - - - 0.15 0.14
Nickel µg/L - - - <0.5 <0.5
Selenium µg/L - - - <0.05 <0.05
Silicon µg/L - - - 5,230 5,560
Silver µg/L - - - <0.01 <0.01
Strontium µg/L - - - 71 66
Sulphur µg/L - - - 2,080 1,740
Thallium µg/L - - - <0.01 <0.01
Tin µg/L - - - <0.1 <0.1
Titanium µg/L - - - <0.3 <0.3
Uranium µg/L - - - 0.053 0.038
Vanadium µg/L - - - <0.5 <0.5
Zinc µg/L - - - <1 3.7
Zirconium µg/L - - - <0.2 <0.2
General Organics
Naphthenic acids µg/L - - - <1,000 <1,000
Total phenolics µg/L - 4 2 <1 1.2
Parent PAHs
Quinoline µg/L - 3.4 - <0.05 -
Acridine µg/L - 4.4 - <0.01 -
Naphthalene µg/L - 1 - <0.02 -
Acenaphthylene µg/L - - - <0.01 -
Biphenyl µg/L - - - <0.01 -
Acenaphthene µg/L - 5.8 - <0.01 -
Fluorene µg/L - 3 - <0.01 -
Phenanthrene µg/L - 0.4 - <0.02 -
Anthracene µg/L - 0.012 - <0.01 -
Dibenzothiophene µg/L - - - <0.01 -
Pyrene µg/L - 0.025 - <0.01 -
Fluoranthene µg/L - 0.04 - <0.01 -
Benzo(a)anthracene µg/L - 0.018 - <0.01 -
Chrysene µg/L - - - <0.01 -
1-Methyl-7-isopropyl-phenanthrene (Retene) µg/L - - - <0.01 -
Benzo(b,j)fluoranthenes µg/L - - - <0.01 -
Benzo(k)fluoranthene µg/L - - - <0.01 -
Benzo(a)pyrene µg/L - 0.015 - <0.005 -
Benzo(e)pyrene µg/L - - - <0.01 -
Perylene µg/L - - - <0.01 -
Benzo(g,h,i)perylene µg/L - - - <0.01 -
Indeno(c,d-123)pyrene µg/L - - - <0.01 -
Dibenzo(a,h)anthracene µg/L - - - <0.005 -
Alkylated PAHs
C1 substituted acenaphthenes µg/L - - - <0.04 -
C1 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 -
C2 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 -
C3 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 -
C4 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 -
C1 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L - - - <0.04 -
C2 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L - - - <0.04 -
C1 substituted biphenyls µg/L - - - <0.04 -
C2 substituted biphenyls µg/L - - - <0.04 -
C1 substituted dibenzothiophenes µg/L - - - <0.04 -
C2 substituted dibenzothiophenes µg/L - - - <0.04 -
C3 substituted dibenzothiophenes µg/L - - - <0.04 -
C4 substituted dibenzothiophenes µg/L - - - <0.04 -
C1 substituted fluoranthenes / pyrenes µg/L - - - <0.04 -
C2 substituted fluoranthenes / pyrenes µg/L - - - <0.04 -
C3 substituted fluoranthenes / pyrenes µg/L - - - <0.04 -
C4 substituted fluoranthenes / pyrenes µg/L - - - <0.04 -
C1 substituted fluorenes µg/L - - - <0.04 -
C2 substituted fluorenes µg/L - - - <0.04 -
C3 substituted fluorenes µg/L - - - <0.04 -
1-Methylnaphthalene µg/L - - - <0.02 -
2-Methylnaphthalene µg/L - - - <0.02 -
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Table B-1: Comparisons to Guidelines and Water Quality Results from the Suncor Fort Hills North Expansion Area, 2020

20-May-20 1-Oct-20

Acute Chronic L2449810-1 L2511794-1
Parameter Unit

Guidelines for the Protection of: AR-N-TRIB-1
Aquatic Life(a)

Wildlife Health 
(Livestock)(a)

C2 substituted naphthalenes µg/L - - - <0.04 -
C3 substituted naphthalenes µg/L - - - <0.04 -
C4 substituted naphthalenes µg/L - - - <0.04 -
C1 substituted phenanthrenes µg/L - - - <0.04 -
C2 substituted phenanthrenes / anthracenes µg/L - - - <0.04 -
C3 substituted phenanthrenes / anthracenes µg/L - - - <0.04 -
C4 substituted phenanthrenes / anthracenes µg/L - - - <0.04 -
Volatile Organics
Benzene µg/L - 40 - <0.5 <0.5
Ethylbenzene µg/L - 90 2.4 <0.5 <0.5
Toluene µg/L - 0.5 24 <0.5 <0.5
Xylenes µg/L - 30 - <0.71 <0.71
m,p-Xylenes µg/L - - - <0.5 <0.5
o-Xylene µg/L - - - <0.5 <0.5
F1 (C6-C10)-BTEX µg/L - - - <100 <100
F2 (C10-C16) µg/L 110 - - <100 <100
F3 (C16-C34) µg/L - - - <250 <250
F1 (C6-C10) µg/L 150 - - <100 <100
F4 (C34-C50) µg/L - - - <250 <250
Notes:

(a) Source: GOA (2018). CCME and US EPA guidelines were used for comparison in the absence of an GOA guideline for the protection of aquatic life.
(b) Guideline is a minimum value, unless the background concentration or value is lower.
(c) Redox potential was not collected in May in error.
(d) CCME guideline was used for comparison in the absence of an GOA guideline.

(i) US EPA guideline was used for comparison in the absence of an GOA guideline.

(k) Guideline is for chromium VI.
(C) Concentration is higher than the chronic aquatic life GOA guideline.

µg/L = micrograms per litre; µS/cm = microsiemens per centimetre; mg-N/L = milligrams nitrogen per litre; mg-P/L = milligrams phosphorus per litre; CaCO3 = calcium 
carbonate; BTEX = benzene, toluene, ethylbenzene, and xylenes; PAH = polycyclic aromatic hydrocarbons; - = no guideline or no data; < = less than; GOA = 
Government of Alberta; CCME = Canadian Council of Ministers of the Environment; US EPA = United States Environmental Protection Agency; DL = detection limit.

Bolded concentrations are higher than chronic aquatic life water quality guidelines. All concentrations were below acute aquatic life and wildlife health water quality 
guidelines.

(e) Guideline is hardness dependent and is calculated based on the individual hardness value for each sample. The guideline range shown is based on the hardness
range observed in the dataset (146 to 151 mg/L).
(f) Guideline is pH dependent and is calculated based on the individual pH for each sample. The guideline range shown is based on the pH range observed in the
dataset (7.3 to 7.5).
(g) Guideline is chloride dependent and is calculated based on the individual chloride concentration in each sample. The guideline range shown is based on the
chloride concentration range observed in the dataset (0.52 to 0.57 mg/L).

(h) The acute ammonia guideline is pH and temperature dependent, and is calculated based on the individual field pH and temperature measurements for each
sample. The minimum ammonia guideline (28 mg-N/L) is based on the combination of field pH (7.5) and water temperature (6.0°C), and assumes salmonoids are not
present.

(j) The chronic ammonia guideline is pH and temperature dependent, and is calculated based on the individual field pH and temperature measurements for each
sample. The minimum ammonia guideline (3.7 mg-N/L) is based on the combination of field pH (7.5) and water temperature (6.0°C), and assumes salmonoids are not
present.
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Table B-2: Comparisons to Guidelines and Water Quality Results from the Suncor Fort Hills East Expansion Area, 2020
ML-S-TRIB-CON

Aquatic Life(a) 24-May-20 3-Oct-20 24-May-20 2-Oct-20 23-May-20 2-Oct-20 23-May-20 3-Oct-20 23-May-20

Acute Chronic L2451074-3 L2511910-1 L2451074-2 L2511791-3 L2451076-3 L2511791-1 L2451076-2 L2511910-2 L2451076-5

Field Measured
pH unitless - 6.5 to 9.0 - 7.1 7.0 6.9 7.2 7.8 7.0 6.8 8.9 7.6
Specific conductivity µS/cm - - - 297 399 352 442 146 187 393 416 241
Temperature °C - - - 10 6.4 3.5 8.0 3.9 7.5 4.8 6.8 12
Dissolved oxygen mg/L 5.0(b) 6.5(b) - 5.6(C) 3.2(A, C) 6.9 1.1(A, C) 8.4 8.1 8.5 9.6 9.4
Dissolved oxygen % - - - 53 26 52 9.3 67 68 67 79 87
Redox potential(c) mV - - - - 70 - -34 - -30 - -175 -
Conventional Parameters
pH unitless - 6.5 to 9.0 - 8.0 7.6 8.0 8.1 7.7 7.9 8.0 7.9 8.0
Specific conductivity µS/cm - - - 338 401 281 446 145 203 385 405 238
Hardness, as CaCO3 mg/L - - - 192 245 153 257 74 111 212 248 129
Total alkalinity, as CaCO3 mg/L - 20(b) - 191 234 163 247 77 108 222 242 136
Total dissolved solids mg/L - - 3,000 256 247 194 312 101 139 259 252 185
Total dissolved solids (calculated) mg/L - - 3,000 196 233 156 247 76 106 216 238 132
Total suspended solids mg/L - - - <3 7.3 <3 <3 4.8 <3 11 3.5 4.2
Total organic carbon mg/L - - - 17 23 12 25 8.0 11 12 17 16
Dissolved organic carbon mg/L - - - 18 22 11 25 8.0 11 12 17 16
Major Ions
Bicarbonate mg/L - - - 233 285 199 301 94 132 270 295 166
Calcium mg/L - - 1,000 55 65 41 73 22 32 57 67 35
Carbonate mg/L - - - <5 <5 <5 <5 <5 <5 <5 <5 <5
Chloride mg/L 640 120 - <0.5 <0.5 <0.5 0.59 <0.5 <0.5 <0.5 <0.5 <0.5
Fluoride mg/L - 0.12(d) 2 0.22(C) 0.23(C) 0.21(C) 0.20(C) 0.13(C) 0.12 0.24(C) 0.21(C) 0.19(C)

Hydroxide mg/L - - - <5 <5 <5 <5 <5 <5 <5 <5 <5
Magnesium mg/L - - - 14 20 12 18 5.0 7.6 17 20 10
Potassium mg/L - - - 1.4 2.5 1.1 1.6 0.77 <0.5 2.4 2.2 1.9
Sodium mg/L - - - 3.1 3.9 2.8 3.1 1.5 1.6 3.1 3.5 3.3
Sulphate mg/L - 218 to 429(e, f) 1,000 8.0 0.42 1.1 1.9 1.2 0.39 3.1 0.65 <0.3
Sulphide mg/L - 0.0026 to 0.087(g) - 0.0046(C) 0.0077(C) 0.0051(C) <0.0015 0.0024 <0.0015 0.0047(C) 0.0034 0.0051
Nutrients
Nitrate mg-N/L 124 2.9 - <0.02 0.048 <0.02 <0.02 <0.02 <0.02 0.027 <0.02 <0.02
Nitrite mg-N/L 0.06(h) 0.02(h) 10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate + nitrite mg-N/L - - 100 <0.022 0.048 <0.022 <0.022 <0.022 <0.022 0.027 <0.022 <0.022
Total ammonia mg-N/L 1.7 to 60(i, j) 0.15 to 20(k) - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.074 0.052 <0.05
Total Kjeldahl nitrogen mg-N/L - - - 0.58 0.94 0.53 0.78 0.30 0.45 0.48 0.64 0.63
Total phosphorus mg-P/L - - - 0.029 0.031 0.038 0.036 0.069 <0.02 0.10 0.075 0.028
Dissolved phosphorus mg-P/L - - - <0.02 <0.02 <0.02 0.025 <0.02 0.011 <0.02 <0.02 <0.02
Chemical oxygen demand mg/L - - - 55 60 43 61 33 25 61 38 67
Total Metals
Aluminum µg/L - 100(g, d) 5,000 4.7 3.8 <3 5.5 4.1 3.2 45 7.0 3.2
Antimony µg/L - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic µg/L 340(j) 5 25 0.39 0.37 0.36 0.62 0.27 0.19 0.23 0.24 0.25
Barium µg/L - - - 57 64 46 76 36 37 114 109 36
Beryllium µg/L - - 100 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Bismuth µg/L - - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Boron µg/L 29,000 1,500 5,000 61 50 55 46 24 16 69 55 51
Cadmium µg/L 1.5 to 5.5(e) 0.12 to 0.35(e) 80 <0.005 0.011 <0.005 0.012 <0.005 0.012 0.0052 0.013 <0.005
Calcium µg/L - - - 54,600 61,100 43,500 69,500 22,500 29,500 58,700 62,800 35,900
Chromium µg/L 16(j, l) 1(l) 50 <0.1 <0.1 <0.1 <0.1 <0.1 0.14 0.12 <0.1 <0.1
Cobalt µg/L - 0.9 to 1.5(d) 1,000 <0.1 <0.1 <0.1 0.13 <0.1 <0.1 <0.1 <0.1 <0.1
Copper µg/L - - 500 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Iron µg/L - 300(d) - 63 380(C) 180 360(C) 1,400(C) 430(C) 1,200(C) 1,200(C) 36
Lead µg/L 56 to 270(e, j) 2.2 to 7(e) 100 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.074 <0.05 <0.05
Lithium µg/L - - - 26 21 19 23 4.7 4.9 22 22 20
Magnesium µg/L - - - 14,800 18,200 13,600 17,300 5,390 7,080 17,500 18,100 11,300
Manganese µg/L - - - 5.4 35 28 58 50 29 95 105 2.2
Mercury µg/L 0.013 0.005 3 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Molybdenum µg/L - 73 500 0.20 0.054 0.076 0.22 0.076 0.072 0.094 0.054 0.050
Nickel µg/L 36 to 1,000(e) 41 to 120(e) 1,000 0.53 <0.5 <0.5 0.72 <0.5 <0.5 <0.5 <0.5 <0.5
Potassium µg/L - - - 1,500 2,360 1,210 1,510 831 445 2,480 2,130 2,030
Selenium µg/L - 2 50 0.059 <0.05 <0.05 0.085 <0.05 <0.05 <0.05 <0.05 <0.05
Silicon µg/L - - - 7,720 6,990 5,650 11,500 4,030 4,860 7,800 9,360 5,330
Silver µg/L 2.4 to 21(e, j) 0.25 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sodium µg/L - - - 3,370 3,900 3,160 3,170 1,600 1,660 3,370 3,450 3,610
Strontium µg/L - - - 237 260 174 320 47 56 189 217 182
Sulphur µg/L - - - 3,400 <500 780 1,390 710 <500 1,670 530 <500
Thallium µg/L - 0.8 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Tin µg/L - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Titanium µg/L - - - <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 1.3 <0.3 <0.3
Uranium µg/L 33 15 200 0.086 <0.01 <0.01 0.077 <0.01 <0.01 0.044 0.024 <0.01
Vanadium µg/L - - 100 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.52 <0.5 <0.5
Zinc µg/L 93 to 270(j) 30 50,000 <3 <3 <3 <3 <3 <3 <3 <3 <3
Zirconium µg/L - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Dissolved Metals
Aluminum µg/L 100(g) 50(g) - 1.6 <1 <1 3.0 <1 1.5 3.3 3.7 <1
Antimony µg/L - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic µg/L - - - 0.36 0.34 0.30 0.62 0.14 0.21 0.19 0.21 0.22
Barium µg/L - - - 54 63 44 84 32 39 103 114 35
Beryllium µg/L - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Bismuth µg/L - - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Boron µg/L - - - 59 48 52 42 21 <10 66 54 48
Cadmium µg/L - - - <0.005 0.0055 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Chromium µg/L - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cobalt µg/L - - - <0.1 <0.1 <0.1 0.13 <0.1 <0.1 <0.1 <0.1 <0.1
Copper µg/L - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Iron µg/L - 300 - 34 112 96 400(C) 189 470(C) 290 138 23
Lead µg/L - - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Lithium µg/L - - - 25 20 18 23 4.2 4.4 22 22 19
Manganese µg/L - - - 1.3 4.5 10.0 64 7.1 32 0.17 58 1.0
Mercury µg/L - - - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Molybdenum µg/L - - - 0.18 <0.05 0.070 0.14 0.063 <0.05 0.085 <0.05 <0.05
Nickel µg/L - - - 0.51 <0.5 <0.5 0.73 <0.5 <0.5 <0.5 <0.5 <0.5
Selenium µg/L - - - 0.060 <0.05 <0.05 0.084 <0.05 <0.05 <0.05 <0.05 <0.05
Silicon µg/L - - - 7,750 7,160 5,510 11,900 3,920 5,100 7,480 9,750 5,310
Silver µg/L - - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Strontium µg/L - - - 231 260 172 321 46 60 196 215 179
Sulphur µg/L - - - 3,260 1,560 580 1,300 650 <500 1,510 620 <500
Thallium µg/L - - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Tin µg/L - - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Titanium µg/L - - - <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
Uranium µg/L - - - 0.089 <0.01 <0.01 0.068 <0.01 <0.01 0.043 0.018 <0.01
Vanadium µg/L - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Zinc µg/L - - - <1 5.0 <1 2.3 <1 <1 <1 <1 <1
Zirconium µg/L - - - <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
General Organics
Naphthenic acids µg/L - - - <1,000 <1,000 <1,000 <1,000 <1,000 <1,000 1,100 <1,000 <1,000
Total phenolics µg/L - 4 2 <1 1.4 <1 4.9(C, W) <1 3.7(W) <1 <1 <1
Parent PAHs
Quinoline µg/L - 3.4 - <0.05 - <0.05 - <0.05 - <0.05 - <0.05
Acridine µg/L - 4.4 - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Naphthalene µg/L - 1 - <0.02 - <0.02 - <0.02 - <0.02 - <0.02
Acenaphthylene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Biphenyl µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Acenaphthene µg/L - 5.8 - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Fluorene µg/L - 3 - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Phenanthrene µg/L - 0.4 - <0.02 - <0.02 - <0.02 - <0.02 - <0.02
Anthracene µg/L - 0.012 - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Dibenzothiophene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Pyrene µg/L - 0.025 - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Fluoranthene µg/L - 0.04 - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Benzo(a)anthracene µg/L - 0.018 - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Chrysene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
1-Methyl-7-isopropyl-phenanthrene (Retene) µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Benzo(b,j)fluoranthenes µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Benzo(k)fluoranthene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Benzo(a)pyrene µg/L - 0.015 - <0.005 - <0.005 - <0.005 - <0.005 - <0.005
Benzo(e)pyrene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Perylene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01

ML-S-TRIB-6

Wildlife Health 
(Livestock)(a)

Parameter Unit

Guidelines for the Protection of: ML-S-TRIB-1 ML-S-TRIB-2 ML-S-TRIB-4
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Appendix B: Water Quality Results and Comparison to Guidelines

Table B-2: Comparisons to Guidelines and Water Quality Results from the Suncor Fort Hills East Expansion Area, 2020
ML-S-TRIB-CON

Aquatic Life(a) 24-May-20 3-Oct-20 24-May-20 2-Oct-20 23-May-20 2-Oct-20 23-May-20 3-Oct-20 23-May-20

Acute Chronic L2451074-3 L2511910-1 L2451074-2 L2511791-3 L2451076-3 L2511791-1 L2451076-2 L2511910-2 L2451076-5

ML-S-TRIB-6

Wildlife Health 
(Livestock)(a)

Parameter Unit

Guidelines for the Protection of: ML-S-TRIB-1 ML-S-TRIB-2 ML-S-TRIB-4

Benzo(g,h,i)perylene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Indeno(c,d-123)pyrene µg/L - - - <0.01 - <0.01 - <0.01 - <0.01 - <0.01
Dibenzo(a,h)anthracene µg/L - - - <0.005 - <0.005 - <0.005 - <0.005 - <0.005
Alkylated PAHs
C1 substituted acenaphthenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C1 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C2 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C3 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C4 substituted benzo(a)anthracenes / chrysenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C1 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C2 substituted benzo(b&k)fluoranthenes / benzo(a)pyrenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C1 substituted biphenyls µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C2 substituted biphenyls µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C1 substituted dibenzothiophenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C2 substituted dibenzothiophenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C3 substituted dibenzothiophenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C4 substituted dibenzothiophenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C1 substituted fluoranthenes / pyrenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C2 substituted fluoranthenes / pyrenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C3 substituted fluoranthenes / pyrenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C4 substituted fluoranthenes / pyrenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C1 substituted fluorenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C2 substituted fluorenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C3 substituted fluorenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
1-Methylnaphthalene µg/L - - - <0.02 - <0.02 - <0.02 - <0.02 - <0.02
2-Methylnaphthalene µg/L - - - <0.02 - <0.02 - <0.02 - <0.02 - <0.02
C2 substituted naphthalenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C3 substituted naphthalenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C4 substituted naphthalenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C1 substituted phenanthrenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C2 substituted phenanthrenes / anthracenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C3 substituted phenanthrenes / anthracenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
C4 substituted phenanthrenes / anthracenes µg/L - - - <0.04 - <0.04 - <0.04 - <0.04 - <0.04
Volatile Organics
Benzene µg/L - 40 - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ethylbenzene µg/L - 90 2.4 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Toluene µg/L - 0.5 24 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Xylenes µg/L - 30 - <0.71 <0.71 <0.71 <0.71 <0.71 <0.71 <0.71 <0.71 <0.71
m,p-Xylenes µg/L - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
o-Xylene µg/L - - - <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
F1 (C6-C10)-BTEX µg/L - - - <100 <100 <100 <100 <100 <100 <100 <100 <100
F2 (C10-C16) µg/L 110 - - <100 <100 <100 <100 <100 <100 <100 <100 <100
F3 (C16-C34) µg/L - - - <250 <250 <250 <250 <250 <250 <250 <250 <250
F1 (C6-C10) µg/L 150 - - <100 <100 <100 <100 <100 <100 <100 <100 <100
F4 (C34-C50) µg/L - - - <250 <250 <250 <250 <250 <250 <250 <250 <250
Notes:
Bolded concentrations are higher than acute or chronic aquatic life, or wildlife health water quality guidelines.
(a) Source: GOA (2018). CCME and US EPA guidelines were used for comparison in the absence of an GOA guideline for the protection of aquatic life.
(b) Guideline is a minimum value, unless the background concentration or value is lower.
(c) Redox potential was not collected in May in error.
(d) CCME guideline was used for comparison in the absence of an GOA guideline.
(e) Guideline is hardness dependent and is calculated based on the individual hardness value for each sample. The guideline range shown is based on the hardness range observed in the dataset (74 to 257 mg/L).

(g) Guideline is pH dependent and is calculated based on the individual pH for each sample. The guideline range shown is based on the pH range observed in the dataset (6.8 to 8.9).
(h) Guideline is chloride dependent and is calculated based on the individual chloride concentration in each sample. The guideline range shown is based on the chloride concentration range observed in the dataset (0.25 to 0.59 mg/L).

(j) US EPA guideline was used for comparison in the absence of an GOA guideline.

(l) Guideline is for chromium VI.
(A) Concentration is higher than the acute aquatic life GOA guideline or below the recommended minimum dissolved oxygen concentration.
(C) Concentration is higher than the chronic aquatic life GOA guideline or below the recommended minimum dissolved oxygen concentration.
(W) Concentration is higher than the wildlife health (livestock) GOA guideline.

(i) The acute ammonia guideline is pH and temperature dependent, and is calculated based on the individual field pH and temperature measurements for each sample. The minimum ammonia guideline (1.7 mg-N/L) is based on the combination of field pH (8.9) and
water temperature (6.8°C), and assumes salmonoids are not present.

(k) The chronic ammonia guideline is pH and temperature dependent, and is calculated based on the individual field pH and temperature measurements for each sample. The minimum ammonia guideline (0.15 mg-N/L) is based on the combination of field pH (8.9) and 
water temperature (6.8°C), and assumes salmonoids are not present.

µg/L = micrograms per litre; µS/cm = microsiemens per centimetre; mg-N/L = milligrams nitrogen per litre; mg-P/L = milligrams phosphorus per litre; CaCO3 = calcium carbonate; BTEX = benzene, toluene, ethylbenzene, and xylenes; PAH = polycyclic aromatic 
hydrocarbons; - = no guideline or no data; < = less than; GOA = Government of Alberta; CCME = Canadian Council of Ministers of the Environment; US EPA = United States Environmental Protection Agency; DL = detection limit; BC ENV = British Colombia Ministry of 
Environment and Climate Change Strategy.

(f) For some samples, water hardness was greater than 250 mg/L.  At this hardness, no BC ENV water quality guideline (recommended by GOA 2018) has been established for sulphate; however, the observed data were screened against the guideline for very hard
water (i.e., 429 mg/L) for comparative purposes.
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2449810-1 AR-N-TRIB-1
CLIENT on 20-MAY-20 @ 11:30Sampled By:

WATER
BTEX & F1-F4

Total Metals - CCME

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

24-MAY-20

22-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
101.3
77.3
116.6

<0.10
<0.25
<0.25
95.1

144

<0.0000050

0.0039
<0.00010
0.00017
0.0694

<0.00010
<0.000050

0.025
<0.0000050

44.3
0.00019

<0.00010
<0.00050

0.287
<0.000050

0.0042
8.04
0.133

0.000169
<0.00050

0.993
<0.000050

5.38
<0.000010

2.07
0.0715
2.28

<0.000010
<0.00010
<0.00030

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030

Matrix:

HTC

R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708

R5096618
R5096618
R5096618
R5096618

R5095141

R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2449810 CONTD....
3PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2449810-1 AR-N-TRIB-1
CLIENT on 20-MAY-20 @ 11:30Sampled By:

WATER

Dissolved Metals - CCME

   Miscellaneous Parameters

Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

03-JUN-20

05-JUN-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

22-MAY-20
22-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

02-JUN-20
21-MAY-20
01-JUN-20
05-JUN-20
29-MAY-20
22-MAY-20
05-JUN-20

0.000052
0.00103
<0.0030
<0.00020

FIELD
<0.0000050

FIELD
<0.0010
<0.00010
<0.00010
0.0692

<0.00010
<0.000050

0.023
<0.0000050

45.8
<0.00010
<0.00010
0.00025
0.178

<0.000050
0.0042
7.65
0.111

0.000150
<0.00050

1.02
<0.000050

5.23
<0.000010

2.0
0.0712
2.08

<0.000010
<0.00010
<0.00030
0.000053
<0.00050
<0.0010
<0.00020

<0.050
<10
3.0

<1.0
<0.0010
<0.0015
<0.20

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20

Matrix:

R5095550
R5095550
R5095550
R5095550

R5094919
R5095141

R5095549
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550

R5103585
R5094620
R5103485
R5109830
R5102233
R5094837
R5110041
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of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2449810-1 AR-N-TRIB-1
CLIENT on 20-MAY-20 @ 11:30Sampled By:

WATER
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes

mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

05-JUN-20

05-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

06-JUN-20
26-MAY-20
01-JUN-20
06-JUN-20
28-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

<0.020
192
3.3

0.035
3.3

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040

PAH & Alkylated PAH List

0.020
20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040

Matrix:

DLHC

RRV

R5110295
R5099604
R5103485
R5110295
R5100173

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2449810 CONTD....
5PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2449810-1

L2449810-2

AR-N-TRIB-1

AR-N-TRIB FB

CLIENT on 20-MAY-20 @ 11:30

CLIENT on 20-MAY-20 @ 14:00

Sampled By:

Sampled By:

WATER

WATER

Routine Water Analysis

BTEX & F1-F4

C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

21-MAY-20

21-MAY-20

02-JUN-20
02-JUN-20
02-JUN-20

21-MAY-20

22-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
72.3
64.9
71.2
72.7

0.52

0.095

99.2
150
146

0.028

0.028

<0.010

3.87

8.05
276
180
<5.0
<5.0
148

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
101.7
78.4
120.2

PAH & Alkylated PAH List

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

Matrix:

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402

R5095132

R5095132

R5095132

R5095132

R5095132

R5094594
R5094594
R5094594
R5094594
R5094594
R5094594

R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
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L2449810-2 AR-N-TRIB FB
CLIENT on 20-MAY-20 @ 14:00Sampled By:

WATER

Total Metals - CCME

Dissolved Metals - CCME

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

25-MAY-20

22-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

22-MAY-20
22-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20

<0.10
<0.25
<0.25
93.5

<0.13

<0.0000050

<0.0030
<0.00010
<0.00010
<0.00010
<0.00010
<0.000050

<0.010
<0.0000050

<0.050
<0.00010
<0.00010
<0.00050
<0.010

<0.000050
<0.0010
<0.0050
<0.00010
<0.000050
<0.00050
<0.050

<0.000050
<0.10

<0.000010
<0.050

<0.00020
0.62

<0.000010
<0.00010
<0.00030
<0.000010
0.00084
<0.0030
<0.00020

FIELD
<0.0000050

FIELD
<0.0010
<0.00010
<0.00010

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010

Matrix:

HTC

R5096618
R5096618
R5096618
R5096618

R5095141

R5095550
R5095550
R5095550
R5095764
R5095550
R5095550
R5095550
R5095550
R5095764
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095764
R5095764
R5095550
R5095550
R5095764
R5095550
R5095550
R5095550
R5095764
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550

R5094919
R5095141

R5095549
R5095550
R5095550
R5095550
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of
SUNCOR FHX PROGRAM 20138990/3/3
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* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2449810-2 AR-N-TRIB FB
CLIENT on 20-MAY-20 @ 14:00Sampled By:

WATER

   Miscellaneous Parameters

Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

03-JUN-20

05-JUN-20
05-JUN-20

05-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
22-MAY-20
24-MAY-20
22-MAY-20
22-MAY-20

02-JUN-20
21-MAY-20
01-JUN-20
05-JUN-20
29-MAY-20
22-MAY-20
05-JUN-20
06-JUN-20
26-MAY-20
01-JUN-20
06-JUN-20
29-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

<0.00010
<0.00010
<0.000050

<0.010
<0.0000050

<0.50
<0.00010
<0.00010
<0.00020
<0.010

<0.000050
<0.0010
<0.10

<0.00010
<0.000050
<0.00050

<0.50
<0.000050

<0.050
<0.000010

<1.0
<0.00020

<0.50
<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
<10
<1.0
<1.0

<0.0010
<0.0015
<0.20
<0.020

<10
<1.0

<0.020
<3.0

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050

Dissolved Metals in Water by CRC ICPMS

PAH & Alkylated PAH List

0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20
0.020

10
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050

Matrix:

R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095764
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095550
R5095764
R5095550
R5095550
R5095550
R5095550
R5095764
R5095550
R5095550

R5103585
R5094620
R5103485
R5109830
R5102233
R5094837
R5110041
R5110295
R5099604
R5103485
R5110295
R5102390

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2449810-2 AR-N-TRIB FB
CLIENT on 20-MAY-20 @ 14:00Sampled By:

WATER

Routine Water Analysis

Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes
C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
69.0
83.2
75.1
75.7

PAH & Alkylated PAH List
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040
0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2449810-2 AR-N-TRIB FB
CLIENT on 20-MAY-20 @ 14:00Sampled By:

WATER

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

21-MAY-20

21-MAY-20

02-JUN-20
02-JUN-20
02-JUN-20

21-MAY-20

22-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20
21-MAY-20

<0.50

<0.020

Low TDS
<1.0
<1.0

<0.020

<0.022

<0.010

<0.30

5.86
<2.0
<5.0
<5.0
<5.0
<2.0

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

Matrix:

R5095132

R5095132

R5095132

R5095132

R5095132

R5094594
R5094594
R5094594
R5094594
R5094594
R5094594



BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

COD-T-COL-ED

ETL-HARDNESS-TOT-ED

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

IONBALANCE-ED

MET-D-CCMS-ED

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-COL-ED

Reference Information

BTEX, Styrene and F1 (C6-C10)

Dissolved Organic Carbon

Total Organic Carbon

Chloride in Water by IC

Chemical Oxygen Demand

Hardness (from Total Ca and Mg)

Fluoride in Water by IC

F2, F3, F4

Dissolved Mercury in Water by CVAAS

Total Mercury in Water by CVAAS

Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Total Metals in Water by CRC ICPMS

Naphthenic Acids by FTIR

Ammonia in Water by Colour

L2449810 CONTD....
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The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas chromatograph. 
BTEX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is carried out in 
accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method.

Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are spiked with 2-BBTF surrogate, and extracted by reciprocal action shaker for 30 minutes using a single micro-extraction with 2 mL 
hexane. After extraction, hexane extracts are dispensed into GC vials for GC-FID analysis.

Water samples are filtered (0.45 um), preserved with hydrochloric acid, then undergo a cold-oxidation using bromine monochloride prior to reduction 
with stannous chloride, and analyzed by CVAAS.

Water samples undergo a cold-oxidation using bromine monochloride prior to reduction with stannous chloride, and analyzed by CVAAS.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy.  Note that FTIR is not uniquely selective to naphthenic acids.  If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method.

This analysis is carried out using procedures adapted from APHA Method 4500 NH3 "NITROGEN (AMMONIA)". Ammonia is determined using the 
automated phenate colourimetric method.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

DLHC

HTC

MS-B

RRV

Detection Limit Raised: Dilution required due to high concentration of test analyte(s).

Hardness was calculated from Total Ca and/or Mg concentrations and may be biased high (dissolved Ca/Mg results unavailable).

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Reported Result Verified By Repeat Analysis

Sample Parameter Qualifier Key:

EPA 5021/8015&8260 GC-MS & FID

APHA 5310 B-Instrumental

APHA 5310 B-Instrumental

EPA 300.1 (mod)

APHA 5220 D-Micro Colorimetry

APHA 2340 B-Calculation

EPA 300.1 (mod)

EPA 3510/CCME PHC CWS-GC-FID

APHA 3030B/EPA 1631E (mod)

EPA 1631E (mod)

APHA 1030E

APHA 3030B/6020A (mod)

EPA 200.2/6020A (mod)

Naphthenic Acids by FTIR,Syncrude,1994

APHA 4500 NH3-NITROGEN (AMMONIA)

Method Reference** 

Description Qualifier    

Matrix 

Test Method References:            

Version:  FINAL   
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NO2+NO3-CALC-ED

NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-ED

PAH-ALK-GCMS-CL

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

SOLIDS-TDS-CL

Reference Information

Nitrate+Nitrite

Nitrite in Water by IC

Nitrate in Water by IC

Total P in Water by Colour

Total Dissolved P in Water by Colour

PAH & Alkylated PAH List

pH, Conductivity and Total Alkalinity

Phenols (4AAP)

Sulfate in Water by IC

Total Dissolved Solids

L2449810 CONTD....
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Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorus is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3510C & 8270, published by 
the United States Environmental Protection Agency (EPA). The entire water sample is extracted with dichloromethane using separatory funnel 
extraction technique.  The extract is then solvent exchanged to toluene. The final extract is analysed by capillary column gas chromatography with mass
spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where interferences from the sample matrix prevent accurate 
quantitation. Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is reported as part of the 
benzo(b)fluoranthene parameter.

NOTE:  The following PAH parameter results are determined by a semi-quantitative method. 

C1 B(a)A/chrysene
C1B(b&kF/B(a)P
C1 acenaphthene
C1 biphenyl
C1dibenzothiophene
C1 fluoranthene/pyrene
C1 fluorene
C1 naphthalene
C1 phenanthrene/anthracene
C2 B(a)A/chrysene
C2 b(b&k)F/b(a)P
C2 biphenyl
C2 dibenzothiophene
C2 fluoranthene/pyrene
C2 fluorene
C2 naphtalene
C2 phenanthrene/anth.
C3 dibenzothiophene
C3 fluorene
C3 naphthalene
C3 phenanthrene/anth.
C4 dibenzothiophene
C4 naphthalene
C4 phenanthrene/anth.

All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed).
 pH measurement is determined from the activity of the hydrogen ions using a hydrogen electrode and a reference electrode.
Alkalinity measurement is based on the sample’s capacity to neutralize acid. Auto-titration to pH 4.5 using 0.02N H2SO4 is performed.
Conductivity measurement is based on the sample’s capacity to convey an electric current, and is measured with a conductivity meter.

This automated method is based on the distillation of phenol and subsequent reaction of the distillate with an oxidizing agent (alkaline potassium 
ferricyanide), and 4-aminoantipyrine to form a red complex which is measured at 505 nm. The method will include ortho and meta-substituted phenols, 
and is collectively named 4AAP phenols.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

CALCULATION

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500-P PHOSPHORUS

APHA 4500-P PHOSPHORUS

EPA 3510C/8270-GC/MS

APHA 4500-H, 2510, 2320

EPA 9066 AUTO-DISTILL-COLORIMETRIC

EPA 300.1 (mod)

APHA 2540 C

Method Reference** Matrix 

Test Method References:            

Version:  FINAL   
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SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-ED

Reference Information

Total Suspended Solids

Sulphide

TKN (as N) by  Fluorescence

L2449810 CONTD....
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A well-mixed sample is filtered through a glass fibre filter paper. The filtrate is then evaporated to dryness in a pre-weighed vial and dried at 180 – 2 °C. 
The increase in vial weight represents the total dissolved solids (TDS).

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius.

A continuous flow manifold adds HCl to the sample which converts sulphide to a gas, then the sulphide is separated from the flow using a gas dialysis 
membrane. A colorimetric reaction produces a methylene blue compound which is measured at 660 nm. This follows the Standard Methods procedure 
4500 S-E.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total  Kjeldahl 
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

ALS Test Code Test Description

Water

Water

Water

APHA 2540 D-Gravimetric

APHA 4500 -S E-Auto-Colorimetry

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

FM

ED

CL

ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Quality Control Report
Page 1 of

Client:

Contact:

GOLDER ASSOCIATES LTD
16820 107 Ave NW 
EDMONTON  AB  T5P 4C3
Kate Sinclair

Report Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

Water

Water

Water

Water

R5065708

R5103485

R5103485

R5095132

Batch

Batch

Batch

Batch

LCS

LCS

MB

LCS

MB

LCS

MB

DUP

LCS

LCS

WG3326966-2

WG3326966-3

WG3326966-1

WG3333571-2

WG3333571-1

WG3333571-2

WG3333571-1

WG3326245-7

WG3326245-15

WG3326245-17

L2449810-2

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Surrogate: 1,4-Difluorobenzene (SS)

Surrogate: 4-Bromofluorobenzene (SS)

Surrogate: 3,4-Dichlorotoluene (SS)

Dissolved Organic Carbon

Dissolved Organic Carbon

Total Organic Carbon

Total Organic Carbon

Chloride (Cl)

Chloride (Cl)

88.0

75.1

81.2

87.0

87.4

91.0

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.10

103.3

82.7

106.6

101.7

<1.0

107.7

<1.0

<0.50

102.9

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

21-MAY-20

21-MAY-20

N/A 20

70-130

70-130

70-130

70-130

70-130

70-130

80-120

80-120

90-110

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

%

mg/L

mg/L

%

0.0005

0.0005

0.0005

0.0005

0.0005

0.1

70-130

70-130

70-130

1

1

RPD-NA<0.50

19



Quality Control Report
Page 2 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-ED

COD-T-COL-ED

F-IC-N-ED

Water

Water

Water

R5095132

R5094620

R5095132

Batch

Batch

Batch

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

MS

LCS

MB

DUP

LCS

LCS

LCS

LCS

WG3326245-17

WG3326245-19

WG3326245-2

WG3326245-21

WG3326245-1

WG3326245-16

WG3326245-18

WG3326245-20

WG3326245-22

WG3326245-8

WG3326590-2

WG3326590-1

WG3326245-7

WG3326245-15

WG3326245-17

WG3326245-19

WG3326245-2

L2449810-2

L2449810-2

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chemical Oxygen Demand

Chemical Oxygen Demand

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

102.7

102.7

103.2

103.1

<0.50

<0.50

<0.50

<0.50

<0.50

103.5

100.2

<10

<0.020

104.4

105.9

104.8

98.1

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

N/A 20

90-110

90-110

90-110

90-110

75-125

85-115

90-110

90-110

90-110

90-110

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

mg/L

mg/L

%

%

%

%

0.5

0.5

0.5

0.5

0.5

10

RPD-NA<0.020
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Quality Control Report
Page 3 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

Water

Water

Water

Water

R5095132

R5096618

R5095141

R5095141

Batch

Batch

Batch

Batch

LCS

MB

MB

MB

MB

MB

MS

LCS

MB

LCS

MB

LCS

MB

WG3326245-21

WG3326245-1

WG3326245-16

WG3326245-18

WG3326245-20

WG3326245-22

WG3326245-8

WG3327369-2

WG3327369-1

WG3327281-2

WG3327281-1

WG3327289-2

WG3327289-1

L2449810-2

DIESEL/MOTOR OIL

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Surrogate: 2-Bromobenzotrifluoride

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Total

Mercury (Hg)-Total

101.0

<0.020

<0.020

<0.020

<0.020

<0.020

109.1

89.9

91.0

90.5

<0.10

<0.25

<0.25

89.9

93.5

<0.0000050

93.9

<0.0000050

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

90-110

75-125

70-130

70-130

70-130

80-120

80-120

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

mg/L

mg/L

%

%

mg/L

%

mg/L

0.02

0.02

0.02

0.02

0.02

0.1

0.25

0.25

60-140

0.000005

0.000005
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Quality Control Report
Page 4 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED Water

R5095550Batch
LCS

MB

WG3327083-38

WG3327083-37

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

102.1

99.6

108.8

106.7

101.0

99.7

87.9

103.4

100.1

105.6

104.3

101.6

100.8

101.6

97.3

106.5

102.8

103.3

105.3

105.2

106.1

104.1

103.1

100.8

97.2

100.2

102.3

102.8

102.0

102.1

105.0

103.3

101.6

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 5 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED

MET-T-CCMS-ED

Water

Water

R5095550Batch
MBWG3327083-37

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

<0.0010

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.050

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0010

<0.00020

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.001

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.000005

0.05

0.0001

0.0001

0.0002

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.05

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.001

0.0002
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Quality Control Report
Page 6 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5095550Batch
LCS

MB

WG3327080-10

WG3327080-9

HB_WATER
Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

100.8

101.7

107.2

109.2

96.5

98.0

94.0

103.4

101.2

106.1

104.3

102.0

101.7

100.2

94.5

105.7

100.9

103.9

105.0

102.7

110.1

104.8

104.5

103.2

100.0

94.9

101.1

103.7

102.5

101.4

104.6

100.9

102.5

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 7 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

Water

Water

R5095550Batch
MBWG3327080-9

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

<0.0030

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00050

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.10

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

22-MAY-20

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.003

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.000005

0.05

0.0001

0.0001

0.0005

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.1

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.003

0.0002
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Quality Control Report
Page 8 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NAPHTHENIC ACID-FM

NH3-COL-ED

NO2-IC-N-ED

Water

Water

Water

R5109830

R5103585

R5095132

Batch

Batch

Batch

LCS

MB

LCS

LCS

MB

MB

DUP

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

WG3335226-1

WG3335226-2

WG3333696-2

WG3333696-6

WG3333696-1

WG3333696-5

WG3326245-7

WG3326245-15

WG3326245-17

WG3326245-19

WG3326245-2

WG3326245-21

WG3326245-1

WG3326245-16

WG3326245-18

WG3326245-20

WG3326245-22

L2449810-2

Naphthenic Acids

Naphthenic Acids

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

104.9

<1.0

100.6

94.8

<0.050

<0.050

<0.010

104.9

103.8

104.0

104.9

105.0

<0.010

<0.010

<0.010

<0.010

<0.010

05-JUN-20

05-JUN-20

02-JUN-20

02-JUN-20

02-JUN-20

02-JUN-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

N/A 20

70-130

85-115

85-115

90-110

90-110

90-110

90-110

90-110

%

mg/L

%

%

mg/L

mg/L

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

1

0.05

0.05

0.01

0.01

0.01

0.01

0.01

RPD-NA<0.010
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Quality Control Report
Page 9 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

Water

Water

Water

R5095132

R5095132

R5110295

Batch

Batch

Batch

MS

DUP

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

MS

DUP

LCS

LCS

LCS

WG3326245-8

WG3326245-7

WG3326245-15

WG3326245-17

WG3326245-19

WG3326245-2

WG3326245-21

WG3326245-1

WG3326245-16

WG3326245-18

WG3326245-20

WG3326245-22

WG3326245-8

WG3336593-3

WG3336593-10

WG3336593-2

WG3336593-6

L2449810-2

L2449810-2

L2449810-2

L2449810-1

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

104.5

<0.020

102.8

102.0

102.4

103.2

102.9

<0.020

<0.020

<0.020

<0.020

<0.020

103.4

0.034

114.3

115.1

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

06-JUN-20

06-JUN-20

06-JUN-20

N/A

3.4

20

20

75-125

90-110

90-110

90-110

90-110

90-110

75-125

70-130

70-130

%

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

0.02

0.02

0.02

0.02

0.02

RPD-NA<0.020

0.035
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Quality Control Report
Page 10 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

P-T-COL-ED

P-TD-COL-ED

PAH-ALK-GCMS-CL

Water

Water

Water

R5110295

R5110295

R5099402

Batch

Batch

Batch

LCS

MB

MB

MB

MS

DUP

LCS

LCS

LCS

MB

MB

MB

MS

LCS

WG3336593-6

WG3336593-1

WG3336593-5

WG3336593-9

WG3336593-4

WG3336593-3

WG3336593-10

WG3336593-2

WG3336593-6

WG3336593-1

WG3336593-5

WG3336593-9

WG3336593-4

WG3330138-1

L2449810-2

L2449810-1

L2449810-2

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Perylene

115.0

<0.020

<0.020

<0.020

116.7

<0.020

115.9

113.1

114.1

<0.020

<0.020

<0.020

103.2

101.2

99.2

84.8

101.8

104.3

122.7

122.2

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

06-JUN-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

N/A 20

70-130

70-130

70-130

70-130

70-130

70-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

%

mg/L

mg/L

mg/L

%

mg/L

%

%

%

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

0.02

0.02

0.02

0.02

0.02

0.02

RPD-NA<0.020
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Quality Control Report
Page 11 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
LCSWG3330138-1

Benzo(e)pyrene

Benzo(b&j)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Biphenyl

C2 Benz(a)Anthracenes/Chrysenes

C2 Benzofluoranthenes/Benzopyrenes

C2 Biphenyls

C2 Dibenzothiophenes

C2 Fluorenes

C2 Naphthalenes

C2 Phenanthrenes/Anthracenes

C3 Dibenzothiophenes

C3 Naphthalenes

C3 Phenanthrenes/Anthracenes

C4 Dibenzothiophenes

C4 Naphthalenes

C4 Phenanthrenes/Anthracenes

Chrysene

Dibenz(a,h)anthracene

Dibenzothiophene

Fluoranthene

Fluorene

Indeno(1,2,3-cd)pyrene

C1 Benz(a)Anthracenes/Chrysenes

C1 Benzofluoranthenes/Benzopyrenes

C1 Acenaphthenes

C1 Biphenyls

C1 Dibenzothiophenes

C1 Fluoranthenes/Pyrenes

C1 Fluorenes

1-Methylnaphthalene

2-Methylnaphthalene

C1 Phenanthrenes/Anthracenes

106.5

103.8

102.3

93.8

95.8

90.5

103.8

95.8

93.2

97.4

98.8

101.1

93.2

98.8

101.1

93.2

98.8

101.1

90.5

96.7

93.2

97.9

97.4

99.2

90.5

103.8

101.2

95.8

93.2

97.9

97.4

93.5

93.5

101.1

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

60-130

60-130

60-130

60-130

60-130

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

50-130

50-130

60-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 12 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
LCS

MB

WG3330138-1

WG3330138-2

Naphthalene

Phenanthrene

Pyrene

Quinoline

C2 Fluoranthenes/Pyrenes

C3 Fluoranthenes/Pyrenes

C3 Fluorenes

C4 Fluoranthenes/Pyrenes

C3 Benzanthracenes/Chrysenes

C4 Benzanthracenes/Chrysenes

Retene

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Perylene

Benzo(e)pyrene

Benzo(b&j)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Biphenyl

C2 Benz(a)Anthracenes/Chrysenes

C2 Benzofluoranthenes/Benzopyrenes

C2 Biphenyls

C2 Dibenzothiophenes

C2 Fluorenes

C2 Naphthalenes

C2 Phenanthrenes/Anthracenes

C3 Dibenzothiophenes

C3 Naphthalenes

C3 Phenanthrenes/Anthracenes

98.8

101.1

97.8

113.1

97.9

97.9

97.4

97.9

90.5

90.5

61.3

<0.010

<0.010

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

50-130

60-130

60-130

60-130

50-150

50-150

50-150

50-150

50-150

50-150

60-130

%

%

%

%

%

%

%

%

%

%

%

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

0.01

0.01

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04
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Quality Control Report
Page 13 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
MBWG3330138-2

C4 Dibenzothiophenes

C4 Naphthalenes

C4 Phenanthrenes/Anthracenes

Chrysene

Dibenz(a,h)anthracene

Dibenzothiophene

Fluoranthene

Fluorene

Indeno(1,2,3-cd)pyrene

C1 Benz(a)Anthracenes/Chrysenes

C1 Benzofluoranthenes/Benzopyrenes

C1 Acenaphthenes

C1 Biphenyls

C1 Dibenzothiophenes

C1 Fluoranthenes/Pyrenes

C1 Fluorenes

1-Methylnaphthalene

2-Methylnaphthalene

C1 Phenanthrenes/Anthracenes

Naphthalene

Phenanthrene

Pyrene

Quinoline

C2 Fluoranthenes/Pyrenes

C3 Fluoranthenes/Pyrenes

C3 Fluorenes

C4 Fluoranthenes/Pyrenes

C3 Benzanthracenes/Chrysenes

C4 Benzanthracenes/Chrysenes

Retene

Surrogate: d10-Acenaphthene

Surrogate: d8-Naphthalene

Surrogate: d12-Chrysene

Surrogate: d10-Phenanthrene

<0.040

<0.040

<0.040

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.020

<0.020

<0.040

<0.020

<0.020

<0.010

<0.050

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.010

68.3

81.8

66.0

66.1

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

%

%

%

%

0.04

0.04

0.04

0.01

0.005

0.01

0.01

0.01

0.01

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.02

0.02

0.04

0.02

0.02

0.01

0.05

0.04

0.04

0.04

0.04

0.04

0.04

0.01

50-140

50-140

50-140

50-140
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Quality Control Report
Page 14 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PH/EC/ALK-ED Water

R5094594Batch
LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

MB

MB

WG3326737-12

WG3326737-13

WG3326737-14

WG3326737-17

WG3326737-18

WG3326737-19

WG3326737-2

WG3326737-22

WG3326737-23

WG3326737-24

WG3326737-3

WG3326737-4

WG3326737-7

WG3326737-8

WG3326737-9

WG3326737-1

WG3326737-11

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

ED-PH6

MID_1412

PCTITRATE_LCS

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

6.07

97.0

99.0

6.05

98.5

99.1

6.06

6.06

97.4

101.5

99.1

99.9

6.06

98.0

99.4

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

5.8-6.2

90-110

85-115

5.8-6.2

90-110

85-115

5.8-6.2

5.8-6.2

90-110

85-115

90-110

85-115

5.8-6.2

90-110

85-115

pH

%

%

pH

%

%

pH

pH

%

%

%

%

pH

%

%

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

2

5

5

5

2

2
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Quality Control Report
Page 15 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

Water

Water

Water

R5094594

R5102233

R5095132

Batch

Batch

Batch

MB

MB

MB

MB

LCS

MB

DUP

LCS

LCS

WG3326737-11

WG3326737-16

WG3326737-21

WG3326737-6

WG3331924-14

WG3331924-13

WG3326245-7

WG3326245-15

WG3326245-17

L2449810-2

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Phenols (4AAP)

Phenols (4AAP)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

108.1

<0.0010

<0.30

104.4

104.1

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

29-MAY-20

29-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

N/A 20

85-115

90-110

90-110

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

%

mg/L

mg/L

%

%

5

5

5

2

2

5

5

5

2

2

5

5

5

2

2

5

5

5

2

0.001

RPD-NA<0.30
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Quality Control Report
Page 16 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SO4-IC-N-ED

SOLIDS-TDS-CL

SOLIDS-TOTSUS-ED

Water

Water

Water

R5095132

R5099604

R5100173

R5102390

Batch

Batch

Batch

Batch

LCS

LCS

LCS

MB

MB

MB

MB

MB

MS

LCS

MB

DUP

LCS

MB

DUP

LCS

MB

WG3326245-19

WG3326245-2

WG3326245-21

WG3326245-1

WG3326245-16

WG3326245-18

WG3326245-20

WG3326245-22

WG3326245-8

WG3328958-20

WG3328958-19

WG3330608-3

WG3330608-2

WG3330608-1

WG3331606-3

WG3331606-2

WG3331606-1

L2449810-2

L2449810-1

L2449810-2

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

104.0

102.6

104.7

<0.30

<0.30

<0.30

<0.30

<0.30

104.3

102.8

<10

<3.0

90.6

<3.0

<3.0

87.7

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

21-MAY-20

26-MAY-20

26-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

29-MAY-20

29-MAY-20

N/A

N/A

20

20

90-110

90-110

90-110

75-125

85-115

85-115

85-115

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

mg/L

mg/L

%

mg/L

mg/L

%

0.3

0.3

0.3

0.3

0.3

10

3

RPD-NA

RPD-NA

3.3

<3.0
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Quality Control Report
Page 17 ofReport Date: 08-JUN-20Workorder: L2449810

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-ED

Water

Water

Water

R5102390

R5094837

R5110041

Batch

Batch

Batch

MB

LCS

MB

LCS

MB

MB

WG3331606-1

WG3327206-10

WG3327206-9

WG3335873-2

WG3335873-1

WG3335873-5

Total Suspended Solids

Sulphide (as S)

Sulphide (as S)

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

<3.0

101.9

<0.0015

113

<0.20

<0.20

29-MAY-20

22-MAY-20

22-MAY-20

05-JUN-20

05-JUN-20

05-JUN-20

75-125

75-125

mg/L

%

mg/L

%

mg/L

mg/L

3

0.0015

0.2

0.2
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Quality Control Report
Page 18 ofReport Date: 08-JUN-20Workorder: L2449810

Sample Parameter Qualifier Definitions:

Description Qualifier      

RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:
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Quality Control Report
Page 19 ofReport Date: 08-JUN-20Workorder: L2449810

ALS Product Description   
Sample  

ID   Sampling Date   Date Processed   Rec. HT Actual HT

Physical Tests

1
2

20-MAY-20 11:30
20-MAY-20 14:00

28-MAY-20 09:00
29-MAY-20 00:00

7
7

8
8

Total Suspended Solids
EHT
EHT

Qualifier   

Legend & Qualifier Definitions:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

Notes*:
Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is
used for calculation purposes.  Samples for L2449810 were received on 21-MAY-20 05:36.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Units 

days
days

EHTR-FM:  
EHTR:        
EHTL:         
EHT:         
Rec. HT:   

Exceeded ALS recommended hold time prior to sample receipt.  Field Measurement recommended.
Exceeded ALS recommended hold time prior to sample receipt.
Exceeded ALS recommended hold time prior to analysis.  Sample was received less than 24 hours prior to expiry.
Exceeded ALS recommended hold time prior to analysis.
ALS recommended hold time (see units).

19



Chrom Perfect Chromatogram Report
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ALS Sample ID: L2449810-1
Client ID: AR-N-TRIB-1
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report

Printed on 28/05/2020 5:04:31 PM Page 1 of 1

ALS Sample ID: L2449810-2
Client ID: AR-N-TRIB FB
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.
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of
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* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2451074-2 ML-S-TRIB-2
CLIENT on 24-MAY-20 @ 12:00Sampled By:

WATER
BTEX & F1-F4

Total Metals - CCME

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

31-MAY-20

29-MAY-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
101.8
79.1
115.5

<0.10
<0.25
<0.25
94.4

165

<0.0000050

<0.0030
<0.00010
0.00036
0.0459

<0.00010
<0.000050

0.055
<0.0000050

43.5
<0.00010
<0.00010
<0.00050

0.180
<0.000050

0.0189
13.6

0.0283
0.000076
<0.00050

1.21
<0.000050

5.65
<0.000010

3.16
0.174
0.78

<0.000010
<0.00010
<0.00030

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030

Matrix:

HTC

R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708

R5099481
R5099481
R5099481
R5099481

R5102164

R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
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of
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* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2451074-2 ML-S-TRIB-2
CLIENT on 24-MAY-20 @ 12:00Sampled By:

WATER

Dissolved Metals - CCME

   Miscellaneous Parameters

Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Phosphorus (P)-Total  Dissolved

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

29-MAY-20

02-JUN-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

29-MAY-20
29-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

01-JUN-20
25-MAY-20
30-MAY-20
03-JUN-20
27-MAY-20
29-MAY-20
03-JUN-20

<0.000010
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

LAB
<0.0010
<0.00010
0.00030
0.0436

<0.00010
<0.000050

0.052
<0.0000050

41.3
<0.00010
<0.00010
<0.00020

0.096
<0.000050

0.0179
12.2

0.00995
0.000070
<0.00050

1.11
<0.000050

5.51
<0.000010

2.8
0.172
0.58

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
43

10.7
<1.0

<0.0010
0.0051
<0.020

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.020

Matrix:

R5102418
R5102418
R5102418
R5102418

R5100676
R5102164

R5100231
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857

R5102915
R5096902
R5102813
R5105336
R5100262
R5101937
R5105616
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Version:  FINAL   
12

L2451074-2 ML-S-TRIB-2
CLIENT on 24-MAY-20 @ 12:00Sampled By:

WATER
Total Dissolved Solids
Total Kjeldahl Nitrogen
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes

mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

02-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

29-MAY-20
01-JUN-20
30-MAY-20
03-JUN-20
03-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

194
0.53
12.3
0.038
<3.0

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040

PAH & Alkylated PAH List

20
0.20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040

Matrix:
R5102303
R5103017
R5102813
R5105616
R5106957

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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L2451074-2

L2451074-3

ML-S-TRIB-2

ML-S-TRIB-1

CLIENT on 24-MAY-20 @ 12:00

CLIENT on 24-MAY-20 @ 10:00

Sampled By:

Sampled By:

WATER

WATER

Routine Water Analysis

BTEX & F1-F4

C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

25-MAY-20

25-MAY-20

02-JUN-20
02-JUN-20
02-JUN-20

25-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
67.7
79.6
70.8
76.8

<0.50

0.207

97.6
156
153

<0.020

<0.022

<0.010

1.05

7.96
281
199
<5.0
<5.0
163

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
101.9
78.6
120.5

PAH & Alkylated PAH List

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

Matrix:

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402

R5098803

R5098803

R5098803

R5098803

R5098803

R5096577
R5096577
R5096577
R5096577
R5096577
R5096577

R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
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Version:  FINAL   
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L2451074-3 ML-S-TRIB-1
CLIENT on 24-MAY-20 @ 10:00Sampled By:

WATER

Total Metals - CCME

Dissolved Metals - CCME

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

31-MAY-20

29-MAY-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

29-MAY-20
29-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

<0.10
<0.25
<0.25
93.4

197

<0.0000050

0.0047
<0.00010
0.00039
0.0568

<0.00010
<0.000050

0.061
<0.0000050

54.6
<0.00010
<0.00010
<0.00050

0.063
<0.000050

0.0256
14.8

0.00544
0.000204
0.00053

1.50
0.000059

7.72
<0.000010

3.37
0.237
3.40

<0.000010
<0.00010
<0.00030
0.000086
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

LAB
0.0016

<0.00010
0.00036

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010

Matrix:

HTC

R5099481
R5099481
R5099481
R5099481

R5102164

R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418

R5100676
R5102164

R5100231
R5101857
R5101857
R5101857
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of
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Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
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L2451074-3 ML-S-TRIB-1
CLIENT on 24-MAY-20 @ 10:00Sampled By:

WATER

   Miscellaneous Parameters

Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Kjeldahl Nitrogen
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

29-MAY-20

02-JUN-20

02-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

01-JUN-20
25-MAY-20
30-MAY-20
03-JUN-20
27-MAY-20
29-MAY-20
03-JUN-20
29-MAY-20
01-JUN-20
30-MAY-20
03-JUN-20
03-JUN-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

0.0538
<0.00010
<0.000050

0.059
<0.0000050

54.8
<0.00010
<0.00010
<0.00020

0.034
<0.000050

0.0251
13.5

0.00127
0.000176
0.00051

1.41
0.000060

7.75
<0.000010

3.1
0.231
3.26

<0.000010
<0.00010
<0.00030
0.000089
<0.00050
<0.0010
<0.00020

<0.050
55

17.9
<1.0

<0.0010
0.0046
<0.020

256
0.58
16.7
0.029
<3.0

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050

Dissolved Metals in Water by CRC ICPMS

PAH & Alkylated PAH List

0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.020

20
0.20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050

Matrix:

R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857

R5102915
R5096902
R5102813
R5105336
R5100262
R5101937
R5105616
R5102303
R5103017
R5102813
R5105616
R5106957

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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of
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L2451074-3 ML-S-TRIB-1
CLIENT on 24-MAY-20 @ 10:00Sampled By:

WATER

Routine Water Analysis

Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes
C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
72.1
62.8
76.8
78.1

PAH & Alkylated PAH List
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040
0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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L2451074-3 ML-S-TRIB-1
CLIENT on 24-MAY-20 @ 10:00Sampled By:

WATER

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

25-MAY-20

25-MAY-20

02-JUN-20
02-JUN-20
02-JUN-20

25-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

<0.50

0.216

101
196
192

<0.020

<0.022

<0.010

7.95

7.97
338
233
<5.0
<5.0
191

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

Matrix:

R5098803

R5098803

R5098803

R5098803

R5098803

R5096577
R5096577
R5096577
R5096577
R5096577
R5096577



BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

COD-T-COL-ED

ETL-HARDNESS-TOT-ED

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

IONBALANCE-ED

MET-D-CCMS-ED

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-F-CL

NO2+NO3-CALC-ED

Reference Information

BTEX, Styrene and F1 (C6-C10)

Dissolved Organic Carbon

Total Organic Carbon

Chloride in Water by IC

Chemical Oxygen Demand

Hardness (from Total Ca and Mg)

Fluoride in Water by IC

F2, F3, F4

Dissolved Mercury in Water by CVAAS

Total Mercury in Water by CVAAS

Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Total Metals in Water by CRC ICPMS

Naphthenic Acids by FTIR

Ammonia by Fluorescence

Nitrate+Nitrite

L2451074 CONTD....
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The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas chromatograph. 
BTEX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is carried out in 
accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method.

Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are spiked with 2-BBTF surrogate, and extracted by reciprocal action shaker for 30 minutes using a single micro-extraction with 2 mL 
hexane. After extraction, hexane extracts are dispensed into GC vials for GC-FID analysis.

Water samples are filtered (0.45 um), preserved with hydrochloric acid, then undergo a cold-oxidation using bromine monochloride prior to reduction 
with stannous chloride, and analyzed by CVAAS.

Water samples undergo a cold-oxidation using bromine monochloride prior to reduction with stannous chloride, and analyzed by CVAAS.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy.  Note that FTIR is not uniquely selective to naphthenic acids.  If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method.

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society 
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater", Roslyn J. Waston et 
al.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

HTC

MS-B

Hardness was calculated from Total Ca and/or Mg concentrations and may be biased high (dissolved Ca/Mg results unavailable).

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Sample Parameter Qualifier Key:

EPA 5021/8015&8260 GC-MS & FID

APHA 5310 B-Instrumental

APHA 5310 B-Instrumental

EPA 300.1 (mod)

APHA 5220 D-Micro Colorimetry

APHA 2340 B-Calculation

EPA 300.1 (mod)

EPA 3510/CCME PHC CWS-GC-FID

APHA 3030B/EPA 1631E (mod)

EPA 1631E (mod)

APHA 1030E

APHA 3030B/6020A (mod)

EPA 200.2/6020A (mod)

Naphthenic Acids by FTIR,Syncrude,1994

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

CALCULATION

Method Reference** 

Description Qualifier    

Matrix 

Test Method References:            
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NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-ED

PAH-ALK-GCMS-CL

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

SOLIDS-TDS-CL

Reference Information

Nitrite in Water by IC

Nitrate in Water by IC

Total P in Water by Colour

Total Dissolved P in Water by Colour

PAH & Alkylated PAH List

pH, Conductivity and Total Alkalinity

Phenols (4AAP)

Sulfate in Water by IC

Total Dissolved Solids

L2451074 CONTD....
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Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorus is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3510C & 8270, published by 
the United States Environmental Protection Agency (EPA). The entire water sample is extracted with dichloromethane using separatory funnel 
extraction technique.  The extract is then solvent exchanged to toluene. The final extract is analysed by capillary column gas chromatography with mass
spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where interferences from the sample matrix prevent accurate 
quantitation. Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is reported as part of the 
benzo(b)fluoranthene parameter.

NOTE:  The following PAH parameter results are determined by a semi-quantitative method. 

C1 B(a)A/chrysene
C1B(b&kF/B(a)P
C1 acenaphthene
C1 biphenyl
C1dibenzothiophene
C1 fluoranthene/pyrene
C1 fluorene
C1 naphthalene
C1 phenanthrene/anthracene
C2 B(a)A/chrysene
C2 b(b&k)F/b(a)P
C2 biphenyl
C2 dibenzothiophene
C2 fluoranthene/pyrene
C2 fluorene
C2 naphtalene
C2 phenanthrene/anth.
C3 dibenzothiophene
C3 fluorene
C3 naphthalene
C3 phenanthrene/anth.
C4 dibenzothiophene
C4 naphthalene
C4 phenanthrene/anth.

All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed).
 pH measurement is determined from the activity of the hydrogen ions using a hydrogen electrode and a reference electrode.
Alkalinity measurement is based on the sample’s capacity to neutralize acid. Auto-titration to pH 4.5 using 0.02N H2SO4 is performed.
Conductivity measurement is based on the sample’s capacity to convey an electric current, and is measured with a conductivity meter.

This automated method is based on the distillation of phenol and subsequent reaction of the distillate with an oxidizing agent (alkaline potassium 
ferricyanide), and 4-aminoantipyrine to form a red complex which is measured at 505 nm. The method will include ortho and meta-substituted phenols, 
and is collectively named 4AAP phenols.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

A well-mixed sample is filtered through a glass fibre filter paper. The filtrate is then evaporated to dryness in a pre-weighed vial and dried at 180 – 2 °C. 

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500-P PHOSPHORUS

APHA 4500-P PHOSPHORUS

EPA 3510C/8270-GC/MS

APHA 4500-H, 2510, 2320

EPA 9066 AUTO-DISTILL-COLORIMETRIC

EPA 300.1 (mod)

APHA 2540 C

Method Reference** Matrix 

Test Method References:            
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SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-CL

Reference Information

Total Suspended Solids

Sulphide

Total Kjeldahl Nitrogen by Fluorescence

L2451074 CONTD....
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The increase in vial weight represents the total dissolved solids (TDS).

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius.

A continuous flow manifold adds HCl to the sample which converts sulphide to a gas, then the sulphide is separated from the flow using a gas dialysis 
membrane. A colorimetric reaction produces a methylene blue compound which is measured at 660 nm. This follows the Standard Methods procedure 
4500 S-E.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total Kjeldahl 
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

ALS Test Code Test Description

Water

Water

Water

APHA 2540 D-Gravimetric

APHA 4500 -S E-Auto-Colorimetry

APHA 4500-NORG (TKN)

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

FM

ED

CL

ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Version:  FINAL   
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Quality Control Report
Page 1 of

Client:

Contact:

GOLDER ASSOCIATES LTD
16820 107 Ave NW 
EDMONTON  AB  T5P 4C3
Kate Moreira

Report Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

Water

Water

Water

Water

R5065708

R5102813

R5102813

R5098803

Batch

Batch

Batch

Batch

LCS

LCS

MB

LCS

MB

LCS

MB

LCS

LCS

LCS

WG3329041-2

WG3329041-3

WG3329041-1

WG3332317-6

WG3332317-5

WG3332317-6

WG3332317-5

WG3328671-13

WG3328671-15

WG3328671-17

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Surrogate: 1,4-Difluorobenzene (SS)

Surrogate: 4-Bromofluorobenzene (SS)

Surrogate: 3,4-Dichlorotoluene (SS)

Dissolved Organic Carbon

Dissolved Organic Carbon

Total Organic Carbon

Total Organic Carbon

Chloride (Cl)

Chloride (Cl)

121.0

104.5

109.6

119.8

111.0

120.2

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.10

102.8

85.9

117.5

97.1

<1.0

99.3

<1.0

100.3

99.9

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

25-MAY-20

25-MAY-20

70-130

70-130

70-130

70-130

70-130

70-130

80-120

80-120

90-110

90-110

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

%

mg/L

%

%

0.0005

0.0005

0.0005

0.0005

0.0005

0.1

70-130

70-130

70-130

1

1
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-ED

COD-T-COL-ED

F-IC-N-ED

F2,F3,F4-ED

Water

Water

Water

Water

R5098803

R5096902

R5098803

Batch

Batch

Batch

LCS

LCS

MB

MB

MB

MB

LCS

MB

LCS

LCS

LCS

LCS

MB

MB

MB

MB

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

WG3328491-2

WG3328491-1

WG3328671-13

WG3328671-15

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chemical Oxygen Demand

Chemical Oxygen Demand

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

100.2

99.98

<0.50

<0.50

<0.50

<0.50

102.0

<10

106.9

108.7

107.7

105.5

<0.020

<0.020

<0.020

<0.020

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

90-110

90-110

85-115

90-110

90-110

90-110

90-110

%

%

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

%

mg/L

mg/L

mg/L

mg/L

0.5

0.5

0.5

0.5

10

0.02

0.02

0.02

0.02
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

MET-D-CCMS-ED

Water

Water

Water

Water

R5099481

R5102164

R5102164

R5101857

Batch

Batch

Batch

Batch

LCS

MB

DUP

LCS

MB

MS

LCS

MB

LCS

WG3328597-2

WG3328597-1

WG3331509-3

WG3331509-2

WG3331509-1

WG3331509-4

WG3331520-2

WG3331520-1

WG3331123-2

DIESEL/MOTOR OIL

L2451074-2

L2451074-3

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Surrogate: 2-Bromobenzotrifluoride

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Total

Mercury (Hg)-Total

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

86.2

93.8

86.6

<0.10

<0.25

<0.25

91.3

<0.0000050

87.8

<0.0000050

84.2

88.0

<0.0000050

103.8

95.6

104.4

104.4

102.6

101.3

103.5

102.3

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

N/A 20

70-130

70-130

70-130

80-120

70-130

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

mg/L

mg/L

mg/L

%

mg/L

%

mg/L

%

%

mg/L

%

%

%

%

%

%

%

%

0.1

0.25

0.25

60-140

0.000005

0.000005

RPD-NA<0.0000050
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED Water

R5101857Batch
LCS

MB

WG3331123-2

WG3331123-1

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

101.9

102.9

101.1

99.4

99.6

105.2

99.7

102.2

101.8

102.3

99.7

102.5

105.5

104.1

100.2

102.9

100.3

98.6

104.0

98.0

105.6

104.9

103.0

96.9

118.7

<0.0010

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.001

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.000005
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED

MET-T-CCMS-ED

Water

Water

R5101857

R5102418

Batch

Batch

MB

LCS

WG3331123-1

WG3332238-2 HB_WATER

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

<0.050

<0.00010

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.050

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0010

<0.00020

111.2

97.3

104.5

101.7

101.8

99.6

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

0.05

0.0001

0.0001

0.0002

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.05

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.001

0.0002
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5102418Batch
LCS

MB

WG3332238-2

WG3332238-1

HB_WATER
Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

99.3

102.6

101.7

106.7

104.6

105.1

102.5

100.1

100.6

109.2

104.6

104.0

102.2

104.3

104.7

105.1

97.6

109.8

102.7

97.1

100.5

101.7

105.7

100.3

107.1

96.8

99.4

<0.0030

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.003

0.0001

0.0001

0.0001

0.0001

0.00005
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Quality Control Report
Page 7 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-F-CL

Water

Water

Water

R5102418

R5105336

Batch

Batch

MB

LCS

MB

WG3332238-1

WG3331691-1

WG3331691-2

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Naphthenic Acids

Naphthenic Acids

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00050

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.10

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

100.5

<1.0

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

03-JUN-20

03-JUN-20

70-130

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

0.01

0.000005

0.05

0.0001

0.0001

0.0005

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.1

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.003

0.0002

1
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Quality Control Report
Page 8 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NH3-F-CL

NO2-IC-N-ED

NO3-IC-N-ED

Water

Water

Water

R5102915

R5098803

R5098803

Batch

Batch

Batch

LCS

MB

LCS

LCS

LCS

LCS

MB

MB

MB

MB

LCS

LCS

LCS

LCS

MB

MB

MB

WG3332920-22

WG3332920-21

WG3328671-13

WG3328671-15

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

WG3328671-13

WG3328671-15

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

Ammonia, Total (as N)

Ammonia, Total (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

101.7

<0.050

100.9

100.5

100.5

102.7

<0.010

<0.010

<0.010

<0.010

100.3

100.3

100.5

99.6

<0.020

<0.020

<0.020

01-JUN-20

01-JUN-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

85-115

90-110

90-110

90-110

90-110

90-110

90-110

90-110

90-110

%

mg/L

%

%

%

%

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

mg/L

mg/L

0.05

0.01

0.01

0.01

0.01

0.02

0.02

0.02
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Quality Control Report
Page 9 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-ED

PAH-ALK-GCMS-CL

Water

Water

Water

Water

R5098803

R5105616

R5105616

R5099402

Batch

Batch

Batch

Batch

MB

DUP

LCS

LCS

MB

MB

MS

DUP

LCS

LCS

MB

MB

MS

LCS

WG3328671-18

WG3334049-3

WG3334049-2

WG3334049-6

WG3334049-1

WG3334049-5

WG3334049-4

WG3334049-3

WG3334049-2

WG3334049-6

WG3334049-1

WG3334049-5

WG3334049-4

WG3330138-1

L2451074-2

L2451074-3

L2451074-2

L2451074-3

Nitrate (as N)

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Acenaphthene

Acenaphthylene

Acridine

Anthracene

<0.020

0.037

103.0

103.7

<0.020

<0.020

119.9

<0.020

103.1

107.6

<0.020

<0.020

94.6

101.2

99.2

84.8

101.8

25-MAY-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

1.4

N/A

20

20

70-130

70-130

70-130

70-130

70-130

70-130

60-130

60-130

60-130

60-130

mg/L

mg/L

%

%

mg/L

mg/L

%

mg/L

%

%

mg/L

mg/L

%

%

%

%

%

0.02

0.02

0.02

0.02

0.02

RPD-NA

0.038

<0.020
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Quality Control Report
Page 10 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
LCSWG3330138-1

Benz(a)anthracene

Benzo(a)pyrene

Perylene

Benzo(e)pyrene

Benzo(b&j)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Biphenyl

C2 Benz(a)Anthracenes/Chrysenes

C2 Benzofluoranthenes/Benzopyrenes

C2 Biphenyls

C2 Dibenzothiophenes

C2 Fluorenes

C2 Naphthalenes

C2 Phenanthrenes/Anthracenes

C3 Dibenzothiophenes

C3 Naphthalenes

C3 Phenanthrenes/Anthracenes

C4 Dibenzothiophenes

C4 Naphthalenes

C4 Phenanthrenes/Anthracenes

Chrysene

Dibenz(a,h)anthracene

Dibenzothiophene

Fluoranthene

Fluorene

Indeno(1,2,3-cd)pyrene

C1 Benz(a)Anthracenes/Chrysenes

C1 Benzofluoranthenes/Benzopyrenes

C1 Acenaphthenes

C1 Biphenyls

C1 Dibenzothiophenes

C1 Fluoranthenes/Pyrenes

C1 Fluorenes

104.3

122.7

122.2

106.5

103.8

102.3

93.8

95.8

90.5

103.8

95.8

93.2

97.4

98.8

101.1

93.2

98.8

101.1

93.2

98.8

101.1

90.5

96.7

93.2

97.9

97.4

99.2

90.5

103.8

101.2

95.8

93.2

97.9

97.4

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 11 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
LCS

MB

WG3330138-1

WG3330138-2

1-Methylnaphthalene

2-Methylnaphthalene

C1 Phenanthrenes/Anthracenes

Naphthalene

Phenanthrene

Pyrene

Quinoline

C2 Fluoranthenes/Pyrenes

C3 Fluoranthenes/Pyrenes

C3 Fluorenes

C4 Fluoranthenes/Pyrenes

C3 Benzanthracenes/Chrysenes

C4 Benzanthracenes/Chrysenes

Retene

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Perylene

Benzo(e)pyrene

Benzo(b&j)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Biphenyl

C2 Benz(a)Anthracenes/Chrysenes

C2 Benzofluoranthenes/Benzopyrenes

C2 Biphenyls

C2 Dibenzothiophenes

C2 Fluorenes

C2 Naphthalenes

C2 Phenanthrenes/Anthracenes

93.5

93.5

101.1

98.8

101.1

97.8

113.1

97.9

97.9

97.4

97.9

90.5

90.5

61.3

<0.010

<0.010

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

50-130

50-130

60-130

50-130

60-130

60-130

60-130

50-150

50-150

50-150

50-150

50-150

50-150

60-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

0.01

0.01

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.04

0.04

0.04

0.04

0.04

0.04

0.04
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Quality Control Report
Page 12 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
MBWG3330138-2

C3 Dibenzothiophenes

C3 Naphthalenes

C3 Phenanthrenes/Anthracenes

C4 Dibenzothiophenes

C4 Naphthalenes

C4 Phenanthrenes/Anthracenes

Chrysene

Dibenz(a,h)anthracene

Dibenzothiophene

Fluoranthene

Fluorene

Indeno(1,2,3-cd)pyrene

C1 Benz(a)Anthracenes/Chrysenes

C1 Benzofluoranthenes/Benzopyrenes

C1 Acenaphthenes

C1 Biphenyls

C1 Dibenzothiophenes

C1 Fluoranthenes/Pyrenes

C1 Fluorenes

1-Methylnaphthalene

2-Methylnaphthalene

C1 Phenanthrenes/Anthracenes

Naphthalene

Phenanthrene

Pyrene

Quinoline

C2 Fluoranthenes/Pyrenes

C3 Fluoranthenes/Pyrenes

C3 Fluorenes

C4 Fluoranthenes/Pyrenes

C3 Benzanthracenes/Chrysenes

C4 Benzanthracenes/Chrysenes

Retene

Surrogate: d10-Acenaphthene

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.020

<0.020

<0.040

<0.020

<0.020

<0.010

<0.050

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.010

68.3

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

%

0.04

0.04

0.04

0.04

0.04

0.04

0.01

0.005

0.01

0.01

0.01

0.01

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.02

0.02

0.04

0.02

0.02

0.01

0.05

0.04

0.04

0.04

0.04

0.04

0.04

0.01

50-140
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Quality Control Report
Page 13 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL

PH/EC/ALK-ED

Water

Water

R5099402

R5096577

Batch

Batch

MB

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

MB

MB

WG3330138-2

WG3328458-10

WG3328458-13

WG3328458-14

WG3328458-15

WG3328458-18

WG3328458-19

WG3328458-2

WG3328458-20

WG3328458-3

WG3328458-4

WG3328458-8

WG3328458-9

WG3328458-1

WG3328458-12

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

ED-PH6

PCTITRATE_LCS

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

Surrogate: d8-Naphthalene

Surrogate: d12-Chrysene

Surrogate: d10-Phenanthrene

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

pH

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

81.8

66.0

66.1

105.5

6.05

102.5

100.0

6.01

96.5

6.06

100.8

102.7

98.5

6.01

98.5

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

26-MAY-20

26-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

85-115

5.8-6.2

90-110

85-115

5.8-6.2

90-110

5.8-6.2

85-115

90-110

85-115

5.8-6.2

90-110

%

%

%

%

pH

%

%

pH

%

pH

%

%

%

pH

%

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

50-140

50-140

50-140

2

5

5

5

2

2
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Quality Control Report
Page 14 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

Water

Water

Water

R5096577

R5100262

R5098803

Batch

Batch

Batch

MB

MB

MB

LCS

MB

LCS

LCS

LCS

LCS

MB

MB

WG3328458-12

WG3328458-17

WG3328458-7

WG3330257-6

WG3330257-5

WG3328671-13

WG3328671-15

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Phenols (4AAP)

Phenols (4AAP)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

94.5

<0.0010

102.1

101.9

102.0

99.8

<0.30

<0.30

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

27-MAY-20

27-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

85-115

90-110

90-110

90-110

90-110

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

%

mg/L

mg/L

5

5

5

2

2

5

5

5

2

2

5

5

5

2

0.001

0.3

0.3
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Quality Control Report
Page 15 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SO4-IC-N-ED

SOLIDS-TDS-CL

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-CL

Water

Water

Water

Water

Water

R5098803

R5102303

R5106957

R5101937

R5103017

Batch

Batch

Batch

Batch

Batch

MB

MB

LCS

MB

LCS

MB

LCS

MB

LCS

LCS

LCS

LCS

LCS

LCS

LCS

WG3328671-16

WG3328671-18

WG3331274-2

WG3331274-1

WG3333988-2

WG3333988-1

WG3331815-2

WG3331815-1

WG3333058-10

WG3333058-14

WG3333058-18

WG3333058-2

WG3333058-22

WG3333058-26

WG3333058-30

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

Sulphide (as S)

Sulphide (as S)

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

<0.30

<0.30

99.3

<10

106.0

<3.0

98.4

<0.0015

85.0

81.0

83.1

83.5

82.0

83.1

25-MAY-20

25-MAY-20

29-MAY-20

29-MAY-20

03-JUN-20

03-JUN-20

29-MAY-20

29-MAY-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

85-115

85-115

75-125

75-125

75-125

75-125

75-125

75-125

75-125

mg/L

mg/L

%

mg/L

%

mg/L

%

mg/L

%

%

%

%

%

%

0.3

0.3

10

3

0.0015
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Quality Control Report
Page 16 ofReport Date: 07-JUN-20Workorder: L2451074

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

TKN-F-CL Water

R5103017Batch
LCS

LCS

MB

MB

MB

MB

MB

MB

MB

MB

WG3333058-30

WG3333058-6

WG3333058-1

WG3333058-13

WG3333058-17

WG3333058-21

WG3333058-25

WG3333058-29

WG3333058-5

WG3333058-9

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

81.0

82.2

<0.20

<0.20

<0.20

<0.20

<0.20

<0.20

<0.20

<0.20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

75-125

75-125

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2
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Quality Control Report
Page 17 ofReport Date: 07-JUN-20Workorder: L2451074

Sample Parameter Qualifier Definitions:

Description Qualifier      

RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:
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Quality Control Report
Page 18 ofReport Date: 07-JUN-20Workorder: L2451074

ALS Product Description   
Sample  

ID   Sampling Date   Date Processed   Rec. HT Actual HT

Physical Tests

2
3

24-MAY-20 12:00
24-MAY-20 10:00

03-JUN-20 00:00
03-JUN-20 00:00

7
7

10
10

Total Suspended Solids
EHT
EHT

Qualifier   

Legend & Qualifier Definitions:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

Notes*:
Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is
used for calculation purposes.  Samples for L2451074 were received on 25-MAY-20 09:15.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Units 

days
days

EHTR-FM:  
EHTR:        
EHTL:         
EHT:         
Rec. HT:   

Exceeded ALS recommended hold time prior to sample receipt.  Field Measurement recommended.
Exceeded ALS recommended hold time prior to sample receipt.
Exceeded ALS recommended hold time prior to analysis.  Sample was received less than 24 hours prior to expiry.
Exceeded ALS recommended hold time prior to analysis.
ALS recommended hold time (see units).
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Chrom Perfect Chromatogram Report

Printed on 28/05/2020 5:14:21 PM Page 1 of 1

ALS Sample ID: L2451074-2
Client ID: ML-S-TRIB-1
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report

Printed on 28/05/2020 5:14:25 PM Page 1 of 1

ALS Sample ID: L2451074-3
Client ID: ML-S-TRIB-1
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-1 ML-S-TRIB-6-FD
CLIENT on 23-MAY-20 @ 09:30Sampled By:

WATER
BTEX & F1-F4

Total Metals - CCME

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

21-JUL-20

29-MAY-20

16-JUL-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
16-JUL-20

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
102.3
76.8
119.9

<0.10
<0.25
<0.25
96.4

222

<0.0000050

0.0504
<0.00010
0.00029
0.114

<0.00010
<0.000050

0.070
0.0000077

59.6
0.00033
0.00013

<0.00050
1.33

0.000095
0.0223
17.8

0.0991
0.000107
<0.00050

2.52
<0.000050

7.80
<0.000010

3.40
0.193
1.76

<0.000010
<0.00010
0.00134

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030

Matrix:

HTC

R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708

R5099481
R5099481
R5099481
R5099481

R5102164

R5155656
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5155656
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-1 ML-S-TRIB-6-FD
CLIENT on 23-MAY-20 @ 09:30Sampled By:

WATER

Dissolved Metals - CCME

   Miscellaneous Parameters

Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Phosphorus (P)-Total  Dissolved

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

29-MAY-20

02-JUN-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

29-MAY-20
29-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
16-JUL-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

01-JUN-20
26-MAY-20
30-MAY-20
03-JUN-20
27-MAY-20
28-MAY-20
03-JUN-20

0.000046
0.00066
0.0036

<0.00020

LAB
<0.0000050

LAB
0.0028

<0.00010
0.00020
0.102

<0.00010
<0.000050

0.065
<0.0000050

57.0
<0.00010
<0.00010
<0.00020

0.256
<0.000050

0.0214
16.6

0.00022
0.000086
<0.00050

2.41
<0.000050

7.57
<0.000010

3.1
0.190
1.75

<0.000010
<0.00010
<0.00030
0.000042
<0.00050
<0.0010
<0.00020

0.074
50

11.5
1.3

<0.0010
0.0044
<0.020

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.020

Matrix:

R5102418
R5102418
R5102418
R5102418

R5100676
R5102164

R5100231
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5155656
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857

R5102915
R5096902
R5102813
R5105336
R5100262
R5100124
R5105616
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-1 ML-S-TRIB-6-FD
CLIENT on 23-MAY-20 @ 09:30Sampled By:

WATER
Total Dissolved Solids
Total Kjeldahl Nitrogen
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes

mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

02-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

03-JUN-20
01-JUN-20
30-MAY-20
03-JUN-20
03-JUN-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

250
0.47
12.3
0.090
9.7

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040

PAH & Alkylated PAH List

20
0.20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040

Matrix:
HTD R5102303

R5103017
R5102813
R5105616
R5106957

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-1

L2451076-2

ML-S-TRIB-6-FD

ML-S-TRIB-6

CLIENT on 23-MAY-20 @ 09:30

CLIENT on 23-MAY-20 @ 10:00

Sampled By:

Sampled By:

WATER

WATER

Routine Water Analysis

BTEX & F1-F4

C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20

25-MAY-20

21-JUL-20
21-JUL-20
21-JUL-20

25-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
66.6
61.7
77.0
76.5

<0.50

0.245

98.7
214
211

<0.020

<0.022

<0.010

3.09

8.07
382
268
<5.0
<5.0
219

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
102.2
78.3
125.6

PAH & Alkylated PAH List

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

Matrix:

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402

R5098803

R5098803

R5098803

R5098803

R5098803

R5096577
R5096577
R5096577
R5096577
R5096577
R5096577

R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-2 ML-S-TRIB-6
CLIENT on 23-MAY-20 @ 10:00Sampled By:

WATER

Total Metals - CCME

Dissolved Metals - CCME

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

31-MAY-20

29-MAY-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

29-MAY-20
29-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

<0.10
<0.25
<0.25
88.1

218

<0.0000050

0.0452
<0.00010
0.00023
0.114

<0.00010
<0.000050

0.069
0.0000052

58.7
0.00012

<0.00010
<0.00050

1.22
0.000074
0.0223
17.5

0.0945
0.000094
<0.00050

2.48
<0.000050

7.80
<0.000010

3.37
0.189
1.67

<0.000010
<0.00010
0.00126
0.000044
0.00052
<0.0030
<0.00020

LAB
<0.0000050

LAB
0.0033

<0.00010
0.00019

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010

Matrix:

HTC

R5099481
R5099481
R5099481
R5099481

R5102164

R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418

R5100676
R5102164

R5100231
R5101857
R5101857
R5101857
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-2 ML-S-TRIB-6
CLIENT on 23-MAY-20 @ 10:00Sampled By:

WATER

   Miscellaneous Parameters

Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Kjeldahl Nitrogen
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

29-MAY-20

02-JUN-20

02-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
16-JUL-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

01-JUN-20
26-MAY-20
30-MAY-20
03-JUN-20
27-MAY-20
28-MAY-20
03-JUN-20
03-JUN-20
01-JUN-20
30-MAY-20
03-JUN-20
03-JUN-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

0.103
<0.00010
<0.000050

0.066
<0.0000050

57.0
<0.00010
<0.00010
<0.00020

0.290
<0.000050

0.0216
16.9

0.00017
0.000085
<0.00050

2.39
<0.000050

7.48
<0.000010

3.1
0.196
1.51

<0.000010
<0.00010
<0.00030
0.000043
<0.00050
<0.0010
<0.00020

0.074
61

11.9
1.1

<0.0010
0.0047
<0.020

259
0.48
12.2
0.103
10.9

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050

Dissolved Metals in Water by CRC ICPMS

PAH & Alkylated PAH List

0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.020

20
0.20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050

Matrix:

HTD

R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5155656
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857

R5102915
R5096902
R5102813
R5105336
R5100262
R5100124
R5105616
R5102303
R5103017
R5102813
R5105616
R5106957

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-2 ML-S-TRIB-6
CLIENT on 23-MAY-20 @ 10:00Sampled By:

WATER

Routine Water Analysis

Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes
C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
71.0
75.0
75.6
66.8

PAH & Alkylated PAH List
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040
0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-2

L2451076-3

ML-S-TRIB-6

ML-S-TRIB-4

CLIENT on 23-MAY-20 @ 10:00

CLIENT on 23-MAY-20 @ 13:30

Sampled By:

Sampled By:

WATER

WATER
BTEX & F1-F4

Total Metals - CCME

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

25-MAY-20

25-MAY-20

21-JUL-20
21-JUL-20
21-JUL-20

25-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

31-MAY-20

29-MAY-20

31-MAY-20
31-MAY-20
31-MAY-20

<0.50

0.235

98.5
216
212

0.027

0.027

<0.010

3.10

8.00
385
270
<5.0
<5.0
222

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
100.7
78.6
117.9

<0.10
<0.25
<0.25
81.7

78.4

<0.0000050

0.0041
<0.00010
0.00027

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010

Matrix:

Matrix:

HTC

R5098803

R5098803

R5098803

R5098803

R5098803

R5096577
R5096577
R5096577
R5096577
R5096577
R5096577

R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708
R5065708

R5099481
R5099481
R5099481
R5099481

R5102164

R5102418
R5102418
R5102418



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2451076 CONTD....
10PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-3 ML-S-TRIB-4
CLIENT on 23-MAY-20 @ 13:30Sampled By:

WATER

Dissolved Metals - CCME

Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

29-MAY-20
29-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

0.0363
<0.00010
<0.000050

0.024
<0.0000050

22.5
<0.00010
<0.00010
<0.00050

1.39
<0.000050

0.0047
5.39

0.0504
0.000076
<0.00050

0.831
<0.000050

4.03
<0.000010

1.60
0.0473
0.71

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0030
<0.00020

LAB
<0.0000050

LAB
<0.0010
<0.00010
0.00014
0.0316

<0.00010
<0.000050

0.021
<0.0000050

21.5
<0.00010
<0.00010
<0.00020

0.189
<0.000050

0.0042

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010

Matrix:

R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418

R5100676
R5102164

R5100231
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-3 ML-S-TRIB-4
CLIENT on 23-MAY-20 @ 13:30Sampled By:

WATER

   Miscellaneous Parameters

Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Kjeldahl Nitrogen
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

29-MAY-20

02-JUN-20

02-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

01-JUN-20
26-MAY-20
30-MAY-20
03-JUN-20
27-MAY-20
28-MAY-20
03-JUN-20
29-MAY-20
01-JUN-20
30-MAY-20
03-JUN-20
03-JUN-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

4.97
0.00709
0.000063
<0.00050

0.77
<0.000050

3.92
<0.000010

1.5
0.0455
0.65

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
33
8.0

<1.0
<0.0010
0.0024
<0.020

101
0.30
8.0

0.069
4.8

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040

Dissolved Metals in Water by CRC ICPMS

PAH & Alkylated PAH List

0.10
0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.020

20
0.20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040

Matrix:

R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857

R5102915
R5096902
R5102813
R5105336
R5100262
R5100124
R5105616
R5102303
R5103017
R5102813
R5105616
R5106957

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-3 ML-S-TRIB-4
CLIENT on 23-MAY-20 @ 13:30Sampled By:

WATER

Routine Water Analysis

C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes
C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20

25-MAY-20

02-JUN-20
02-JUN-20
02-JUN-20

25-MAY-20

26-MAY-20

<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
60.3
72.3
70.7
71.4

<0.50

0.129

99.8
76.2
74.2

<0.020

<0.022

PAH & Alkylated PAH List

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040
0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

0.50

0.020

0.020

0.022

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402

R5098803

R5098803

R5098803
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-3

L2451076-4

ML-S-TRIB-4

ML-S-TRIB-CON TB

CLIENT on 23-MAY-20 @ 13:30

CLIENT on 23-MAY-20 @ 16:00

Sampled By:

Sampled By:

WATER

WATER
BTEX & F1-F4

Total Metals - CCME

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

31-MAY-20

29-MAY-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

<0.010

1.15

7.69
145
93.9
<5.0
<5.0
77.0

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
99.8
78.5
101.6

<0.10
<0.25
<0.25
94.0

<0.13

<0.0000050

<0.0030
<0.00010
<0.00010
<0.00010
<0.00010
<0.000050

<0.010
<0.0000050

<0.050
<0.00010
<0.00010
<0.00050
<0.010

<0.000050

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050

Matrix:

Matrix:

HTC

R5098803

R5098803

R5096577
R5096577
R5096577
R5096577
R5096577
R5096577

R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089

R5099481
R5099481
R5099481
R5099481

R5102164

R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-4 ML-S-TRIB-CON TB
CLIENT on 23-MAY-20 @ 16:00Sampled By:

WATER

Dissolved Metals - CCME

Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

29-MAY-20
29-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

<0.0010
<0.0050
<0.00010
<0.000050
<0.00050
<0.050

<0.000050
<0.10

<0.000010
<0.050

<0.00020
<0.50

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

LAB
<0.0010
<0.00010
<0.00010
<0.00010
<0.00010
<0.000050

<0.010
<0.0000050

<0.50
<0.00010
<0.00010
<0.00020
<0.010

<0.000050
<0.0010
<0.10

<0.00010
<0.000050
<0.00050

<0.50
<0.000050

<0.050
<0.000010

<1.0
<0.00020

<0.50

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50

Matrix:

R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418

R5100676
R5102164

R5100231
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
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L2451076-4 ML-S-TRIB-CON TB
CLIENT on 23-MAY-20 @ 16:00Sampled By:

WATER

   Miscellaneous Parameters

Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Kjeldahl Nitrogen
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

29-MAY-20

02-JUN-20

02-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

01-JUN-20
26-MAY-20
30-MAY-20
03-JUN-20
27-MAY-20
28-MAY-20
03-JUN-20
29-MAY-20
01-JUN-20
30-MAY-20
03-JUN-20
03-JUN-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
<10
<1.0
<1.0

<0.0010
<0.0015
<0.020

<10
<0.20
<1.0

<0.020
<3.0

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010

Dissolved Metals in Water by CRC ICPMS

PAH & Alkylated PAH List

0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.020

10
0.20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010

Matrix:

R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857

R5102915
R5096902
R5102813
R5105336
R5100262
R5100124
R5105616
R5102303
R5103017
R5102813
R5105616
R5106957

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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Qualifier* Batch
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L2451076-4 ML-S-TRIB-CON TB
CLIENT on 23-MAY-20 @ 16:00Sampled By:

WATER

Routine Water Analysis

Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes
C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20

25-MAY-20

02-JUN-20
02-JUN-20
02-JUN-20

25-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
65.9
63.0
72.4
74.3

<0.50

<0.020

Low TDS
<1.0
<1.0

<0.020

<0.022

<0.010

<0.30

5.37
<2.0
<5.0
<5.0
<5.0
<2.0

PAH & Alkylated PAH List

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040
0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402

R5098803

R5098803

R5098803

R5098803

R5098803

R5096577
R5096577
R5096577
R5096577
R5096577
R5096577
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-5 ML-S-TRIB-CON
CLIENT on 23-MAY-20 @ 16:18Sampled By:

WATER
BTEX & F1-F4

Total Metals - CCME

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

31-MAY-20

29-MAY-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
102.6
79.5
106.5

<0.10
<0.25
<0.25
91.6

136

<0.0000050

0.0032
<0.00010
0.00025
0.0362

<0.00010
<0.000050

0.051
<0.0000050

35.9
<0.00010
<0.00010
<0.00050

0.036
<0.000050

0.0204
11.3

0.00224
0.000050
<0.00050

2.03
<0.000050

5.33
<0.000010

3.61
0.182
<0.50

<0.000010
<0.00010
<0.00030

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030

Matrix:

HTC

R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089
R5100089

R5099481
R5099481
R5099481
R5099481

R5102164

R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
R5102418
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-5 ML-S-TRIB-CON
CLIENT on 23-MAY-20 @ 16:18Sampled By:

WATER

Dissolved Metals - CCME

   Miscellaneous Parameters

Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Phosphorus (P)-Total  Dissolved

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

29-MAY-20

02-JUN-20

31-MAY-20
31-MAY-20
31-MAY-20
31-MAY-20

29-MAY-20
29-MAY-20

28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20
28-MAY-20

01-JUN-20
26-MAY-20
30-MAY-20
03-JUN-20
27-MAY-20
28-MAY-20
03-JUN-20

<0.000010
<0.00050
<0.0030
<0.00020

LAB
<0.0000050

LAB
<0.0010
<0.00010
0.00022
0.0345

<0.00010
<0.000050

0.048
<0.0000050

34.7
<0.00010
<0.00010
<0.00020

0.023
<0.000050

0.0191
10.4

0.00104
<0.000050
<0.00050

1.90
<0.000050

5.31
<0.000010

3.3
0.179
<0.50

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
67

16.2
<1.0

<0.0010
0.0051
<0.020

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.020

Matrix:

R5102418
R5102418
R5102418
R5102418

R5100676
R5102164

R5100231
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857
R5101857

R5102915
R5096902
R5102813
R5105336
R5100262
R5100124
R5105616
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-5 ML-S-TRIB-CON
CLIENT on 23-MAY-20 @ 16:18Sampled By:

WATER
Total Dissolved Solids
Total Kjeldahl Nitrogen
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Acenaphthene
Acenaphthylene
Acridine
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Perylene
Benzo(e)pyrene
Benzo(b&j)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Biphenyl
C2 Benz(a)Anthracenes/Chrysenes
C2 Benzofluoranthenes/Benzopyrenes
C2 Biphenyls
C2 Dibenzothiophenes
C2 Fluorenes
C2 Naphthalenes
C2 Phenanthrenes/Anthracenes
C3 Dibenzothiophenes
C3 Naphthalenes
C3 Phenanthrenes/Anthracenes
C4 Dibenzothiophenes
C4 Naphthalenes
C4 Phenanthrenes/Anthracenes
Chrysene
Dibenz(a,h)anthracene
Dibenzothiophene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
C1 Benz(a)Anthracenes/Chrysenes
C1 Benzofluoranthenes/Benzopyrenes
C1 Acenaphthenes
C1 Biphenyls
C1 Dibenzothiophenes
C1 Fluoranthenes/Pyrenes
C1 Fluorenes
1-Methylnaphthalene
2-Methylnaphthalene
C1 Phenanthrenes/Anthracenes
Naphthalene
Phenanthrene
Pyrene
Quinoline
C2 Fluoranthenes/Pyrenes

mg/L
mg/L
mg/L
mg/L
mg/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

02-JUN-20

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

29-MAY-20
01-JUN-20
30-MAY-20
03-JUN-20
03-JUN-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

185
0.63
16.1
0.028
4.2

<0.010
<0.010
<0.010
<0.010
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
<0.0050
<0.010
<0.010
<0.010
<0.010
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.040
<0.020
<0.020
<0.040
<0.020
<0.020
<0.010
<0.050
<0.040

PAH & Alkylated PAH List

20
0.20
1.0

0.020
3.0

0.010
0.010
0.010
0.010
0.010
0.0050
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.010
0.0050
0.010
0.010
0.010
0.010
0.040
0.040
0.040
0.040
0.040
0.040
0.040
0.020
0.020
0.040
0.020
0.020
0.010
0.050
0.040

Matrix:
R5102303
R5103017
R5102813
R5105616
R5106660

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
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of
SUNCOR FHX PROGRAM 20138990/3/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
23

L2451076-5 ML-S-TRIB-CON
CLIENT on 23-MAY-20 @ 16:18Sampled By:

WATER

Routine Water Analysis

C3 Fluoranthenes/Pyrenes
C3 Fluorenes
C4 Fluoranthenes/Pyrenes
C3 Benzanthracenes/Chrysenes
C4 Benzanthracenes/Chrysenes
Retene
Surrogate: d10-Acenaphthene
Surrogate: d8-Naphthalene
Surrogate: d12-Chrysene
Surrogate: d10-Phenanthrene

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
%
%
%
%

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20
26-MAY-20

27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20
27-MAY-20

25-MAY-20

25-MAY-20

02-JUN-20
02-JUN-20
02-JUN-20

25-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20
25-MAY-20

<0.040
<0.040
<0.040
<0.040
<0.040
<0.010
62.8
62.5
78.5
71.9

<0.50

0.189

102
132
129

<0.020

<0.022

<0.010

<0.30

7.99
238
166
<5.0
<5.0
136

PAH & Alkylated PAH List

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

0.040
0.040
0.040
0.040
0.040
0.010

50-140
50-140
50-140
50-140

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

Matrix:

R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402
R5099402

R5098803

R5098803

R5098803

R5098803

R5098803

R5096577
R5096577
R5096577
R5096577
R5096577
R5096577



BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

COD-T-COL-ED

ETL-HARDNESS-TOT-ED

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

IONBALANCE-ED

MET-D-CCMS-ED

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-F-CL

Reference Information

BTEX, Styrene and F1 (C6-C10)

Dissolved Organic Carbon

Total Organic Carbon

Chloride in Water by IC

Chemical Oxygen Demand

Hardness (from Total Ca and Mg)

Fluoride in Water by IC

F2, F3, F4

Dissolved Mercury in Water by CVAAS

Total Mercury in Water by CVAAS

Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Total Metals in Water by CRC ICPMS

Naphthenic Acids by FTIR

Ammonia by Fluorescence

L2451076 CONTD....
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The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas chromatograph. 
BTEX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is carried out in 
accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method.

Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are spiked with 2-BBTF surrogate, and extracted by reciprocal action shaker for 30 minutes using a single micro-extraction with 2 mL 
hexane. After extraction, hexane extracts are dispensed into GC vials for GC-FID analysis.

Water samples are filtered (0.45 um), preserved with hydrochloric acid, then undergo a cold-oxidation using bromine monochloride prior to reduction 
with stannous chloride, and analyzed by CVAAS.

Water samples undergo a cold-oxidation using bromine monochloride prior to reduction with stannous chloride, and analyzed by CVAAS.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy.  Note that FTIR is not uniquely selective to naphthenic acids.  If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method.

This analysis is carried out, on sulfuric acid preserved samples, using procedures modified from J. Environ. Monit., 2005, 7, 37 - 42, The Royal Society 
of Chemistry, "Flow-injection analysis with fluorescence detection for the determination of trace levels of ammonium in seawater", Roslyn J. Waston et 
al.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

HTC

HTD

MS-B

Hardness was calculated from Total Ca and/or Mg concentrations and may be biased high (dissolved Ca/Mg results unavailable).

Hold time exceeded for re-analysis or dilution, but initial testing was conducted within hold time.

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Sample Parameter Qualifier Key:

EPA 5021/8015&8260 GC-MS & FID

APHA 5310 B-Instrumental

APHA 5310 B-Instrumental

EPA 300.1 (mod)

APHA 5220 D-Micro Colorimetry

APHA 2340 B-Calculation

EPA 300.1 (mod)

EPA 3510/CCME PHC CWS-GC-FID

APHA 3030B/EPA 1631E (mod)

EPA 1631E (mod)

APHA 1030E

APHA 3030B/6020A (mod)

EPA 200.2/6020A (mod)

Naphthenic Acids by FTIR,Syncrude,1994

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

Method Reference** 

Description Qualifier    

Matrix 

Test Method References:            

Version:  FINAL REV
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NO2+NO3-CALC-ED

NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-ED

PAH-ALK-GCMS-CL

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

SOLIDS-TDS-CL

Reference Information

Nitrate+Nitrite

Nitrite in Water by IC

Nitrate in Water by IC

Total P in Water by Colour

Total Dissolved P in Water by Colour

PAH & Alkylated PAH List

pH, Conductivity and Total Alkalinity

Phenols (4AAP)

Sulfate in Water by IC

Total Dissolved Solids

L2451076 CONTD....
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Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorus is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3510C & 8270, published by 
the United States Environmental Protection Agency (EPA). The entire water sample is extracted with dichloromethane using separatory funnel 
extraction technique.  The extract is then solvent exchanged to toluene. The final extract is analysed by capillary column gas chromatography with mass
spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where interferences from the sample matrix prevent accurate 
quantitation. Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is reported as part of the 
benzo(b)fluoranthene parameter.

NOTE:  The following PAH parameter results are determined by a semi-quantitative method. 

C1 B(a)A/chrysene
C1B(b&kF/B(a)P
C1 acenaphthene
C1 biphenyl
C1dibenzothiophene
C1 fluoranthene/pyrene
C1 fluorene
C1 naphthalene
C1 phenanthrene/anthracene
C2 B(a)A/chrysene
C2 b(b&k)F/b(a)P
C2 biphenyl
C2 dibenzothiophene
C2 fluoranthene/pyrene
C2 fluorene
C2 naphtalene
C2 phenanthrene/anth.
C3 dibenzothiophene
C3 fluorene
C3 naphthalene
C3 phenanthrene/anth.
C4 dibenzothiophene
C4 naphthalene
C4 phenanthrene/anth.

All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed).
 pH measurement is determined from the activity of the hydrogen ions using a hydrogen electrode and a reference electrode.
Alkalinity measurement is based on the sample’s capacity to neutralize acid. Auto-titration to pH 4.5 using 0.02N H2SO4 is performed.
Conductivity measurement is based on the sample’s capacity to convey an electric current, and is measured with a conductivity meter.

This automated method is based on the distillation of phenol and subsequent reaction of the distillate with an oxidizing agent (alkaline potassium 
ferricyanide), and 4-aminoantipyrine to form a red complex which is measured at 505 nm. The method will include ortho and meta-substituted phenols, 
and is collectively named 4AAP phenols.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

CALCULATION

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500-P PHOSPHORUS

APHA 4500-P PHOSPHORUS

EPA 3510C/8270-GC/MS

APHA 4500-H, 2510, 2320

EPA 9066 AUTO-DISTILL-COLORIMETRIC

EPA 300.1 (mod)

APHA 2540 C

Method Reference** Matrix 

Test Method References:            

Version:  FINAL REV
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SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-CL

Reference Information

Total Suspended Solids

Sulphide

Total Kjeldahl Nitrogen by Fluorescence

L2451076 CONTD....
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A well-mixed sample is filtered through a glass fibre filter paper. The filtrate is then evaporated to dryness in a pre-weighed vial and dried at 180 – 2 °C. 
The increase in vial weight represents the total dissolved solids (TDS).

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius.

A continuous flow manifold adds HCl to the sample which converts sulphide to a gas, then the sulphide is separated from the flow using a gas dialysis 
membrane. A colorimetric reaction produces a methylene blue compound which is measured at 660 nm. This follows the Standard Methods procedure 
4500 S-E.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total Kjeldahl 
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

ALS Test Code Test Description

Water

Water

Water

APHA 2540 D-Gravimetric

APHA 4500 -S E-Auto-Colorimetry

APHA 4500-NORG (TKN)

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

FM

ED

CL

ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Version:  FINAL REV
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Quality Control Report
Page 1 of

Client:

Contact:

GOLDER ASSOCIATES LTD
16820 107 Ave NW 
EDMONTON  AB  T5P 4C3
Kate Moreira

Report Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

BTXS,F1-ED Water

R5065708

R5100089

Batch

Batch

LCS

LCS

MB

MS

LCS

LCS

MB

WG3329041-2

WG3329041-3

WG3329041-1

WG3329041-5

WG3330240-2

WG3330240-3

WG3330240-1

L2451076-3

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Surrogate: 1,4-Difluorobenzene (SS)

Surrogate: 4-Bromofluorobenzene (SS)

Surrogate: 3,4-Dichlorotoluene (SS)

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Benzene

Toluene

121.0

104.5

109.6

119.8

111.0

120.2

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.10

102.8

85.9

117.5

122.0

101.0

98.7

114.0

105.4

96.1

96.3

103.3

103.8

104.6

121.5

<0.00050

<0.00050

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

70-130

70-130

70-130

70-130

70-130

70-130

50-140

50-140

50-140

50-140

50-140

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

0.0005

0.0005

0.0005

0.0005

0.0005

0.1

70-130

70-130

70-130

0.0005

0.0005
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Quality Control Report
Page 2 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

Water

Water

Water

Water

R5100089

R5102813

R5102813

R5098803

Batch

Batch

Batch

Batch

MB

LCS

LCS

MB

MB

LCS

LCS

MB

MB

LCS

LCS

LCS

LCS

WG3330240-1

WG3332317-10

WG3332317-6

WG3332317-5

WG3332317-9

WG3332317-10

WG3332317-6

WG3332317-5

WG3332317-9

WG3328671-13

WG3328671-15

WG3328671-17

WG3328671-2

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Surrogate: 1,4-Difluorobenzene (SS)

Surrogate: 4-Bromofluorobenzene (SS)

Surrogate: 3,4-Dichlorotoluene (SS)

Dissolved Organic Carbon

Dissolved Organic Carbon

Dissolved Organic Carbon

Dissolved Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

<0.00050

<0.00050

<0.00050

<0.10

100.0

76.5

111.2

92.6

97.1

<1.0

<1.0

86.0

99.3

<1.0

<1.0

100.3

99.9

100.2

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

30-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

80-120

80-120

80-120

80-120

90-110

90-110

90-110

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

mg/L

mg/L

%

%

mg/L

mg/L

%

%

%

0.0005

0.0005

0.0005

0.1

70-130

70-130

70-130

1

1

1

1
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-ED

COD-T-COL-ED

F-IC-N-ED

F2,F3,F4-ED

Water

Water

Water

Water

R5098803

R5096902

R5098803

Batch

Batch

Batch

LCS

MB

MB

MB

MB

LCS

MB

LCS

LCS

LCS

LCS

MB

MB

MB

MB

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

WG3328491-2

WG3328491-1

WG3328671-13

WG3328671-15

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chemical Oxygen Demand

Chemical Oxygen Demand

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

99.98

<0.50

<0.50

<0.50

<0.50

102.0

<10

106.9

108.7

107.7

105.5

<0.020

<0.020

<0.020

<0.020

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

90-110

85-115

90-110

90-110

90-110

90-110

%

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

%

mg/L

mg/L

mg/L

mg/L

0.5

0.5

0.5

0.5

10

0.02

0.02

0.02

0.02
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

MET-D-CCMS-ED

Water

Water

Water

Water

R5099481

R5102164

R5102164

R5101857

Batch

Batch

Batch

Batch

LCS

MB

LCS

MB

DUP

LCS

MB

MS

LCS

WG3328600-2

WG3328600-1

WG3331509-2

WG3331509-1

WG3331520-3

WG3331520-2

WG3331520-1

WG3331520-4

WG3331123-2

DIESEL/MOTOR OIL

L2451076-1

L2451076-2

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Surrogate: 2-Bromobenzotrifluoride

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Total

Mercury (Hg)-Total

Mercury (Hg)-Total

Mercury (Hg)-Total

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

87.6

91.5

86.5

<0.10

<0.25

<0.25

90.1

87.8

<0.0000050

<0.0000050

88.0

<0.0000050

84.0

103.8

95.6

104.4

104.4

102.6

101.3

103.5

102.3

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

29-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

N/A 20

70-130

70-130

70-130

80-120

80-120

70-130

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

mg/L

mg/L

mg/L

%

%

mg/L

mg/L

%

mg/L

%

%

%

%

%

%

%

%

%

0.1

0.25

0.25

60-140

0.000005

0.000005

RPD-NA<0.0000050
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED Water

R5101857Batch
LCS

MB

WG3331123-2

WG3331123-1

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

101.9

102.9

101.1

99.4

99.6

105.2

99.7

102.2

101.8

102.3

99.7

102.5

105.5

104.1

100.2

102.9

100.3

98.6

104.0

98.0

105.6

104.9

103.0

96.9

118.7

<0.0010

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.001

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.000005
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Quality Control Report
Page 6 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED

MET-T-CCMS-ED

Water

Water

R5101857

R5102418

Batch

Batch

MB

LCS

WG3331123-1

WG3332238-18 HB_WATER

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

<0.050

<0.00010

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.050

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0010

<0.00020

110.6

98.1

104.5

103.7

102.8

100.9

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

28-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

0.05

0.0001

0.0001

0.0002

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.05

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.001

0.0002
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Quality Control Report
Page 7 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5102418Batch
LCS

LCS

WG3332238-18

WG3332238-2

HB_WATER

HB_WATER

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

101.3

103.3

103.4

105.5

103.6

104.9

100.7

102.0

101.5

108.5

106.3

103.6

102.3

104.7

102.0

105.9

98.7

109.3

101.7

99.7

102.5

102.0

104.4

100.4

108.2

95.2

102.7

111.2

97.3

104.5

101.7

101.8

99.6

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 8 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5102418Batch
LCS

MB

WG3332238-2

WG3332238-1

HB_WATER
Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

99.3

102.6

101.7

106.7

104.6

105.1

102.5

100.1

100.6

109.2

104.6

104.0

102.2

104.3

104.7

105.1

97.6

109.8

102.7

97.1

100.5

101.7

105.7

100.3

107.1

96.8

99.4

<0.0030

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.003

0.0001

0.0001

0.0001

0.0001

0.00005
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Quality Control Report
Page 9 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5102418Batch
MB

MB

WG3332238-1

WG3332238-17

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00050

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.10

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

<0.0030

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.01

0.000005

0.05

0.0001

0.0001

0.0005

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.1

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.003

0.0002

0.003

0.0001

0.0001

0.0001

0.0001

0.00005
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Quality Control Report
Page 10 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-F-CL

Water

Water

Water

R5102418

R5105336

Batch

Batch

MB

LCS

MB

WG3332238-17

WG3331691-1

WG3331691-2

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Naphthenic Acids

Naphthenic Acids

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00050

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.10

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

100.5

<1.0

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

31-MAY-20

03-JUN-20

03-JUN-20

70-130

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

0.01

0.000005

0.05

0.0001

0.0001

0.0005

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.1

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.003

0.0002

1
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Quality Control Report
Page 11 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NH3-F-CL

NO2-IC-N-ED

NO3-IC-N-ED

Water

Water

Water

R5102915

R5098803

R5098803

Batch

Batch

Batch

DUP

LCS

LCS

MB

MB

MS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

LCS

LCS

LCS

WG3332920-23

WG3332920-22

WG3332920-6

WG3332920-21

WG3332920-5

WG3332920-24

WG3328671-13

WG3328671-15

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

WG3328671-13

WG3328671-15

WG3328671-17

L2451076-5

L2451076-5

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

<0.050

101.7

100.8

<0.050

<0.050

101.6

100.9

100.5

100.5

102.7

<0.010

<0.010

<0.010

<0.010

100.3

100.3

100.5

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

N/A 20

85-115

85-115

75-125

90-110

90-110

90-110

90-110

90-110

90-110

90-110

mg/L

%

%

mg/L

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

%

%

%

0.05

0.05

0.01

0.01

0.01

0.01

RPD-NA<0.050
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Quality Control Report
Page 12 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-ED

PAH-ALK-GCMS-CL

Water

Water

Water

Water

R5098803

R5105616

R5105616

Batch

Batch

Batch

LCS

MB

MB

MB

MB

DUP

LCS

LCS

MB

MB

MS

DUP

LCS

LCS

MB

MB

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

WG3334049-7

WG3334049-2

WG3334049-6

WG3334049-1

WG3334049-5

WG3334049-8

WG3334049-7

WG3334049-2

WG3334049-6

WG3334049-1

WG3334049-5

L2451076-4

L2451076-5

L2451076-4

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

99.6

<0.020

<0.020

<0.020

<0.020

<0.020

103.0

103.7

<0.020

<0.020

106.2

<0.020

103.1

107.6

<0.020

<0.020

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

N/A

N/A

20

20

90-110

70-130

70-130

70-130

70-130

70-130

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

mg/L

mg/L

%

mg/L

%

%

mg/L

mg/L

0.02

0.02

0.02

0.02

0.02

0.02

0.02

0.02

RPD-NA

RPD-NA

<0.020

<0.020
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Quality Control Report
Page 13 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
LCSWG3330138-1

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Perylene

Benzo(e)pyrene

Benzo(b&j)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Biphenyl

C2 Benz(a)Anthracenes/Chrysenes

C2 Benzofluoranthenes/Benzopyrenes

C2 Biphenyls

C2 Dibenzothiophenes

C2 Fluorenes

C2 Naphthalenes

C2 Phenanthrenes/Anthracenes

C3 Dibenzothiophenes

C3 Naphthalenes

C3 Phenanthrenes/Anthracenes

C4 Dibenzothiophenes

C4 Naphthalenes

C4 Phenanthrenes/Anthracenes

Chrysene

Dibenz(a,h)anthracene

Dibenzothiophene

Fluoranthene

Fluorene

Indeno(1,2,3-cd)pyrene

C1 Benz(a)Anthracenes/Chrysenes

C1 Benzofluoranthenes/Benzopyrenes

C1 Acenaphthenes

101.2

99.2

84.8

101.8

104.3

122.7

122.2

106.5

103.8

102.3

93.8

95.8

90.5

103.8

95.8

93.2

97.4

98.8

101.1

93.2

98.8

101.1

93.2

98.8

101.1

90.5

96.7

93.2

97.9

97.4

99.2

90.5

103.8

101.2

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

50-150

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 14 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
LCS

MB

WG3330138-1

WG3330138-2

C1 Biphenyls

C1 Dibenzothiophenes

C1 Fluoranthenes/Pyrenes

C1 Fluorenes

1-Methylnaphthalene

2-Methylnaphthalene

C1 Phenanthrenes/Anthracenes

Naphthalene

Phenanthrene

Pyrene

Quinoline

C2 Fluoranthenes/Pyrenes

C3 Fluoranthenes/Pyrenes

C3 Fluorenes

C4 Fluoranthenes/Pyrenes

C3 Benzanthracenes/Chrysenes

C4 Benzanthracenes/Chrysenes

Retene

Acenaphthene

Acenaphthylene

Acridine

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Perylene

Benzo(e)pyrene

Benzo(b&j)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Biphenyl

C2 Benz(a)Anthracenes/Chrysenes

C2 Benzofluoranthenes/Benzopyrenes

C2 Biphenyls

95.8

93.2

97.9

97.4

93.5

93.5

101.1

98.8

101.1

97.8

113.1

97.9

97.9

97.4

97.9

90.5

90.5

61.3

<0.010

<0.010

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.040

<0.040

<0.040

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

60-130

60-130

60-130

60-130

50-130

50-130

60-130

50-130

60-130

60-130

60-130

50-150

50-150

50-150

50-150

50-150

50-150

60-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

0.01

0.01

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.04

0.04

0.04
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Quality Control Report
Page 15 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL Water

R5099402Batch
MBWG3330138-2

C2 Dibenzothiophenes

C2 Fluorenes

C2 Naphthalenes

C2 Phenanthrenes/Anthracenes

C3 Dibenzothiophenes

C3 Naphthalenes

C3 Phenanthrenes/Anthracenes

C4 Dibenzothiophenes

C4 Naphthalenes

C4 Phenanthrenes/Anthracenes

Chrysene

Dibenz(a,h)anthracene

Dibenzothiophene

Fluoranthene

Fluorene

Indeno(1,2,3-cd)pyrene

C1 Benz(a)Anthracenes/Chrysenes

C1 Benzofluoranthenes/Benzopyrenes

C1 Acenaphthenes

C1 Biphenyls

C1 Dibenzothiophenes

C1 Fluoranthenes/Pyrenes

C1 Fluorenes

1-Methylnaphthalene

2-Methylnaphthalene

C1 Phenanthrenes/Anthracenes

Naphthalene

Phenanthrene

Pyrene

Quinoline

C2 Fluoranthenes/Pyrenes

C3 Fluoranthenes/Pyrenes

C3 Fluorenes

C4 Fluoranthenes/Pyrenes

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.040

<0.020

<0.020

<0.040

<0.020

<0.020

<0.010

<0.050

<0.040

<0.040

<0.040

<0.040

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.01

0.005

0.01

0.01

0.01

0.01

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.02

0.02

0.04

0.02

0.02

0.01

0.05

0.04

0.04

0.04

0.04
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Quality Control Report
Page 16 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-ALK-GCMS-CL

PH/EC/ALK-ED

Water

Water

R5099402

R5096577

Batch

Batch

MB

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

MB

WG3330138-2

WG3328458-10

WG3328458-13

WG3328458-14

WG3328458-15

WG3328458-18

WG3328458-19

WG3328458-2

WG3328458-20

WG3328458-3

WG3328458-4

WG3328458-8

WG3328458-9

WG3328458-1

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

ED-PH6

PCTITRATE_LCS

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

C3 Benzanthracenes/Chrysenes

C4 Benzanthracenes/Chrysenes

Retene

Surrogate: d10-Acenaphthene

Surrogate: d8-Naphthalene

Surrogate: d12-Chrysene

Surrogate: d10-Phenanthrene

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

pH

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

<0.040

<0.040

<0.010

68.3

81.8

66.0

66.1

105.5

6.05

102.5

100.0

6.01

96.5

6.06

100.8

102.7

98.5

6.01

98.5

<2.0

<5.0

<5.0

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

26-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

85-115

5.8-6.2

90-110

85-115

5.8-6.2

90-110

5.8-6.2

85-115

90-110

85-115

5.8-6.2

90-110

ug/L

ug/L

ug/L

%

%

%

%

%

pH

%

%

pH

%

pH

%

%

%

pH

%

uS/cm

mg/L

mg/L

0.04

0.04

0.01

50-140

50-140

50-140

50-140

2

5

5
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Quality Control Report
Page 17 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

Water

Water

Water

R5096577

R5100262

R5098803

Batch

Batch

Batch

MB

MB

MB

MB

DUP

LCS

MB

MS

LCS

LCS

WG3328458-1

WG3328458-12

WG3328458-17

WG3328458-7

WG3330257-7

WG3330257-6

WG3330257-5

WG3330257-8

WG3328671-13

WG3328671-15

L2451076-2

L2451076-2

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

Sulfate (SO4)

Sulfate (SO4)

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<0.0010

94.5

<0.0010

98.4

102.1

101.9

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

27-MAY-20

25-MAY-20

25-MAY-20

N/A 20

85-115

75-125

90-110

90-110

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

5

2

2

5

5

5

2

2

5

5

5

2

2

5

5

5

2

0.001

RPD-NA<0.0010
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Quality Control Report
Page 18 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SO4-IC-N-ED

SOLIDS-TDS-CL

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

Water

Water

Water

Water

R5098803

R5102303

R5106660

R5106957

R5100124

Batch

Batch

Batch

Batch

Batch

LCS

LCS

MB

MB

MB

MB

LCS

MB

DUP

LCS

MB

LCS

MB

DUP

LCS

LCS

WG3328671-17

WG3328671-2

WG3328671-1

WG3328671-14

WG3328671-16

WG3328671-18

WG3331274-2

WG3331274-1

WG3334844-3

WG3334844-2

WG3334844-1

WG3333988-2

WG3333988-1

WG3331025-16

WG3331025-10

WG3331025-14

L2451076-5

L2451076-4

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Sulphide (as S)

Sulphide (as S)

102.0

99.8

<0.30

<0.30

<0.30

<0.30

99.3

<10

4.2

89.8

<3.0

106.0

<3.0

<0.0015

94.4

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

25-MAY-20

29-MAY-20

29-MAY-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

03-JUN-20

28-MAY-20

28-MAY-20

0.0

N/A

20

20

90-110

90-110

85-115

85-115

85-115

75-125

%

%

mg/L

mg/L

mg/L

mg/L

%

mg/L

mg/L

%

mg/L

%

mg/L

mg/L

%

0.3

0.3

0.3

0.3

10

3

3

RPD-NA

4.2

<0.0015
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Quality Control Report
Page 19 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SULPHIDE-CFA-ED

TKN-F-CL

Water

Water

R5100124

R5103017

Batch

Batch

LCS

LCS

MB

MB

MB

MS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

WG3331025-14

WG3331025-6

WG3331025-13

WG3331025-5

WG3331025-9

WG3331025-15

WG3333058-10

WG3333058-14

WG3333058-18

WG3333058-2

WG3333058-22

WG3333058-26

WG3333058-30

WG3333058-6

WG3333058-1

WG3333058-13

WG3333058-17

WG3333058-21

WG3333058-25

L2451076-4

Sulphide (as S)

Sulphide (as S)

Sulphide (as S)

Sulphide (as S)

Sulphide (as S)

Sulphide (as S)

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

101.5

96.5

<0.0015

<0.0015

<0.0015

95.8

85.0

81.0

83.1

83.5

82.0

83.1

81.0

82.2

<0.20

<0.20

<0.20

<0.20

28-MAY-20

27-MAY-20

28-MAY-20

27-MAY-20

28-MAY-20

28-MAY-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

75-125

75-125

65-135

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

%

%

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

0.0015

0.0015

0.0015

0.2

0.2

0.2

0.2

22



Quality Control Report
Page 20 ofReport Date: 22-JUL-20Workorder: L2451076

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

TKN-F-CL Water

R5103017Batch
MB

MB

MB

MB

WG3333058-25

WG3333058-29

WG3333058-5

WG3333058-9

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

<0.20

<0.20

<0.20

<0.20

01-JUN-20

01-JUN-20

01-JUN-20

01-JUN-20

mg/L

mg/L

mg/L

mg/L

0.2

0.2

0.2

0.2
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Quality Control Report
Page 21 ofReport Date: 22-JUL-20Workorder: L2451076

Sample Parameter Qualifier Definitions:

Description Qualifier      

RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:
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Quality Control Report
Page 22 ofReport Date: 22-JUL-20Workorder: L2451076

ALS Product Description   
Sample  

ID   Sampling Date   Date Processed   Rec. HT Actual HT

Physical Tests

1
2

1
2
3
4
5

23-MAY-20 09:30
23-MAY-20 10:00

23-MAY-20 09:30
23-MAY-20 10:00
23-MAY-20 13:30
23-MAY-20 16:00
23-MAY-20 16:18

03-JUN-20 13:00
03-JUN-20 18:30

03-JUN-20 00:00
03-JUN-20 00:00
03-JUN-20 00:00
03-JUN-20 00:00
03-JUN-20 00:00

7
7

7
7
7
7
7

11
11

11
11
10
10
10

Total Dissolved Solids

Total Suspended Solids

EHT
EHT

EHT
EHT
EHT
EHT
EHT

Qualifier   

Legend & Qualifier Definitions:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

Notes*:
Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is
used for calculation purposes.  Samples for L2451076 were received on 25-MAY-20 09:16.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

Units 

days
days

days
days
days
days
days

EHTR-FM:  
EHTR:        
EHTL:         
EHT:         
Rec. HT:   

Exceeded ALS recommended hold time prior to sample receipt.  Field Measurement recommended.
Exceeded ALS recommended hold time prior to sample receipt.
Exceeded ALS recommended hold time prior to analysis.  Sample was received less than 24 hours prior to expiry.
Exceeded ALS recommended hold time prior to analysis.
ALS recommended hold time (see units).

22



Chrom Perfect Chromatogram Report
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ALS Sample ID: L2451076-1
Client ID: ML-S-TRIB-6-FD
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report
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ALS Sample ID: L2451076-2
Client ID: ML-S-TRIB-6
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report
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ALS Sample ID: L2451076-3
Client ID: ML-S-TRIB-4
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report
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ALS Sample ID: L2451076-4
Client ID: ML-S-TRIB-CON TB
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report
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ALS Sample ID: L2451076-5
Client ID: ML-S-TRIB-CON
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2511791-1 ML-S-TRIB-4
CLIENT on 02-OCT-20 @ 16:00Sampled By:

WATER
BTEX & F1-F4

Total Metals - CCME

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

14-OCT-20

06-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
14-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
95.6
71.3
72.0

<0.10
<0.25
<0.25
91.4

103

<0.0000050

0.0032
<0.00010
0.00019
0.0366

<0.00010
<0.000050

0.016
0.0000123

29.5
0.00014

<0.00010
<0.00050

0.433
<0.000050

0.0049
7.08

0.0285
0.000072
<0.00050

0.445
<0.000050

4.86
<0.000010

1.66
0.0562
<0.50

<0.000010
<0.00010
<0.00030

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030

Matrix:

HTC

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5249160
R5249160
R5249160
R5249160

R5250017

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5254359
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2511791-1 ML-S-TRIB-4
CLIENT on 02-OCT-20 @ 16:00Sampled By:

WATER

Dissolved Metals - CCME

   Miscellaneous Parameters

Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

08-OCT-20

09-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

06-OCT-20
06-OCT-20

08-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

04-OCT-20
07-OCT-20
11-OCT-20
08-OCT-20
08-OCT-20
07-OCT-20
11-OCT-20

<0.000010
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

FIELD
0.0015

<0.00010
0.00021
0.0392

<0.00010
<0.000050

<0.010
<0.0000050

31.9
<0.00010
<0.00010
<0.00020

0.471
<0.000050

0.0044
7.63

0.0319
<0.000050
<0.00050

<0.50
<0.000050

5.10
<0.000010

1.6
0.0599
<0.50

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
25

10.8
<1.0

0.0037
<0.0015

0.45

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20

Matrix:

R5252841
R5252841
R5252841
R5252841

R5247528
R5250017

R5251717
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5244811
R5251462
R5253454
R5251832
R5252453
R5251713
R5253028
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2511791-1

L2511791-2

ML-S-TRIB-4

ML-S-TRIB-4-FB

CLIENT on 02-OCT-20 @ 16:00

CLIENT on 02-OCT-20 @ 16:20

Sampled By:

Sampled By:

WATER

WATER

Routine Water Analysis

BTEX & F1-F4

Total Metals - CCME

Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

13-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

13-OCT-20
05-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20

04-OCT-20

04-OCT-20

14-OCT-20
14-OCT-20
14-OCT-20

04-OCT-20

08-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20

09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

0.0107
139
10.7

<0.020
<3.0

<0.50

0.115

105
106
111

<0.020

<0.022

<0.010

0.39

7.87
203
132
<5.0
<5.0
108

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
94.5
70.9
79.0

<0.10
<0.25
<0.25
88.6

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

0.0050
20
1.0

0.020
3.0

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

Matrix:

Matrix:

DLDS
R5253550
R5249797
R5253454
R5254294
R5250993

R5248218

R5248218

R4644889
R4644889
R4644889

R5248218

R5248218

R5248218

R5245125
R5245125
R5245125
R5245125
R5245125
R5245125

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5249160
R5249160
R5249160
R5249160
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
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L2511791-2 ML-S-TRIB-4-FB
CLIENT on 02-OCT-20 @ 16:20Sampled By:

WATER

Dissolved Metals - CCME

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

10-OCT-20

06-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

06-OCT-20
06-OCT-20

08-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

<0.13

<0.0000050

<0.0030
<0.00010
<0.00010
<0.00010
<0.00010
<0.000050

<0.010
<0.0000050

<0.050
<0.00010
<0.00010
<0.00050
<0.010

<0.000050
<0.0010
<0.0050
<0.00010
<0.000050
<0.00050
<0.050

<0.000050
<0.10

<0.000010
<0.050

<0.00020
<0.50

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

FIELD
<0.0010
<0.00010
<0.00010
<0.00010
<0.00010
<0.000050

<0.010
<0.0000050

<0.50

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50

Matrix:

HTC

R5250017

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5247528
R5250017

R5251717
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2511791-2 ML-S-TRIB-4-FB
CLIENT on 02-OCT-20 @ 16:20Sampled By:

WATER

   Miscellaneous Parameters

Routine Water Analysis

Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

08-OCT-20

09-OCT-20

13-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

04-OCT-20
07-OCT-20
11-OCT-20
08-OCT-20
09-OCT-20
07-OCT-20
11-OCT-20
13-OCT-20
05-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20

04-OCT-20

04-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20

04-OCT-20

08-OCT-20

<0.00010
<0.00010
<0.00020
<0.010

<0.000050
<0.0010
<0.10

<0.00010
<0.000050
<0.00050

<0.50
<0.000050

<0.050
<0.000010

<1.0
<0.00020

<0.50
<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
<10
<1.0
<1.0

<0.0010
<0.0015
<0.20

<0.0050
<10
<1.0

<0.020
<3.0

<0.50

<0.020

Low TDS
<1.0
<1.0

<0.020

<0.022

Dissolved Metals in Water by CRC ICPMS

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20

0.0050
10
1.0

0.020
3.0

0.50

0.020

0.020

0.022

Matrix:

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5244811
R5251462
R5253454
R5251832
R5252983
R5251713
R5253028
R5253550
R5249797
R5253454
R5254294
R5250993

R5248218

R5248218

R5248218
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2511791-2

L2511791-3

ML-S-TRIB-4-FB

ML-S-TRIB-2

CLIENT on 02-OCT-20 @ 16:20

CLIENT on 02-OCT-20 @ 16:45

Sampled By:

Sampled By:

WATER

WATER
BTEX & F1-F4

Total Metals - CCME

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20

09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

11-OCT-20

06-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

<0.010

<0.30

5.35
<2.0
<5.0
<5.0
<5.0
<2.0

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
99.6
70.3
93.1

<0.10
<0.25
<0.25
93.8

245

<0.0000050

0.0055
<0.00010
0.00062
0.0762

<0.00010
<0.000050

0.046
0.0000120

69.5
<0.00010
0.00013

<0.00050
0.357

<0.000050

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050

Matrix:

Matrix:

HTC

R5248218

R5248218

R5245125
R5245125
R5245125
R5245125
R5245125
R5245125

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5249160
R5249160
R5249160
R5249160

R5250017

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2511791-3 ML-S-TRIB-2
CLIENT on 02-OCT-20 @ 16:45Sampled By:

WATER

Dissolved Metals - CCME

Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

06-OCT-20
06-OCT-20

08-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

0.0231
17.3

0.0583
0.000221
0.00072

1.51
0.000085

11.5
<0.000010

3.17
0.320
1.39

<0.000010
<0.00010
<0.00030
0.000077
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

FIELD
0.0030

<0.00010
0.00062
0.0835

<0.00010
<0.000050

0.042
<0.0000050

73.3
<0.00010
0.00013

<0.00020
0.400

<0.000050
0.0226
18.0

0.0641
0.000142
0.00073

1.58
0.000084

11.9
<0.000010

3.1
0.321
1.30

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50

Matrix:

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5247528
R5250017

R5251717
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2511791 CONTD....
9PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
12

L2511791-3 ML-S-TRIB-2
CLIENT on 02-OCT-20 @ 16:45Sampled By:

WATER

   Miscellaneous Parameters

Routine Water Analysis

Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

08-OCT-20

09-OCT-20

13-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

04-OCT-20
07-OCT-20
11-OCT-20
08-OCT-20
08-OCT-20
07-OCT-20
11-OCT-20
13-OCT-20
05-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20

04-OCT-20

04-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20

04-OCT-20

08-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20

<0.000010
<0.00010
<0.00030
0.000068
<0.00050
0.0023

<0.00020

<0.050
61

24.9
<1.0

0.0049
<0.0015

0.78
0.0245

312
25.2
0.036
<3.0

0.59

0.203

106
247
257

<0.020

<0.022

<0.010

1.85

8.05
446
301
<5.0
<5.0
247

Dissolved Metals in Water by CRC ICPMS

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20

0.0050
20
1.0

0.020
3.0

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

Matrix:

DLDS

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5244811
R5251462
R5253454
R5251832
R5252453
R5251713
R5253028
R5253550
R5249797
R5253454
R5254294
R5250993

R5248218

R5248218

R5248218

R5248218

R5248218

R5245125
R5245125
R5245125
R5245125
R5245125
R5245125



BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

COD-T-COL-ED

ETL-HARDNESS-TOT-ED

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

IONBALANCE-ED

MET-D-CCMS-ED

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-COL-ED

NO2+NO3-CALC-ED

Reference Information

BTEX, Styrene and F1 (C6-C10)

Dissolved Organic Carbon

Total Organic Carbon

Chloride in Water by IC

Chemical Oxygen Demand

Hardness (from Total Ca and Mg)

Fluoride in Water by IC

F2, F3, F4

Dissolved Mercury in Water by CVAAS

Total Mercury in Water by CVAAS

Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Total Metals in Water by CRC ICPMS

Naphthenic Acids by FTIR

Ammonia in Water by Colour

Nitrate+Nitrite

L2511791 CONTD....
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The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas chromatograph. 
BTEX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is carried out in 
accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method.

Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are spiked with 2-BBTF surrogate, and extracted by reciprocal action shaker for 30 minutes using a single micro-extraction with 2 mL 
hexane. After extraction, hexane extracts are dispensed into GC vials for GC-FID analysis.

Water samples are filtered (0.45 um), preserved with hydrochloric acid, then undergo a cold-oxidation using bromine monochloride prior to reduction 
with stannous chloride, and analyzed by CVAAS.

Water samples undergo a cold-oxidation using bromine monochloride prior to reduction with stannous chloride, and analyzed by CVAAS.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy.  Note that FTIR is not uniquely selective to naphthenic acids.  If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method.

This analysis is carried out using procedures adapted from APHA Method 4500 NH3 "NITROGEN (AMMONIA)". Ammonia is determined using the 
automated phenate colourimetric method.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

DLDS

HTC

MS-B

Detection Limit Raised: Dilution required due to high Dissolved Solids / Electrical Conductivity.

Hardness was calculated from Total Ca and/or Mg concentrations and may be biased high (dissolved Ca/Mg results unavailable).

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Sample Parameter Qualifier Key:

EPA 5021/8015&8260 GC-MS & FID

APHA 5310 B-Instrumental

APHA 5310 B-Instrumental

EPA 300.1 (mod)

APHA 5220 D-Micro Colorimetry

APHA 2340 B-Calculation

EPA 300.1 (mod)

EPA 3510/CCME PHC CWS-GC-FID

APHA 3030B/EPA 1631E (mod)

EPA 1631E (mod)

APHA 1030E

APHA 3030B/6020A (mod)

EPA 200.2/6020A (mod)

Naphthenic Acids by FTIR,Syncrude,1994

APHA 4500 NH3-NITROGEN (AMMONIA)

CALCULATION

Method Reference** 

Description Qualifier    

Matrix 

Test Method References:            

Version:  FINAL   
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NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-CL

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

SOLIDS-TDS-ED

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-ED

Reference Information

Nitrite in Water by IC

Nitrate in Water by IC

Total P in Water by Colour

Total Dissolved P in Water by Colour

pH, Conductivity and Total Alkalinity

Phenols (4AAP)

Sulfate in Water by IC

Total Dissolved Solids

Total Suspended Solids

Sulphide

TKN (as N) by  Fluorescence

L2511791 CONTD....
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Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorus is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter.

All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed).
 pH measurement is determined from the activity of the hydrogen ions using a hydrogen electrode and a reference electrode.
Alkalinity measurement is based on the sample’s capacity to neutralize acid. Auto-titration to pH 4.5 using 0.02N H2SO4 is performed.
Conductivity measurement is based on the sample’s capacity to convey an electric current, and is measured with a conductivity meter.

This automated method is based on the distillation of phenol and subsequent reaction of the distillate with an oxidizing agent (alkaline potassium 
ferricyanide), and 4-aminoantipyrine to form a red complex which is measured at 505 nm. The method will include ortho and meta-substituted phenols, 
and is collectively named 4AAP phenols.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Gravimetric determination of solids in waters by filtration and evaporating filtrate to dryness at 180 degrees Celsius.

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius.

A continuous flow manifold adds HCl to the sample which converts sulphide to a gas, then the sulphide is separated from the flow using a gas dialysis 
membrane. A colorimetric reaction produces a methylene blue compound which is measured at 660 nm. This follows the Standard Methods procedure 
4500 S-E.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total  Kjeldahl 
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500-P PHOSPHORUS

APHA 4500-P PHOSPHORUS

APHA 4500-H, 2510, 2320

EPA 9066 AUTO-DISTILL-COLORIMETRIC

EPA 300.1 (mod)

APHA 2540 C

APHA 2540 D-Gravimetric

APHA 4500 -S E-Auto-Colorimetry

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

FM

ED

CL

ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

Version:  FINAL   
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ALS Test Code Test Description Method Reference** Matrix 

Test Method References:            

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Quality Control Report
Page 1 of

Client:

Contact:

GOLDER ASSOCIATES LTD
16820 107 Ave NW 
EDMONTON  AB  T5P 4C3
Kate Moreira

Report Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

Water

Water

Water

Water

R5231702

R5253454

R5253454

Batch

Batch

Batch

LCS

LCS

MB

DUP

LCS

MB

MS

DUP

LCS

MB

WG3420424-2

WG3420424-3

WG3420424-1

WG3423290-3

WG3423290-2

WG3423290-1

WG3423290-4

WG3423290-3

WG3423290-2

WG3423290-1

L2511791-1

L2511791-1

L2511791-1

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Surrogate: 1,4-Difluorobenzene (SS)

Surrogate: 4-Bromofluorobenzene (SS)

Surrogate: 3,4-Dichlorotoluene (SS)

Dissolved Organic Carbon

Dissolved Organic Carbon

Dissolved Organic Carbon

Dissolved Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

90.3

89.5

88.1

92.3

95.2

83.5

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.10

98.0

70.9

89.7

10.5

98.6

<1.0

84.0

10.8

99.3

<1.0

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

2.1

0.9

20

20

70-130

70-130

70-130

70-130

70-130

70-130

80-120

70-130

80-120

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

mg/L

%

mg/L

%

mg/L

%

mg/L

0.0005

0.0005

0.0005

0.0005

0.0005

0.1

70-130

70-130

70-130

1

1

10.8

10.7
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-ED

COD-T-COL-ED

F-IC-N-ED

Water

Water

Water

R5248218

R5251462

R5248218

Batch

Batch

Batch

DUP

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

MS

LCS

MB

DUP

LCS

LCS

WG3418044-5

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3418044-6

WG3419536-2

WG3419536-1

WG3418044-5

WG3418044-13

WG3418044-15

L2511791-2

L2511791-2

L2511791-2

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chemical Oxygen Demand

Chemical Oxygen Demand

Fluoride (F)

Fluoride (F)

Fluoride (F)

<0.50

103.3

103.1

103.5

104.5

102.6

<0.50

<0.50

<0.50

<0.50

<0.50

102.5

101.3

<10

<0.020

105.8

109.1

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

07-OCT-20

07-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

N/A

N/A

20

20

90-110

90-110

90-110

90-110

90-110

75-125

85-115

90-110

90-110

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

mg/L

mg/L

%

%

0.5

0.5

0.5

0.5

0.5

10

RPD-NA

RPD-NA

<0.50

<0.020
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Quality Control Report
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

Water

Water

Water

Water

R5248218

R5249160

R5250017

Batch

Batch

Batch

LCS

LCS

LCS

MB

MB

MB

MB

MB

MS

LCS

MB

LCS

MB

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3418044-6

WG3418574-2

WG3418574-1

WG3419237-14

WG3419237-13

L2511791-2

DIESEL/MOTOR OIL

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Surrogate: 2-Bromobenzotrifluoride

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

90.8

103.2

91.2

<0.020

<0.020

<0.020

<0.020

<0.020

106.3

99.1

95.5

95.7

<0.10

<0.25

<0.25

99.4

97.4

<0.0000050

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

06-OCT-20

06-OCT-20

90-110

90-110

90-110

75-125

70-130

70-130

70-130

80-120

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

mg/L

mg/L

%

%

mg/L

0.02

0.02

0.02

0.02

0.02

0.1

0.25

0.25

60-140

0.000005
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

HG-T-CVAA-ED

MET-D-CCMS-ED

Water

Water

R5250017

R5252841

Batch

Batch

LCS

MB

LCS

WG3419247-14

WG3419247-13

WG3420944-2

Mercury (Hg)-Total

Mercury (Hg)-Total

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

99.5

<0.0000050

103.7

99.1

99.9

101.7

100.9

96.7

95.7

101.9

98.8

102.9

99.8

98.3

101.8

99.2

95.3

99.9

105.3

102.5

99.6

99.4

97.8

102.8

101.5

101.4

100.5

95.0

101.7

101.7

06-OCT-20

06-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

mg/L

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

0.000005
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED Water

R5252841Batch
LCS

MB

WG3420944-2

WG3420944-1

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

97.1

100.9

102.2

91.1

97.1

<0.0010

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.050

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.001

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.000005

0.05

0.0001

0.0001

0.0002

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.05

0.00001

0.05

0.0002

0.5

0.00001

0.0001
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED

MET-T-CCMS-ED

Water

Water

R5252841

R5252841

Batch

Batch

MB

DUP

WG3420944-1

WG3422403-3 L2511791-1

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

<0.00030

<0.000010

<0.00050

<0.0010

<0.00020

<0.0030

<0.00010

0.00021

0.0361

<0.00010

<0.000050

0.013

0.0000146

29.8

<0.00010

<0.00010

<0.00050

0.432

<0.000050

0.0047

6.94

0.0282

<0.00050

0.445

<0.000050

4.89

<0.000010

1.61

0.0567

<0.50

<0.000010

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

N/A

N/A

7.2

1.4

N/A

N/A

0.003

17

1.2

N/A

N/A

N/A

0.3

N/A

3.3

2.0

1.3

N/A

0.0

N/A

0.5

N/A

3.3

0.9

N/A

N/A

20

20

20

20

20

20

0.02

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.0003

0.00001

0.0005

0.001

0.0002

RPD-NA

RPD-NA

RPD-NA

RPD-NA

J

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

0.0032

<0.00010

0.00019

0.0366

<0.00010

<0.000050

0.016

0.0000123

29.5

0.00014

<0.00010

<0.00050

0.433

<0.000050

0.0049

7.08

0.0285

<0.00050

0.445

<0.000050

4.86

<0.000010

1.66

0.0562

<0.50

<0.000010

16



Quality Control Report
Page 7 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5252841Batch
DUP

LCS

WG3422403-3

WG3422403-2

L2511791-1

HB_WATER

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

96.0

99.7

96.1

97.1

97.7

91.4

97.7

96.6

95.7

96.6

94.5

93.5

98.7

94.4

91.2

92.7

99.2

98.3

95.8

94.1

97.5

98.3

102.8

93.0

97.7

94.4

96.1

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

N/A

N/A

N/A

N/A

N/A

N/A

20

20

20

20

20

20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

16



Quality Control Report
Page 8 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5252841Batch
LCS

MB

WG3422403-2

WG3422403-1

HB_WATER
Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

96.9

92.9

94.0

97.2

84.5

91.0

<0.0030

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00050

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.10

<0.000010

<0.050

<0.00020

<0.50

<0.000010

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.003

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.000005

0.05

0.0001

0.0001

0.0005

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.1

0.00001

0.05

0.0002

0.5

0.00001

16



Quality Control Report
Page 9 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5252841Batch
MB

MS

WG3422403-1

WG3422403-4 L2511791-2

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

96.9

100.1

97.4

98.3

99.2

105.8

101.6

100.6

97.4

100.0

99.9

98.1

101.4

98.1

91.8

96.6

101.9

100.3

98.6

96.6

99.1

94.1

103.0

93.9

100.1

101.7

99.2

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

0.0001

0.0003

0.00001

0.0005

0.003

0.0002

16



Quality Control Report
Page 10 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-COL-ED

NO2-IC-N-ED

Water

Water

Water

Water

R5252841

R5254359

R5251832

R5244811

R5248218

Batch

Batch

Batch

Batch

Batch

MS

DUP

LCS

MB

LCS

MB

DUP

LCS

LCS

LCS

LCS

LCS

WG3422403-4

WG3422403-3

WG3420528-13

WG3420528-14

WG3418040-2

WG3418040-1

WG3418044-5

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

L2511791-2

L2511791-1

L2511791-2

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Molybdenum (Mo)-Total

Naphthenic Acids

Naphthenic Acids

Ammonia, Total (as N)

Ammonia, Total (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

99.9

97.9

99.0

99.8

84.7

103.6

0.000058

101.5

<1.0

94.9

<0.050

<0.010

107.4

107.8

108.8

107.0

106.5

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

14-OCT-20

08-OCT-20

08-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

0.000014

N/A

0.0001

20

70-130

70-130

70-130

70-130

70-130

70-130

70-130

85-115

90-110

90-110

90-110

90-110

90-110

%

%

%

%

%

%

mg/L

%

mg/L

%

mg/L

mg/L

%

%

%

%

%

1

0.05

J

RPD-NA

0.000072

<0.010

16



Quality Control Report
Page 11 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO2-IC-N-ED

NO3-IC-N-ED

Water

Water

R5248218

R5248218

Batch

Batch

MB

MB

MB

MB

MB

MS

DUP

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

MS

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3418044-6

WG3418044-5

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3418044-6

L2511791-2

L2511791-2

L2511791-2

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

<0.010

<0.010

<0.010

<0.010

<0.010

105.2

<0.020

103.4

103.1

103.6

104.4

102.9

<0.020

<0.020

<0.020

<0.020

<0.020

102.7

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

N/A 20

75-125

90-110

90-110

90-110

90-110

90-110

75-125

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

0.01

0.01

0.01

0.01

0.01

0.02

0.02

0.02

0.02

0.02

RPD-NA<0.020

16



Quality Control Report
Page 12 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

P-T-COL-ED

P-TD-COL-CL

PH/EC/ALK-ED

Water

Water

Water

R5254294

R5253550

R5245125

Batch

Batch

Batch

LCS

LCS

LCS

MB

MB

MB

DUP

LCS

MB

MS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

WG3423407-11

WG3423407-12

WG3423407-2

WG3423407-1

WG3423407-10

WG3423407-9

WG3423344-11

WG3423344-10

WG3423344-9

WG3423344-12

WG3418006-12

WG3418006-13

WG3418006-14

WG3418006-2

WG3418006-3

WG3418006-4

WG3418006-7

KONELAB_TP

L2511791-1

L2511791-1

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

103.2

99.95

96.4

<0.020

<0.020

<0.020

0.0101

94.2

<0.0050

87.9

6.07

101.8

98.9

6.06

96.6

97.2

6.01

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

13-OCT-20

13-OCT-20

13-OCT-20

13-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

5.6 20

70-130

70-130

80-120

80-120

70-130

5.8-6.2

90-110

85-115

5.8-6.2

90-110

85-115

5.8-6.2

%

%

%

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

pH

%

%

pH

%

%

pH

0.02

0.02

0.02

0.005

0.0107

16



Quality Control Report
Page 13 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PH/EC/ALK-ED

PHENOLS-4AAP-ED

Water

Water

R5245125

R5252453

R5252983

Batch

Batch

Batch

LCS

LCS

MB

MB

MB

LCS

LCS

MB

MB

LCS

MB

WG3418006-8

WG3418006-9

WG3418006-1

WG3418006-11

WG3418006-6

WG3421126-10

WG3421126-6

WG3421126-5

WG3421126-9

WG3422314-2

WG3422314-1

MID_1412

PCTITRATE_LCS

Conductivity (EC)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

101.7

98.9

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

105.7

105.7

<0.0010

<0.0010

94.1

<0.0010

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

09-OCT-20

09-OCT-20

90-110

85-115

85-115

85-115

85-115

%

%

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

%

%

mg/L

mg/L

%

mg/L

2

5

5

5

2

2

5

5

5

2

2

5

5

5

2

0.001

0.001

0.001
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Quality Control Report
Page 14 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SO4-IC-N-ED

SOLIDS-TDS-ED

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

Water

Water

Water

Water

R5248218

R5249797

R5250993

Batch

Batch

Batch

DUP

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

MS

LCS

MB

LCS

MB

WG3418044-5

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3418044-6

WG3418142-2

WG3418142-1

WG3418788-2

WG3418788-1

L2511791-2

L2511791-2

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

<0.30

106.2

105.9

101.8

106.2

99.4

<0.30

<0.30

<0.30

<0.30

<0.30

106.3

90.5

<10

97.4

<3.0

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

06-OCT-20

N/A 20

90-110

90-110

90-110

90-110

90-110

75-125

85-115

85-115

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

mg/L

%

mg/L

0.3

0.3

0.3

0.3

0.3

10

3

RPD-NA<0.30
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Quality Control Report
Page 15 ofReport Date: 14-OCT-20Workorder: L2511791

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SULPHIDE-CFA-ED

TKN-F-ED

Water

Water

R5251713

R5253028

Batch

Batch

LCS

MB

LCS

MB

WG3420612-2

WG3420612-1

WG3422194-2

WG3422194-1

Sulphide (as S)

Sulphide (as S)

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

85.7

<0.0015

101

<0.20

07-OCT-20

07-OCT-20

11-OCT-20

11-OCT-20

75-125

75-125

%

mg/L

%

mg/L

0.0015

0.2

16



Quality Control Report
Page 16 ofReport Date: 14-OCT-20Workorder: L2511791

Sample Parameter Qualifier Definitions:

Description Qualifier      

J

RPD-NA

Duplicate results and limits are expressed in terms of absolute difference.

Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

16



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:26:50 PM Page 1 of 1

ALS Sample ID: L2511791-1
Client ID: ML-S-TRIB-4
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:26:54 PM Page 1 of 1

ALS Sample ID: L2511791-2
Client ID: ML-S-TRIB-4-FB
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:26:58 PM Page 1 of 1

ALS Sample ID: L2511791-3
Client ID: ML-S-TRIB-2
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.
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ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2511794 CONTD....
2PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
10

L2511794-1 AR-N-TRIB-1
CLIENT on 01-OCT-20 @ 14:00Sampled By:

WATER
BTEX & F1-F4

Total Metals - CCME

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

06-OCT-20
06-OCT-20
06-OCT-20
06-OCT-20

09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20

06-OCT-20
06-OCT-20
06-OCT-20
06-OCT-20

11-OCT-20

06-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
95.5
71.8
81.1

<0.10
<0.25
<0.25
98.8

141

<0.0000050

0.0033
<0.00010
0.00011
0.0683

<0.00010
<0.000050

<0.010
0.0000145

44.4
<0.00010
<0.00010
<0.00050

0.403
<0.000050

0.0032
7.39
0.165

0.000204
<0.00050

0.883
<0.000050

5.45
<0.000010

1.95
0.0644
1.72

<0.000010
<0.00010
<0.00030

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030

Matrix:

HTC

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5251630
R5251630
R5251630
R5251630

R5250017

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2511794 CONTD....
3PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
10

L2511794-1 AR-N-TRIB-1
CLIENT on 01-OCT-20 @ 14:00Sampled By:

WATER

Dissolved Metals - CCME

   Miscellaneous Parameters

Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

09-OCT-20

09-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

06-OCT-20
06-OCT-20

08-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

04-OCT-20
07-OCT-20
11-OCT-20
09-OCT-20
09-OCT-20
06-OCT-20
11-OCT-20

0.000041
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

FIELD
0.0015

<0.00010
<0.00010
0.0701

<0.00010
<0.000050

<0.010
<0.0000050

47.2
<0.00010
<0.00010
<0.00020

0.352
<0.000050

0.0027
7.97
0.151

0.000140
<0.00050

0.90
<0.000050

5.56
<0.000010

2.0
0.0657
1.74

<0.000010
<0.00010
<0.00030
0.000038
<0.00050
0.0037

<0.00020

<0.050
<10
3.7

<1.0
0.0012

<0.0015
0.20

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20

Matrix:

RRV

R5252841
R5252841
R5252841
R5252841

R5247528
R5250017

R5251717
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5244811
R5251462
R5253523
R5252524
R5252983
R5249657
R5253028
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
10

L2511794-1

L2511794-2

AR-N-TRIB-1

TRIB-TB

CLIENT on 01-OCT-20 @ 14:00

CLIENT on 01-OCT-20

Sampled By:

Sampled By:

WATER

WATER

Routine Water Analysis

BTEX & F1-F4

Total Metals - CCME

Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

13-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

06-OCT-20
06-OCT-20
06-OCT-20
06-OCT-20

13-OCT-20
05-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20

04-OCT-20

04-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20

04-OCT-20

08-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20

09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20
09-OCT-20

06-OCT-20
06-OCT-20
06-OCT-20
06-OCT-20

0.0229
200
4.1

0.025
<3.0

0.57

0.090

103
151
151

<0.020

<0.022

<0.010

4.56

8.02
255
178
<5.0
<5.0
146

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
96.9
72.0
87.7

<0.10
<0.25
<0.25
98.0

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

0.0050
20
1.0

0.020
3.0

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

Matrix:

Matrix:

DLDS
R5253550
R5249797
R5253523
R5254294
R5250993

R5248218

R5248218

R5248218

R5248218

R5248218

R5245083
R5245083
R5245083
R5245083
R5245083
R5245083

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5251630
R5251630
R5251630
R5251630
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* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2511794-2 TRIB-TB
CLIENT on 01-OCT-20Sampled By:

WATER

Dissolved Metals - CCME

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

10-OCT-20

06-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

06-OCT-20
06-OCT-20

08-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
13-OCT-20
10-OCT-20

<0.13

<0.0000050

<0.0030
<0.00010
<0.00010
<0.00010
<0.00010
<0.000050

<0.010
<0.0000050

<0.050
<0.00010
<0.00010
<0.00050
<0.010

<0.000050
<0.0010
<0.0050
<0.00010
<0.000050
<0.00050
<0.050

<0.000050
<0.10

<0.000010
<0.050

<0.00020
<0.50

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0030
<0.00020

FIELD
<0.0000050

FIELD
<0.0010
<0.00010
<0.00010
<0.00010
<0.00010
<0.000050

<0.010
0.0000058

<0.50

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50

Matrix:

HTC

R5250017

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5247528
R5250017

R5251717
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5253440
R5252841
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Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
10

L2511794-2 TRIB-TB
CLIENT on 01-OCT-20Sampled By:

WATER

   Miscellaneous Parameters

Routine Water Analysis

Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

09-OCT-20

09-OCT-20

13-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

04-OCT-20
07-OCT-20
11-OCT-20
09-OCT-20
08-OCT-20
06-OCT-20
11-OCT-20
13-OCT-20
05-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20

04-OCT-20

04-OCT-20

13-OCT-20
13-OCT-20
13-OCT-20

04-OCT-20

08-OCT-20

<0.00010
<0.00010
<0.00020
<0.010

<0.000050
<0.0010
<0.10

<0.00010
<0.000050
<0.00050

<0.50
<0.000050

<0.050
<0.000010

<1.0
<0.00020

<0.50
<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
<0.0010
<0.00020

<0.050
<10
<1.0
<1.0

<0.0010
<0.0015
<0.20

<0.0050
<10
<1.0

<0.020
<3.0

<0.50

<0.020

Low TDS
<1.0
<1.0

<0.020

<0.022

Dissolved Metals in Water by CRC ICPMS

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20

0.0050
10
1.0

0.020
3.0

0.50

0.020

0.020

0.022

Matrix:

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5244811
R5251462
R5253523
R5252524
R5252453
R5249657
R5253028
R5253550
R5249797
R5253523
R5254294
R5250993

R5248218

R5248218

R5248218
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L2511794-2 TRIB-TB
CLIENT on 01-OCT-20Sampled By:

WATER

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

04-OCT-20

04-OCT-20

04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20
04-OCT-20

<0.010

<0.30

5.42
<2.0
<5.0
<5.0
<5.0
<2.0

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

Matrix:

R5248218

R5248218

R5245083
R5245083
R5245083
R5245083
R5245083
R5245083



BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

COD-T-COL-ED

ETL-HARDNESS-TOT-ED

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

IONBALANCE-ED

MET-D-CCMS-ED

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-COL-ED

Reference Information

BTEX, Styrene and F1 (C6-C10)

Dissolved Organic Carbon

Total Organic Carbon

Chloride in Water by IC

Chemical Oxygen Demand

Hardness (from Total Ca and Mg)

Fluoride in Water by IC

F2, F3, F4

Dissolved Mercury in Water by CVAAS

Total Mercury in Water by CVAAS

Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Total Metals in Water by CRC ICPMS

Naphthenic Acids by FTIR

Ammonia in Water by Colour

L2511794 CONTD....
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The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas chromatograph. 
BTEX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is carried out in 
accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method.

Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are spiked with 2-BBTF surrogate, and extracted by reciprocal action shaker for 30 minutes using a single micro-extraction with 2 mL 
hexane. After extraction, hexane extracts are dispensed into GC vials for GC-FID analysis.

Water samples are filtered (0.45 um), preserved with hydrochloric acid, then undergo a cold-oxidation using bromine monochloride prior to reduction 
with stannous chloride, and analyzed by CVAAS.

Water samples undergo a cold-oxidation using bromine monochloride prior to reduction with stannous chloride, and analyzed by CVAAS.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy.  Note that FTIR is not uniquely selective to naphthenic acids.  If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method.

This analysis is carried out using procedures adapted from APHA Method 4500 NH3 "NITROGEN (AMMONIA)". Ammonia is determined using the 
automated phenate colourimetric method.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

DLDS

HTC

MS-B

RRV

Detection Limit Raised: Dilution required due to high Dissolved Solids / Electrical Conductivity.

Hardness was calculated from Total Ca and/or Mg concentrations and may be biased high (dissolved Ca/Mg results unavailable).

Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Reported Result Verified By Repeat Analysis

Sample Parameter Qualifier Key:

EPA 5021/8015&8260 GC-MS & FID

APHA 5310 B-Instrumental

APHA 5310 B-Instrumental

EPA 300.1 (mod)

APHA 5220 D-Micro Colorimetry

APHA 2340 B-Calculation

EPA 300.1 (mod)

EPA 3510/CCME PHC CWS-GC-FID

APHA 3030B/EPA 1631E (mod)

EPA 1631E (mod)

APHA 1030E

APHA 3030B/6020A (mod)

EPA 200.2/6020A (mod)

Naphthenic Acids by FTIR,Syncrude,1994

APHA 4500 NH3-NITROGEN (AMMONIA)

Method Reference** 

Description Qualifier    

Matrix 

Test Method References:            

Version:  FINAL   
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NO2+NO3-CALC-ED

NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-CL

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

SOLIDS-TDS-ED

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-ED

Reference Information

Nitrate+Nitrite

Nitrite in Water by IC

Nitrate in Water by IC

Total P in Water by Colour

Total Dissolved P in Water by Colour

pH, Conductivity and Total Alkalinity

Phenols (4AAP)

Sulfate in Water by IC

Total Dissolved Solids

Total Suspended Solids

Sulphide

TKN (as N) by  Fluorescence

L2511794 CONTD....
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Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorus is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter.

All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed).
 pH measurement is determined from the activity of the hydrogen ions using a hydrogen electrode and a reference electrode.
Alkalinity measurement is based on the sample’s capacity to neutralize acid. Auto-titration to pH 4.5 using 0.02N H2SO4 is performed.
Conductivity measurement is based on the sample’s capacity to convey an electric current, and is measured with a conductivity meter.

This automated method is based on the distillation of phenol and subsequent reaction of the distillate with an oxidizing agent (alkaline potassium 
ferricyanide), and 4-aminoantipyrine to form a red complex which is measured at 505 nm. The method will include ortho and meta-substituted phenols, 
and is collectively named 4AAP phenols.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Gravimetric determination of solids in waters by filtration and evaporating filtrate to dryness at 180 degrees Celsius.

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius.

A continuous flow manifold adds HCl to the sample which converts sulphide to a gas, then the sulphide is separated from the flow using a gas dialysis 
membrane. A colorimetric reaction produces a methylene blue compound which is measured at 660 nm. This follows the Standard Methods procedure 
4500 S-E.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total  Kjeldahl 
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

CALCULATION

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500-P PHOSPHORUS

APHA 4500-P PHOSPHORUS

APHA 4500-H, 2510, 2320

EPA 9066 AUTO-DISTILL-COLORIMETRIC

EPA 300.1 (mod)

APHA 2540 C

APHA 2540 D-Gravimetric

APHA 4500 -S E-Auto-Colorimetry

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

FM

ED

CL

ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

Version:  FINAL   
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ALS Test Code Test Description Method Reference** Matrix 

Test Method References:            

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.
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Quality Control Report
Page 1 of

Client:

Contact:

GOLDER ASSOCIATES LTD
16820 107 Ave NW 
EDMONTON  AB  T5P 4C3
Kate Moreira

Report Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

Water

Water

Water

Water

R5231702

R5253523

R5253523

R5248218

Batch

Batch

Batch

Batch

LCS

LCS

MB

LCS

MB

LCS

MB

LCS

LCS

LCS

WG3420424-2

WG3420424-3

WG3420424-1

WG3423270-2

WG3423270-1

WG3423270-2

WG3423270-1

WG3418044-13

WG3418044-15

WG3418044-17

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Surrogate: 1,4-Difluorobenzene (SS)

Surrogate: 4-Bromofluorobenzene (SS)

Surrogate: 3,4-Dichlorotoluene (SS)

Dissolved Organic Carbon

Dissolved Organic Carbon

Total Organic Carbon

Total Organic Carbon

Chloride (Cl)

Chloride (Cl)

90.3

89.5

88.1

92.3

95.2

83.5

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.10

98.0

70.9

89.7

90.6

<1.0

94.8

<1.0

103.3

103.1

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

04-OCT-20

04-OCT-20

70-130

70-130

70-130

70-130

70-130

70-130

80-120

80-120

90-110

90-110

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

%

mg/L

%

%

0.0005

0.0005

0.0005

0.0005

0.0005

0.1

70-130

70-130

70-130

1

1

14



Quality Control Report
Page 2 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-ED

COD-T-COL-ED

F-IC-N-ED

Water

Water

Water

R5248218

R5251462

R5248218

Batch

Batch

Batch

LCS

LCS

LCS

MB

MB

MB

MB

MB

LCS

MB

LCS

LCS

LCS

LCS

LCS

MB

MB

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3419536-2

WG3419536-1

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chemical Oxygen Demand

Chemical Oxygen Demand

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

103.5

104.5

102.6

<0.50

<0.50

<0.50

<0.50

<0.50

101.3

<10

105.8

109.1

90.8

103.2

91.2

<0.020

<0.020

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

07-OCT-20

07-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

90-110

90-110

90-110

85-115

90-110

90-110

90-110

90-110

90-110

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

%

%

mg/L

mg/L

0.5

0.5

0.5

0.5

0.5

10

0.02

0.02

14



Quality Control Report
Page 3 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

MET-D-CCMS-ED

Water

Water

Water

Water

Water

R5248218

R5251630

R5250017

R5250017

R5252841

Batch

Batch

Batch

Batch

Batch

MB

MB

MB

LCS

MB

LCS

MB

LCS

MB

LCS

WG3418044-16

WG3418044-18

WG3418044-20

WG3418580-2

WG3418580-1

WG3419237-14

WG3419237-13

WG3419247-14

WG3419247-13

WG3420944-2

DIESEL/MOTOR OIL

Fluoride (F)

Fluoride (F)

Fluoride (F)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Surrogate: 2-Bromobenzotrifluoride

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Total

Mercury (Hg)-Total

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

<0.020

<0.020

<0.020

96.0

90.8

94.9

<0.10

<0.25

<0.25

100.3

97.4

<0.0000050

99.5

<0.0000050

103.7

99.1

99.9

101.7

04-OCT-20

04-OCT-20

04-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

70-130

70-130

70-130

80-120

80-120

80-120

80-120

80-120

80-120

mg/L

mg/L

mg/L

%

%

%

mg/L

mg/L

mg/L

%

%

mg/L

%

mg/L

%

%

%

%

0.02

0.02

0.02

0.1

0.25

0.25

60-140

0.000005

0.000005

14



Quality Control Report
Page 4 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED Water

R5252841Batch
LCS

MB

WG3420944-2

WG3420944-1

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

100.9

96.7

95.7

101.9

98.8

102.9

99.8

98.3

101.8

99.2

95.3

99.9

105.3

102.5

99.6

99.4

97.8

102.8

101.5

101.4

100.5

95.0

101.7

101.7

97.1

100.9

102.2

91.1

97.1

<0.0010

<0.00010

<0.00010

<0.00010

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

0.001

0.0001

0.0001

0.0001

14



Quality Control Report
Page 5 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED

MET-T-CCMS-ED

Water

Water

R5252841

R5252841

Batch

Batch

MB

LCS

WG3420944-1

WG3422403-2 HB_WATER

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Total

Antimony (Sb)-Total

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.050

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0010

<0.00020

96.0

99.7

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

0.0001

0.00005

0.01

0.000005

0.05

0.0001

0.0001

0.0002

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.05

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.001

0.0002

14



Quality Control Report
Page 6 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5252841Batch
LCS

MB

WG3422403-2

WG3422403-1

HB_WATER
Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Aluminum (Al)-Total

Antimony (Sb)-Total

96.1

97.1

97.7

91.4

97.7

96.6

95.7

96.6

94.5

93.5

98.7

94.4

91.2

92.7

99.2

98.3

95.8

94.1

97.5

98.3

102.8

93.0

97.7

94.4

96.1

96.9

92.9

94.0

97.2

84.5

91.0

<0.0030

<0.00010

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

0.003

0.0001

14



Quality Control Report
Page 7 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

Water

Water

R5252841Batch
MBWG3422403-1

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00050

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.10

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.0001

0.0001

0.0001

0.00005

0.01

0.000005

0.05

0.0001

0.0001

0.0005

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.1

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.003

0.0002

14



Quality Control Report
Page 8 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NAPHTHENIC ACID-FM

NH3-COL-ED

NO2-IC-N-ED

Water

Water

Water

R5252524

R5244811

R5248218

Batch

Batch

Batch

DUP

LCS

MB

MS

DUP

LCS

MB

MS

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

WG3421733-3

WG3421733-1

WG3421733-2

WG3421733-4

WG3418040-3

WG3418040-2

WG3418040-1

WG3418040-4

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

L2511794-1

L2511794-2

L2511794-2

L2511794-2

Naphthenic Acids

Naphthenic Acids

Naphthenic Acids

Naphthenic Acids

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

<1.0

99.9

<1.0

99.9

<0.050

94.9

<0.050

95.3

107.4

107.8

108.8

107.0

106.5

<0.010

<0.010

<0.010

<0.010

09-OCT-20

09-OCT-20

09-OCT-20

09-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

N/A

N/A

30

20

70-130

50-150

85-115

75-125

90-110

90-110

90-110

90-110

90-110

mg/L

%

mg/L

%

mg/L

%

mg/L

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

1

0.05

0.01

0.01

0.01

0.01

RPD-NA

RPD-NA

<1.0

<0.050

14



Quality Control Report
Page 9 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

Water

Water

Water

R5248218

R5248218

R5254294

Batch

Batch

Batch

MB

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

LCS

LCS

LCS

MB

MB

MB

WG3418044-20

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3423407-11

WG3423407-12

WG3423407-2

WG3423407-1

WG3423407-10

WG3423407-9

KONELAB_TP

Nitrite (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

<0.010

103.4

103.1

103.6

104.4

102.9

<0.020

<0.020

<0.020

<0.020

<0.020

103.2

99.95

96.4

<0.020

<0.020

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

90-110

90-110

90-110

90-110

90-110

70-130

70-130

80-120

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

mg/L

mg/L

0.01

0.02

0.02

0.02

0.02

0.02

0.02

0.02

14



Quality Control Report
Page 10 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

P-T-COL-ED

P-TD-COL-CL

PH/EC/ALK-ED

Water

Water

Water

R5254294

R5253550

R5245083

Batch

Batch

Batch

MB

LCS

MB

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

LCS

MB

WG3423407-9

WG3423344-10

WG3423344-9

WG3417992-12

WG3417992-13

WG3417992-14

WG3417992-17

WG3417992-18

WG3417992-19

WG3417992-2

WG3417992-3

WG3417992-4

WG3417992-7

WG3417992-8

WG3417992-9

WG3417992-1

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

Phosphorus (P)-Total

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

<0.020

94.2

<0.0050

6.04

94.2

95.6

6.05

94.7

99.4

6.03

106.2

101.1

6.05

94.7

95.9

<2.0

<5.0

14-OCT-20

13-OCT-20

13-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

80-120

5.8-6.2

90-110

85-115

5.8-6.2

90-110

85-115

5.8-6.2

90-110

85-115

5.8-6.2

90-110

85-115

mg/L

%

mg/L

pH

%

%

pH

%

%

pH

%

%

pH

%

%

uS/cm

mg/L

0.02

0.005

2

5
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Quality Control Report
Page 11 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PH/EC/ALK-ED

PHENOLS-4AAP-ED

Water

Water

R5245083

R5252453

R5252983

R5254344

Batch

Batch

Batch

Batch

MB

MB

MB

MB

LCS

MB

LCS

MB

LCS

MB

WG3417992-1

WG3417992-11

WG3417992-16

WG3417992-6

WG3421126-10

WG3421126-9

WG3422314-2

WG3422314-1

WG3423865-2

WG3423865-1

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

Phenols (4AAP)

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

105.7

<0.0010

94.1

<0.0010

100.6

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

08-OCT-20

08-OCT-20

09-OCT-20

09-OCT-20

14-OCT-20

85-115

85-115

85-115

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

mg/L

%

5

5

2

2

5

5

5

2

2

5

5

5

2

2

5

5

5

2

0.001

0.001
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Quality Control Report
Page 12 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PHENOLS-4AAP-ED

SO4-IC-N-ED

SOLIDS-TDS-ED

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

Water

Water

Water

Water

Water

R5254344

R5248218

R5249797

R5250993

Batch

Batch

Batch

Batch

MB

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

LCS

MB

LCS

MB

WG3423865-1

WG3418044-13

WG3418044-15

WG3418044-17

WG3418044-19

WG3418044-2

WG3418044-1

WG3418044-14

WG3418044-16

WG3418044-18

WG3418044-20

WG3418142-2

WG3418142-1

WG3418788-2

WG3418788-1

Phenols (4AAP)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

<0.0010

106.2

105.9

101.8

106.2

99.4

<0.30

<0.30

<0.30

<0.30

<0.30

90.5

<10

97.4

<3.0

14-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

04-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

06-OCT-20

90-110

90-110

90-110

90-110

90-110

85-115

85-115

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

mg/L

0.001

0.3

0.3

0.3

0.3

0.3

10

3

14



Quality Control Report
Page 13 ofReport Date: 14-OCT-20Workorder: L2511794

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SULPHIDE-CFA-ED

TKN-F-ED

Water

Water

R5249657

R5253028

Batch

Batch

LCS

MB

LCS

MB

WG3418811-6

WG3418811-5

WG3422194-2

WG3422194-1

Sulphide (as S)

Sulphide (as S)

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

85.1

<0.0015

101

<0.20

05-OCT-20

05-OCT-20

11-OCT-20

11-OCT-20

75-125

75-125

%

mg/L

%

mg/L

0.0015

0.2

14



Quality Control Report
Page 14 ofReport Date: 14-OCT-20Workorder: L2511794

Sample Parameter Qualifier Definitions:

Description Qualifier      

RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

14



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:34:34 PM Page 1 of 1

ALS Sample ID: L2511794-1
Client ID: AR-N-TRIB-1
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:34:38 PM Page 1 of 1

ALS Sample ID: L2511794-2
Client ID: TRIB-TB
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.
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ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2511910 CONTD....
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
12

L2511910-1 ML-S-TRIB-1WQ
CLIENT on 03-OCT-20 @ 09:45Sampled By:

WATER
BTEX & F1-F4

Total Metals - CCME

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

11-OCT-20

07-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
96.7
77.8
96.0

<0.10
<0.25
<0.25
92.9

228

<0.0000050

0.0038
<0.00010
0.00037
0.0640

<0.00010
<0.000050

0.050
0.0000113

61.1
<0.00010
<0.00010
<0.00050

0.382
<0.000050

0.0207
18.2

0.0348
0.000054
<0.00050

2.36
<0.000050

6.99
<0.000010

3.90
0.260
<0.50

<0.000010
<0.00010
<0.00030

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030

Matrix:

HTC

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5249160
R5249160
R5249160
R5249160

R5250980

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
12

L2511910-1 ML-S-TRIB-1WQ
CLIENT on 03-OCT-20 @ 09:45Sampled By:

WATER

Dissolved Metals - CCME

   Miscellaneous Parameters

Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen

mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

09-OCT-20

09-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

07-OCT-20
07-OCT-20

08-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

05-OCT-20
07-OCT-20
11-OCT-20
09-OCT-20
09-OCT-20
07-OCT-20
11-OCT-20

<0.000010
<0.00050
<0.0030
<0.00020

LAB
<0.0000050

LAB
<0.0010
<0.00010
0.00034
0.0626

<0.00010
<0.000050

0.048
0.0000055

65.4
<0.00010
<0.00010
<0.00020

0.112
<0.000050

0.0203
19.9

0.00453
<0.000050
<0.00050

2.53
<0.000050

7.16
<0.000010

3.9
0.260
1.56

<0.000010
<0.00010
<0.00030
<0.000010
<0.00050
0.0050

<0.00020

<0.050
60

22.2
<1.0

0.0014
0.0077
0.94

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20

Matrix:

R5252841
R5252841
R5252841
R5252841

R5250481
R5250980

R5251717
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5246376
R5251462
R5253523
R5252524
R5252983
R5251713
R5253028
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.
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L2511910-1

L2511910-2

ML-S-TRIB-1WQ

ML-S-TRIB-6-WQ

CLIENT on 03-OCT-20 @ 09:45

CLIENT on 03-OCT-20 @ 12:15

Sampled By:

Sampled By:

WATER

WATER

Routine Water Analysis

BTEX & F1-F4

Total Metals - CCME

Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

13-OCT-20

13-OCT-20

08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

14-OCT-20
06-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20

06-OCT-20

06-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20

06-OCT-20

07-OCT-20

06-OCT-20

06-OCT-20

05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20

08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

<0.020
247
22.5
0.031
7.3

<0.50

0.226

109
233
245

0.048

0.048

<0.010

0.42

7.59
401
285
<5.0
<5.0
234

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
98.2
78.0
96.2

<0.10
<0.25
<0.25
89.4

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

0.020
40
1.0

0.020
3.0

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

Matrix:

Matrix:

DLDS
R5254294
R5250636
R5253523
R5254294
R5250993

R5250974

R5250974

R5250974

R5250974

R5250974

R5245242
R5245242
R5245242
R5245242
R5245242
R5245242

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5249160
R5249160
R5249160
R5249160
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L2511910-2 ML-S-TRIB-6-WQ
CLIENT on 03-OCT-20 @ 12:15Sampled By:

WATER

Dissolved Metals - CCME

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total
Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

11-OCT-20

07-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

07-OCT-20
07-OCT-20

08-OCT-20
13-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

231

<0.0000050

0.0070
<0.00010
0.00024
0.109

<0.00010
<0.000050

0.055
0.0000131

62.8
<0.00010
<0.00010
<0.00050

1.20
<0.000050

0.0224
18.1
0.105

0.000054
<0.00050

2.13
<0.000050

9.36
<0.000010

3.45
0.217
0.53

<0.000010
<0.00010
<0.00030
0.000024
<0.00050
<0.0030
<0.00020

LAB
<0.0000050

LAB
0.0037

<0.00010
0.00021
0.114

<0.00010
<0.000050

0.054
<0.0000050

66.5

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050
0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50

Matrix:

HTC

R5250980

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5250481
R5250980

R5251717
R5253440
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
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L2511910-2 ML-S-TRIB-6-WQ
CLIENT on 03-OCT-20 @ 12:15Sampled By:

WATER

   Miscellaneous Parameters

Routine Water Analysis

Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved
Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

09-OCT-20

09-OCT-20
13-OCT-20

13-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20
14-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
13-OCT-20
10-OCT-20

05-OCT-20
07-OCT-20
11-OCT-20
09-OCT-20
09-OCT-20
07-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20

06-OCT-20

06-OCT-20

14-OCT-20
14-OCT-20
14-OCT-20

06-OCT-20

07-OCT-20

<0.00010
<0.00010
<0.00020

0.138
<0.000050

0.0222
20.0

0.0578
<0.000050
<0.00050

2.22
<0.000050

9.75
<0.000010

3.5
0.215
0.62

<0.000010
<0.00010
<0.00030
0.000018
<0.00050
<0.0010
<0.00020

0.052
38

17.1
<1.0

<0.0010
0.0034
0.64

<0.020
252
17.1
0.075
3.5

<0.50

0.213

107
238
248

<0.020

<0.022

Dissolved Metals in Water by CRC ICPMS

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50
0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20
0.020

20
1.0

0.020
3.0

0.50

0.020

0.020

0.022

Matrix:

DLDS

R5252841
R5252841
R5252841
R5254359
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5253440
R5252841

R5246376
R5251462
R5253523
R5252524
R5252983
R5251713
R5253028
R5254294
R5250636
R5253523
R5254294
R5250993

R5250974

R5250974

R5250974
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L2511910-2

L2511910-3

ML-S-TRIB-6-WQ

ML-S-TRIB-FD

CLIENT on 03-OCT-20 @ 12:15

CLIENT on 03-OCT-20 @ 12:30

Sampled By:

Sampled By:

WATER

WATER
BTEX & F1-F4

Total Metals - CCME

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

Benzene
Toluene
EthylBenzene
m+p-Xylene
o-Xylene
F1(C6-C10)
F1-BTEX
Xylenes
Surrogate: 1,4-Difluorobenzene (SS)
Surrogate: 4-Bromofluorobenzene (SS)
Surrogate: 3,4-Dichlorotoluene (SS)

F2 (C10-C16)
F3 (C16-C34)
F4 (C34-C50)
Surrogate: 2-Bromobenzotrifluoride

Hardness (as CaCO3)

Mercury (Hg)-Total

Aluminum (Al)-Total
Antimony (Sb)-Total
Arsenic (As)-Total
Barium (Ba)-Total
Beryllium (Be)-Total
Bismuth (Bi)-Total
Boron (B)-Total
Cadmium (Cd)-Total
Calcium (Ca)-Total
Chromium (Cr)-Total
Cobalt (Co)-Total
Copper (Cu)-Total
Iron (Fe)-Total
Lead (Pb)-Total

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

%
%
%

mg/L
mg/L
mg/L

%

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

06-OCT-20

06-OCT-20

05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20

08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20
08-OCT-20

07-OCT-20
07-OCT-20
07-OCT-20
07-OCT-20

11-OCT-20

07-OCT-20

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

<0.010

0.65

7.93
405
295
<5.0
<5.0
242

<0.00050
<0.00050
<0.00050
<0.00050
<0.00050

<0.10
<0.10

<0.00071
97.6
76.5
97.1

<0.10
<0.25
<0.25
94.2

231

<0.0000050

0.0051
<0.00010
0.00025
0.108

<0.00010
<0.000050

0.054
0.0000092

62.9
<0.00010
<0.00010
<0.00050

1.14
<0.000050

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

BTEX, Styrene and F1 (C6-C10)

F2, F3, F4

Hardness (from Total Ca and Mg)

Total Mercury in Water by CVAAS

Total Metals in Water by CRC ICPMS

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

0.00050
0.00050
0.00050
0.00050
0.00050

0.10
0.10

0.00071
70-130
70-130
70-130

0.10
0.25
0.25

60-140

0.13

0.0000050

0.0030
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.050
0.00010
0.00010
0.00050
0.010

0.000050

Matrix:

Matrix:

HTC

R5250974

R5250974

R5245242
R5245242
R5245242
R5245242
R5245242
R5245242

R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702
R5231702

R5249160
R5249160
R5249160
R5249160

R5250980

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
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L2511910-3 ML-S-TRIB-FD
CLIENT on 03-OCT-20 @ 12:30Sampled By:

WATER

Dissolved Metals - CCME

Lithium (Li)-Total
Magnesium (Mg)-Total
Manganese (Mn)-Total
Molybdenum (Mo)-Total
Nickel (Ni)-Total
Potassium (K)-Total
Selenium (Se)-Total
Silicon (Si)-Total
Silver (Ag)-Total
Sodium (Na)-Total
Strontium (Sr)-Total
Sulfur (S)-Total
Thallium (Tl)-Total
Tin (Sn)-Total
Titanium (Ti)-Total
Uranium (U)-Total
Vanadium (V)-Total
Zinc (Zn)-Total
Zirconium (Zr)-Total

Dissolved Mercury Filtration Location
Mercury (Hg)-Dissolved

Dissolved Metals Filtration Location
Aluminum (Al)-Dissolved
Antimony (Sb)-Dissolved
Arsenic (As)-Dissolved
Barium (Ba)-Dissolved
Beryllium (Be)-Dissolved
Bismuth (Bi)-Dissolved
Boron (B)-Dissolved
Cadmium (Cd)-Dissolved
Calcium (Ca)-Dissolved
Chromium (Cr)-Dissolved
Cobalt (Co)-Dissolved
Copper (Cu)-Dissolved
Iron (Fe)-Dissolved
Lead (Pb)-Dissolved
Lithium (Li)-Dissolved
Magnesium (Mg)-Dissolved
Manganese (Mn)-Dissolved
Molybdenum (Mo)-Dissolved
Nickel (Ni)-Dissolved
Potassium (K)-Dissolved
Selenium (Se)-Dissolved
Silicon (Si)-Dissolved
Silver (Ag)-Dissolved
Sodium (Na)-Dissolved
Strontium (Sr)-Dissolved
Sulfur (S)-Dissolved

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20
11-OCT-20

07-OCT-20
07-OCT-20

08-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20

0.0218
18.1
0.104

0.000053
<0.00050

2.15
<0.000050

9.25
<0.000010

3.50
0.217
<0.50

<0.000010
<0.00010
<0.00030
0.000019
<0.00050
<0.0030
<0.00020

LAB
<0.0000050

LAB
0.0014

<0.00010
0.00020
0.104

<0.00010
<0.000050

0.056
<0.0000050

64.9
<0.00010
<0.00010
<0.00020

0.202
<0.000050

0.0230
19.4

0.0594
<0.000050
<0.00050

2.13
<0.000050

9.50
<0.000010

3.3
0.205
0.59

Total Metals in Water by CRC ICPMS

Dissolved Mercury in Water by CVAAS

Dissolved Metals in Water by CRC ICPMS

0.0010
0.0050
0.00010
0.000050
0.00050
0.050

0.000050
0.10

0.000010
0.050

0.00020
0.50

0.000010
0.00010
0.00030
0.000010
0.00050
0.0030
0.00020

0.0000050

0.0010
0.00010
0.00010
0.00010
0.00010
0.000050

0.010
0.0000050

0.50
0.00010
0.00010
0.00020
0.010

0.000050
0.0010
0.10

0.00010
0.000050
0.00050

0.50
0.000050

0.050
0.000010

1.0
0.00020

0.50

Matrix:

R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841

R5250481
R5250980

R5251717
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841
R5252841



ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L2511910 CONTD....
9PAGE 

Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
SUNCOR FHX PROGRAM 20138990/4/3

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL REV.
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L2511910-3 ML-S-TRIB-FD
CLIENT on 03-OCT-20 @ 12:30Sampled By:

WATER

   Miscellaneous Parameters

Routine Water Analysis

Thallium (Tl)-Dissolved
Tin (Sn)-Dissolved
Titanium (Ti)-Dissolved
Uranium (U)-Dissolved
Vanadium (V)-Dissolved
Zinc (Zn)-Dissolved
Zirconium (Zr)-Dissolved

Ammonia, Total (as N)
Chemical Oxygen Demand
Dissolved Organic Carbon
Naphthenic Acids
Phenols (4AAP)
Sulphide (as S)
Total Kjeldahl Nitrogen
Phosphorus (P)-Total  Dissolved
Total Dissolved Solids
Total Organic Carbon
Phosphorus (P)-Total
Total Suspended Solids

Chloride (Cl)

Fluoride (F)

Ion Balance
TDS (Calculated)
Hardness (as CaCO3)

Nitrate (as N)

Nitrate and Nitrite (as N)

Nitrite (as N)

Sulfate (SO4)

pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkalinity, Total (as CaCO3)

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

%
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

pH
uS/cm
mg/L
mg/L
mg/L
mg/L

09-OCT-20

09-OCT-20
13-OCT-20

13-OCT-20

10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
10-OCT-20
13-OCT-20
10-OCT-20

05-OCT-20
07-OCT-20
11-OCT-20
09-OCT-20
09-OCT-20
07-OCT-20
11-OCT-20
14-OCT-20
06-OCT-20
11-OCT-20
14-OCT-20
07-OCT-20

06-OCT-20

06-OCT-20

13-OCT-20
13-OCT-20
13-OCT-20

06-OCT-20

07-OCT-20

06-OCT-20

06-OCT-20

05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20
05-OCT-20

<0.000010
<0.00010
<0.00030
0.000020
<0.00050
<0.0010
<0.00020

0.050
39

16.6
<1.0

0.0036
0.0019
0.51
0.031
274
16.7
0.074
<3.0

<0.50

0.224

105
235
242

<0.020

<0.022

<0.010

0.65

7.93
404
292
<5.0
<5.0
240

Dissolved Metals in Water by CRC ICPMS

Chloride in Water by IC

Fluoride in Water by IC

Ion Balance Calculation

Nitrate in Water by IC

Nitrate+Nitrite

Nitrite in Water by IC

Sulfate in Water by IC

pH, Conductivity and Total Alkalinity

0.000010
0.00010
0.00030
0.000010
0.00050
0.0010
0.00020

0.050
10
1.0
1.0

0.0010
0.0015
0.20
0.020

20
1.0

0.020
3.0

0.50

0.020

0.020

0.022

0.010

0.30

0.10
2.0
5.0
5.0
5.0
2.0

Matrix:

DLDS

R5252841
R5252841
R5252841
R5252841
R5252841
R5253440
R5252841

R5246376
R5251462
R5253523
R5252524
R5252983
R5251713
R5253028
R5254294
R5250636
R5253523
R5254294
R5250241

R5250974

R5250974

R5250974

R5250974

R5250974

R5245242
R5245242
R5245242
R5245242
R5245242
R5245242



BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

COD-T-COL-ED

ETL-HARDNESS-TOT-ED

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

IONBALANCE-ED

MET-D-CCMS-ED

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

NH3-COL-ED

Reference Information

BTEX, Styrene and F1 (C6-C10)

Dissolved Organic Carbon

Total Organic Carbon

Chloride in Water by IC

Chemical Oxygen Demand

Hardness (from Total Ca and Mg)

Fluoride in Water by IC

F2, F3, F4

Dissolved Mercury in Water by CVAAS

Total Mercury in Water by CVAAS

Ion Balance Calculation

Dissolved Metals in Water by CRC ICPMS

Total Metals in Water by CRC ICPMS

Naphthenic Acids by FTIR

Ammonia in Water by Colour

L2511910 CONTD....
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The water sample, with added reagents, is heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas chromatograph. 
BTEX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is carried out in 
accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method.

Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 5220 "Chemical Oxygen Demand (COD)". Chemical oxygen demand is 
determined using the closed reflux colourimetric method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Water samples are spiked with 2-BBTF surrogate, and extracted by reciprocal action shaker for 30 minutes using a single micro-extraction with 2 mL 
hexane. After extraction, hexane extracts are dispensed into GC vials for GC-FID analysis.

Water samples are filtered (0.45 um), preserved with hydrochloric acid, then undergo a cold-oxidation using bromine monochloride prior to reduction 
with stannous chloride, and analyzed by CVAAS.

Water samples undergo a cold-oxidation using bromine monochloride prior to reduction with stannous chloride, and analyzed by CVAAS.

Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS.

Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method.

Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy.  Note that FTIR is not uniquely selective to naphthenic acids.  If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method.

This analysis is carried out using procedures adapted from APHA Method 4500 NH3 "NITROGEN (AMMONIA)". Ammonia is determined using the 

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

DLDS

HTC

MES

MS-B

Detection Limit Raised: Dilution required due to high Dissolved Solids / Electrical Conductivity.

Hardness was calculated from Total Ca and/or Mg concentrations and may be biased high (dissolved Ca/Mg results unavailable).

Data Quality Objective was marginally exceeded (by < 10% absolute) for < 10% of analytes in a Multi-Element Scan / Multi-Parameter 
Scan (considered acceptable as per OMOE & CCME).
Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.

Sample Parameter Qualifier Key:

EPA 5021/8015&8260 GC-MS & FID

APHA 5310 B-Instrumental

APHA 5310 B-Instrumental

EPA 300.1 (mod)

APHA 5220 D-Micro Colorimetry

APHA 2340 B-Calculation

EPA 300.1 (mod)

EPA 3510/CCME PHC CWS-GC-FID

APHA 3030B/EPA 1631E (mod)

EPA 1631E (mod)

APHA 1030E

APHA 3030B/6020A (mod)

EPA 200.2/6020A (mod)

Naphthenic Acids by FTIR,Syncrude,1994

APHA 4500 NH3-NITROGEN (AMMONIA)

Method Reference** 

Description Qualifier    

Matrix 

Test Method References:            

Version:  FINAL REV
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NO2+NO3-CALC-ED

NO2-IC-N-ED

NO3-IC-N-ED

P-T-COL-ED

P-TD-COL-ED

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

SOLIDS-TDS-ED

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-ED

Reference Information

Nitrate+Nitrite

Nitrite in Water by IC

Nitrate in Water by IC

Total P in Water by Colour

Total Dissolved P in Water by Colour

pH, Conductivity and Total Alkalinity

Phenols (4AAP)

Sulfate in Water by IC

Total Dissolved Solids

Total Suspended Solids

Sulphide

TKN (as N) by  Fluorescence

L2511910 CONTD....
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automated phenate colourimetric method.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample.

This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorus is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter.

All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed).
 pH measurement is determined from the activity of the hydrogen ions using a hydrogen electrode and a reference electrode.
Alkalinity measurement is based on the sample’s capacity to neutralize acid. Auto-titration to pH 4.5 using 0.02N H2SO4 is performed.
Conductivity measurement is based on the sample’s capacity to convey an electric current, and is measured with a conductivity meter.

This automated method is based on the distillation of phenol and subsequent reaction of the distillate with an oxidizing agent (alkaline potassium 
ferricyanide), and 4-aminoantipyrine to form a red complex which is measured at 505 nm. The method will include ortho and meta-substituted phenols, 
and is collectively named 4AAP phenols.

Inorganic anions are analyzed by Ion Chromatography with conductivity and/or UV detection.

Gravimetric determination of solids in waters by filtration and evaporating filtrate to dryness at 180 degrees Celsius.

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius.

A continuous flow manifold adds HCl to the sample which converts sulphide to a gas, then the sulphide is separated from the flow using a gas dialysis 
membrane. A colorimetric reaction produces a methylene blue compound which is measured at 660 nm. This follows the Standard Methods procedure 
4500 S-E.

This analysis is carried out using procedures adapted from APHA Method 4500-Norg D. "Block Digestion and Flow Injection Analysis". Total  Kjeldahl 
Nitrogen is determined using block digestion followed by Flow-injection analysis with fluorescence detection.

ALS Test Code Test Description

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

CALCULATION

EPA 300.1 (mod)

EPA 300.1 (mod)

APHA 4500-P PHOSPHORUS

APHA 4500-P PHOSPHORUS

APHA 4500-H, 2510, 2320

EPA 9066 AUTO-DISTILL-COLORIMETRIC

EPA 300.1 (mod)

APHA 2540 C

APHA 2540 D-Gravimetric

APHA 4500 -S E-Auto-Colorimetry

J. ENVIRON. MONIT., 2005, 7, 37-42, RSC

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

FM

ED

CL

ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA

ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA

ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA

Test Method References:            

Chain of Custody Numbers:

Version:  FINAL REV
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ALS Test Code Test Description Method Reference** Matrix 

Test Method References:            

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Version:  FINAL REV
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Quality Control Report
Page 1 of

Client:

Contact:

GOLDER ASSOCIATES LTD
16820 107 Ave NW 
EDMONTON  AB  T5P 4C3
Kate Moreira

Report Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

BTXS,F1-ED

C-DIS-ORG-CL

C-TOT-ORG-CL

CL-IC-N-ED

Water

Water

Water

Water

R5231702

R5253523

R5253523

R5250974

Batch

Batch

Batch

Batch

LCS

LCS

MB

LCS

MB

LCS

MB

LCS

LCS

LCS

WG3418869-2

WG3418869-3

WG3418869-1

WG3423270-2

WG3423270-1

WG3423270-2

WG3423270-1

WG3418730-13

WG3418730-15

WG3418730-17

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Benzene

Toluene

EthylBenzene

m+p-Xylene

o-Xylene

F1(C6-C10)

Surrogate: 1,4-Difluorobenzene (SS)

Surrogate: 4-Bromofluorobenzene (SS)

Surrogate: 3,4-Dichlorotoluene (SS)

Dissolved Organic Carbon

Dissolved Organic Carbon

Total Organic Carbon

Total Organic Carbon

Chloride (Cl)

Chloride (Cl)

100.7

99.5

105.2

111.3

106.9

95.8

<0.00050

<0.00050

<0.00050

<0.00050

<0.00050

<0.10

96.9

75.7

87.8

90.6

<1.0

94.8

<1.0

103.4

103.5

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

08-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

11-OCT-20

06-OCT-20

06-OCT-20

70-130

70-130

70-130

70-130

70-130

70-130

80-120

80-120

90-110

90-110

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

mg/L

%

mg/L

%

%

0.0005

0.0005

0.0005

0.0005

0.0005

0.1

70-130

70-130

70-130

1

1
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Quality Control Report
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-IC-N-ED

COD-T-COL-ED

F-IC-N-ED

Water

Water

Water

R5250974

R5251462

R5250974

Batch

Batch

Batch

LCS

LCS

LCS

MB

MB

MB

MB

MB

LCS

MB

LCS

LCS

LCS

LCS

LCS

MB

MB

WG3418730-17

WG3418730-19

WG3418730-2

WG3418730-1

WG3418730-14

WG3418730-16

WG3418730-18

WG3418730-20

WG3419536-2

WG3419536-1

WG3418730-13

WG3418730-15

WG3418730-17

WG3418730-19

WG3418730-2

WG3418730-1

WG3418730-14

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chloride (Cl)

Chemical Oxygen Demand

Chemical Oxygen Demand

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

Fluoride (F)

103.9

104.3

103.0

<0.50

<0.50

<0.50

<0.50

<0.50

101.3

<10

108.0

103.3

107.2

108.2

101.1

<0.020

<0.020

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

07-OCT-20

07-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

90-110

90-110

90-110

85-115

90-110

90-110

90-110

90-110

90-110

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

%

%

mg/L

mg/L

0.5

0.5

0.5

0.5

0.5

10

0.02

0.02
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

F-IC-N-ED

F2,F3,F4-ED

HG-D-CVAA-ED

HG-T-CVAA-ED

MET-D-CCMS-ED

Water

Water

Water

Water

Water

R5250974

R5249160

R5250980

R5250980

R5252841

Batch

Batch

Batch

Batch

Batch

MB

MB

MB

LCS

MB

LCS

MB

LCS

MB

DUP

WG3418730-16

WG3418730-18

WG3418730-20

WG3418574-2

WG3418574-1

WG3420070-2

WG3420070-1

WG3420080-2

WG3420080-1

WG3420944-7

DIESEL/MOTOR OIL

L2511910-2

Fluoride (F)

Fluoride (F)

Fluoride (F)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

F2 (C10-C16)

F3 (C16-C34)

F4 (C34-C50)

Surrogate: 2-Bromobenzotrifluoride

Mercury (Hg)-Dissolved

Mercury (Hg)-Dissolved

Mercury (Hg)-Total

Mercury (Hg)-Total

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

<0.020

<0.020

<0.020

99.1

95.5

95.7

<0.10

<0.25

<0.25

99.4

92.2

<0.0000050

97.5

<0.0000050

<0.00010

0.00019

0.108

<0.00010

06-OCT-20

06-OCT-20

06-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

07-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

N/A

8.1

5.6

N/A

20

20

20

20

70-130

70-130

70-130

80-120

80-120

mg/L

mg/L

mg/L

%

%

%

mg/L

mg/L

mg/L

%

%

mg/L

%

mg/L

mg/L

mg/L

mg/L

mg/L

0.02

0.02

0.02

0.1

0.25

0.25

60-140

0.000005

0.000005

RPD-NA

RPD-NA

<0.00010

0.00021

0.114

<0.00010
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED Water

R5252841Batch
DUP

LCS

WG3420944-7

WG3420944-6

L2511910-2
Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

<0.000050

0.057

<0.0000050

64.4

<0.00010

<0.00010

<0.00020

0.000079

0.0232

19.3

0.0575

<0.000050

<0.00050

2.15

<0.000050

9.34

<0.000010

3.4

0.201

<0.50

<0.000010

<0.00010

<0.00030

0.000019

<0.00050

<0.00020

103.3

101.0

98.9

99.7

102.4

95.6

95.2

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

N/A

5.1

N/A

3.3

N/A

N/A

N/A

N/A

4.4

3.9

0.6

N/A

N/A

3.2

N/A

4.3

N/A

3.8

6.6

N/A

N/A

N/A

N/A

3.8

N/A

N/A

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

%

%

%

%

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

RPD-NA

<0.000050

0.054

<0.0000050

66.5

<0.00010

<0.00010

<0.00020

<0.000050

0.0222

20.0

0.0578

<0.000050

<0.00050

2.22

<0.000050

9.75

<0.000010

3.5

0.215

0.62

<0.000010

<0.00010

<0.00030

0.000018

<0.00050

<0.00020

14



Quality Control Report
Page 5 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED Water

R5252841Batch
LCS

MB

WG3420944-6

WG3420944-5

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Antimony (Sb)-Dissolved

Arsenic (As)-Dissolved

Barium (Ba)-Dissolved

Beryllium (Be)-Dissolved

Bismuth (Bi)-Dissolved

Boron (B)-Dissolved

100.0

99.9

102.9

99.7

96.8

121.7

97.8

95.4

99.8

105.8

102.0

97.2

100.2

99.6

99.6

104.3

101.6

100.7

102.9

100.3

100.8

96.7

97.9

101.2

91.8

99.9

<0.0010

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

MES

0.001

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

14



Quality Control Report
Page 6 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-D-CCMS-ED

MET-T-CCMS-ED

Water

Water

R5252841

R5253440

R5254359

Batch

Batch

Batch

MB

DUP

DUP

WG3420944-5

WG3420944-7

WG3420944-7

L2511910-2

L2511910-2

Cadmium (Cd)-Dissolved

Calcium (Ca)-Dissolved

Chromium (Cr)-Dissolved

Cobalt (Co)-Dissolved

Copper (Cu)-Dissolved

Iron (Fe)-Dissolved

Lead (Pb)-Dissolved

Lithium (Li)-Dissolved

Magnesium (Mg)-Dissolved

Manganese (Mn)-Dissolved

Molybdenum (Mo)-Dissolved

Nickel (Ni)-Dissolved

Potassium (K)-Dissolved

Selenium (Se)-Dissolved

Silicon (Si)-Dissolved

Silver (Ag)-Dissolved

Sodium (Na)-Dissolved

Strontium (Sr)-Dissolved

Sulfur (S)-Dissolved

Thallium (Tl)-Dissolved

Tin (Sn)-Dissolved

Titanium (Ti)-Dissolved

Uranium (U)-Dissolved

Vanadium (V)-Dissolved

Zinc (Zn)-Dissolved

Zirconium (Zr)-Dissolved

Aluminum (Al)-Dissolved

Zinc (Zn)-Dissolved

Iron (Fe)-Dissolved

<0.0000050

<0.050

<0.00010

<0.00010

<0.00020

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.050

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0010

<0.00020

0.0020

<0.0010

0.132

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

13-OCT-20

13-OCT-20

14-OCT-20

0.0017

N/A

4.2

0.002

20

20

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.000005

0.05

0.0001

0.0001

0.0002

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.05

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.001

0.0002

J

RPD-NA

0.0037

<0.0010

0.138

14



Quality Control Report
Page 7 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED Water

R5252841Batch
LCS

MB

WG3422403-2

WG3422403-1

HB_WATER
Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

96.0

99.7

96.1

97.1

97.7

91.4

97.7

96.6

95.7

96.6

94.5

93.5

98.7

94.4

91.2

92.7

99.2

98.3

95.8

94.1

97.5

98.3

102.8

93.0

97.7

94.4

96.1

96.9

92.9

94.0

97.2

84.5

91.0

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

80-120

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

14



Quality Control Report
Page 8 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-T-CCMS-ED

NAPHTHENIC ACID-FM

Water

Water

R5252841Batch
MBWG3422403-1

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Sulfur (S)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

<0.0030

<0.00010

<0.00010

<0.00010

<0.00010

<0.000050

<0.010

<0.0000050

<0.050

<0.00010

<0.00010

<0.00050

<0.010

<0.000050

<0.0010

<0.0050

<0.00010

<0.000050

<0.00050

<0.050

<0.000050

<0.10

<0.000010

<0.050

<0.00020

<0.50

<0.000010

<0.00010

<0.00030

<0.000010

<0.00050

<0.0030

<0.00020

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

10-OCT-20

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

0.003

0.0001

0.0001

0.0001

0.0001

0.00005

0.01

0.000005

0.05

0.0001

0.0001

0.0005

0.01

0.00005

0.001

0.005

0.0001

0.00005

0.0005

0.05

0.00005

0.1

0.00001

0.05

0.0002

0.5

0.00001

0.0001

0.0003

0.00001

0.0005

0.003

0.0002

14



Quality Control Report
Page 9 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NAPHTHENIC ACID-FM

NH3-COL-ED

NO2-IC-N-ED

NO3-IC-N-ED

Water

Water

Water

Water

R5252524

R5246376

R5250974

Batch

Batch

Batch

LCS

MB

LCS

LCS

MB

MB

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

WG3421733-1

WG3421733-2

WG3418722-2

WG3418722-6

WG3418722-1

WG3418722-5

WG3418730-13

WG3418730-15

WG3418730-17

WG3418730-19

WG3418730-2

WG3418730-1

WG3418730-14

WG3418730-16

WG3418730-18

WG3418730-20

Naphthenic Acids

Naphthenic Acids

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Ammonia, Total (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

Nitrite (as N)

99.9

<1.0

96.4

101.6

<0.050

<0.050

108.5

107.8

108.8

109.3

107.8

<0.010

<0.010

<0.010

<0.010

<0.010

09-OCT-20

09-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

70-130

85-115

85-115

90-110

90-110

90-110

90-110

90-110

%

mg/L

%

%

mg/L

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

1

0.05

0.05

0.01

0.01

0.01

0.01

0.01

14



Quality Control Report
Page 10 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

NO3-IC-N-ED

P-T-COL-ED

Water

Water

R5250974

R5254294

Batch

Batch

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

MB

DUP

LCS

LCS

LCS

MB

MB

MB

MS

WG3418730-13

WG3418730-15

WG3418730-17

WG3418730-19

WG3418730-2

WG3418730-1

WG3418730-14

WG3418730-16

WG3418730-18

WG3418730-20

WG3423407-6

WG3423407-11

WG3423407-12

WG3423407-2

WG3423407-1

WG3423407-10

WG3423407-9

WG3423407-8

L2511910-1

KONELAB_TP

L2511910-1

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Nitrate (as N)

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

Phosphorus (P)-Total

103.4

103.5

104.2

104.4

102.7

<0.020

<0.020

<0.020

<0.020

<0.020

0.033

103.2

99.95

96.4

<0.020

<0.020

<0.020

100.4

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

4.6 20

90-110

90-110

90-110

90-110

90-110

70-130

70-130

80-120

70-130

%

%

%

%

%

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

%

%

%

mg/L

mg/L

mg/L

%

0.02

0.02

0.02

0.02

0.02

0.02

0.02

0.02

0.031

14



Quality Control Report
Page 11 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

P-TD-COL-ED

PH/EC/ALK-ED

Water

Water

R5254294

R5245242

Batch

Batch

DUP

LCS

LCS

LCS

MB

MB

MB

MS

DUP

LCS

LCS

LCS

LCS

LCS

LCS

MB

WG3423407-6

WG3423407-11

WG3423407-12

WG3423407-2

WG3423407-1

WG3423407-10

WG3423407-9

WG3423407-8

WG3418560-10

WG3418560-2

WG3418560-3

WG3418560-4

WG3418560-7

WG3418560-8

WG3418560-9

WG3418560-1

L2511910-1

KONELAB_TP

L2511910-1

L2511910-3

ED-PH6

MID_1412

PCTITRATE_LCS

ED-PH6

MID_1412

PCTITRATE_LCS

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

Phosphorus (P)-Total  Dissolved

pH

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

pH

Conductivity (EC)

Alkalinity, Total (as CaCO3)

<0.020

96.7

104.2

102.0

<0.020

<0.020

<0.020

99.6

7.95

403

304

<5.0

<5.0

249

6.03

104.8

103.9

6.04

98.5

97.3

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

14-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

N/A

0.02

0.2

4.0

N/A

N/A

4.0

20

0.3

10

25

25

25

20

70-130

70-130

80-120

70-130

5.8-6.2

90-110

85-115

5.8-6.2

90-110

85-115

mg/L

%

%

%

mg/L

mg/L

mg/L

%

pH

uS/cm

mg/L

mg/L

mg/L

mg/L

pH

%

%

pH

%

%

0.02

0.02

0.02

RPD-NA

J

RPD-NA

RPD-NA

<0.020

7.93

404

292

<5.0

<5.0

240
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Quality Control Report
Page 12 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PH/EC/ALK-ED

PHENOLS-4AAP-ED

SO4-IC-N-ED

Water

Water

Water

R5245242

R5252983

R5250974

Batch

Batch

Batch

MB

MB

LCS

MB

LCS

LCS

LCS

LCS

LCS

MB

MB

MB

MB

WG3418560-1

WG3418560-6

WG3422314-6

WG3422314-5

WG3418730-13

WG3418730-15

WG3418730-17

WG3418730-19

WG3418730-2

WG3418730-1

WG3418730-14

WG3418730-16

WG3418730-18

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Conductivity (EC)

Bicarbonate (HCO3)

Carbonate (CO3)

Hydroxide (OH)

Alkalinity, Total (as CaCO3)

Phenols (4AAP)

Phenols (4AAP)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

Sulfate (SO4)

<2.0

<5.0

<5.0

<5.0

<2.0

<2.0

<5.0

<5.0

<5.0

<2.0

90.4

<0.0010

103.3

103.8

104.8

105.2

99.9

<0.30

<0.30

<0.30

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

05-OCT-20

09-OCT-20

09-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

85-115

90-110

90-110

90-110

90-110

90-110

uS/cm

mg/L

mg/L

mg/L

mg/L

uS/cm

mg/L

mg/L

mg/L

mg/L

%

mg/L

%

%

%

%

%

mg/L

mg/L

mg/L

2

5

5

5

2

2

5

5

5

2

0.001

0.3

0.3

0.3
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Quality Control Report
Page 13 ofReport Date: 05-NOV-20Workorder: L2511910

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SO4-IC-N-ED

SOLIDS-TDS-ED

SOLIDS-TOTSUS-ED

SULPHIDE-CFA-ED

TKN-F-ED

Water

Water

Water

Water

Water

R5250974

R5250636

R5250241

R5250993

R5251713

R5253028

Batch

Batch

Batch

Batch

Batch

Batch

MB

MB

DUP

LCS

MB

LCS

MB

LCS

MB

LCS

MB

LCS

MB

WG3418730-18

WG3418730-20

WG3418933-3

WG3418933-2

WG3418933-1

WG3419105-2

WG3419105-1

WG3418788-5

WG3418788-4

WG3420612-2

WG3420612-1

WG3422194-2

WG3422194-1

L2511910-1

Sulfate (SO4)

Sulfate (SO4)

Total Dissolved Solids

Total Dissolved Solids

Total Dissolved Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Total Suspended Solids

Sulphide (as S)

Sulphide (as S)

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen

<0.30

<0.30

237

91.6

<10

101.1

<3.0

101.9

<3.0

85.7

<0.0015

101

<0.20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

06-OCT-20

07-OCT-20

05-OCT-20

06-OCT-20

07-OCT-20

07-OCT-20

11-OCT-20

11-OCT-20

4.1 20

85-115

85-115

85-115

75-125

75-125

mg/L

mg/L

mg/L

%

mg/L

%

mg/L

%

mg/L

%

mg/L

%

mg/L

0.3

0.3

10

3

3

0.0015

0.2

247
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Quality Control Report
Page 14 ofReport Date: 05-NOV-20Workorder: L2511910

Sample Parameter Qualifier Definitions:

Description Qualifier      

J

MES

RPD-NA

Duplicate results and limits are expressed in terms of absolute difference.

Data Quality Objective was marginally exceeded (by < 10% absolute) for < 10% of analytes in a Multi-Element Scan / 
Multi-Parameter Scan (considered acceptable as per OMOE & CCME).
Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.

14



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:27:22 PM Page 1 of 1

ALS Sample ID: L2511910-1
Client ID: ML-S-TRIB-1WQ
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:27:26 PM Page 1 of 1

ALS Sample ID: L2511910-2
Client ID: ML-S-TRIB-6-WQ
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.



Chrom Perfect Chromatogram Report

Printed on 07/10/2020 12:27:30 PM Page 1 of 1

ALS Sample ID: L2511910-3
Client ID: ML-S-TRIB-FD
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The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample.

Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left.

Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ.
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1.0 INTRODUCTION 
Golder Associated Ltd. (Golder) was retained by Suncor Energy Inc. (Suncor) to collect additional soils baseline 
data to supplement the current understanding of baseline conditions at the Fort Hills North and East Expansion 
Areas (Project) prior to development. 

2.0 SAMPLING LOCATIONS 
Golder completed 82 soil inspection sites during July 2020. Sixty one inspection sites were completed in the North 
Expansion area and 21 in the East Expansion Area. A summary of the inspection site locations and associated 
soil order and drainage classes are shown in Tables 1 and 2, acronyms are defined in Appendix A. Figures 1 and 
2 show the locations of inspections sites described in Tables 1 and 2.  

Table 1: Soil Inspection Sites Completed in the North Expansion Area in July 2020 

Site ID Easting Northing Soil 
Series(a) Soil Order Drainage 

Class(a) 
Parent 

Material(a) 
Parent Material 

Texture(a) 

FH20JF001 471675 6370162 MIL Brunisolic R GLFL C2 

FH20JF002 471229 6370027 MIL Brunisolic MW GLFL C2 

FH20JF003 470375 6369833 MIL Brunisolic MW GLFL C2 

FH20JF004 470308 6370102 MIL Brunisolic R GLFL C2 

FH20JF026 470483 6370636 MIL Brunisolic R GLFL C2 

FH20JF027 470843 6370734 MILzz Brunisolic R GLFL C2 

FH20JF028 471249 6370719 MIL Brunisolic R GLFL C2 

FH20JF029 471809 6370685 MIL Brunisolic R GLFL C2 

FH20JF030 472070 6370725 MILzz Brunisolic R GLFL C2 

FH20JF031 472167 6370819 MIL Brunisolic R GLFL C2 

FH20JF032 471573 6370925 MIL Brunisolic R GLFL C2 

FH20JF033 471754 6371092 MIL Brunisolic R GLFL C2 

FH20JF034 472754 6370774 MIL Brunisolic R GLFL C2 

FH20JF035 471132 6371270 MIL Brunisolic R GLFL C2 

FH20JF036 471365 6371596 MIL Brunisolic R GLFL C2 

FH20JF037 471553 6371679 MIL Brunisolic W GLFL C2 

FH20JF038 473974 6374107 MARzz Brunisolic R EOLI C2 

FH20JF039 471052 6373319 MARzz Brunisolic W EOLI C2 

FH20JF039A 471020 6373238 MIL Brunisolic W GLFL C2 

FH20JF040 470934 6373655 MMWco Gleysolic P FLUV C2 

FH20JF041 470936 6373907 BMT Gleysolic P GLFL C2 

FH20JF042 470824 6374048 MLDxs Organic VP FNPT/GLFL VP 
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Table 1: Soil Inspection Sites Completed in the North Expansion Area in July 2020 

Site ID Easting Northing Soil 
Series(a) Soil Order Drainage 

Class(a) 
Parent 

Material(a) 
Parent Material 

Texture(a) 

FH20JF043 470758 6374006 MLD Organic VP FNPT VP 

FH20JF044 470684 6373860 MIL Brunisolic R GLFL C2 

FH20JF045 470613 6373617 MIL Brunisolic R GLFL C2 

FH20JF046 470732 6373401 MIL Brunisolic R GLFL C2 

FH20JF047 471045 6372935 MARzz Brunisolic R EOLI C2 

FH20JF048 470043 6373301 MIL Brunisolic R GLFL C2 

FH20JF049 470345 6373085 MIL Brunisolic R GLFL C2 

FH20JF050 470733 6373113 MARzz Brunisolic R EOLI C2 

FH20JF051 471012 6373104 MARzz Brunisolic R EOLI C2 

FH20JF052 471341 6373374 BMTptzr Gleysolic P GLFL C2 

FH20JF053 471553 6373188 MIL Brunisolic R GLFL C2 

FH20JF054 471523 6373197 BMT Gleysolic P GLFL C2 

FH20JF055 472067 6372794 BMTpt Gleysolic VP EOLI C2 

FH20JF056 472085 6372805 MARzz Brunisolic R EOLI C2 

FH20JF057 472164 6372764 BMTzh Gleysolic P EOLI C2 

FH20JF058 472122 6372943 BMTzrzh Regosolic VP EOLI VP 

FH20JF059 472404 6372698 MARzz Brunisolic R EOLI C2 

FH20JF060 472771 6372685 MIL Brunisolic R GLFL C2 

FH20JF061 472919 6372523 MARzz Brunisolic R EOLI C2 

FH20JF062 473174 6372683 MARzz Brunisolic R EOLI C2 

FH20JF063 473471 6372601 MARzz Brunisolic R EOLI C2 

FH20JF064 473824 6372725 MARzz Brunisolic R EOLI C2 

FH20JF065 474100 6372905 MARzz Brunisolic R EOLI C2 

FH20JF066 474330 6372892 MIL Brunisolic R GLFL C2 

FH20JF067 474628 6372951 MIL Brunisolic R GLFL C2 

FH20JF068 474463 6373121 MIL Brunisolic R GLFL C2 

FH20JF069 474525 6373420 MIL Brunisolic R GLFL C2 

FH20JF070 474217 6373431 MARzz Brunisolic R EOLI C2 

FH20JF071 473028 6373055 MIL Brunisolic R GLFL C2 

FH20JF072 473233 6373245 MIL Brunisolic R GLFL C2 

FH20JF073 472883 6373423 MIL Brunisolic W GLFL C2 
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Table 1: Soil Inspection Sites Completed in the North Expansion Area in July 2020 

Site ID Easting Northing Soil 
Series(a) Soil Order Drainage 

Class(a) 
Parent 

Material(a) 
Parent Material 

Texture(a) 

FH20JF074 473491 6373521 MIL Brunisolic R GLFL C2 

FH20JF075 474511 6374133 MIL Brunisolic R GLFL C2 

FH20JF076 472361 6373421 MIL Brunisolic w GLFL C2 

FH20JF077 472110 6373237 MIL Brunisolic R GLFL C2 

FH20JF078 471800 6373037 MIL Brunisolic R GLFL C2 

FH20JF079 471267 6372707 MIL Brunisolic R GLFL C2 

FH20JF080 470816 6372596 MIL Brunisolic R GLFL C2 

FH20JF081 470662 6372793 MIL Brunisolic R GLFL C2 

Note: 
(a) A list of defined acronyms can be found in Appendix A. 

 
Table 2: Soil Inspection Sites Completed in the East Expansion Area in July 2020 

Site ID Easting Northing Soil 
Series(a) Soil Order Drainage 

Class(a) 
Parent 

Material(a) 
Parent Material 

Texture(a) 
FH20JF005 475345 6365883 DOVow Luvisolic MW GLTL F3 

FH20JF006 475422 6365783 HLY Organic VP FNPT/TILL L12 

FH20JF007 475610 6365640 HLY Organic VP FNPT/TILL L12 

FH20JF008 473913 6362513 HLYxs Organic VP FNPT/GLFL L11 

FH20JF009 473782 6362765 MIL Brunisolic R GLFL C2 

FH20JF010 473697 6362864 MIL Brunisolic R GLFL C2 

FH20JF011 473780 6362931 BMTfi Gleysolic P GLFL C3 

FH20JF012  473553 6362876 HRRfiow Luvisolic MW TILL F4 

FH20JF013 473459 6362740 MMWpt Gleysolic P FLUV M2 

FH20JF014 474659 6363805 MIL Brunisolic R GLFL C2 

FH20JF015 474287 6363918 BEJcoxt Luvisolic W GLLC/TILL L3 

FH20JF016 473743 6364621 DOV Luvisolic MW GLTL F3 

FH20JF017 474872 6363253 MMWpt Gleysolic P FLUV C2 

FH20JF018 474945 6363410 HLY Organic VP FNPT/GLFL L12 

FH20JF019 473464 6364239 BMTpt Gleysolic P GLFL C2 

FH20JF020 474043 6364033 MIL Brunisolic MW GLFL C2 

FH20JF021 474036 6364018 MUSxs Organic VP SPPT/GLFL L11 

FH20JF022 474054 6363929 HRR Luvisolic MW TILL M4 

FH20JF023 473780 6363427 MIL Brunisolic W GLFL C2 

FH20JF024 474194 6363211 MILzz Brunisolic R GLFL C2 

FH20JF025 475150 6366483 MLD Organic VP FNPT P2 
Note: 

(a) A list of defined acronyms can be found in Appendix A.  
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3.0 SOIL SURVEY METHODOLOGY 
The 2020 soil field program was completed alongside the vegetation inventory survey. A Survey Intensity Level 
One (SIL1) of one inspection point per hectare was completed to meet the criteria developed by the Soil Mapping 
System of Canada: Revised (ECSS 1981) and adapted in the Soil Quality Criteria Relative to Reclamation 
Disturbance (AAFRD 1987) Soil field data was collected using electronic tablets (iPads) which allows for 
immediate submission into Golder’s online database.  

Soil profile characteristics were recorded using the criteria outlined in the CanSIS manual (ECSS 1982) using a 
shovel and Dutch auger. Sufficient data was collected to classify the soil to the subgroup level according to The 
Canadian System of Soil Classification (SCWG 1998). 

At each inspection site the following data were recorded: 

 latitude and longitude 
 soil correlation area (SCA)  
 slope class  
 aspect  
 slope position 
 surface expression  

 land use  
 drainage class 
 parent material 
 soil order, great group, subgroup  
 series  
 surface stoniness  

At each site, soil horizons were described based on criteria from the Canadian System of Soil Classification 
(SCWG 1998). The following was collected for each soil profile observed in the field:  

 horizon depth 
 topsoil thickness  
 texture 
 coarse fragment content  
 structure 

 consistence  
 mottling (abundance, dimension and contrast)  
 colour (hue, value and chroma)  
 presence of carbonates 

Soil map units (SMUs) were assigned by grouping soil inspection sites by soil series names outlined in the Alberta 
Soil Names File (Version 4) (ASIC 2016). The SMUs were also assigned numerical modifiers added to some 
series (CAESA 2001) to reflect differences in surficial material, profile development, or drainage. 

4.0 QUALITY ASSURANCE AND QUALITY CONTROL 
Standardized methods and digital datasheets were used in accordance with the applicable Golder technical 
standards and specific work instructions (SWI) to maintain consistency and accuracy in data collection. Field 
training and Quality Assurance/Quality Control (QA/QC) protocols were also used to facilitate consistency and 
accuracy among surveyors. Data were reviewed in the field through an exchange of data between field crews or 
team members to confirm that all fields were completed in accordance with technical procedures and SWI. 
Further data review was conducted at the end of each day and following data entry to check for errors or 
omissions. Data was then submitted to Golder’s database where the data was peer reviewed for accuracy and 
correctness according to relevant criteria. Sixty percent of inspection sites were then senior reviewed by a senior 
Professional Agrologist. 
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5.0 BASELINE SOILS RESULTS 
The dominant soil types (>80%) found in the North Expansion Area are rapidly, well, to moderately well drained 
very coarse textured sandy Brunisols (85%) developed on a combination of eolian and glaciofluvial parent 
material. The remaining soil types are dominantly poorly drained Gleysols (10%) developed in low lying areas on 
very coarse textured glaciofluvial and fluvial sediments. Inclusions of very poorly drained Organic and Regosolic 
soils account for less than 5% of the inspection sites in the North Expansion Area. 

Brunisolic (29%) and Organic (29%) soils account for a total of 57% of the East Expansion Area. The sandy 
Brunisols are rapidly to well and moderately well drained developed on very coarse textured glaciofluvial material. 
The very poorly drained Organics dominantly consist of fen peat over medium to coarse textured till or 
glaciofluvial material. Luvisolic (24%) and Gleysolic (19%) soils accounted for a significant proportion of the East 
Expansion Area. The moderately well to well drained Luvisolic soils consist of predominantly fine textured material 
on till or glaciolacustrine material. The remaining soils are poorly drained mineral wetlands (Gleysols) developed 
mainly on sandy glaciofluvial and fluvial materials.  

Soil inspection data was used to refine pre-field soil mapping by adjusting polygon boundaries and attributes in 
both the North and East Expansion Areas. Post-field soil mapping was completed using ArcMap; a GIS 
application where historical field data, Environmental System Research Institute (ESRI) base imagery, recent 
orthorectified (ortho) photos provided by Suncor and a digital elevation model (DEM) were delineated by Golder 
soil scientists, and reviewed by a senior Professional Agrologist. Table 3 details the polygons delineated within 
the North and East Expansion Areas. A total of 13 polygons were delineated in the homogeneous North 
Expansion Area, the majority of the area (91%; 2,129.2 ha) was delineated as the coarse textured, rapidly 
drained, Mildred (Eluviated Dystric Brunisol) SMU. In the East Expansion Area, 55 polygons were delineated. The 
gravely and coarse textured, rapidly drained, Firebag (Eluviated Dystric Brunisol; FIR1) SMU is dominant (47%; 
409.5 ha), with significant areas of very coarse textured, poorly drained, Bitumount (Orthic Gleysol; MBT1). 

Table 3: Soil Map Units within the North and East Expansion Areas 

Soil Map Unit Soil Map Unit 
Symbol(a) Number of Polygons Area (ha) Percent of Area (%) 

North Expansion Area 

Bitumount BMT1 2 28.9 1 

Firebag FIR1 3 24.1 1 

Hartley HLY1 1 8.9 <1 

Kinosis KNS1 1 7.2 <1 

Marguerite MAR1 2 118.8 5 

Mildred MIL1 1 2,129.1 91 

McLelland MLD1 1 8.0 <1 

Mamawi MMW1 1 3.0 <1 

Water - 1 0.3 <1 

Subtotal 13 2328.1 100 
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Table 3: Soil Map Units within the North and East Expansion Areas 

Soil Map Unit Soil Map Unit 
Symbol(a) Number of Polygons Area (ha) Percent of Area (%) 

East Expansion Area 

Bitumount BMT1 7 119.1 14 

BMT21 2 14.2 2 

Firebag FIR1 6 409.5 47 

FIR2 4 47.1 5 

FIRxt1 3 45.6 5 

FIRxt2 2 11.5 1 

Gregoire GGRxt1 1 7.8 1 

Hartley HLY1 4 22.7 3 

Horse River HRR1 1 11.4 1 

Kinosis KNS1 9 66.8 8 

KNS2 1 14.3 2 

Mildred MIL1 9 48.5 6 

McLelland MLD1 3 30.0 3 

Mamawi MMW1 1 10.0 1 

Muskeg MUS1 1 0.6 <1 

Steepbank STP21 1 19.5 2 

Subtotal 55 878.5 100 

Total 68 3,206.7  -  

Notes: 
(a) Numerical modifiers for the soil map units (SMUs) are derived from the AGRASID 3.0 User’s Manual (CASEA 2001). 

1 = Soils occupying ≥10% to <30% are either not identified in the polygon or not strongly contrasting from the 
dominant soil (occupying ≥60%) or co-dominant soils (each occupying ≥30% to <60%). 
2 = Soils occupying ≥10% to <30% are poorly drained or have area ponding. The rule is not applied if the dominant 
soil (occupying ≥60%) or co-dominant soils (each occupying ≥30% to <60%) are poorly drained or have area 
ponding. 

- = not applicable 
 

6.0 CLOSURE 
We trust that this report provides the information you require at this time. Please contact the undersigned if there 
are any questions or clarification is needed.  
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KEY TO SOIL INSPECTION ABBREVIATIONS 
Table A-1  Soil Series and Parent Materials(a) 

Soil 
Series 
Code 

Soil Series Soil Classification Drainage Parent Material (texture class) 

BEJ Benjamin Orthic Gray Luvisol Well Glaciolacustrine 
BMT Bitumount Orthic Gleysol Poor to Very Poorly Glaciofluvial (very coarse) 
DOV Dover Orthic Gray Luvisol Moderately Well Glaciolacustrine (lacustro-till) 
HLY Hartley Terric Mesisol Very Poorly Fen Peat 
HRR Horse River Orthic Gray Luvisol Moderately Well Till 
MAR Marguerite Eluviated Dystric Brunisol Well to Rapidly Eolian 
MIL Mildred Eluviated Dystric Brunisol Well to Rapidly Glaciofluvial (very coarse) 
MLD McLelland Typic Mesisol Very Poorly Fen Peat 
MMW Mamawi Rego Gleysol Poorly Fluvial 
MUS Muskeg Typic Mesisol Very Poorly Sphagnum (Bog) Peat 

(a) Soil series defined with Soil Correlation Area (SCA) 20 in the Alberta Soil Names File (Generation 4) User’s Handbook (ASIC 2016). 

Table A-2  Soil Phases 

Suffix Applied as Unit Modifier Meaning/Explanation 
co Coarse - greater than 10% coarse fragments or one textural group coarser than modal. 
fi Fine - one textural group finer than modal. 

ow Overwash 
pt Peaty - an organic horizon (> 17% organic carbon) which is > 10 cm thick. 
xs Sand at 30-99 cm. 
xt Till at 30-99 cm. 
zh Humic - soils with dark-colored A horizon at least 10 cm thick. 
zr Rego/Regosolic 
zz Atypical Subgroup 

Alberta Soil Names File (Generation 4) User’s Handbook (ASIC 2016). 
 

Table A-3  Parent Materials 
Parent Material Code Description 

FNPT Fen peat 
FNPT/GLFL Fen Peat over Glaciofluvial 
FNPT/TILL Fen peat over Till 

GLFL Glaciofluvial 
GLFL/TILL Glaciofluvial over Till 

SPPT Sphagnum peat 
SPPT/GLFL Sphagnum peat over Glaciofluvial 
SPPT/TILL Sphagnum peat over Till 

TILL Till (Morainal) 
Alberta Soil Names File (Generation 4) User’s Handbook (ASIC 2016). 
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Table A-4  Drainage Classes 
Drainage Class Code Description 

R Rapid 
W Well 

MW Moderately Well 
I Imperfect 
P Poor 

VP Very Poor 
Manual for Describing Soils in the Field: 1982 Revised (Expert Committee on Soil Survey 1982). 
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Table 2I-1:  Descriptions of Miscellaneous Land Cover Types and Disturbances Occurring in the 
Extension Areas 

Land Cover Type Description 

Miscellaneous Land Cover Types 

Burned Upland 
(BuU) 

The burned upland cover type has a hygric to mesic regime and a medium moisture nutrient regime. 
Burned uplands are generally devoid of a tree layer due to fire but may include remnant patches of 
trees including jack pine (Pinus banksiana) and aspen (Populus tremuloides). The most common 
shrubs include regenerating jack pine, aspen, prickly rose (Rosa acicularis) and Labrador tea 
(Rhododendron groelandicum). Forbs include fireweed (Chamerion angustifolium), common yarrow 
(Achillea millefolium) and horsetail (Equisetum arvense). Bryophytes typically include species adapted 
to disturbance, such as purple horn-toothed moss (Ceratodon purpureus). 

Meadow 
The meadow land cover type was identified as a non-woody vegetation type in Alberta Vegetation 
Inventory data and represents undifferentiated graminoid or forb dominated areas. These areas can 
represent upland or transitional graminoid dominated or herbaceous dominated plant cover.  

Disturbances 

Cutblock (CC) 

The cutblock land cover type is represented by harvested forest stands at various stages of regrowth. 
Typically, there are prominent shrub, forb and graminoid layers that contribute to the high level of 
vascular plant species richness in this disturbance type. The moisture and nutrient regimes are 
typically mesic and medium, respectively. Soils are generally well to imperfectly drained. Aspen, 
balsam poplar (Populus balsamifera) and birch (Betula spp.) are often dominant, along with white 
spruce (Picea glauca) or pine (Pinus spp.), willows (Salix spp.), alder (Alnus spp.), rose (Rosa spp.), low 
bush cranberry (Viburmum edule), grasses and forbs.  

Disturbance (DIS) 

The disturbance land cover type represents the baseline disturbance layer for the Extension Areas. 
This cover type includes all existing and approved projects or activities that have been disturbed 
through anthropogenic means such as borrow areas, well sites, forestry and other clearings, roads, 
pipeline and other rights-of-way, trails, and seismic lines. Some areas within the disturbance land 
cover type may include vegetation that has been highly modified from the natural land cover type. 
For example, seismic lines are cleared to the ground, but vegetation has regenerated in some areas 
depending upon the length of time since disturbance. Roads and borrow areas are non-vegetated. 
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Table 2J-1: Complete Plant Species List Based on Vegetation Surveys in the Extension Areas 

Scientific Name Common Name 
ACIMS Rank(a) 

S Rank(b) Tracked Status 

Tree and Shrub 

Alnus incana alder S5 No 

Alnus viridis green alder S5 No 

Alnus viridis ssp. crispa American green alder S4S5 No 

Amelanchier alnifolia saskatoon S5 No 

Arctostaphylos uva-ursi common bearberry S5 No 

Betula glandulosa bog birch S5 No 

Betula occidentalis water birch S4 No 

Betula papyrifera white birch S5? No 

Betula pumila dwarf birch S5 No 

Betula sp. - n/a n/a 

Chamaedaphne calyculata leatherleaf S4S5 No 

Cornus stolonifera red-osier dogwood S5 No 

Corylus cornuta beaked hazelnut S5 No 

Larix laricina tamarack S5 No 

Linnaea borealis twinflower S5 No 

Picea glauca white spruce S5 No 

Picea mariana black spruce S5 No 

Pinus banksiana jack pine S5 No 

Populus balsamifera balsam poplar S5 No 

Populus tremuloides aspen S5 No 

Prunus pensylvanica pin cherry S5 No 

Prunus sp. - n/a n/a 

Rhododendron groenlandicum common Labrador tea S5 No 

Ribes sp. - n/a n/a 

Rosa acicularis prickly rose S5 No 

Rubus idaeus wild red raspberry S5 No 

Salix myrtillifolia myrtle-leaved willow S5 No 

Salix planifolia flat-leaved willow S5 No 

Salix sp. - n/a n/a 

Shepherdia canadensis Canada buffaloberry S5 No 

shrub species - n/a n/a 

Symphoricarpos albus snowberry S5 No 

Symphoricarpos occidentalis buckbrush S5 No 

Symphoricarpos sp. - n/a n/a 

Vaccinium caespitosum dwarf bilberry S5 No 
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Table 2J-1: Complete Plant Species List Based on Vegetation Surveys in the Extension Areas 

Scientific Name Common Name 
ACIMS Rank(a) 

S Rank(b) Tracked Status 

Vaccinium myrtilloides common blueberry S5 No 

Vaccinium myrtillus low bilberry S5 No 

Vaccinium oxycoccos small bog cranberry S5 No 

Vaccinium vitis-idaea bog cranberry S5 No 

Viburnum edule low-bush cranberry S5 No 

Forb 

Achillea millefolium common yarrow S5 No 

Anemone multifida cut-leaved anemone S5 No 

Antennaria sp. - n/a n/a 

Aralia nudicaulis wild sarsaparilla S5 No 

Aster sp. - n/a n/a 

Calla palustris water arum S4S5 No 

Caltha palustris marsh-marigold S5 No 

Campanula rotundifolia harebell S5 No 

Chamerion angustifolium common fireweed S5 No 

Cicuta maculata water-hemlock S5 No 

Comarum palustre marsh cinquefoil S5 No 

Coptidium lapponicum Lapland buttercup S4 No 

Cornus canadensis bunchberry S5 No 

Diphasiastrum complanatum ground-cedar S5 No 

Drosera rotundifolia round-leaved sundew S5 No 

Epilobium palustre marsh willowherb S4 No 

Epilobium sp. - n/a n/a 

Equisetum arvense common horsetail S5 No 

Equisetum fluviatile swamp horsetail S5 No 

Equisetum scirpoides dwarf scouring-rush S5 No 

Fragaria virginiana wild strawberry S5 No 

Galearis rotundifolia round-leaved orchid S5? No 

Galium boreale northern bedstraw S5 No 

Galium labradoricum Labrador bedstraw S4 No 

Galium trifidum small bedstraw S5 No 

Geocaulon lividum northern bastard toadflax S5 No 

Hippuris vulgaris common mare's-tail S5 No 

Lathyrus ochroleucus cream-colored vetchling S5 No 

Lemna trisulca ivy-leaved duckweed S5? No 

Lilium philadelphicum western wood lily S5 No 
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Table 2J-1: Complete Plant Species List Based on Vegetation Surveys in the Extension Areas 

Scientific Name Common Name 
ACIMS Rank(a) 

S Rank(b) Tracked Status 

Lycopodium annotinum stiff club-moss S5 No 

Lysimachia thyrsiflora tufted loosestrife S4 No 

Maianthemum canadense wild lily-of-the-valley S5 No 

Maianthemum trifolium three-leaved Solomon's-seal S5 No 

Mentha arvensis wild mint S5 No 

Menyanthes trifoliata buck-bean S5 No 

Mertensia paniculata tall lungwort S5 No 

Mitella nuda bishop's-cap S5 No 

Moneses uniflora one-flowered wintergreen S5 No 

Orthilia secunda one-sided wintergreen S5 No 

Petasites frigidus coltsfoot S5 No 

Petasites frigidus var. palmatus palmate-leaved coltsfoot S5 No 

Petasites frigidus var. sagittatus arrow-leaved coltsfoot S5 No 

Potamogeton natans floating-leaf pondweed S4 No 

Potentilla sp. - n/a n/a 

Pyrola asarifolia common pink wintergreen S5 No 

Pyrola chlorantha greenish-flowered wintergreen S5 No 

Pyrola sp. - n/a n/a 

Rubus arcticus dwarf raspberry S5 No 

Rubus chamaemorus cloudberry S5 No 

Rubus pedatus dwarf bramble S5 No 

Rubus pubescens dewberry S5 No 

Rumex occidentalis western dock S5 No 

Sium suave water parsnip S5 No 

Sparganium natans small bur-reed S4 No 

Stellaria crassifolia fleshy stitchwort S5 No 

Stellaria longipes long-stalked chickweed S5 No 

Stellaria sp. - n/a n/a 

Trientalis borealis northern starflower S4 No 

Triglochin maritima seaside arrow-grass S5 No 

Typha latifolia common cattail S5 No 

Urtica dioica common nettle S5 No 

Utricularia intermedia flat-leaved bladderwort S4 No 

Utricularia vulgaris common bladderwort S5 No 

Vicia americana wild vetch S5 No 
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Table 2J-1: Complete Plant Species List Based on Vegetation Surveys in the Extension Areas 

Scientific Name Common Name 
ACIMS Rank(a) 

S Rank(b) Tracked Status 

Graminoid 

Agrostis scabra rough hair grass S5 No 

Calamagrostis canadensis bluejoint S5 No 

Calamagrostis stricta narrow reed grass S5 No 

Carex aquatilis water sedge S5 No 

Carex atherodes awned sedge S5 No 

Carex bebbii Bebb's sedge S5 No 

Carex diandra two-stamened sedge S5 No 

Carex disperma two-seeded sedge S5 No 

Carex limosa mud sedge S4 No 

Carex magellanica bog sedge S5 No 

Carex prairea prairie sedge S5 No 

Carex sp. - n/a n/a 

Carex tenuiflora thin-flowered sedge S4 No 

Carex utriculata small bottle sedge S5 No 

Eriophorum sp. - n/a n/a 

graminoid species - n/a n/a 

Leymus innovatus hairy wild rye S5 No 

Poa sp. - n/a n/a 

Bryophyte 

Aneura pinguis liverwort S2S4 Yes 

Aulacomnium palustre tufted moss S5 No 

Brachythecium mildeanum moss S4 No 

Bryum pseudotriquetrum moss S4 No 

Calliergon giganteum giant calliergon moss S4 No 

Calypogeia integristipula liverwort SU Yes 

Calypogeia sphagnicola liverwort S3S4 No 

Campylium stellatum yellow starry fen moss S4 No 

Cephalozia connivens liverwort S3S4 No 

Cephaloziella sp. - NULL No 

Chiloscyphus pallescens liverwort S3S4 No 

Climacium dendroides moss S4 No 

Dicranum fragilifolium cushion moss S4 No 

Dicranum fuscescens fuscous moss S4 No 

Dicranum polysetum wavy dicranum moss S4 No 

Dicranum sp. - n/a n/a 
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Table 2J-1: Complete Plant Species List Based on Vegetation Surveys in the Extension Areas 

Scientific Name Common Name 
ACIMS Rank(a) 

S Rank(b) Tracked Status 

Dicranum undulatum wavy dicranum moss S5 No 

Drepanocladus aduncus brown moss S4 No 

Hamatocaulis vernicosus brown moss S4 No 

Helodium blandowii moss S4 No 

Hylocomium splendens stair-step moss S5 No 

Hypnum pratense moss S4 No 

Leiomylia anomala liverwort S4 No 

Lepidozia reptans creeping fingerwort S4 No 

Leptobryum pyriforme moss S4 No 

Lophocolea minor liverwort S3S4 No 

Lophozia rutheana liverwort SU Yes 

Marchantia polymorpha green-tongue liverwort S3 No 

Mnium sp. - n/a n/a 

Plagiochila asplenioides liverwort SU No 

Plagiomnium ellipticum moss S4 No 

Pleurozium schreberi Schreber's moss S5 No 

Pohlia nutans copper wire moss S5 No 

Polytrichum commune common hair-cap moss S4 No 

Polytrichum sp. - n/a n/a 

Ptilidium ciliare liverwort S4 No 

Ptilidium pulcherrimum liverwort S4 No 

Ptilium crista-castrensis knight's plume moss S5 No 

Rhizomnium pseudopunctatum moss S3S4 No 

Sanionia uncinata brown moss S5 No 

Sphagnum angustifolium peat moss S4 No 

Sphagnum capillifolium acute-leaved peat moss S4 No 

Sphagnum fuscum rusty peat moss S4 No 

Sphagnum magellanicum midway peat moss S4 No 

Sphagnum sp. - n/a n/a 

Sphagnum teres thin-leafed peat moss S4 No 

Sphagnum warnstorfii peat moss S4 No 

Tetraplodon angustatus narrow-leaved splachnum moss S4 No 

Tetraplodon mnioides brown tapering splachnum moss S3S4 No 

Thuidium recognitum moss S4 No 

Tomentypnum nitens golden moss S4 No 
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Table 2J-1: Complete Plant Species List Based on Vegetation Surveys in the Extension Areas 

Scientific Name Common Name 
ACIMS Rank(a) 

S Rank(b) Tracked Status 

Lichen 

Cladonia cenotea powdered funnel lichen S3S5 No 

Cladonia coniocraea common powderhorn lichen S3S5 No 

Cladonia cornuta bighorn cladonia lichen S3S5 No 

Cladonia cristatella British soldier lichen S2S4 Yes 

Cladonia fimbriata trumpet lichen S3S5 No 

Cladonia gracilis ssp. turbinata smooth cladonia lichen S3S5 No 

Cladonia mitis reindeer lichen S3S5 No 

Cladonia rangiferina reindeer lichen S3S5 No 

Cladonia sp. - n/a n/a 

Cladonia sulphurina greater sulphur-cup lichen S3S5 No 

Parmelia sulcata hammered shield lichen S3S5 No 

Peltigera aphthosa studded leather lichen S3S5 No 

Peltigera neopolydactyla carpet pelt lichen S3S4 No 

Peltigera sp. - n/a n/a 

Notes: 
(a) ACIMS (2017a; 2017b; 2018). 
(b) S ranks are defined in Appendix 2L 
- = no common name; n/a = not applicable; ACIMS = Alberta Conservation Information Management System.  
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Table 2K-1: Provincial Ecological Community Conservation Ranks 

Rank Rank Definition 

S1 Five or fewer occurrences or very few remaining hectares. 

S2 Six to 20 occurrences or few remaining hectares. 

S3 
21 to 80 occurrences. May be rare and local throughout its range or found locally, even abundantly, in a 
restricted range (e.g., a single western province or a physiographic region in the east). 

S4 
Apparently secure globally (state/province wide), though it may be quite rare in parts of its range, 
especially at the periphery. 

S5 Demonstrably secure globally (state/province wide), though it may be quite rare in parts of its range, 
especially at the periphery. 

SNR Element is not yet ranked. 

SU Unrankable: currently unrankable due to lack of information or due to substantially conflicting 
information about status or trends. 

SNA Not Applicable: a conservation status rank is not applicable because the community is not a suitable 
target for conservation activities. 

S#S# Range rank(a): a numeric range rank (e.g., S2S3) is used to indicate any range of uncertainty about the 
status of the species or community.  

Modifiers 

Q 
Can be added to any global rank to denote questionable taxonomy (e.g., G2Q = six to 20 known 
occurrences, but questions exist concerning the classification of this type). Cannot be used with 
provincial ranks. 

? 
Can be added to any rank to denote an inexact numeric rank (e.g., S1? = believed to be five or less 
occurrences, but some doubt exists concerning status). 

Notes: 
(a)  Ranks can be combined to indicate a range (e.g., S2S3 = may be between 6 and 80 occurrences throughout Alberta, but the 
exact status is uncertain). Combined ranks indicate a larger margin of error than ranks assigned a "?" qualifier. 
Source: Alberta Conservation Information Management System (ACIMS 2017). 
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Abbreviation/Unit Definition 

% percent 

> greater than 

< less than 

<= less than or equal to 

± plus or minus 

Σ running sum 

ºC Degrees Celsius 

µg/m3 micrograms per cubic metre 

µm Micrometres (microns) 

μg/L micrograms per litre 

3D three-dimensional 

7Q10 Lowest 7-day consecutive flow that occurs, on average, once every 10 years 

AAAQGs Alberta Ambient Air Quality Guidelines 

AAAQO Alberta Ambient Air Quality Objective 

AAFC Agriculture and Agri-Food Canada 

ABWRET-A Alberta Wetland Rapid Evaluation Tool – Actual 

ACFN Athabasca Chipewyan First Nation 

ACIMS Alberta Conservation Information Management System 

ACMSW Alberta Culture, Multiculturalism and Status of Women 

ACO Aboriginal Consultation Office 

ACS American Cancer Society 

ACSW Alberta Culture and Status of Women  

AENV Alberta Environment Protection 

AEP Alberta Environment and Parks 

AER Alberta Energy Regulator  

Al aluminum  

ALM Ammonia Limiting Method 

Al-Pac Alberta-Pacific Forest Industries 

AMS Air Monitoring Station 

ANHIC Alberta Natural Heritage Information Centre 

ANPC Alberta Native Plant Council 

AOs aesthetic objectives 

AOSR Alberta Oil Sands Region 

ASIC Alberta Soil Information Centre 

ASRD Alberta Sustainable Resource Development 

AT Aquitard 

ATSDR Agency for Toxic Substances and Disease Registry 

AQ Aquifer 
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Abbreviation/Unit Definition 

AQMG Air Quality Model Guideline 

AQMS Air Quality Management System 

AQMS Air Quality Monitoring Station 

AQSA air quality study area 

Aquanty Aquanty Hydrosphere Analytics  

AVI Alberta Vegetation Inventory 

AWCS Alberta Wetland Classification System  

Bbbls Billion barrels 

BC ENV British Columbia Ministry of Environment and Climate Change Strategy 

BC MOE British Columbia Ministry of Water, Land and Air Resources 

BC WLAP BC WLAP (British Columbia Ministry of Water, Land and Air Protection) 

BML Base Mine Lake 

C Centre 

Ca Calcium 

CAAQS Canadian Ambient Air Quality Standards 

CaCO3 calcium carbonate  

CAESA Canada – Alberta Environmentally Sustainable Agriculture Agreement 

Cal EPA California Environmental Protection Agency 

CALMET a diagnostic three-dimensional meteorological model 

CALPUFF an advanced non-steady-state meteorological and air quality modelling system 

Canadian Natural Canadian Natural Resources Limited 

CAPP Canadian Association of Petroleum Producers 

CCME Canadian Council of Ministers of the Environment 

CCREM Canadian Council of Resource and Environment Ministers 

CDDA Centre Dedication Disposal Area 

CEMA Cumulative Environmental Management Association 

Cl Chloride 

cm centimetre 

CO Construction and Operation 

CO carbon monoxide  

CO2 Carbon dioxide 

Co2+ divalent cobalt  

CoCl2 cobalt chloride  

CoP Codes of Practice  

COPC Constituent of Potential Concern 

COPD chronic obstructive pulmonary disease  

COSEWIC Committee on the Status of Endangered Wildlife in Canada  

COSIA Canada’s Oil Sands Innovation Alliance 
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Abbreviation/Unit Definition 

CPL Centre Pit Lake 

CPTA Centre Pit Tailings Area 

Cr3+ trivalent chromium  

Cr6+ hexavalent chromium  

CST Coarse Sand Tailings 

CT Consolidated Tailings 

CWR Clay-to-Water Ratio 

CWTS Constructed Wetland Treatment System 

dBA A-weighted decibels  

DDA dedicated disposal area  

DEM digital elevation model  

dFFT Densified fluid fine tailings 

DFO Fisheries and Oceans Canada 

DOC dissolved organic carbon  

DP Depressurization 

DPL Demonstration Pit Lake 

DWQGs drinking water quality guidelines  

EA Environmental Assessment  

ECCC Environment and Climate Change Canada  

e.g., for example, 

EIA Environmental Impact Assessment 

ELC Ecological Land Classification System 

EOML End of Mine Life 

EPEA Environmental Protection and Enhancement Act 

EQG environmental quality guidelines  

ERCB Energy Resources Conservation Board 

ESP Electrical Submersible Pumps 

ESRD Alberta Environment and Sustainable Resource Development 

ET Evapotranspiration 

ETB East Toe Berm  

ETMFs exposure and toxicity-modifying factors  

EU European Union  

EUB Energy and Utilities Board 

F Fermented  

FAV Final Acute Value 

FCMA Fort Chipewyan Métis Association - Local 125  

FCV Final Chronic Value  

Fe Ferric 
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Abbreviation/Unit Definition 

FEFLOW Finite Element Subsurface Flow System 

FHEC Fort Hills Energy Corporation  

FHELP Fort Hills Energy Limited Partnership 

FHMA Fort Hills Mine Amendment Application  

FHOSP Fort Hills Oil Sands Project 

FHUC Fort Hills Upland Complex  

FM468FN Fort McMurray 468 First Nation  

FMFN Fort McKay First Nation  

FMMN Fort McKay Métis Nation 

FT Fluid Tailings 

FWMIS Fisheries and Wildlife Management Information System  

FWQG Federal Water Quality Guideline  

GC Gas chromatograph 

GDC Geographic Dynamics Corporation 

GEI GEI Consultants 

GIS global information system 

GMP Groundwater Monitoring Program  

GoA Government of Alberta 

Golder Golder Associates Ltd. 

H Humus  

H:V Horizontal to Vertical 

H202 hydrogen peroxide 

H2S hydrogen sulphide  

ha hectare 

HADD harmful, alteration, disruption, or destruction  

Hatfield Hatfield Consultants LLP. 

HCO3 Bicarbonate 

HEI Health Effects Institute 

HEM Highwood Environmental Management 

HEP Habitat Evaluation Procedures  

Hg0 elemental mercury  

Hg2+ inorganic mercury  

HGS HydroGeoSphere 

HHRA Human Health Risk Assessment 

HMoO4- bimolybdate  

HR Historic Resources 

HRA Alberta Historical Resource Act  

HRIAs Historical Resources Impact Assessment  



  
Fort Hills Oils Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 

 

5 | Page 

 

Abbreviation/Unit Definition 

HRV Historic Resource Value  

HSI Habitat Suitability Index  

HSPF Hydrological Simulation Program-Fortran  

HUs Habitat Units  

IDNR Iowa Department of Natural Resources 

i.e., that is, 

IK Indigenous Knowledge  

IPA Integrated Plan Amendment  

ISO International Organization for Standardization 

IWW Industrial wastewater  

Jacques Jacques Whitford AXYS Limited 

JOSM Joint Canada-Alberta Oil Sands Monitoring  

KCB Klohn Crippen Berger Limited 

KIRs Key Indicator Resources  

Kh Horizontal hydraulic conductivity 

km Kilometre 

km2 Square kilometre 

K m3/d Thousand cubic metres per day 

km/hr or km/h kilometres per hour 

kPa Kilopascals 

ktpd Thousand tonnes per day 

Kv Vertical hydraulic conductivity 

L Liter  

L/s litres per second 

LARP Lower Athabasca Regional Plan  

LiDAR light detection and ranging  

LMCP Life of Mine Closure Plan  

LOAEL  lowest observed adverse effect level  

LOC Licence of Occupation 

LOEC long-term low-effect concentration  

LOS Lean oil sands 

LSC Large strain consolidation 

LSD Legal Subdivision 

LZH Linkage Zone Hazard  

m metre 

m2 square metre 

m3 cubic metres 

m3/ha cubic metres per hectare 
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Abbreviation/Unit Definition 

m/s metres per second 

m3/s cubic metres per second 

MAC Maximum Acceptable Concentration  

masl metres above sea level 

MATC maximum acceptable toxicant concentration 

Matrix Matrix Solutions Inc.  

Mbbls Million barrels 

MBI Methylene Blue Index 

MCFN Mikisew Cree First Nation 

MFT Mature Fine Tailings 

mg/kg milligrams per kilogram 

mg/L milligrams per litre 

mg/100 cm2/30 days milligrams per 100 square centimetre per 30 days  

MLE maximum likelihood estimation  

MLWC McClelland Lake Wetland Complex  

mm millimetre 

MM1035 Murray Métis 1935 

Mm3 Million cubic metres 

Mo Molybdenum  

MoO4
2- molybdate 

MoS2 molybdenum sulphide  

MPOI maximum point of impingement  

MRM Muskeg River Mine 

MRP Monitoring and Research Program 

MSL Miscellaneous Surface Lease 

MSM Monitoring and Strategic Mining 

MSP Measurement System Plan 

Mt Million tonnes 

N North 

n/a Not applicable 

NA naphthenic acids  

Na Sodium 

NAAQS National Ambient Air Quality Standard 

NAPS National Air Pollution Surveillance  

NED North External Dump 

ng/L Nanograms per litre 

NIA noise impact assessment 

NNLL No Net Loss Lake  
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Abbreviation/Unit Definition 

NO2 nitrogen dioxide 

NOEC no observed effect concentration  

NOP North Outwash Plain 

NOX Oxides of nitrogen  

NPL North Pit Lake  

NPTA North Pit Tailings Area 

NRC Natural Regions Committee 

NST Non-segregating Tailings 

O3 ozone  

OEMS Operation Excellence Management System 

OLM Ozone Limiting Method 

OMOE Ontario Ministry of the Environment 

OP Operational Plan 

OPP Ore Preparation Plant 

OPTA Out-of-Pit Tailings Area 

ORP Oxidation reduction potential 

OSCA Oil Sands Conservation Act  

OSCR Oil Sands Conservation Regulations 

OWS Oil Water Solids 

PAH Polycyclic aromatic hydrocarbons 

PAL protection of aquatic life 

Paragon Paragon Soil & Environmental Consulting 

PASS Permanent Aquatic Storage Structure 

PCOSI Petro Canada Oil Sands Inc. 

Parametrix Parametrix Environmental Research Laboratory 

Pedocan Pedocan Land Evaluation Ltd. 

PIL Prairie Intact Laminites 

PM2.5 particulate matter with a mean aerodynamic diameter of 2.5 microns or less 

PMM peat mineral mix 

Ppb Parts per billion 

ppm Parts per million 

PSL permissible sound level 

Q Quarter 

QA/QC Quality Assurance/Quality Control 

QAES Qualified Aquatic Environment Specialist 

rbbl recoverable barrels 

RC Reclamation and Closure 

RfC Reference Concentration 
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Abbreviation/Unit Definition 

RFMAs Registered Fur Management Areas 

RFR Ready for Reclamation 

RIVAD/ARM3 Regional Impacts in Visibility and Acid Deposition/Acid Rain Mountain Mesoscale Model 

RMS Reclamation Material Stockpile 

ROW Rights-of-Way 

RTR Ready to Reclaim 

RW and RWC Recycle Water 

S South 

SARA Species at Risk Act  

SB subsurface soil  

SC Sustainability Committee 

SCA Soil Correlation Area 

SCWG Soil Classification Working Group 

SDDA South Dedicated Disposal Area 

SE secondary extraction  

Sect. Section 

SED Specified Enactment Directive  

SEOI Suncor Energy Operating Inc. 

Shell Shell Canada Ltd. 

SI Soluble ions 

SMOE Saskatchewan Ministry of Environment 

SMS seepage management system 

SMU soil map unit  

SO2 sulphur dioxide 

SoJ Statement of Justification 

SPL South Pit Lake 

SPTA South Pit Tailings Area 

SRU Solvent Recovery Unit 

SS surface soil 

SSD Species Sensitivity Distribution 

St. Dev Standard deviation 

STP South Tailings Pond 

Su undrained sheer strength 

Suncor Suncor Energy Inc. 

Syncrude Syncrude Canada Ltd.  

t/d tonnes per day 

t/m3 Tonnes per cubic metre 

TA Tailings Area 



  
Fort Hills Oils Sands Project 

Volume 2 Integrated Plan Amendment 
 February 2022 

 

9 | Page 

 

Abbreviation/Unit Definition 

TAC Transportation Association of Canada 

TBD To Be Determined 

TCM Total Conversion Method  

TD Tailings Directive 

TDS total dissolved solids 

Teck Teck Resources Limited 

TEPCA Total E&P Canada Ltd. 

TFT Thin Fine Tailings 

TLM target lipid model 

TLU Traditional Land Use 

TMF Tailings Management Framework 

TMP Tailings Management Plan 

Total TotalEnergies EP Canada Ltd. 

TPR Timber Productivity Rating 

TRO Tailings Reduction Operations 

TrueNorth TrueNorth Energy Limited Partnership 

TSA Terrestrial Study Area 

TSP total suspended particulate matter 

TSRU Tailings Solvent Recovery Unit 

TSS Total Suspended Solids 

TT Thickened Tailings 

TV/BIP Total Volume to Bitumen in Place 

UKTAG UK Technical Advisory Group 

US EPA United States Environmental Protection Agency 

VCs Valued components 

Vol% Volume percent 

W/m2 Watts per square metre 

W4M West of the 4th Meridian 

WBEA Wood Buffalo Environmental Association 

WCTT Water-Capped Tailings Technology 

WHO World Health Organization 

WHRA Wildlife Health Risk Assessment 

WL Water Level 

WMMP Wildlife Mitigation and Monitoring Plan 

WNS white-nose syndrome 

WNSRT White-Nose Syndrome Response Team 

WPP West Process Pond 

WQ Water Quality 
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Abbreviation/Unit Definition 

WSC Water Survey Canada 

Wt Weight 

Wt% Weight percent 

Yrs years 
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