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Dear Mr. Thomas: 

Re: Project Update for Alberta Oilsands Inc. Clearwater West LP-SAGD Pilot Project 

Alberta Oilsands Inc. (AOS) has completed a Project Update for the proposed Clearwater West 

LP-SAGD Pilot Project (the Project). The application was filed with the Alberta Energy 

Resources Conservation Board (Application No. 1642894) and Alberta Environment 

(Application No. 001-265047) on January 15, 2010. 

Since filing of the Application, AOS has refined, optimized and modified certain aspects of the 

Project.  This Project Update was compiled to provide the Energy Resources Conservation 

Board, other relevant government departments and stakeholders, with an update on the 

modifications to the Project. 

Correspondence respecting this submission should be directed to: 

Dr. Claes Palmgren, VP Engineering 

Alberta Oilsands Inc. 

Suite 2800, 350 ï 7
th
 Avenue SW 

Calgary, Alberta  T2P 3N9 

Phone: (403) 668-5534 

Fax: (403) 263-6702 

Email:  cpalmgren@aboilsands.ca 

Sincerely, 

Alberta Oilsands Inc. 

 

Dr. Claes Palmgren  

Vice-President Engineering 
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1.0 PROJECT INTRODUCTION  

Alberta Oilsands Inc. submitted the Clearwater West LP-SAGD Pilot Project Application in 

January 2010 (ERCB Application No. 1642894). Since filing of the Application, AOS has 

refined, optimized and modified certain aspects of the Project. The information in this document 

was compiled to provide the Energy Resources Conservation Board (ERCB), other relevant 

government departments and stakeholders, with an update on the modifications to the Project 

(Project Update).  

The Project modifications include: 

¶ Identification of a thick estuarine channel sand trending through the Middle McMurray 

(Section 2.2.2.3) in the Project Area; 

¶ Changes to the safe maximum operating pressure from 1,440 kPa(a) to 1,000 kPa(a) as a 

result of recent field measurements (Section 2.3.4.5) on the 00/05-22-88-08W4 cased 

vertical well; 

¶ Changes to the well pair configuration utilizing six conventional well pairs together with 

five ñbasementò wells rather than three ñstackedò well pairs and orienting the well 

trajectories along the thick estuarine channel rather than across the channel (Figure 

1.1-3); 

¶ Changes to the development scheme considering Solvent Assisted Low Pressure Steam 

Assisted Gravity Drainage (SLP-SAGD) described in Section 2.3; 

¶ Changes to the location of the Central Processing Facility and access road (Figure 1.1-3); 

and 

¶ Changes to the treatment process utilized within the Central Processing Facility. 

AOS has actively engaged stakeholders to explain the Project and to understand their concerns. 

An updated summary of Stakeholder Consultation conducted to date is also included as part of 

this Project Update. 

1.1 Project Background  

Alberta Oilsands Inc. (ñAOSò or ñThe Companyò) plans a staged development project to extract 

bitumen resources from its Clearwater West oil sands lease located near Fort McMurray, 

Alberta.  AOS acquired the oil sands lease for Sections 21 and 22, Township 88, Range 8, West 

of 4
th
 Meridian (21; 22-088-08-W4M, Figures 1.1-1 and 1.1-2) in August 2007 (OSL 

7407080532).  This property was acquired for the exploration and delineation of potential 
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economical bitumen resources and, ultimately, to develop these resources as a commercial 

project. AOS has delineated these two sections with electrical resistivity tomography, drilling a 

total of 21 core wells, and by acquisition of 2.3 km of 2D seismic.  Contiguous reservoir quality 

and net pay thickness up to 60 m form the basis for a sizeable in situ bitumen production project.  

The overall plan is a staged development of the oil sands resource using Solvent Assisted Low 

Pressure Steam Assisted Gravity Drainage (SLP-SAGD). 

The Clearwater West LP-SAGD Pilot Project (the Project), described in this Project Update, 

comprises a pilot project capable of producing up to 695 m
3
/d (4,350 barrels per day (bpd)) of 

bitumen plus 165 m
3
/d (1,040 bpd) of solvent recovery using 1,113 m

3
/d (7,000 bpd) of high 

quality steam and 183 m
3
/d (1,150 bpd) of solvent injection.  The Project Area (21; 22-088-08-

W4M) and the Resource Development Area (RDA, E ½ Sec 21-088-08-W4M) for the Project are 

shown in Figure 1.1-3.  An aerial photograph of the Project Area with topographic contours is 

presented in Figure 1.1-4. 

The operational, safety, and production data obtained from this Project will be utilized by AOS 

to determine the feasibility of development of a 2,400 to 4,000 m
3
/d (15,000 to 25,000 bpd) 

commercial Clearwater Project. 

1.2 Project Proponent 

AOS is a Calgary based, technically driven, high growth early stage oil sands exploration and 

development company focused in the Athabasca oil sands region of northeast Alberta.  The 

Company was incorporated in December 2003 and became publicly traded in April 2004.  

AOSôs qualifying transaction consisted of the purchase of certain non-oil sands assets from a 

private oil and gas company.  The Company purchased most of its oil sands rights through 

Crown land sales in 2007 and subsequently four sections from another lessor in November 2010. 

AOS owns a 100% working interest in 106 sections (67,840 acres) of oil sands leases and a 50% 

working interest in an additional 38.5 sections (24,640 acres) in the Athabasca oil sands fairway 

with a resource base of nearly five billion barrels of bitumen in place.  The Company will 

continue exploration activities on all properties but intends to focus the majority of its resources 

on bringing the Project to production and cash flow before pursuing other development 

opportunities on its oil sands leases.  AOSôs oil sands development strategy will be supported by 

cash flow from conventional production and future project financing. Further information on the 

Company can be found at its website:  www.aboilsands.ca  

http://www.aboilsands.ca/
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The name and address of the applicant for the Project is: 

Alberta Oilsands Inc. 

Suite 2800, 350 ï 7
th
 Avenue SW 

Calgary, Alberta  T2P 3N9 

Correspondence concerning this submission should be directed to the above address to the 

attention of: 

Dr. Claes Palmgren, VP Engineering 

Phone: (403) 668-5534 

Fax: (403) 263-6702 

Email:  cpalmgren@aboilsands.ca  

1.3 Pilot Project Overview 

The pilot will be located in the SE and NE ¼ of Section 21, Township 88, Range 8, West of the 

4
th
 Meridian (Figure 1.3-1).  The Project is situated within the Regional Municipality of Wood 

Buffalo and located approximately 5 km southeast of Fort McMurray (Figure 1.1-2) and 

immediately north of Highway 69, which is the east-west highway that connects on to the main 

highway (Highway 63) from Edmonton to Fort McMurray.  

AOS proposes to construct, operate and reclaim the Project.  The development footprint for 

Project will consist of the following components: 

¶ a Central Processing Facility (approximately 210 m x 430 m, covering 9.0 ha) and 

associated infrastructure complex including the oil production system, produced water 

handling, water treatment, steam generation, solvent generation, well pad site, storage 

tanks, storm water pond and flow lines; and 

¶ an access road (approximately 50 m in length and 20 m wide, covering 0.1 ha). 

Infrastructure requirements are limited due to the proximity to existing infrastructure.  

Collectively, the development footprint for the Project will total approximately 9.1 ha.  

Access to the Project Area is readily available using an existing access road off Highway 69 with 

modest civil work.  AOS has an agreement in place with the Fort McMurray Airport Authority 

(FMAA), which allows for continued cooperation between AOS and FMAA on certain lands in 

Sections 21, 22 and a portion of 28 in 088-08-W4M. 
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A geological model was created using core drilling and seismic data.  This model was then used 

to identify the optimal location for the RDA within the Project Area.  The Project will initially 

consist of six parallel well pairs landed above the Devonian unconformity. The horizontal section 

of these wells will be 600 to 700 m in length and the well pairs will be spaced 75 m apart giving 

a drainage area of approximately 35 ha. After a number of years of solvent-steam injection and 

bitumen production, up to five ñbasementò wells will be drilled between the well pairs but landed 

lower in the reservoir to increase the recovery of the bitumen resource and assist with recovery 

of solvent.  This configuration was chosen after reservoir simulations were completed on a 

number of alternative development scenarios.  A new technology termed electromagnetic low 

pressure SAGD (EMLP-SAGD) may also be tested on one of the well pairs.  This technology is 

under evaluation and a separate application will  be filed if AOS decides to test EMLP-SAGD.  It 

is projected that the use of the SLP-SAGD recovery technology will lead to a reduction in water 

use, increased bitumen production, and reduced energy input compared to conventional SAGD 

projects. 

1.4 Pilot Project Need 

In light of the declining conventional crude production, additional heavy oil production will 

benefit global energy needs.  The Project will specifically pilot SLP-SAGD to confirm that it is a 

viable in situ bitumen extraction technology for the Clearwater reservoir.  If successful, this 

technology may be used on other Athabasca oil sands in situ projects leading to a reduction in 

water and energy use by the industry to maintain and grow heavy oil production. 

The Project will provide benefits to the Alberta economy because of capital expenditures in the 

order of $100 million prior to the commencement of production operations.  Once production 

commences additional expenditures for sustaining capital, operating costs including salaries, 

royalties and taxes payable will be incurred throughout the life of the Project. 

1.5 Regional Initiatives 

As described in Section 3, AOS has identified a comprehensive list of project stakeholders in the 

region and has initiated a stakeholder consultation program as part of its project planning and 

development process. 

AOS recognizes the need for regional cooperation among a broad variety of regional stakeholder 

groups to ensure the sustainability of oil sands development.  AOS has and will continue to  

consult with Fort McMurray First Nation No. 468, Chipewyan Prairie Dene First Nation, Willow 

Lake Métis Local 780, Fort McMurray Métis Local 1935, Fort McMurray Airport Authority, 
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Municipal Government, Regional Municipality of Wood Buffalo, Wood Buffalo Environmental 

Association (WBEA), Regional Aquatics Monitoring Program (RAMP), Saprae Creek Resident 

Society, Cumulative Environmental Management Association (CEMA) and representatives of 

industry stakeholders in the region.  As the Project develops, AOS will maintain its relationships 

with these regional groups and with other regional associations and groups with interest and 

responsibility in oil sands development. 

1.6 Project Schedule 

The proposed Project schedule is presented in Table 1.6-1. 

Table 1.6-1 Project Schedule 

Activity  
2010 2011 2012 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Predevelopment             

Submit Application             

Submit Application Update             

Application Approval              

Drilling and Completion             

Facilities Construction             

Steam Circulation in Wells             

Production             

Stakeholder Consultation             

1.7 Application for Pilot Project Approval  

AOS is applying to the Alberta Energy Resources Conservation Board (ERCB) and Alberta 

Environment (AENV) for regulatory approval to construct, operate and reclaim the proposed 

Project. 

¶ ERCB Application No. 1642894 

¶ AENV Application No. 001-265047 

1.7.1 Existing Approvals 

Currently, there are no EPEA, Water Act or ERCB approvals issued for the Project. 
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1.7.2 Request for Approval 

AOS is seeking regulatory approval from AENV and the ERCB for the Project.  Other approvals 

are required and are listed below. 

1.7.2.1 Alberta Environment 

AOS is seeking the following approvals from AENV: 

¶ approval to construct and operate the Project, including facilities to recover and treat 

bitumen and produced water under Division 2 of Part 2 and Section 63 of EPEA; 

¶ Conservation and Reclamation Approval, under Division 2 of Part 2 and Part 5 of EPEA, 

to develop, operate and reclaim portions of the Project; and 

¶ surface water diversion licence to operate a storm water pond.  Diversion licences are 

issued pursuant to Part 3, Division 1 of the Water Act. 

1.7.2.2 Alberta Energy Resources Conservation Board 

AOS is seeking the following approvals from the ERCB: 

¶ approval to construct and operate an in situ bitumen recovery scheme, under Section 10 

of the Oil Sands Conservation Act from the Athabasca Oil Sands Deposit.  The deposit is 

located in the McMurray Formation at Clearwater on AOSôs Oil Sands Lease No. 

7407080532; 

¶ approval to dispose wastewater in accordance with ERCB Directive 51 (ERCB, 1994).  

The ERCB application for approval of disposal wells will be a separate process that will 

take place only if Project approval is granted; and 

¶ pursuant to ERCB Directive 51, AOS will request a permit to inject solvents sequentially 

or concurrently with steam (ERCB Directive 51, Class IV).  

1.7.3 Other Approval Considerations 

AOS will file applications for other aspects of the Project under the appropriate statutes.  The 

provincial application and approval requirements applicable to the Project that will be submitted 

separately include: 

¶ surface rights dispositions pursuant to the Public Lands Act; 
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¶ clearance to construct the Project facilities in accordance with the Historical Resources 

Act; 

¶ well licences as required under the Oil and Gas Conservation Act; 

¶ a Development Permit issued from the Regional Municipality of Wood Buffalo pursuant 

to Part 17 of the Municipal Government Act; and 

¶ AOS has reviewed the appropriate federal legislation and no approvals or authorizations 

are required for the Project. 

1.8 Project Update Guide and Description 

This Update to the application for the Clearwater West LP-SAGD Pilot Project is presented in 

one volume that consists of the following components: 

Section 1 ï Project Introduction 

Section 2 ï Project Description 

Section 3 ï Stakeholder Consultation 

Section 4 ï Environmental Summary 

Section 5 ï References 

 

Appendix 1 Memorandum of Understanding with RM of Wood Buffalo for Water Supply 

Appendix 2 Well 5-22-88-8W4 Microfracture Analysis 

Appendix 3 2009 Geophysical Exploration and Clearwater Delineation Program; Clearwater 

Lease, Fort McMurray, Alberta 

Appendix 4 Interpreted 2D Seismic Line 

Appendix 5 NS #1 and EW #2 Geological Cross-sections 

Appendix 6 Assessment of the Cap Rock and Underburden Seals at the Clearwater West, 

Proposed LP-SAGD Pilot Project 

Appendix 7 Clearwater West Static Geological Model Development  

Appendix 8 Fluid Property and Geochemical Characterization of Bitumen in Oil Sand Cores 

from Clearwater West 

Appendix 9 Estimated Future Reserves and Income Attributable to Certain Leasehold and 

Royalty Interests 

Appendix 10 Water Well Drill Reports 

Appendix 11 Hydrogeological Map 

Appendix 12 Solvent Selection Study 

Appendix 13 RPS Reservoir Simulation Report 

Appendix 14 Newby Area Well 12-22-088-08 W4M, Clearwater Formation Caprock Study 
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Appendix 15 Geomechanical Simulation Study to Determine the Maximum Operating Pressure 

for the Clearwater West, Proposed LP-SAGD Pilot Project 

Appendix 16 Air Quality Assessment 

Appendix 17 Noise Assessment 

All Appendices are included on CD only with this document. Hard copies are available upon 

request. 
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2.0 PROJECT DESCRIPTION 

2.1 Project Overview 

2.1.1 Bitumen Extraction and Processing Components 

The Project proposes to establish the commercial viability of solvent assisted low pressure steam 

assisted gravity drainage (SLP-SAGD) to recover bitumen in situ.  This technology uses a 

solvent injected into the reservoir in conjunction with steam injection to optimize bitumen 

production while reducing water use and energy input.  The Project is expected to produce up to 

695 m
3
/d (4,350 bpd) of bitumen and 165 m

3
/d (1,040 bpd) of solvent with daily dilbit sales of 

928 m
3
/d (5,830 bpd).  To meet these production goals a maximum of 1,113 m

3
/d (7,000 bpd) of 

steam combined with 183 m
3
/d (1,150 bpd) of solvent will be injected into the reservoir.  The 

daily source water volume is 1,239 m
3
/d (7,790 bpd) and the water disposal volume is 

1,130 m
3
/d (7,105 bpd).  The above volumes are subject to change as further detailed reservoir 

and facilities engineering work is completed.  The Project will initially consist of six parallel 

horizontal well pairs spaced 75 m apart. The individual well pair design is described in Section 

2.4. 

To minimize the surface land use, the horizontal wells will be drilled from a single pad that is 

integrated with the well surface facilities and the Central Processing Facilities (CPF).  The 

Project proposes to use well-established bitumen processing technologies.  Water recycle 

facilities are not proposed for this Project. 

2.1.2 Utility and Transportation Components 

2.1.2.1 Electricity Supply 

The electrical power required for the project is approximately 2 megawatts (MW).  AOS has held 

discussions with ATCO Electric regarding the supply of power for the project and has signed an 

agreement with them to provide distribution power sufficient for the Project. If ATCO Electric is 

unable to supply the required power in a timely manner, temporary standby generation capability 

will be investigated. 

2.1.2.2 Fuel Gas Supply 

ATCO Gas will supply fuel gas for the Project.  AOS has had preliminary discussions with 

ATCO Gas.  When contracted, ATCO Gas will install a meter station sufficient to supply the 
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Project, at a location adjacent to the existing main distribution system.  ATCO Gas will own and 

operate the meter station whereas AOS will install and own the gas pipeline system between the 

meter station and the CPF. 

2.1.2.3 Diluent and Sales Oil Transfer 

The size of this Project is small and all sales of diluted bitumen (dilbit) and process diluent will 

be trucked.  AOS has held preliminary discussions with third party marketing companies and 

relevant agreements will be executed based on market conditions at the time of Project approval. 

AOS is currently investigating options to reduce local truck traffic required to support Project 

operations. 

2.1.2.4 Makeup Water Supply 

AOS has a Memorandum of Understanding (MOU) with the Regional Municipality of Wood 

Buffalo (RMWB) for the latter to supply sufficient water for the initial stages of the Project. This 

MOU is presented in Appendix 1. 

2.2 Geology and Reserves 

2.2.1 Geological Data and Control 

A core hole drilled in 1958 in the Project Area, AA/14-22-088-08W4, indicated potentially 

exploitable bitumen pay.  AOS has drilled 19 core holes in the Project Area and acquired 

16.8 km of Electrical Resistivity Tomography (ERT) surveys in the 2007-2008 and 2008-2009 

winter drilling programs.  AOS drilled one core hole and acquired 2.3 km of 2D seismic data in 

2010. A 3D seismic program is being contemplated for Q1-2011, and further core holes are 

planned for the 2010-2011 winter drilling program, both programs subject to regulatory and 

other approvals. 

2.2.1.1 Exploration Drill Hole Program Information  

AOS drilled 20 core holes in Sections 21 and 22 to further delineate the reservoir and quantify 

bitumen resources (five wells in 2008, fourteen in 2008-2009, and one in 2010).  In addition, two 

wells were drilled just north of the Project Area in the southern part of Section 28, to determine 

the direction of the thick bitumen trend and help with mapping the reservoir (Table 2.2-1). 
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Table 2.2-1 Vertical Test Holes Delineating Project Area Bitumen Resources 

UWI  Licence 
Vertical Depth 

Drilled  (m)  
Rig Release 

Date 
Mode 

AA/01-21-088-08W4/0 395266 132.0 15-Mar-08 Abnd 

AB/01-21-088-08W4/0 419242 146.7 20-Mar-10 Abnd 

AA/02-21-088-08W4/0 395267 128.7 23-Mar-08 Abnd 

AA/04-21-088-08W4/0 395292 136.4 21-Mar-08 Abnd 

AA/07-21-088-08W4/0 407248 134.8 9-Jan-09 Abnd 

AA/08-21-088-08W4/0 395268 129.1 19-Mar-08 Abnd 

AA/09-21-088-08W4/0 407249 134.8 7-Jan-09 Abnd 

AA/10-21-088-08W4/0 404122 132.8 8-Dec-08 Abnd 

AA/11-21-088-08W4/0 404322 131.3 17-Dec-08 Abnd 

AB/11-21-088-08W4/0 404326 134.3 3-Jan-09 Abnd 

AA/12-21-088-08W4/0 404085 139.8 4-Dec-08 Abnd 

AA/01-22-088-08W4/0 407469 142.1 19-Jan-09 Abnd 

AA/02-22-088-08W4/0 407470 137.4 25-Jan-09 Abnd 

AB/03-22-088-08W4/0 407474 341.5 4-Feb-09 Abnd 

00/05-22-088-08W4/0 395273 129.7 26-Mar-08 Stand 

AA/06-22-088-08W4/0 407467 132.0 15-Jan-09 Abnd 

AA/07-22-088-08W4/0 408013 137.5 21-Jan-09 Abnd 

AA/08-22-088-08W4/0 407716 136.4 17-Jan-09 Abnd 

AA/12-22-088-08W4/0 405296 132.4 13-Dec-08 Abnd 

AA/13-22-088-08W4/0 405297 130.0 22-Dec-08 Abnd 

AA/14-22-088-08W4/0 Y1166 124.1 14-Dec-58 Abnd 

AA/03-28-088-08W4/0 404078 119.8 20-Dec-08 Abnd 

AA/05-28-088-08W4/0 404087 125.7 31-Dec-08 Abnd 

Extensive open hole logging and core analyses were performed on all exploration wells.  A 

preserved core was taken from the cap rock in AA/12-22-088-08W4 and AB/01-21-088-08W4. 

A mini-frac test was performed on AA/05-22-88-08W4 and a detailed report is attached as 

Appendix 2. 

2.2.1.2 Seismic Survey Program Information 

AOS conducted a geophysical investigation using the electro-resistivity tomography (ERT) 

method.  The ERT investigation was specifically designed to delineate lateral variations of the 

McMurray reservoir formation and to determine the thickness and continuity of the main cap 
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rock, the overlying Clearwater Formation.  At the time of the ERT acquisition, AOS had drilled 

six core holes enabling the resistivity survey readings to be calibrated against the resistivity 

traces observed in the open hole logs.  The 2009 geophysical survey in the Project Area and the 

vicinity consisted of five ERT transects (Table 2.2-2).  

Table 2.2-2 Details of Clearwater ERT Survey Lines 

Line Name Survey Direction 
Vertical Well 

Along Survey Line 
Survey Line Length 

(m) 

CW1 Southwest to Northeast 07-21-088-08 W4M 1,500 

CW2 West to East 07-22-088-08 W4M 1,200 

CW3 West to East 04-21-088-08 W4M 1,200 

CW4 West to East 02-22-088-08 W4M 3,300 

CW5 West to East - 2,400 

All field measurements were concluded successfully and the interpreted results are included in 

the final report provided in Appendix 3.  The resistive anomalies associated with the bitumen 

bearing McMurray Formation indicate a relatively thick and continuous formation.  The 

overlaying conductive anomalies associated with the Clearwater Formation are approximately 40 

to 60 m thick and continuous along the ERT lines. 

Subsequently, AOS recorded 2.3 km of high-resolution 2D seismic data in September, 2010. 

Table 2.2-3 lists the wells that the seismic survey was tied to.  The acquisition parameters were 

selected for imaging of the Quaternary period, Clearwater, McMurray, and Beaverhill Lake 

Formations. The shallowest formations, at less than 50 m depth below surface, required an 

intensive field effort with geophones and source shot holes being placed every 5 m along the 

line. Typical Western Canadian Sedimentary Basin seismic would be recorded using 20 m 

geophone and a 60 m source interval. 

Table 2.2-3 Details of Clearwater Seismic Survey Line 

Line Name Direction Vertical Well  Ties Along Survey Line 
Survey Line Length 

(m) 

2010-01 West to East AA04-21, AA02-21, AB01-21, AA01-21-088-08 W4M 2,300 

The data was processed by Absolute Imaging and testing showed the data was of broad 

frequency bandwidth in the order of 5 Hz to 240 Hz. Signal to noise ratio was good over the 

majority of the line, with the western 400 m being slightly noisier. This quality of data enabled 

the following conclusions: 
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¶ The Wabiskaw shale is continuously present over the entire length of the line, showing 

that the cap rock can be mapped over the Project Area using seismic.  There are no 

Quaternary channel cuts observed on the seismic line. 

¶ The McMurray Estuarine channel was identified on the data so that the quality and 

continuity of the channel can be closely estimated. 

¶ The ñgassy zonesò show up clearly on the data and appear to be discreet, discontinuous 

zones.  Additional processing to create amplitude versus offset (AVO) suite of displays is 

underway to enhance the resolution of gassy zones. 

¶ Structural mapping of the top and base of the bitumen deposit is likely to be accurate to 

within 1 to 2 m. 

An interpreted seismic line is attached in Appendix 4. 

A 3-Dimensional 3-Component (3D3C) seismic program over much of the RDA is being 

initiated at this time with recording contemplated in 2011. 

2.2.2 Project Area Geology 

The stratigraphic section in the Clearwater West area consists of Devonian, Cretaceous, and 

Quaternary sediments overlying the Precambrian basement (Figure 2.2-1).  The Devonian-aged 

strata underlie the prospective Cretaceous reservoir sediments, and are separated by the 

sub-Cretaceous unconformity.  A thin veneer of Quaternary sediments in turn overlies the 

Cretaceous sediments.  Appendices 5a and 5b are North-South and East-West log cross-sections 

through the Project Area illustrating from the Clearwater Formation through to the Beaverhill 

Lake Group. 

2.2.2.1 Site Stratigraphy 

The primary oil sands deposits in the Fort McMurray area lie within the McMurray Formation 

sandstones of Lower Mannville age.  The McMurray Formation in this region consists of a 

number of fluvial and estuarine depositional environments, within a major incised-valley system.  

The overlying Wabiskaw Member represents a marine shore face system conformably overlying 

the McMurray Formation.  The Wabiskaw Member may contain oil sands where it is present.  

Due to the poor quality of the Wabiskaw and the presence of a shale layer between it and the 

main McMurray bitumen pay, the Wabiskaw is not considered as net bitumen pay. 

The incised valley system is characterized as a fluvially eroded, elongate topographic low that is 

typically larger than a single channel and is marked by an abrupt seaward shift of depositional 
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facies across a regionally mapable sequence boundary at its base.  Incised valleys are analogous 

to containers as they create localized spaces in which sediment can accumulate, frequently in 

areas where space may be uncommon otherwise.  Essentially, incised valleys are regarded as 

systems with two components, the valley and its fill. 

In the general Fort McMurray area, the McMurray Formation represents preserved fluvial fill 

inside a well-developed major incised valley system.  The available well data indicates the 

presence of stacked fluvial channel sequences as thick as 50 m.  As the estuary continues to 

move landward, the upper portion of the transgressive sequence is generally removed by shore 

face and/or tidal channel erosion, depending on whether wave or tidal processes dominate.  

The principle reservoir of interest in the Project Area is the McMurray Formation.  The Project is 

surrounded by a number of in situ oil sands projects in the broader region, some of which are on 

production and others in various stages of development. 

2.2.2.2 Devonian 

The Palaeozoic section in this area comprises the Elk Point, Beaverhill Lake, and the Woodbend 

Groups (Figure 2.2-1).  The uppermost unit is the late Devonian-aged Waterways Formation of 

the Beaverhill Lake Group.   

The Devonian top in this area varies from 245 to 260 m above sea level (ASL) (Figure 2.2-2). 

Typical core hole drilling depths in this area are 120 to 150 m measured depth (MD), therefore 

wells fully penetrating the Devonian are uncommon (Figure 2.2-3).  

Underburden Seals, Beaverhill Lake Group 

The Waterways Formation of the Beaverhill Lake Group is a carbonate-dominated interval that 

consists of calcareous shale and argillaceous limestone immediately underlying the McMurray 

Formation at depths between 115 and 130 m. This contact is the sub-Cretaceous unconformity, 

which was developed over an extended period of erosion, carbonate dissolution (karsting), and 

infilling of erosional features. 

Underburden fractures are potential lost circulation zones and are an important consideration in 

designing for SAGD production. Although upper Devonian fracturing is commonly observed in 

core and Formation Micro-Imager (FMI) logs, the existence of Devonian fractures is not directly 

indicative of potential lost circulation. Fractures in the top layer of the Devonian are widespread, 

and in most cases, were created prior to the deposition of the Cretaceous sediments. These 

fractures were filled with Devonian-aged mud predating the deposition of the McMurray 
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Formation. Lost circulation zones in the Beaverhill Lake Formation have been observed in two 

wells: one in the Project Area (AA/11-21) and one northwest of the Project Area (AA/05-28). 

These are interpreted as localized open fractures and are not widespread. Up to 5 m of 

McMurray bottom shale unconformably overlies the Devonian carbonates throughout most of 

the area and contributes to the bottom seal. A detailed description and assessment of the 

Beaverhill Lake underburden seal is found in Appendix 6. 

2.2.2.3 Cretaceous 

Clastic sediments of the Cretaceous Mannville Group unconformably overlie the Palaeozoic 

Devonian sediments.  The Cretaceous Mannville Group includes the McMurray and the 

Clearwater Formations (Figure 2.2-1).  

McMurray Formation  

The McMurray Formation is of lower Cretaceous age and unconformably overlies the Palaeozoic 

Waterways Formation.  The McMurray Formation is typically 60 m thick, and can locally be 

informally subdivided into two units: the Middle McMurray and the Upper McMurray (Figure 

2.2-3).  The Middle McMurray is the basal, thicker, heterogeneous unit, whereas the Upper 

McMurray is a thin, homogeneous sand.  The contact between these units is a continuous marine 

shale at about five metres below the top of the McMurray Formation. 

Middle McMurray  

The top of the Middle McMurray ranges from 303 to 315 m ASL (Figure 2.2-4) and is relatively 

flat showing little variability.  The Middle McMurray ranges from 54 to 61 m thick, and averages 

55 m (Figure 2.2-5).  The variation in thickness of the Middle McMurray can be attributed to 

relief on the underlying erosional surface of the Waterways Formation (Figure 2.2-2).  Middle 

McMurray sediments consist of fine to medium-grained sands, mud, mud-clast breccias, and 

subordinate coarse-grained lags.  There are two predominant types of sediment packages: the 

first is a clean sand package, the second comprises interbedded sands and shales. 

The clean sands of the Middle McMurray locally form thick, cross-bedded, clean sand units 

(Figure 2.2-3), and trend roughly north-south.  These thick, clean sands have a blocky gamma 

ray signature on open hole geophysical logs where gamma ray values range from 25 to 45 API.  

The density porosity values are typically greater than 33%.  Small mudstone rip-up clasts, coaly 

debris, small muddy flasers, and thin, unbioturbated to lightly bioturbated mud laminae may be 

present in this facies.  The cross-bedding and transported rip-up clasts are evidence of the high-

energy nature of this facies.  Although not an indication of, the presence of coaly debris is 
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consistent with a high-energy environment.  Bioturbation is uncommon, but is locally present in 

some thin mud laminae.  Planolites is the typical trace fossil present; Thalassinoides and 

Cylindrichnus are present, but are subordinate features.  This restricted trace fossil suite is 

consistent with a stressed depositional environment.  The clean, blocky nature of these sands and 

the linear distribution is consistent with a high-energy channel deposit.  Breccias in the Project 

Area are distributed throughout the Middle McMurray. The breccias do not correlate from well 

to well and have limited areal extent.  The clean sands and breccias are interpreted to be 

sediments deposited in a moderate to high energy channel setting.   

The second sediment type in the Middle McMurray is locally made up of interbedded sand and 

mud, and forms horizontal to slightly inclined units.  These interbedded sand and mud packages 

are highly variable in thickness but typically make up the upper five to ten metres of the Middle 

McMurray.  These units at the top of the Middle McMurray are mud-dominated and are 

moderately to strongly bioturbated.  The trace fossil suite is restricted and is dominated by 

Planolites and Cylindrichnus.  The interbedded sand and mud intervals are interpreted to be 

lower energy deposits associated with estuarine point bar deposition.  Discrete millimetre scale 

mud laminae to decimetre scale laminated mud and silt are also present.  These are more 

commonly present in the lower to middle portion of this unit.  The thin mud laminae are 

commonly deposited within ripple bedforms.  This is evidence that these muds were fluid muds 

transported as bedload with the sand.  Fluid muds are deposits formed in brackish conditions 

typical of estuarine environments.  The laminae and thicker muds are generally unbioturbated 

and were likely deposited under moderate energy. 

Thick Estuarine Channel Sand, McMurray Formation 

Trending through the Project Area is a discrete, sand-dominated channel within the middle 

McMurray (Figure 2.2-6).  The aforementioned 2D seismic line position is also illustrated on this 

Figure. 

From correlations made from open hole logs, this estuarine channel is interpreted to be roughly 

North-South trending and has incised into existing McMurray Formation sediments.  The most 

common bedding type observed within this channel system is cross-bedded sands.  These current 

beds are detected in FMI logs and are dominated by northward dipping features consistent with a 

northward-flowing channel system.  These sands locally contain mudstone rip-up clasts and 

grade into mudstone breccias.  The current beds, rip-up clasts, and breccias are all deposits 

associated with deposition within a very high-energy environment.  Fluid-deposited mud laminae 

are present in some portions of this channel system and typically have no to minor amounts of 

bioturbation.  Extensive bioturbation is typically associated with lower energy depositional 
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environments.  The lack of bioturbation in these muddy laminae and muddy laminae being 

associated with the high-energy deposits is consistent with an interpretation of fluid mud 

deposition in a high-energy setting.  Fluid mud features such as these are not thought to be 

laterally extensive. 

Sedimentary features determined from analysis of FMI logs and core outside the clean channel 

system are dominated by point bar and inclined heterolithic stratification (IHS).  FMI data in the 

south-eastern portion of Section 22 shows consistently westward dipping IHS beds and is 

interpreted to be unrelated to the thick, sandy, estuarine channel.  The interbedded sand and shale 

units of the point bars are expected to be more laterally continuous than those within the 

estuarine channel. Figure 2.2-7 illustrates the difference between a channel and non-channel 

well, AA/02-21 and AA/01-21, respectively.  

Intervals immediately above the estuarine sand are locally slightly lean as evident in the neutron-

density cross-over (gas effect) on open hole logs.  These gassy zones are not correlative and 

occur at different stratigraphic levels within individual wells and throughout the Project Area.  

The gassy zones are interpreted to form underneath muddier permeability baffles and are 

interpreted to be discontinuous due to their irregular distribution from well to well. The SLP-

SAGD well pairs will be placed at the base of the thick clean sands of the Middle McMurray 

estuarine channel. The sands below the channel base are typically bitumen saturated but are of a 

more heterogeneous and less continuous nature. Basement horizontal wells will be added close to 

the Devonian top, below the estuarine channel base.  

Upper McMurray  

The Middle McMurray is conformably overlain by a locally extensive Upper McMurray mud 

that is 0.6 to 1.1 m thick, and averages 0.8 m.  This mud contains some small, remnant laminae 

but is characteristically thoroughly bioturbated. 

A cleaning upward, fine-grained sand unit, in turn overlies this Upper McMurray mud.    The 

basal part of this unit contains mud laminae and local coaly detritus.  This cleaning upward cycle 

is a progradational marine shore face.  In the Project Area, the top of the Upper McMurray 

ranges from 313 to 306 m ASL, and is relatively flat (Figure 2.2-8).  Thicknesses of the Upper 

McMurray sand are generally 3.0 to 4.6 m (Figure 2.2.9).  The 5.4 m thick Upper McMurray 

sand in the AA/09-21-088-08W4 well is slightly thicker than normal, and with the 1 m upper 

mud, this well shows up as a 6.4 m thick isopach location in Figure 2.2-9. The McMurray 

Isopach is relatively consistent ranging from 52 to 61 m thick (Figure 2.2-10) 
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Clearwater Formation 

The Clearwater Formation is subdivided into the lower Wabiskaw Member and the Clearwater 

shale.  This unit is Cretaceous-aged and conformably overlies the McMurray Formation. 

Wabiskaw Member 

The Wabiskaw Member is a bioturbated, glauconitic, shaly sand; the depth ranges from 317 to 

311 m ASL (Figure 2.2-11).  It is laterally extensive and has little structural variation in the 

Project Area, ranging from 4 to 6 m in thickness (Figure 2.2-12).  This unit cleans upward from 

brownish muddy bioturbated sand into relatively clean sand with wave-generated ripple laminae. 

It is ultimately capped by a greenish-grey, muddy, robustly bioturbated, glauconitic sandstone.  

These sediments were deposited in a marine shore face to prodelta cycle. 

Clearwater Shale 

The Clearwater shale is pervasive in this area.  It conformably overlays the Wabiskaw Member 

and is unconformably overlain by Quaternary sediments.  The ñpickò for the top of the 

Clearwater shale is made from a limited wireline log suite consisting of gamma ray and neutron 

logs measured from behind casing at depths of 10 to 14 m.  The depth of the Clearwater shale is 

relatively flat in the Project Area ranging from 362 to 376 m ASL but drops to 356 m ASL in the 

Clearwater River valley to the north (Figure 2.2-13). The lower structural elevation in the north 

is due to modern fluvial activity of the Clearwater River. The Clearwater shales are thick and 

laterally extensive throughout this area and will  provide an excellent cap rock for the SAGD 

process. 

Cap-rock Shales, Clearwater Formation 

The Clearwater Formation is generally shale with interbedded silty to sandy mudstone.  The cap-

rock thickness ranges from 46 to 61 m in the Project Area (Figure 2.2-14). Fracture sets forming 

a pervasive pathway system through the cap rock were not observed in the datasets evaluated. 

Further description of the analysis of the cap rock is found in Section 2.3.4. 

Core photos indicate multiple horizontal fractures apparent in the cap rock. The observed 

ñhorizontal fracturesò are not real fractures but are partings on the bedding planes of the 

mudstone. The origin of these partings is a phenomenon that occurs after bringing the core to 

surface where the overburden pressure is removed and the core becomes dehydrated. Partings in 

the core would likely not occur in an in situ unlithified shale; they would not exist to the extent 

they are observed if the core was not dehydrated (dehydration partings vs. horizontal fractures). 

FMI logs, warm core data (AB/01-21), and an x-ray of preserved core (AA/12-22) support this 

contention. 
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2.2.2.4 Quaternary 

Unconformably overlying the Clearwater Formation is a relatively thin veneer of Quaternary 

sediments dominated by glaciolacustrine clays and silts. Thickness of Quaternary deposits and 

muskeg varies between 3 and 21 m. Meltwater channels in the Project Area do not significantly 

incise the Clearwater. 

Mapping by Pawlowicz and Fenton of the Alberta Geologic Survey (Map 227, 1995) shows that 

Quaternary sediments in this area are generally 5 to 10 m thick.  Quaternary thicknesses based on 

log signatures range from 2 to 17 m.  The Quaternary thins toward the north due to surface 

erosion. The Quaternary sediments of this area are dominantly glaciolacustrine clays and silts 

(Bayrock, L.A. and Reimchen, T.H.F.; Map 148, 1973) with a narrow surface meltwater channel 

in the north (Figures 2.2-15 and 2.2-16).  Scafe et al. (Map 393, 1988) sampled and described 

seven sites in Sections 21 and 22 and confirmed the 1973 interpretation.  Five of the 1988 sample 

sites appear to be consistent with the earlier glaciolacustrine interpretation.  The three remaining 

sites are interpreted to be two small, limited-extent meltwater channels trending east-west 

(Figures 2.2-17 and 2.2-18).  These two small muddy sands were not observed in the wireline 

logs and do not significantly incise the Clearwater, as can be observed in Figure 2.2-19. 

2.2.2.5 Log and Core Characteristics 

In addition to normal logging and coring operations, FMI logs were run on five wells in the 2009 

winter drilling program, all of which are in Section 22, and one well in 2010, AB/01-21.  The 

interpreted results show that the dip patterns of the shale laminations and beds within the 

McMurray Formation are different in all six wells.  In the geological model in Appendix 7, the 

interpreted results of the FMI logs indicates that these non-pay intervals are likely discontinuous 

and will not act as a barrier to oil sands production during a SAGD operation. 

2.2.3 Bitumen Distribution and Reserves 

2.2.3.1 Bitumen Reservoir Geological Model 

AOS engaged Statios Software and Services Inc. to update the Clearwater static geological 

model using all 23 core well data (logs, core analysis, ERT), the petrophysical analysis provided 

by Spectrum 2000 Mindware and the AOS geological interpretation provided in Section 2.2.2.  

The geological model provides a probability based 3-D description of the interval between the 

bottom of the Clearwater Formation shale (considered the main cap rock) and the top of the 

Beaverhill Lake Group.  
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The 23 wells within the modelling area penetrate the entire reservoir interval.  Basic information 

such as well location (X and Y co-ordinates), Kelly-Bushing elevation, and bottom depth (BD) is 

available for all the wells. Most wells have a complete suite of logs that include gamma ray, 

calliper, neutron porosity, bulk density, and resistivity.  In addition, some wells have 

spontaneous potential (SP) and photoelectric factor (PEF) logs as well as conductivity and 

compressional sonic logs. FMI logs were also recorded and interpreted in five wells. 

Cores were taken for all wells and conventional core analyses were performed. The core-testing 

program was comprehensive and the heterogeneities within the reservoir interval were well 

represented within the cores.  These core analyses were used to calibrate the petrophysical log 

interpretation. Combined interpretation of FMI and core photographs resulted in the development 

of a representative set of sedimentological facies.  These facies were further compared to the 

petrophysical interpretation to define their rock property characteristics and associated to the 

following four homogeneous genetic facies categories: 

1. ñMudclast Brecciaò included all mudclast breccia facies defined with the core 

photographs.  Breccia are usually located along the side of the channel bars, and were 

created by collapse along the slope of the bars; 

2. ñClean Sandò included the Trough Cross Bedding facies and the Clean Current Bedded 

and Laminated facies that correspond to channel bars under tidal influence; 

3. ñInterbedded Heterolithic Stratificationò (ñIHSò) included the ñIHSò facies and the more 

shaly current laminated mud and sand facies.  ñIHSò corresponds to lateral bar accretion; 

and 

4. ñShaleò included the muddy facies and corresponds to muddy plugs located at the bottom 

and top of the bars. 

The facies categories take into account not only the descriptive aspect (texture and internal 

structure) of the facies and their association and localization within the interpreted depositional 

environment, but also their rock quality characteristics (shale content, porosity and permeability).  

Regional knowledge of the depositional environment was applied to constrain the lateral 

extension of the genetic facies within the model.  To complete the model definition, three 

additional facies were specified for the non-reservoir intervals: 

5. ñMarine Shaleò for the Upper McMurray informal unit, the Wabiskaw Member, and the 

Clearwater Formation; 

6. ñMarine Sandò for the Upper McMurray unit and the Wabiskaw Member; and 

7. ñCarbonateò representing the Beaverhill Lake Group. 
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 ñClean Sandò, representative of channel deposits under tidal influence, normally presents a 

preferential direction of elongation and deposition.  The ratio of major elongation to minor 

elongation was 1.4 and consistent with the facies interpreted as stacked channel bar deposits and 

not inside channel fillings. The developed facies distribution indicates that the reservoir is sand 

rich containing more than 66% of ñClean Sandò. 

The ñIHSò, interpreted as lateral bar accretions, displayed the same preferential orientation as the 

channel bars, but over a more restricted horizontal extent.  The percentage of ñIHSò facies 

increases toward the top of the reservoir, representing the progressive rise of the sea level 

(transgression) and the increasing rate of lateral shift in the tidal channels. 

The ñMudclast Brecciaò was generated by the collapse of the side slope of the channels.  The 

facies appeared as localized accumulations of limited lateral extent; however, they were frequent 

events, which were distributed throughout the model. 

The ñShaleò facies corresponds to mud plugs associated with tidal channels and represents the 

abandonment phase of the depositional sequence.  These facies were often eroded by the next 

depositional sequence, and thus showed limited extension and distribution. 

 The variable thickness of the shales in the Upper McMurray over the study area formed the 

main reason to consider them as secondary potential cap rock and not as the primary seal for 

steam containment.  The shale of the Clearwater Formation constitutes the primary cap rock. 

The rock property distribution was carried out by applying the facies model as a basis for 

control.  Each property distribution was studied for individual facies, and populated 

independently within the different facies.  Rock properties were distributed in a consistent 

manner relative to one another.  The important properties for oil sands reservoir quality 

assessment are: 

¶ volume of clay (Vclay); 

¶ effective porosity; 

¶ permeability (horizontal and vertical); and 

¶ fluid saturations. 
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Vclay, porosity, and fluid saturations were used in the volumetric calculations by applying cut-

offs.  Porosity, permeability and fluid saturations were used both for reservoir simulation and to 

determine potential well locations.  The distribution of the rock properties followed a 

methodology similar to that for the facies distribution.  The main steps are:  

¶ property upscaling; 

¶ data analysis through variograms; 

¶ property distribution through mathematical algorithms; and 

¶ validation of the results. 

Gassy zones are prevalent throughout the McMurray Formation in Sections 21 and 22.  The 

gassy zones contain up to 50% bitumen saturation and appear to be non-correlatable between 

wells.  Special care was exercised when distributing and validating the gassy zone distribution in 

the 3-D static geological model.   

2.2.3.2 Bitumen Reservoir Quality 

From the detailed 3-D geological modelling, the reservoir quality is identified as an excellent oil 

sands reservoir with very high porosity, permeability and oil saturation.  In AOSô opinion, the 

reservoir quality found in Sections 21 and 22 can be ranked in the ñtop tierò of reservoirs in the 

Athabasca fairway. A comparison of AOSô Clearwater West reservoir parameters to other 

shallow SAGD reservoirs is presented in Table 2.2-4. 

Table 2.2-4 Reservoir Parameters for Three Shallow SAGD Applications 

Property 
Suncor 

MacKay River 
1 

Total 

Joslyn Creek 
2 

AOS 

Clearwater West 
3 

Bitumen Gravity (API) 8 8 8 

Bitumen Viscosity at TRES (cP) 1 to 3 million >1,000,000 1.5 million 

Initial Reservoir Temperature 7
o
C 8

o
C 6

o
C 

Initial Reservoir Pressure 300-500 kPa 800 kPa 150 kPa 

Porosity 33% 30% 30% 

Oil Saturation +80% 76% 80% 

Horizontal Permeability 6.4 D 4,800 mD 3.9 D 

Vertical Permeability 3.4 D 3,360 mD 2.9 D 
1 2005 MacKay River oil sands progress report, Petro-Canada, Slide 22 
2 2005 Joslyn Creek oil sands progress report, Deer Creek, Slide 59 
3 Average properties final simulation model described in Appendix 13  
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Dead oil viscosity measurements on mechanically extracted bitumen at ten different depths from 

frozen core samples from well AA/11-22-088-08W4/0 suggest a progressive oil alteration from 

top to bottom, with lower viscosity oil located at the top of the reservoir (Table 2.2-5).  The full 

report completed by Gushor Inc. in January 2009 regarding fluid property and geochemical 

characterization of Clearwater West bitumen is attached as Appendix 8. 

Table 2.2-5 Dead Oil Viscosity, API and Weight Percent of Sulphur in Bitumen 

Measurements for Well AA/11-22-088-08W4/0 

Gushor 

Sample 

ID  

Sample 

Depth 

(m) 

Viscosity Measured (cP) API Gravity  wt% 

S 

20°C 50°C 80°C 150°C 185°C 15°C 20°C  

#6493 73.5 177,967 4,808 533.9 24.0 10.8 8.8 9.1 6.7 

#6495 78.1 269,878 6,965 622.9 25.2 11.1 8.5 8.8 5.4 

#6497 83.3 264,005 6,611 672.4 28.8 11.8 8.5 8.8 4.3 

#6499 89.4 290,296 6,802 689.3 26.3 11.2 8.4 8.7 5.2 

#6501 94.0 544,717 12,121 890.8 30.8 12.9 7.8 8.1 5.2 

#6503 100.7 1,501,191 20,527 1479 38.4 14.9 7.1 7.4 5.4 

#6504 107.6 1,885,180 24,086 1760 Not enough oil 4.0 

#6505 111.2 1,532,966 20,814 1415 43.3 16.8 7.4 7.7 4.9 

#6507 116.1 2,231,100 25,845 1675 44.7 16.7 7.0 7.3 5.4 

#6508 121.1 4,870,666 45,646 2462 49.4 18.9 6.4 6.7 5.4 

2.2.3.3 Bitumen Reservoir Reserves 

Ryder Scott Company Canada Petroleum Consultants estimated the Probable Reserves 

associated with six 800 m long well pairs located 100 m apart to be 16.3 million barrels. The full 

report dated March 31, 2010 is included as Appendix 9. Reservoir simulations performed in 

October 2010 and described in Section 2.3.2 predicted that the six planned 600 m long pilot well 

pairs located 75 m apart can recover 14.1 million barrels. 

AOS performed an independent evaluation of the oil sands resources and cross checked the 

results mentioned in the resource report with the volumes calculated by the 3-D geological model 

and found a very close match, which supported the expected quality and volume of the reservoir.  
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2.2.4 Hydrogeology 

2.2.4.1 Analysis Method 

After reviewing the available data, AOS concludes there are no McMurray Formation intervals 

in the Project Area in which a water saturated zone contains mobile water.  Furthermore, any 

productive water wells tested in the broader area of review withdrew water from shallow 

Quaternary aquifers. The exception to this is one well (Barnwell of Can Ltd: 12-07-089-08W4) 

which has shown significant water withdrawal rates from the McMurray Formation, but is 

located north of the Clearwater River. 

Two structural cross-sections, NS#1 and EW#2, with the open hole logs, facies, and petrophysics 

are attached as Appendix 5.  The cross-sections include water saturation (Sw) calculations by 

Spectrum 2000 Mindware Ltd. (Ross Crain, Petrophysicist) and demonstrate the absence of 

connected groundwater in the McMurray Formation in the Project area. Lean, low resistivity 

intervals are recognized outside of the immediate area, but are interpreted to be isolated 

occurrences that are not correlatable between adjacent wells. Within the Middle McMurray 

Formation, the lean and/or wet intervals indicated from petrophysicsal log analyses are often 

high Sw intervals within mud and breccias. These intervals are not wet, but contain bound or 

immobile water.  Often, these observed wet intervals are not present in adjacent wells. The 

discontinuous nature of lateral accretion beds and ñIHSò, in particular outside of the Middle 

McMurray estuarine channel, is also reflected in the discontinuous nature of wet or lean 

intervals. 

A review of the water well drilling results within approximately 8 km of the Project was 

undertaken. Historically, 42 wells were drilled for domestic or industrial water use in the 

Clearwater area from 1922 to 2001.  An overview of these wells is included in Appendix 10. 

The water well locations shown on Figure 2.2-20 appear as black dots with the well name to the 

right of the dot.  Any tested volumes appear near the well and are highlighted by a coloured 

circle consistent with the colour scheme used by Ozoray (1974) (Appendix 11).  Orange circles 

represent groundwater tests in the 1 to 5 gallon per minute (GPM) range and the pink circles 

represent 5 to 25 GPM range.  The numbers in the coloured box represent the withdrawal rate in 

GPM and the depth of withdrawal.  Figure 2.2-21 is a schematic north-south cross-section 

through the Project vicinity. 
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2.2.4.2 McMurray Penetration Wells 

Only three water wells were advanced deep enough to penetrate the McMurray Formation within 

088-08W4.  These wells, Pro Cor Hole #3: NE-13-088-08W4, Alta Energy: 07-25-088-08W4 

and Alta Energy: 05-26-088-08W4 are highlighted on Figure 2.2-20.  All three of these wells 

showed no water withdrawal rates and were abandoned. 

The Barnwell of Can Ltd well was drilled at 12-07-089-08W4, eight km northwest of the Project 

Area.  This well penetrated the McMurray Formation and was completed at a depth of 85.3 m for 

industrial purposes.  This well is on the north side of the Clearwater River valley and therefore is 

not connected to the McMurray Formation south of the Clearwater River in the area of the 

Project. This well is interpreted to penetrate a discrete McMurray aquifer. 

 An additional well near Saprae Creek is the 1998 PTMC Engineered Systems (NW18-88-7W4) 

well drilled to a depth of 60.96 m. The withdrawal rate, at 285 GPH, is high for this area, and the 

withdrawal depth is listed as 42.37 m.  The McMurray Formation occurs at approximately 70-80 

metres based on open-hole logs from offsetting oil company wells. These logs also indicate a 

thick basal lower McMurray Formation water zone (approximately 50 metres below where the 

PTMC well would have terminated). This lower McMurray interval does not occur in the project 

area, but AOS intends to investigate it further as a potential water source in the Q1-2011 drilling 

program. The cross-sections in Appendix 5 show that McMurray Formation wet or lean intervals 

in the area are sparse, disconnected, and the water is mostly bound and immobile. 

2.2.4.3 Railyard Area Wells 

A series of 14 wells were drilled in 1982, and an additional well was drilled in 1998 near Saprae 

Creek for the railyards five km to the east of the Project Area.  Of the 14 wells drilled in 1982, 

six were abandoned and eight were classified as New Wells.  These wells were drilled to a 

maximum total depth of 23.16 m, and withdrawal depths ranged from 5.18 to 10.36 m.  No 

nearby open hole logs are available; however, these wells terminated in the Clearwater shale 

level and were likely drilled through unconsolidated glacial sands and gravels in the Saprae 

Creek valley.  Withdrawal rates averaged 24 GPH, with one well withdrawing at a rate of 59 

GPH.  These rates are consistent with rates from Quaternary sands and are not expected to be 

from the Clearwater Formation.  
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2.2.4.4 Remaining Wells 

Alberta Municipal Affairs drilled a well in SW 25-088-08W4 to a depth of 6 m.  This well 

encountered ñwater-bearing limestoneò which is glacial sediment.  This well produced water at 

4.0 GPM from 5.2 m depth and then the well was abandoned. The remaining wells in the 

surrounding area show no withdrawal rates from any zone. The depth of these wells ranges from 

10 to 61 m.  This lack of water productivity is consistent with the localized nature of Quaternary 

aquifers and the lack of Clearwater aquifers.   

2.3 Reservoir Recovery Process 

2.3.1 Solvent Assisted Low Pressure Steam Assisted Gravity Drainage (SLP-SAGD) 

Recovery Process Description  

The commercially established in situ recovery method for the Athabasca oil sands is SAGD.  The 

Project proposes to establish the commercial viability of SLP-SAGD as a modified approach to 

in situ bitumen recovery technology to optimize Clearwater West bitumen production while 

reducing water and energy use.  This method was selected due to the shallow nature of the 

McMurray reservoir in this region that requires a relatively low allowable operating pressure.   

In SAGD operations, a pair of stacked horizontal wells are drilled and landed within the reservoir 

to optimize the resource recovery.  The top well in the horizontal well pair is a steam injection 

well located 4 to 5 m above the lower horizontal production well.  The horizontal sections of 

both wells landed in the reservoir have a liner installed to eliminate hole collapse and sand 

intrusion from the unconsolidated sand reservoir.  In the SLP-SAGD variant of in situ recovery, 

a solvent is added to the injectant stream. 

The addition of solvent to the relatively low pressure steam injection will decrease the viscosity 

of the bitumen enabling economic production rates.  Six 600 to 700 m long horizontal well pairs 

spaced at 75 m apart will be drilled into the good quality McMurray reservoir at a depth of +/- 

105 mKB within the channel described in Section 2.2.  These wells will be landed at the base of 

the estuarine channel sand to ensure the full length of all the well pairs encounters good quality 

channel sand.  AOS plans to drill five horizontal basement wells slightly lower and between each 

of the six well pairs to obtain further recovery from the reservoir.  These basement wells will be 

drilled after the original six well pairs have been on production for a number of years. 

AOS is considering testing Electromagnetic assisted-SAGD (EM-SAGD) in conjunction with 

SLP-SAGD; however, the evaluation of the technical feasibility of EM-SAGD is in the 
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preliminary stage.  If AOS decides to pursue a test of EM-SAGD at this Project in the future, a 

separate application will be submitted for approval at that time. 

2.3.1.1 Shallow Application of SLP-SAGD 

A successful application of SAGD in a shallow reservoir in the McMurray Formation is found at 

the Suncor MacKay River SAGD Project (formerly Petro-Canada) in which the well pairs are 

landed around 125 m depth.  

The initial operating pressure at Mackay River was 1,750 kPag.  The long-term operating 

pressures at McKay River are between 1,500 to 2,000 kPag based on the depth to the top of the 

McMurray multiplied by a measured fracture pressure gradient of 21.5 kPa/m and applying an 

appropriate safety factor.  This project has shown that SAGD can successfully produce economic 

volumes of bitumen in situ at relatively low operating pressures. 

Based on extensive analysis of the caprock (Section 2.3.4), the preliminary allowable safe 

operating pressure in the Project Area has been determined to be 1,000 kPa(a).  All reservoir 

analyses and forecasts and the preliminary facility engineering work have been based on an 

operating pressure of 1,000 kPa (a). AOS will forward the results of further analysis of data 

obtained from a scheduled mini-frac test, warm core analysis, and 3D seismic program once the 

data has been obtained. 

2.3.1.2 SLP-SAGD 

Although it has been predicted that the energy efficiency of the SAGD recovery process 

improves with lowering operating pressures, at lower pressures bitumen production rates are 

reduced as a result of increased bitumen viscosity due to the lower effective operating 

temperature.  Near the bottom of the reservoir in the Project Area, the viscosity measurements on 

dead bitumen is ~3 times more viscous than the oil at the depth of the proposed horizontal wells 

and is 27 times more viscous than the oil at the top of the reservoir.  At 1,000 kPa the effective 

steam temperature is approximately 180
o
C resulting in an effective bitumen viscosity of 10 to 40 

cP in the horizontal production wells.  To further reduce the viscosity of the bitumen in the 

horizontal production wells a solvent can be injected together with the steam in the injection 

well.  As reported by the Cenovus (formerly EnCana) Christina Lake solvent co-injection pilot, 

the solvent-assisted SAGD process reduces the steam consumption per barrel of flowing bitumen 

and increases the recovery factor for each well pair. 
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In a SAGD reservoir, the steam chamber operates at a nearly constant temperature based on the 

saturated steam temperature at the operating pressure of the chamber.  Moving away from the 

edge of the steam chamber, the temperature decreases as the distance from the steam chamber 

increases, eventually reaching the native reservoir temperature.  In order for a solvent in the 

SLP-SAGD process to function properly it must stay vapourized in the central portion and then 

start to condense near the outer edges of the steam chamber, and, in the process, dissolve into the 

bitumen.  The solvent must have the following characteristics to achieve this: 

¶ be completely miscible with the bitumen; 

¶ be a vapour at the wellhead conditions of the steam injection line; and 

¶ be condensed at temperatures 50
o
C less than the steam chamber operating temperature. 

A report by Pattinson Engineering Ltd. in February 2009 regarding the preliminary solvent 

selection process and the basic solvent selected is included as Appendix 12.  Several diluents 

were evaluated by fractionating the feedstock to produce a relevant solvent for the reservoir. The 

amount of relevant solvent available in each feedstock was calculated.  The remaining feedstock 

can be used as process diluent in the oil-treating process to reduce the density and viscosity of 

the oil and as diluent in the sales oil stream to meet pipeline specifications.  If the volume of 

diluent remaining after solvent removal exceeds the volume of process diluent needed, then that 

particular feedstock is not an acceptable option. Further technical work to optimize the most 

economical and efficient solvent composition will be undertaken in the future.  

Once the relevant solvent composition was determined in the Appendix 12 report, it was used in 

the reservoir numerical simulations to determine its effectiveness as compared to basic low 

pressure SAGD operation.   A detailed description of the simulations and the effect of solvent 

co-injection on the efficiency of SLP-SAGD are included in the reservoir simulation report 

provided in Appendix 13. 

2.3.1.3 Basement Wells 

The primary horizontal well pairs will be located a certain distance above the Devonian 

unconformity to ensure the full length of the horizontal well sections are placed in the thick 

estuarine channel.  Placing these wells at this location results in bypassing the reservoir below.  

AOS plans to drill single horizontal basement wells below and between the SLP-SAGD 

horizontal well pairs in order to capture this initially bypassed reservoir pay. 

These basement wells will be drilled some years after commencement of production from the 

primary horizontal well pairs.  Upon completion, the basement wells will have steam injected 
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into them for an adequate period to establish communication with the mobile reservoir fluids 

below the primary horizontal well pair production wells.  Once communication has been 

established, the basement well will be placed on production to capture additional bitumen and 

solvent resources. 

2.3.2 Estimated Bitumen Production Rate and Well Pair Recovery 

2.3.2.1 Computer Simulations 

AOS engaged RPS Energy (RPS) to perform STARS numerical reservoir simulations using the 

geological model that was generated by Statios Software and Services Inc., described in Section 

2.2.3.  STARS is an advanced processes thermal pseudo-compositional reservoir simulator 

developed and marketed by Computer Modeling Group Ltd. (CMG).  The comprehensive RPS 

simulation report is provided in Appendix 13.  The report describes the details of the simulations 

performed by RPS to predict the behaviour of individual well pairs and the whole well pad, the 

steam chamber expansion inside the reservoir, the movement of the solvent inside the reservoir, 

the in situ energy balance, and the potential bitumen recoveries. 

2.3.2.2 Simulations Results 

The static geological model was imported into CMG's pre-processor Builder and a sub model of 

the area of interest was extracted in order to reduce the number of blocks and hence the 

simulation time.  During construction of the reservoir simulation model it was thought that 

relevant geological heterogeneities would be preserved if the 1 m thick blocks perpendicular to 

the direction of the horizontal wells are refined into 2 m blocks.  This was deemed appropriate to 

capture the conductive and convective heat transfer that affects a typical SAGD process. 

Calculations were performed for the combined pilot well pad.  This combined PAD comprised 

six low pressure SLP-SAGD well pairs located some 75 m apart and oriented from the south to 

the north with nominal well lengths of 600 m. The simulation model assumed continuity of the 

gassy zones outside of the pad drainage area. Sufficient off set and leak off wells at the outer 

boundaries were used to capture the effect of extended gassy zones on the in situ bitumen 

recovery process. If the gassy zones prove to be of lesser extent it is expected that pilot results in 

terms of bitumen produced and solvent lost will improve compared to the model predictions. 

AOS is planning to use AVO analysis of the seismic data and to attempt a gas injectivity test into 

a gas zone in a well to be drilled this winter.  The purpose of these activities is to determine the 

size, continuity, and flow characteristics of these gassy zones. 
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The current plan is to place the six well pairs near the bottom of the estuarine channel to ensure 

that the well pairs can be started up successfully. Start up is successful if the effective well length 

coincides with the full length of the well pair and the steam chamber is allowed to grow upwards 

and sideways into the reservoir in the near wellbore region without many impediments. The 

bottom of the estuarine channel is located several meters above the Devonian unconformity. The 

placement of future ñbasementò production wells between the well pairs ensures that a large part 

of the resource located between the bottom of the estuarine channel and the Devonian 

unconformity is captured. Pilot recovery factors are calculated using the Middle McMurray 

resource from the SLP-SAGD production wells and up. 

The computed oil rate, cumulative steam oil ratio, and solvent retention for the pilot scheme are 

presented in Figure 2.3-1. The illustrated simulation results represent the application of SLP-

SAGD in all six well pairs but do not include recoveries from the basement wells. 

2.3.2.3 Recovery Estimates 

As previously stated, pilot recovery factors are calculated from the level of the SLP-SAGD 

production wells and up.  The SLP-SAGD well pairs are not expected to recover significant 

volumes of bitumen from below the SLP-SAGD production wells. The calculated recovery 

factor is deemed relevant for a representative SLP-SAGD well pad. 

After 10 years of continuous simulated operations without the implementation of a well blow 

down phase, the Project bitumen recovery was estimated at 87% in the pad drainage area with a 

cumulative steam oil ratio of 1.8 and reservoir retention of 23% of the injected solvent. Table 

2.3-1 captures the main simulation results for SLP-SAGD. All simulation results are presented, 

described and discussed in Appendix 13. 
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Table 2.3-1 Summary of Simulation Results for SLP-SAGD 

 Annual Average Performance Rates Ratios 

Year Production (m
3
/d) Injection (m

3
/d) ISOR 

(sm
3
/sm

3
) 

CSOR 

(sm
3
/sm

3
) Oil 

(Total) 
Oil 

(Light)  
Oil 

(Heavy) 
Water Gas Solvent Water Solvent 

0 0 0 0 0 0 0 0 0 0 0 

1 387 137 250 733 379 77 884 217 1.7 2.3 

2 697 382 315 1,260 155 158 1,113 371 1.3 1.8 

3 765 526 238 1,191 129 178 1,113 371 1.3 1.7 

4 829 625 204 1,215 129 223 1,113 371 1.0 1.6 

5 889 662 227 1,211 158 357 1,113 371 1.8 1.5 

6 596 447 149 1,195 113 315 1,113 371 1.9 1.5 

7 546 399 146 1,198 87 359 1,113 371 2.1 1.6 

8 545 372 173 1,157 73 368 1,113 371 2.2 1.7 

9 485 315 170 1,114 54 375 1,113 371 2.4 1.7 

10 418 286 133 1,103 31 344 1,113 371 2.7 1.8 
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Table 2.3-1 (conôt) Summary of Simulation Results for SLP-SAGD 

 Cumulative Performance Volumes 
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0 0 0 0 0 0 0 0 0 0 0 0 

1 141 50 91 268 138 28 323 79 5 35 65 

2 396 190 206 728 195 86 729 215 15 40 60 

3 675 382 293 1,163 242 151 1,136 350 26 43 57 

4 978 610 368 1,607 289 232 1,542 486 38 48 52 

5 1,303 852 451 2,049 347 363 1,949 621 50 58 42 

6 1,520 1,015 505 2,485 388 477 2,355 757 59 63 37 

7 1,719 1,161 559 2,923 420 608 2,762 892 66 68 32 

8 1,919 1,297 622 3,346 447 743 3,168 1,028 74 72 28 

9 2,096 1,412 684 3,753 466 880 3,574 1,163 81 76 24 

10 2,249 1,516 733 4,156 478 1,006 3,981 1,299 87 77 23 

2.3.3 Reservoir Performance Monitoring 

Other in situ operators have used a tiltmeter array over thermal schemes to effectively monitor 

reservoir performance.  This technology is able to measure heave and/or subsidence, provide an 

early warning system for potential casing and/or cap rock breaches; and indicate steam chamber 

growth and volume. It is proven as an effective method to monitor surface deformation and to 

extrapolate these surface measurements downwards to generally determine the reservoir 

conditions that caused this deformation. AOS has signed an agreement with Halliburton Pinnacle 

Technologies to provide a tilt meter array. The tilt meter data will be monitored daily by 

Pinnacle who will notify AOS immediately for response if abnormal data is observed and also 

provide a monthly report of all the collected data.  

The fluid production from each individual well will be determined semi-monthly through the 

testing facilities.  All produced fluid flow through the main facility will be measured daily and 

allocated to the individual wells by prorating to the test data.  The measured fluids include: steam 

and solvent injected; and bitumen, water, gas, and solvent produced. A balance of the source 

water into the facility and the water injected down the disposal wells will also be recorded.   
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AOS is evaluating the type and amount of instrumentation that will be utilized in the horizontal 

wells to assist with performance monitoring.  Each of the injection and production wells will 

likely be equipped with a fibre optic system to obtain real-time temperature and pressure 

readings at various points along the length of the wellbore.  This will provide temperature and 

pressure profiles along the length each well.  These profiles can be used to monitor the steam 

chamber growth and to locate any cold spots or steam/solvent break through regions into the 

production liner. The tiltmeter data, the well bore temperature and pressure data, and the fluid 

measurements will be utilized by AOS to determine performance of the individual wells and the 

scheme overall. 

AOS will utilize a number of observation wells in the Project area to observe and monitor the 

effects of SLP-SAGD operations.  The observation wells will be equipped with pressure and 

temperature sensors. The first observation well, the 1AA/05-22-88-8W4, was drilled and cased 

in 2008. The second observation well, 1AB/01-21-88-8W4 was drilled, completed and 

abandoned in March of 2010.  Another observation well (1AB/09-21-88-8W4) will be drilled 

this winter and equipped with thermocouples.  If during the course of operation of the Project 

anomalous pressure and/or temperature readings are observed at these observation wells, then 

suitable counter measures will be taken such as reducing the injection pressure or if deemed 

necessary, suspending injection.  

The use of time lapse 3D to monitor steam chamber growth, solvent banking, and reservoir 

performance is under consideration.  Acquisition of a baseline 3D seismic program is planned in 

the 2010-2011 winter season if surface access into the area is approved. The effectiveness of 

time lapse seismic for reservoir monitoring purposes currently in use by other operators will be 

closely evaluated to determine the effectiveness and frequency of follow up seismic acquisition 

programs. 

2.3.4 Cap Rock Evaluation 

As previously described in the Clearwater Shale portion of Section 2.2.2, the Clearwater Shale 

above the Wabiskaw Member and the McMurray Formation is considered the primary cap rock 

in the Project Area.  There are also some thin shale/mud intervals at the base of the Upper 

McMurray and the Wabiskaw, which are continuous throughout the Project Area.  Although 

these layers may be adequate to limit migration of steam and water, they are not considered 

sealing cap rock layers for the full duration of the Project. These layers have been termed the 

secondary cap rock.  
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Essential to the success of a thermal recovery operation is the presence of a continuous confining 

cap rock on top of the target formation to act as a containment seal for the steam that is injected 

into the target formation.  AOS has acquired significant data and undertaken extensive analysis 

to determine the competency and continuity of the cap rock and to establish the maximum safe 

steam chamber operating pressure in the proposed Project Area. The work completed to date 

includes a series of special core analyses, a mini-frac test, determination of geomechanical 

properties based on detailed well log analysis, 2D seismic and ERT, and preparation of log cross-

sections to determine internal cap rock structure, cap rock thickness and cap rock continuity. A 

coupled geomechanical/reservoir numerical simulation of the impact of SLP-SAGD operations 

on the cap rock integrity was also completed.  Additional 2D and 3D seismic along with further 

special core analysis and an additional mini-frac are planned in the near future. 

2.3.4.1  Special Core Analysis 

As part of the 2009 winter drilling program, preserved state (unslabbed) refrigerated (not frozen) 

core material was collected from the AA/12-22-088-08W4M well for a cap rock study.  

Preserved state core was also obtained from the AB/01-21-088-08W4M well during the 2010 

winter drilling season but has not been tested and remains in storage.  A preserved core will be 

obtained from the AB/09-21-088-08W4M well that is planned to be drilled this winter.  AOS is 

determining the extent and type of the special core analysis program to be completed on existing 

and new core material in order to provide additional relevant and useful data in the cap rock 

evaluation. 

A copy of the Hycal Energy Research Laboratories Ltd. special core analysis for the AA/12-22 

cap rock is provided in Appendix 14.  This report contains the results from a series of special 

core analysis tests conducted to evaluate the sealing capacity and strength of the cap rock. These 

tests included low and high temperature full diameter core flood/gas intrusion tests to establish 

permeability, mercury injection capillary pressure tests to determine pore size distribution and 

sealing characteristics, and x-ray diffraction (XRD) to determine mineralogy. Included in this 

report, Omni Laboratories provided results of compressive tests and failure analyses that proved 

to be examples of undrained core measurements and of limited use. The compressive strength 

and failure tests will be repeated in the near future. 

The preserved core from the 12-22 well was transported to Hycal Energy Research Laboratories 

for analysis.  The entire cap rock interval for the well was subjected to x-ray analysis to select 

samples that were dense, homogeneous and free from any coring induced fracturing or 

disturbances.  The final selection of the location of the cap rock samples was made jointly by 

Hycal and AOS. 
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The shale samples used in the core flood/gas intrusion tests were taken from 48.2, 57.4 and 63.0 

m depth (Figure 2.3-2).  In this test program the brine permeability was measured (using fresh 

water to approximate steam condensate) at 20°C and elevated to 235°C to straddle conditions 

expected at the maximum steam chamber operating temperature.  A summary of the low and 

high temperature stabilized permeability data for each phase of the test on the cap rock sample 

from the well is presented in Table 2.3-2. 

 Table 2.3-2 Summary of Permeability Data 

Sample 1 2 3 

Depth (m) 63.0 28.2 57.4 

Brine Permeability at 20°C (mD) 2.74 x 10
-2 

4.31 x 10
-4 

7.36 x 10
-6 

Brine Permeability at 235°C (mD) 1.15 x 10
-4 

3.77 x 10
-4 

1.55 x 10
-4 

Maximum Gas / Steam Permeability at 235°C (mD) 2.93 x 10
-6 

2.77 x 10
-6 

7.81 x 10
-6 

For an acceptable thermal cap rock, effective low and high temperature permeability to brine of 

less than 0.001 mD (1 microDarcy) is desirable.  Based on the limited number of samples 

evaluated, the test data indicates the density and permeability of the cap rock is variable with 

spatial location within the zone, with a higher low temperature permeability being present 

towards the base of the cap rock interval  and lower permeability towards the top of the 

Clearwater shale interval.  Although the low temperature permeability of Sample 1 was in excess 

the normally acceptable criteria for a good quality thermal cap rock, at high temperature the 

thermal expansion of micro-fractures in the cap rock or mineral transformation resulted in a 

significant reduction in permeability.  Thus at the estimated steam chamber temperature 

conditions the results suggest that both samples exhibit permeability well below the 0.001 mD 

level.  It appears that portions of the interval also have sufficiently low permeability at low 

temperature (Sample 2) to act as an adequate seal.  Permeability to gas/steam at 235°C was in the 

2 to 3 nanoDarcy level, well below the level which is considered to be acceptable for thermal cap 

rock performance requirements. 

Mercury intrusion capillary pressure testing at pressures up to 450 MPa was conducted on two 

intervals of cap rock at 50.2 and 63.0 m.  The results are summarized in Table 2.3-3.  
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Table 2.3-3 Summary of Pressure Testing on Cap Rock (Well 12-22-088-08 W4M) 

Sample 

ID  

Sample 

Depth 

(m) 

Helium 

Porosity 

(fraction)  

Median Pore 

Throat Size 

(µm) 

Pore Throat Types Threshold 

Intrusion 

Pressure 

(MPa) 

Estimated 

Swir Micropores 

(<1 µm) 

Mesopores 

(1-3 µm) 

Macropores 

(>3 µm) 

1 63.05 0.114 0.910 54.4% 45.6% 0.0% 549 32.0% 

2 50.15 0.125 0.030 100.0% 0.0% 0.0% 10,501 100.0% 

The results once again reflect the variance in cap rock characteristics from the base to the top of 

the interval, with significantly higher threshold intrusion pressures being observed in the upper 

portion of the Clearwater Formation.  The characteristics of Sample 2 indicate 100% 

microporosity over the 10 MPa threshold intrusion pressure to gas and good cap rock sealing 

character.  

X-Ray diffraction analysis was conducted on various intervals of the Clearwater shale cap rock 

(Table 2.3-4).  

Table 2.3-4 X-Ray Diffraction Analysis on Cap Rock (Well 12-22-088-08 W4M) 

Depth 
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Mass % 
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50.15 39.5 4.0 4.4 14.1 28.3 0 3.4 0 3.6 2.7 trace 0 present 

52.22 33.9 3.8 3.5 10.4 31.4 0 0.8 1.3 5.9 6.1 2.9 0 present 

57.49 71.5 3.4 2.9 4.9 0 0 1.2 2.7 1.7 7.8 2.4 1.5 present 

63.05 49.3 6.5 4.9 4.0 0 0 1.8 3.5 8.1 10.7 9.4 1.8 present 

The compositional analysis of the Clearwater matrix indicated a significant concentration of 

siderite and dolomite in the upper section of the cap rock with low quartz content in contrast to 

the lower portion of the interval.  This appears to be contributing to the higher density and lower 

temperature permeability of the upper section of the cap rock. 

2.3.4.2  Continuity of Cap Rock 

Several ERT lines were acquired over the Project Area in 2009 and 2.3 km of 2D seismic was 

acquired in September 2010 as described in Section 2.2.1.2.  The full ERT report is included in 

Appendix 3 and the Interpreted seismic data is included in Appendix 4.  Although caution is 
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required when interpreting between ERT lines, the results of the ERT program suggest that the 

primary cap rock is aerially extensive. The 2D seismic data over the Project Area also indicates 

good continuity of the cap rock.  The main and secondary cap rock intervals are also correlatable 

over the Project Area using well logs (Appendix 5).  AOS is also considering acquiring 3D 

seismic data over the complete Project Area to further confirm the continuity of the cap rock. 

2.3.4.3 Microfracture Analysis on AA/05-22-088-8W4 

Mini -frac tests were conducted on four intervals in the AA/05-22-088-08W4 well in March of 

2010.  The purpose of this work was to assess the rock stresses in the McMurray Formation and 

quantify a safe operating pressure for SLP-SAGD operations in the Project Area.  Petroleum 

Geomechanics Inc. supervised the acquisition and completed the initial interpretation of the data 

obtained from this testing.  A detailed report can be found in Appendix 2. 

Petroleum Geomechanics interpreted the data to indicate an anomalous stress state in the Project 

Area and suggested that it is caused by the presence of the Clearwater River. Further analysis 

repeating the local and regional stress history showed that the Clearwater River is too far away to 

be the cause of a possible anomalous present day stress state. A review of the data collection and 

interpretation methods and reported conclusions was performed by BitCan Geosciences and 

Engineering Inc. BitCan noticed some anomalous pressure data acquired during the test and have 

concluded that inadequate control during execution of the test and metering of the pressure and 

rate might result in the measured stress in the cap rock to be interpreted as lower than expected. 

Based on the uncertainty raised by the review of the initial analysis and the execution of the 

AA/05-22 test, and due to the significant impact of the analysis of these type of measurements on 

the determination of the safe maximum operating pressure, AOS has decided to conduct another 

series of mini-frac tests on multiple intervals in a newly drilled well this winter.  A preserved 

core will also be obtained from this well to enable acquisition of further data from special core 

analysis. 

2.3.4.4 Assessment of Cap Rock and Underburden Seals 

Qualitative and quantitative assessments of the cap rock and underburden seals at the Project 

Area based on the available core analyses and FMI logs from wells proximal to the Project Area 

were completed to establish the relevant characteristics of the formations.  This data was the 

input into a geomechanical numerical study.  The detailed report on the assessment of the cap 

rock and underburden seals at the Project by RPS Energy in June 2010 can be found in Appendix 

6. 
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The assessment indicates that the cap rock is a continuous sealing unit with a lithology mainly 

comprised of mudstone and shale interbedded with sandstone and siltstone. Most of the observed 

fractures are orientated horizontal and seldom were secondary infill materials observed. Most 

deformation features observed on the FMI logs correspond to lithology changes and no fracture 

sets were observed. 

The underburden consists of intact, fractured and argillaceous limestone. Structural and 

contractional fractures are observed with frequent secondary infill consisting of clay and/or 

carbonate.  The fractures are expected to provide some fluid loss regions within the underburden. 

2.3.4.5 Geomechanical Model for Clearwater LP-SAGD Pilot 

A coupled reservoir and geomechanical simulation study was completed by RPS Energy in 

conjunction with Taurus Reservoir Solutions Ltd in October 2010.   The purpose of this study 

was to simulate the effect of short and long term SLP-SAGD operations on the integrity of the 

cap rock and underburden and to provide a recommended steam chamber operating pressure. A 

secondary purpose of this study was to provide an estimate of the surface deformation resulting 

from long term SLP-SAGD operation.  A copy of this report is provided in Appendix 15. 

The analytical method utilized in this study has provided a conservative estimate of the 

recommended operating pressure.  There were numerous geomechanical and stress parameters 

required for the simulation model in which a definitive value was unknown for the Project Area.  

This required values to be assumed for various parameters based on available relevant empirical 

and regional information.  In most cases, conservative values were selected for these parameters 

leading to a cumulative safety factor inherently incorporated into the model results, even before a 

general 20% safety factor was applied to the final model output value. 

Based on the results of this study, the recommended operating pressure for the Clearwater West 

SLP-SAGD project is 1,000 kPa (a).  The maximum surface deformation in the region after 10 

years of SAGD operation is 43 cm.  The total deformation value and gradient compares very 

well with industry data obtained from the Jacos Hangingstone and the Suncor McKay River 

operations. 

2.4 Production Pad and Horizontal Wells 

The primary well pairs will have a completed horizontal section length of approximately 600 to 

700 m drilled at a 45
o
 slant from surface with an average vertical depth of approximately 100 to 

110 m true vertical depth (TVD).   AOS plans to drill six horizontal well pairs for the Project, 
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each consisting of a steam injection well and a production well. In addition, after a number of 

years of production from the well pairs, AOS plans to drill five basement wells with a horizontal 

length of approximately 600 to 700 m with a TVD of approximately 110 to 120 m.  The well pad 

and well trajectories are shown on Figure 1.1-3.   

2.4.1 Well Pad Layout 

The proposed well pad layout and configuration is designed to minimize the environmental 

impact while considering operability and capital cost.  A single well pad is required for the 

Project, with up to 17 wellheads per pad (i.e. six well pairs and five basement wells).  A typical 

well pad schematic is shown in Figure 2.4-1.  Conventional access and utilities corridors are not 

necessary since the well pad is integrated with the facilities design as described in Section 2.5.  

Based on a 20 m wellhead spacing on surface, a typical well pad for drilling purposes, with six 

well pairs (12 wells) and five basement wells (5 wells), will be approximately 400 m in length by 

115 m in width.  This area will contain wellheads, group separator, testing facilities, and a 

manifold building as described in Figure 2.5-4. 

2.4.2 Drilling  

Steam injection and production wells will be drilled adjacent to each other at a surface spacing of 

20 m and a subsurface spacing of 75 m.  The horizontal length of the wells will be approximately 

600 to 700 m and the injector will be drilled from 4 to 6 m (average 5 m) above the production 

well. 

AOS is planning to utilize 219.1 mm (8 5/8ò) liners for the completion of all well pairs.  For 

shorter wells (i.e. 400 to 500 m), AOS may use a well completion size option that is based on a 

177.8 mm (7ò) liner.  Table 2.4-1 lists the hole and casing sizes for the surface, intermediate, and 

the horizontal sections for the wells.  Figures 2.4-2 and 2.4-3 show the completion design of the 

injection and production wells for the Circulating and Operating Phases, respectively. 

In the event that AOS drills and abandons a ghost hole, or runs into any other drilling anomalies, 

AOS will report these events to the ERCB as per standard reporting procedures.
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Table 2.4-1 Hole and Casing Sizes  

Liner O.D.  219.1 mm (8 5/8") 

SURFACE HOLE  

Bit Diameter (mm) 508.0 

Casing O.D. (mm) 406.4 

Hole Depth (m KB)* 35 

INTERMEDIATE HOLE  

Bit Diameter (mm) 374.7 

Casing O.D. (mm) 298.5 

Hole Depth (m KB)* 350.0 

HORIZONTAL HOLE  

Bit Diameter (mm) 269.9 

Liner O.D. (mm) 219.1 

Hole Depth (m KB)* 1050 

* Measured Depth 

2.4.2.1 Surface and Intermediate Sections 

The 219.1 mm (8 5/8ò) Liner Size Option 

Surface Casing 

The SAGD wells will require approximately 35 m of surface casing.  AOS may apply for ERCB 

approval to drill these wells with a diverter as no gas is anticipated during the drilling of the 

wells.  The surface casing will be set at a 45
o
 angle, as the wells will be drilled with a slant rig.  

Due to the shallow depth of the McMurray Formation, a slant rig is necessary to ensure the 

horizontal sections of the wells are landed at the target depth without having excessive build 

angles in the wells. 

This section will be drilled with a 508 mm bit.  The casing for this section will be 406.4 mm, J-

55 (or K-55), 96.7 kg/m, Buttress Thread & Coupling (BT&C).  Thermal cement will be used to 

cement the casing to surface. 

Intermediate Casing 

The pad drilling being utilized requires the intermediate section of the well to be drilled using a 

combined build and turn section to reach the horizontal target.  The hole size in this section will 

be 374 mm.  The hole will be drilled to a depth of approximately 100 to 110 m TVD (about 330 
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to 380 m MD).  This section will  be cased with 298.5 mm, 89.27 kg/m, L-80 casing utilizing 

premium connections (with the appropriate thread compound), and cemented with thermal grade 

cement to surface.  AOS is confident that the selected casing and connections will withstand the 

running and the thermal stresses to which the deviated well bores will be subjected.  A low 

density, fresh water gel polymer slurry is proposed for the mud system in this section of the 

wellbore. 

AOS will utilize best industry practices to ensure the wells have good cement integrity.  The 

cement will be thermal grade, and the casing will be properly centralized to ensure a good 

cement sheath.  The well will be circulated with a pre-flush to ensure good filter cake removal 

and cement will be pumped until good cement returns are noted at surface.  The casing string 

may be reciprocated throughout the cement job if it is viewed that this can be done without 

damaging the hole or the casing.  In the case of lost circulation, additives will lighten the cement 

to help control cement loss.  In addition, AOS will run cement bond logs on all pilot production 

and injection wells to monitor the quality of cement jobs, and take corrective action if necessary. 

2.4.2.2 Horizontal Section  

The horizontal section will be approximately 600 to 700 m in length for both steam injection and 

production wells.  The production well will be drilled first, and then the injection well will be 

drilled 4 to 6 m (average 5 m) above the production well (Figures 2.4-2 and 2.4-3).  Both wells 

will be drilled as flat as possible with expected vertical deviations of less than 1 m.  There will be 

75 m lateral spacing between adjacent well pairs.  Measurement While Drilling (MWD) 

technology, incorporating magnetic guidance, will be used to ensure that the injector and 

producer horizontal sections have appropriate lateral and vertical spacing. 

The horizontal section hole size will be 269 mm and will be drilled to a depth of approximately 

1,050 m MD.  A fresh water polymer mud system is proposed which will aid in wellbore 

stability, cleaning, and in reducing frictional torque/drag.  A slotted liner will be installed in both 

the injection and production wells.  Sand production is expected to be minimal (< 0.1% of the 

bitumen production rate) due to the use of slot widths which should retain all but the smallest of 

fines.  The sand exclusion technique has been used extensively and successfully by other SAGD 

producers in the industry.  The slot widths will be determined based on the results of formation 

sieve analyses and flow testing. 
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2.4.2.3 Drilling Fluid and Solid Waste Disposal 

Drilling mud will be cleaned with centrifuges and shakers, and will be reused where possible to 

minimize waste volumes.  All disposal of the drilling waste will be in accordance with ERCB 

Guide 50 guidelines and all waste storage will be carried out in accordance with ERCB Guide 58 

guidelines, with the use of clay berms and sumps and/or tanks where required.  AOS will take 

measures to mitigate the environmental impact and off-site contamination from drilling 

operations, including the construction of berms around the SAGD pad. 

The waste generated from the surface hole fluid and solids will be low in volume and 

hydrocarbon contamination.  These materials will be screened for hydrocarbon content along 

with other standard parameters, and will be treated if necessary.  These materials typically meet 

mix-bury-cover (MBC) guidelines and will be handled accordingly.  AOS will also evaluate the 

option of on-site processing where clear water and solid waste are obtained.  Intermediate hole 

wastes will be handled with MBC guidelines. 

The main hole drilling fluid and solid wastes will be considerably higher in volume and 

hydrocarbon content.  These materials will not meet ERCB Guide 50 criteria for onsite disposal 

and as such will be disposed of at an approved disposal facility. 

2.4.3 Completions 

The well completions design will include a high temperature liner hanger with a sand seal.  The 

injection and production wells will utilize a slotted liner with an appropriate slot size for 

effective sand control.  The liners will  be 219.1 mm, 41.67 kg/m, L-80 or K-55, with either 

premium or semi-premium connections for the injectors and the producers, which will be landed 

at least 5 m from the wellôs final total depth to allow for thermal expansion. 

Injection Wells 

The SAGD injection wells will have a dual string completion.  The final configuration will be 

determined based on results from expert recommendations and further well bore hydraulics 

modelling.  In the dual string configuration, shown in Figure 2.4-2, an 88.9 mm string (long 

string) will be landed near the toe of the well and a 114.3 mm swaged to an 88.9 mm 

production/injection string (short string) will be landed about 100 to 200 m into the liner.  This 

configuration allows for steam circulation within the well bore during the circulation phase, and 

allows for steam injection to both the toe and heel during the SAGD operating phase.  Steam will 

be injected through each string at some calculated ratio which will assist uniform pressure/steam 
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distribution along the length of the horizontal section of the well.  The injection wells will  be 

completed with a 38.1 mm instrumentation coil run inside the short string. 

Production Wells 

The initial completion of the SAGD production wells will be similar to the injection well to 

allow for steam circulation and initial heating.  Once the bitumen between the wells is heated and 

hydraulic communication is established, the production wells will be converted to the SAGD 

operating phase, shown in Figure 2.4-3.  The wells will be completed with a 38.1 mm 

instrumentation coil run inside of an 88.9 mm guide string.  The guide string will be landed at the 

heel of the well, while the coil will be run to the toe.  A 114.3 mm short string will be landed 

near the heel of the well during the circulation phase.  In this configuration, steam will be 

injected into the short string and the fluid returns will flow through the 88.9 mm long string.  

Following circulation, the short string will be removed then re-installed with a rod driven 

progressive cavity pump (PCP) or electric submersible pump (ESP). 

Depending on the data gathered from the instrumentation string during production operations, a 

139.7 mm ñscabò liner may be installed during pump repair operations.  This liner will extend 

from the heel of the well to an undetermined distance into the liner.  The purpose of this liner is 

to ensure equal flowing pressures within the liner to achieve equal productivity along the full 

length of the well. 

2.4.3.1 Wellhead Design 

The standard injection wellhead design is shown in Figure 2.4-4.  The production wellhead will 

be the same as the injection wellhead for the circulation phase and will be changed out to the 

design shown in Figure 2.4-5 when the well is recompleted for pumping.  This design allows for 

pump or artificial lift system changes with relative ease. 

All wellheads will incorporate the following: 

¶ Flexible connections to all surface piping to allow for thermal expansion of the wellhead 

and casing; 

¶ NACE trim at 14 MPa pressure rating to accommodate working pressures, temperatures 

and H2S components of produced fluids; and 

¶ Flow and monitoring access to all production, injection, and guide strings.
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2.4.4 Well Monitoring  

2.4.4.1 Production Well 

The production wells will be production tested at least twice per month through test equipment at 

the pad location.  The total bitumen and produced water volumes will be determined after 

treatment and metering in the central plant facility.  Daily bitumen and water rates will be 

allocated to the wells based on plant production and well test data.  Gas production rates will be 

reported in accordance with ERCB ID 91-3.  All production and injection volumes will be 

reported monthly as per ERCB requirements. 

Operations staff will inspect each well pad at least twice per day to monitor well and surface 

operations.  As well, a Distributed Control System (DCS) will provide continuous information 

on operating data.  Down-hole temperature and pressure data will be obtained from various 

sources, including blanket gas pressures, thermocouples and/or fibre-optic cables, subsurface 

pressure sensors, and observation wells.  These methods will allow for optimization of the SLP-

SAGD process to enhance ultimate recovery from the formation. 

Bitumen, produced water, and produced gas will be sampled routinely to monitor the reservoir 

process.  Diluted bitumen will be measured for density and basic sediment and water (BS&W) 

prior to sale.  Produced water analyses will identify total dissolved solids (TDS), chlorides, and 

silica content.  A boiler feed water program will be in place to ensure water quality is maintained 

within specifications for the steam generators.  Water disposal will be monitored for pH, 

chlorides, and oil content. 

2.4.4.2 Casing Monitoring Program 

The SAGD operations will be conducted at the safe reservoir operating pressure estimated at 

1,000 kPa(a).  The SAGD process does not generate the large thermal stresses that the Cyclic 

Steam Stimulation (CSS) process does due to the much lower temperature and pressure 

variations that occur.  AOS does not anticipate casing failures using the SAGD process.  Most 

known casing failures to date have been confined to CSS projects and thermal wells with an 

inadequate connection quality and/or without a good cement job. 

The 298.5 mm intermediate casing string will provide wellbore isolation between the McMurray 

sand and the overlying formations.  The casing will be specified as L-80 grade steel and will use 

premium connections, which are stronger than the pipe body.  These connections will prevent 

leakage and subsequent stress corrosion cracking.  The potential for caustic corrosion cracking is 
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highly reduced since most of the steam injected will be near 100% quality (low alkalinity).  Best 

practices standards will be met or exceeded by AOS in selecting the best connection make-up 

procedure, cementing procedure and other operating parameters, etc. 

The injection well may have a gas blanket, which will be monitored for pressure and flow rate, 

and will provide some insulation for the intermediate casing string.  If the injection well casing 

fails, a decreased pressure and increased injection rate will be noticed in the steam injection rate. 

The production well will operate at low pressure and produced gas will flow up the casing to a 

surface flow line.  If the production casing fails, a decrease in casing temperature, increase in 

down hole flowing temperature, or a decrease in flowing pressures and rates will be noticed. 

If any of the above noted scenarios occurs, an alarm will be set off.  If a casing failure is 

confirmed, the well will be shut in, bled down and slowly cooled.  Offset injection will be shut 

down, if needed.  The ERCB will be notified, as per the required reporting procedures.  In an 

emergency, the well would be killed by injecting water.  Remedial actions would then be taken 

to determine if the casing could be repaired.  If not, the well would be abandoned according to 

ERCB guidelines. 

2.4.5 Water Source and Water Disposal Wells 

The primary source of makeup water for the initial stages of the Project will be purchased from 

the Regional Municipality of Wood Buffalo. 

The Project will utilize water disposal wells (WDW) with sufficient total capacity to dispose of 

all produced water.  Wastewater streams and concentrated steam generator blow down water will 

also be disposed of in these wells.  Based on promising indications of an adequate disposal zone 

(lost circulation in Devonian limestone/Granite Wash) in the AA/03-22-088-08 W4M deep 

exploration well, AOS plans to drill one or two wells to the Precambrian to determine the extent 

of and injectivity into this lost circulation zone. 

2.4.5.1 Water Source Wells 

The Project will initially utilize source water which is expected to be purchased from the 

Regional Municipality of Wood Buffalo.  AOS intends to explore the nearby region in the future 

to identify any potentially viable water sources.  Once a viable source is found, formation water 

will be pumped with an ESP through a screen to surface. 
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2.4.5.2 Water Disposal Wells 

Process wastewater is expected from concentrated boiler blow down, some neutralized softener 

regeneration wastes, and produced water.  Severe fluid losses during drilling operations were 

encountered in the AA/03-22-088-08 W4M well.  The nearby (< 1.6 km) 00/13-15-088-08 W4M 

well, which was drilled, cased and completed by Texaco in 1972, perforated in the Granite Wash 

and used as disposal well in the Fort McMurray Pilot Project (Approval 3070A). 

AOS intends to conduct another drilling program in the 2010-2011 winter drilling season to 

source out viable Granite Wash or Methy Formation disposal options and the successful well(s) 

will be cased and completed for wastewater injection. 

A 244.5 mm, 48.07 kg/m, H-40 surface casing string will be landed from surface to 30 to 50 m 

and cemented into place with thermal cement.  A 177.8 mm, 25.3 kg/m, H-40 intermediate 

casing string will be landed from surface to 10 to 15 m above the top of the loss circulation 

interval and cemented into place with thermal cement.  The disposal zone will remain as an open 

hole section. 

Disposal wells will be completed using thermal cement and packers.  A typical disposal well 

completion is shown in Figure 2.4-6.  Depending on the estimated design temperature of the 

water being injected, AOS may use thermal packers in these wells.  The annulus will be filled 

with an inhibited fluid and will allow for thermal expansion.  A packer isolation test will be 

performed on an annual basis to ensure casing integrity.  Each disposal well will be equipped 

with a flow meter, flow choke, and pressure monitoring for regular monitoring and reporting. 

2.4.6 Observation Wells 

AOS anticipates that a number of observation wells will be required during the development and 

operation of the Project.  The number and locations of observation wells has not been finalized. 

 A completion for a typical observation well is shown in Figure 2.4-7.  Surface casing (177.8 

mm, 25.3 Kg/m, H-40) would be run to a depth of approximately 30 to 50 m.  The surface hole 

would be cemented in place with thermal cement.  The main hole would be drilled through the 

McMurray Formation and a 114.3 mm, 14.14 kg/m, J-55 intermediate casing would be run in 

and cemented to surface with thermal cement.  Temperature measuring equipment (thermocouple 

bundle or fibre optic cable) would be run inside the intermediate casing on 38.1 mm coil tubing 

in order to obtain formation temperature measurements.  AOS may incorporate external pressure 

measuring devices on selected observation well(s) to measure the pressure in the upper and lower 

McMurray bitumen zone(s) and adjacent formations.  In some cases, thermocouples may be 
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installed into core holes before they are abandoned with cement in order to obtain temperature 

data. 

2.5 Central Processing Facility 

Figure 2.5-1 shows the process flow diagrams for water and steam and Figure 2.5-2 shows the 

process flow sheets for the oil treating process.  The process flow sheets for the well area are 

shown in Figure 2.5-3.  Details of the processes carried out in the facility are provided below. 

2.5.1 Central Processing Facility Layout 

The facility will be located in the Fort McMurray area, immediately south of the airport, near 

LSD 1 and 2 of Section 21 (Figure 1.1-1).  The total disturbance footprint for the facility is 

approximately 9.0 ha or approximately 210 m by 430 m. 

Figure 2.5-4 shows a plot plan for the facility.  Included on this drawing is the location of 

buildings, flare stack, and storage tanks.  Tables 2.5-1 and 2.5-2, respectively, list the external 

emission sources and storage tanks associated with the Facility.  Dispersion modelling associated 

with these emission points is discussed in detail in the Air Quality Report (Appendix 16).  A 

summary of this report is provided in Section 4.1. 

Table 2.5-1 Emission Sources Associated with Processing Facility  

Name 
Design 

# Height (m) 

Steam Generator Exhaust Stack 1 30.3 

Emergency Flare Stack ï Facility 1 39.0 

Incinerator Stack 1 25.0 

Hot Oil Heater Exhaust Stack 1 8.5 
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Table 2.5-2 Storage Tanks Associated with Processing Facility 

Name Product 
Volume 

(m
3
) 

Production Oil Storage Tank Dilbit  318 

Sales Oil Storage Tank Dilbit  318 

Produced Water Skim Tank Oily water 318 

Produced Water Injection Tank Oily Water 318 

Boiler Feed Water Tank Treated Water 318 

Slop Tank Oily Water 318 

Diluent Storage Tank Diluent 318 

Residual Diluent Tank Residual Diluent 318 

De-sand tank Sediment & Oily Water 120 

Waste Water Tank Reverse Osmosis Waste Water 120 

Boiler Blow Down Tank Water 120 

Glycol Storage Tank Glycol and Water 32 

Diesel Storage Tank Diesel 16 

Floor Drain Tank Oil and Water 80 

2.5.2 Oil Production System 

2.5.2.1 Inlet Degasser Vessel 

Heated bitumen, produced gases, steam condensate and produced water (collectively referred to 

as either "production fluids", "emulsion", or "reservoir fluid") will be pumped from the 

production wells to an inlet degasser vessel.  The vapour from the degasser will be back pressure 

controlled to the inlet vapour exchangers and overheads separator.  The cooled vapour will be 

used as a fuel source (Section 2.5.7.2).  The liquid from the inlet degasser will flow on level 

control to the inlet emulsion exchangers.  The degasser will reduce slugging from individual 

wells and will remove the bulk of the produced gas contained in the emulsion. 

2.5.2.2 Diluent Addition  

The emulsion will flow from the degasser to two sets of exchangers in a series configuration.  

The first exchanger will cross-exchange the inlet emulsion with boiler feed water and the second 

exchanger will cross-exchange the inlet emulsion with cooling glycol.  After cooling, a gas 

condensate diluent will be added to the emulsion.  Addition of diluent will reduce the viscosity 

and density of the emulsion, which allows conventional oil treating equipment to separate the oil 
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from the water.  The inlet bitumen will be partially diluted by the solvent addition to the bitumen 

reservoir; however, additional diluent will be required for effective processing.  The diluent will 

be pumped from the residual diluent tank to upstream of the free water knock out (FWKO) 

(Section 2.5.2.3).  The diluent will be trucked to the facility. 

At the proposed pressures and temperatures, no significant flashing of the diluent is expected.  

Based on engineering calculations using process simulation software, the shrinkage will be in the 

range of 0.05%.  Any flashed diluent will be recovered in the vapour recovery system and used 

for fuel. 

2.5.2.3 Free Water Knock Out 

After diluent addition, the emulsion will then flow to the free water knock out (FWKO) vessel.  

The horizontal three phase FWKO will separate oil, gas and free water (i.e. water not bound to 

any oil and gas). 

The primary purpose of the FWKO will be to recover a high percentage of the inlet water with an 

acceptable water quality for the downstream equipment.  Most of the water in the emulsion will 

be removed in the FWKO.  Water from the FWKO will be cooled by cross-exchange with glycol 

and level controlled to the skim tank (Section 2.5.3). 

Gases released in the FWKO separator will be cooled and will be used in the fuel system 

(Section 2.5.7.2). 

Dilbit, with up to 15 weight percent water, will be level controlled from the FWKO to the treater. 

The emulsion will also contain small quantities of sand and silica.  Most of these sediments will 

accumulate in the bottom of the FWKO.  High velocity water jets will be installed at the bottom 

of the FWKO vessels and will be used periodically to flush the accumulated sand slurry to the 

de-sand tank.  The sediment will settle in the de-sand tank.  Water and oils in the de-sand tank 

will be recycled (Section 2.5.4).  Sediments in the de-sand tank will be removed, from time to 

time, and hauled offsite to a licensed disposal site. 

2.5.2.4 Treater 

After passing through the FWKO, only a small amount of water and gas remains bound with the 

dilbit.  The dilbit will flow to a treater which will produce a sales quality dilbit.  The clean dilbit 

will be cooled by cross-exchange with glycol and level controlled to the production oil tank.  

Dilbit will fill the production oil tank and overflow into the sales oil tank. 
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The clean dilbit in the sales oil tank will be monitored to ensure that it meets applicable sales 

specifications.  A basic sediment and water (BSW) analyzer and diversion valves will be located 

on both the sales oil tank and production oil tank.  

If the sampled dilbit meets shipping specifications, it will be transported off site.  In the event 

that the sampled dilbit does not meet shipping specifications, it will be diverted to the slop tank 

where it can be re-processed through the facility inlet or trucked for offsite treatment (Section 

2.5.4).  The sales oil tank and production oil tank will be equipped with a bottom recycle system 

to prevent a build up of BSW in the bottom of the tanks.  Any BSW that has accumulated in 

these tanks will be recycled to the slop tank. 

Water separated in the treater will be cooled and level controlled to the produced water skim tank 

(Section 2.5.3).  Gas from the treater will be backpressure controlled to the produced gas 

recovery system (Section 2.5.7.2). 

2.5.2.5 Emulsion Chemical Treatment 

Chemicals will be added at various points in the gas-oil-water separation process.  Chemicals 

used will be demulsifiers, reverse emulsion breaker and polymers.  The chemicals will help 

separate the oil and water and also help mitigate corrosion of piping and vessels.  A list of 

chemicals used in the facility is provided in Section 2.5.12.9. 

2.5.2.6 Water and Solid Composition 

The test separator will be equipped with meters to measure the water cut along with Coriolis 

meters to measure the mass flow.  The water cut meters will be full range models with an 

accuracy of +/- 0.5% of for the oil phase and +/- 1.0% for the water phase.  The range of the 

water cut units is 0 to 100% water cut with a resolution of 0.1%. 

The monitoring devices used at this facility will be designed for temperature ranges up to 204°C 

and 1,700 kPag.  The actual operating conditions will be 140°C and 1,000 kPag. 

The Coriolis meter can also be used to determine water cuts and will be used as a secondary 

device to confirm the readings obtained from the water cut monitor.  The water cut monitors will 

be calibrated annually to the same frequency as the Coriolis meters used for accounting 

measurement.  The sales oil water cut determination is expected to be done at the sales point. 

The water cut determination of the diluent will be done by manual sampling and spinning the 

cuts of each load.  Operators will monitor the diluent receipts and the diluent tank for water 
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content.  If water is found in the loads or accumulates in the tanks, the water will be recycled to 

the slop tank.  The diluent is expected to contain no water. 

2.5.3 Produced Water De-Oiling System 

Steam condensate and water in the emulsion is called "produced water".  The purpose of the 

produced water de-oiling system is to remove oil and sediment from the produced water before it 

is disposed of in nearby disposal wells.  Without oil and sediment removal, the disposal zone 

could exhibit reduced injectivity. 

The produced water de-oiling system will consists of two primary unit operations, including a 

skim tank and an induced gas flotation (IGF) cell.  The need for a tertiary fine/dissolved oil 

removal system will be studied as part of the detailed engineering design work. 

2.5.3.1 Bulk Oil Removal  

Water from the FWKO will be cooled by cross exchange with cooling glycol to 90°C and level 

controlled to the skim tank.  The skim tank will allow the small amounts of dilbit in the water to 

separate by gravity.  Dilbit will be skimmed off the top of the skim tank and will be pumped to 

the slop tank (Section 2.5.4).  Water from the skim tank will flow by gravity to the IGF cell. 

2.5.3.2 Induced Gas Flotation (IGF) 

From the skim tank, the produced water will flow by gravity to the IGF cell where about 90% of 

the remaining oil will be removed.  Minute natural gas bubbles will be introduced into the 

bottom of the IGF cell using an induced gas flotation pump.  As the gas bubbles rise in the water 

column, they will cause the oil droplets to coalesce, which will increase the buoyant forces on 

the larger droplet.  The coalesced oil will be removed from the top of the IGF as an oily froth.  

The recovered oil from the IGF cell will be sent to the slop tank.  Any gas recovered from the top 

of the IGF cell will be recycled back into the cell. 

De-oiled water will be pumped from the IGF cell to the produced water tank. 

2.5.4 Oil Recycle 

Slop oil and emulsion from the deoiling and oil/water separation process will be collected in the 

slop tank.  This oil and emulsion will be pumped back into the FWKO for retreatment (Section 

2.5.2.3). 
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2.5.5 Water Treatment System and Boiler Feed Water 

Water from the municipal source will be used for steam generation.  The water will be processed 

in a reverse osmosis water treatment system.  The need for a polisher system downstream of the 

reverse osmosis system will be determined during detailed engineering design work.  The system 

will produce boiler feed water and will produce a small waste stream that will be disposed in a 

separate water injection well from the produced water. 

Treated effluent will flow from the reverse osmosis system to the boiler feed water tank. 

Scale inhibitor will be used in the reverse osmosis system (Section 2.5.12.9). 

2.5.6 Steam Generation System 

Steam will be generated and distributed at a maximum pressure of 2,000 kPa at surface and 

reduced through pressure let down valves such that the resulting steam injection pressure at the 

reservoir face does not exceed the proposed bottom hole operating pressure of 1,000 kPa.  One 

steam generator with a power rating of 34,000 kW will be used.  The high quality distillate from 

the water treatment system (Section 2.5.5) will allow steam to be generated using natural gas 

fired water tube boilers.  Water tube boilers are preferred over once through steam generators 

(OTSGs) because they have higher fuel efficiencies and reduced boiler blow down volumes 

(3%).  The steam generator exhaust stack height is included in Table 2.5-1. 

Distillate from the boiler feed water (BFW) tank will be pumped into one steam generator.  

Oxygen scavenger, phosphate and filming amine chemicals will be added during the boiling 

process to ensure proper boiler operation and longevity.  The water will then be heated to 

saturation temperature and finally boiled into steam.  The boiler unit will be capable of 

producing saturated steam at a maximum pressure of 2,100 kPag for distribution to the well pads.  

A list of chemicals used in the facility is presented in Section 2.5.12.9. 

Flow from the BFW tank to the boiler will be regulated by a control valve located at the boiler.  

Excess volumes will be recycled back to the BFW tank.  The small blow down volume from the 

boiler will be returned to the water treatment system upstream of the reverse osmosis unit. 

2.5.6.1  Flue Gas Condensation 

Proximity to the Fort McMurray airport requires efforts to minimize the visible plume emission 

from the steam generation equipment.  The steam generator flue gas will be contacted with water 

in a contactor tower.  The flue gas is thereby cooled condensing the water vapour in the flue gas.  
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The condensed water is cooled with an air cooler and recycled to the tower.  A slip stream of 

water equal to the amount of condensed water vapour is drawn off the system and flows to the 

produced water tank. 

Further work will determine if this volume of water can be used in the steam generation 

equipment.  The current water balance does not assume reuse of this water; however, it is 

expected that this water volume (84 m
3
/d) will be able to be reused. 

2.5.7 Fuel Gas and Produced Gas Recovery System 

2.5.7.1 Fuel Gas 

The Project will use natural gas as the fuel source. 

The steam generator will consume the largest volume of fuel gas.  Fuel gas will also be used for 

pilot gas, office furnace, solvent fractionation heater and blanket gas. 

Fuel gas energy balances for the Project are provided in Section 2.6.2.1. 

2.5.7.2 Produced Gas Recovery System - Processing Facility 

All produced vapours at the Facility will be recovered.  Produced vapour releases into the 

atmosphere will not be part of normal operating conditions. 

Use of third-party fuel gas purchased for the Project will be supplemented by using the produced 

gases from the reservoir.  Produced gases will be recovered from the inlet degasser (Section 

2.5.2.1), the FWKO (Section 2.5.2.3) and treater (Section 2.5.2.4).  These vapours will be cooled 

to remove water and small quantities of condensed hydrocarbons, leaving water saturated 

combustible gas, which will flow to the fuel system.  The produced gas will then be blended with 

fuel gas for use in the facility.  Recovered water and liquids will be pumped to the skim tank 

(Section 2.5.3). 

The produced gas will contain hydrogen sulphide (H2S).  Based on operating experience from 

industry SAGD developments, the Project design anticipates a maximum sulphur content of 2% 

H2S in the produced gas.  The maximum sulphur emissions will coincide with maximum 

production rates, as presented in Table 2.5-3.
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Sulphur emissions are estimated to be 0.15 tonne per day (t/d) based on a gas to oil ratio of 4:1 

and a produced gas H2S concentration of 2%. 

In addition to the produced gas recovery process, a vapour recovery unit (VRU) will be used to 

recover low pressure tank vapours.  Vapour from the VRU will be used in the fuel system 

(Section 2.5.8). 

Produced gas energy balances for the Project are provided in Section 2.6.2.2.  

2.5.7.3 Produced Gas Recovery System - Well Testing 

Each well will be able to be tested for two 24 hour periods per month using a two phase 

separator.  The vapours and liquids from the test separators will be recombined into the group 

line. 

2.5.8 Gas Flaring System 

Under normal operating conditions, there will be no vapour release into the atmosphere.  

However, a small flow of purge gas will be used to prevent air from entering the flare system and 

a small flow of pilot gas will be burned to ensure combustion of vapours during an emergency 

release.  In recognition that equipment malfunction could result in the occurrence of an "over 

pressurization or depressurization" situation, provisions will be made to safely flare these 

vapours. 

Emergency releases of gases will be collected and burned in a flare system.  The basic design 

philosophy of the flare system will be to gather hydrocarbon vapour and liquids, separate any 

liquids from the vapour and then ignite and burn the hydrocarbon vapour at a reliable maintained 

flame. 

Table 2.5-3 Sulphur Emissions 

Description Volume H2S Content Sulphur Emission 

Produced Gas 2,780 m
3
/day 2% 0.15 tonnes/day 
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A flare system will be located at the facility.  The flare tip will include a wind guard and a 

continuously burning pilot flame equipped with an electronic ignition system.  The flare system 

will continuously be purged with natural gas to prevent air entering the system. 

Emissions from any emergency flaring events are expected to contain SO2 and a small amount of 

non-combusted H2S.  An emergency flaring scenario was provided in the Air Quality 

Assessment for the Project (Appendix 16).  Combustion efficiencies during emergency releases 

have not been calculated, as over pressurization or depressurization events are highly transient 

and infrequent. 

2.5.8.1 Flaring System - Central Processing Facility 

The flare system for the facility will consist of a knockout drum to collect any liquids and a flare 

stack.  The liquids from the flare knockout will be recycled to the slop tank (Section 2.5.4) for 

reprocessing.  A separate pop drum will also be connected to the knockout drum and flare stack.  

The pop drum will handle vapour only. 

2.5.8.2 Truck Vapour Incineration System 

The trucking facility will have a dedicated incinerator to incinerate displaced volumes from the 

dilbit trucks.  This will operate intermittently throughout the day.  The key reason to use an 

incinerator in this instance is to reduce odours because the operation is routine and the 

incinerator will have less of a visible emission and more complete combustion than a flare 

system. 

2.5.9 Cooling and Heating Systems 

To make operating systems within the facility more efficient, a closed loop water-glycol system 

based on a 50% (by weight) ethylene glycol solution will be used to assist in cooling processes 

and to recover low grade heat, which would otherwise be lost to the atmosphere.  Sources within 

the facility where cooling systems will be utilized include: 

¶ heat exchangers upstream of the FWKO (Section 2.5.2.2);  

¶ heat exchangers downstream of the FWKO (Section 2.5.2.3);  

¶ heat exchangers downstream of the Treater (Section 2.5.2.4);  

¶ heat exchangers along the return flow line between the BFW tank and boiler (Section 

2.5.6); and  
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¶ condensed vapour cooling points within the produced gas recovery system (Section 

2.5.7.2). 

The recovered heat will be used to heat various process streams such as combustion air preheat 

for the boiler, the boiler feed water, and building heaters.  Any surplus heat will be rejected to 

the atmosphere with an air cooler. 

Heating requirements when the facility is not running will be met using the natural gas fired hot 

oil heater, which will supply heat by cross exchange with the glycol heater exchanger. 

2.5.10 Interconnecting Piping 

The facility and wellheads will be located on the same surface location there will be no 

differentiation between the Facility piping and the piping connecting the Facility to the 

wellheads. 

2.5.11 Solvent Generation 

Gas condensate will be trucked to site and stored in the diluent storage tank.  Diluent will be 

pumped to the diluent fractionation skid where a vapour pentane, hexane, heptane product will 

be produced for distribution to the solvent injection points near the SLP-SAGD wellheads.  The 

fractionation tower reboiler will be heated with a circulated hot oil system.  The fractionation 

tower will consist primarily of a reboiled absorber with the heated liquid diluent product supplied 

to the top of the tower and the vapour solvent product produced from the top of the tower. 

The bottoms product of the tower will be a residual diluent product (mostly octane, nonane, 

decane and heavier hydrocarbons).  The residual diluent will be cooled and stored in the residual 

diluent tank.  The residual diluent will be used for trim diluent for the Facility. 

2.5.12 Processing Facility ï Utilities  

2.5.12.1 Electrical Power 

The installed power load for the Project will be approximately 2 megawatts (MW).  The power 

will be supplied from the Alberta power grid via ATCO Electric. Temporary standby power 

generation is an option if there are delays in the availability of ATCO Electric electrical power. 

Energy balances for the Project are provided in Table 2.6-4. 
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2.5.12.2 Emergency Power 

In the event of failure of grid power, critical plant loads will derive electricity from an 

emergency power system.  It will consist of a combination of a standby generator for critical 

480 volt (V) loads plus battery-backed uninterrupted power supplies (UPS) for critical 24 VDC 

and 120 VAC loads, such as the plant control systems and computer systems. 

The diesel fuelled standby generator will have a maximum load capacity of approximately 

500 kVA, insufficient to support normal plant operation.  The purpose of the generator is to 

provide critical power for safety and heating systems during an extended utility outage.  The 

diesel storage tank on site will supply fuel to the generator (Table 2.5-2). 

Critical 480 V loads will include key plant utility systems such as instrument air compressors 

and heat medium pumps as well as 480 V to 120/208 V transformers feeding critical lighting and 

electric heat tracing loads. 

The plant control systems and associated computer loads will be UPS supplied as detailed above, 

with a standby time of eight hours. 

2.5.12.3 Potable Water System 

All water will be supplied from the Regional Municipality of Wood Buffalo and will be suitable 

for potable water.  

2.5.12.4 Utility Steam 

Utility steam needs will be met by letdown of steam from the main steam generator.  

2.5.12.5 Domestic Sewage 

Domestic sewage will be directed through an approved sewer system to a septic field or will be 

trucked to an approved disposal location.  The system will meet all provincial and local codes.  

2.5.12.6 Drain System 

The facility will have a floor drain collection system.  All buildings will be equipped with floor 

drains and a sump.  Water used to wash down the floors and equipment as part of routine 

maintenance will be collected in the sumps and transferred by pump to an above ground double 

wall "floor drain tank".  Liquids from the tank will be transferred to the slop tank (Section 2.5.4). 
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2.5.12.7 Compressed Air System 

The facility will use an electric powered compressed instrument air system. 

2.5.12.8 Fire and Gas Detection 

Each building will be equipped with Lower Explosive Limit (LEL) and/or H2S detection heads.  

In those areas, where there is potential for fire, fire detection heads will also be installed. 

2.5.12.9 Chemical Use 

Table 2.5-4 lists the approximate annual quantities of chemicals used for the Project. 

Table 2.5-4 Estimated Chemical Use 

Item Usage Rate (Litres Per Year) 

Scale Inhibitor 1,402 

Phosphate Dispersant 9,874 

Oxygen Scavenger 411 

Filming Amine 2,707 

De-Emulsifier 76,095 

Reverse Emulsifier 31,835 

Coagulant 2,274 

Polymer 1,819 

2.6 Material and Energy Balance 

2.6.1 Material Balance 

2.6.1.1 Water 

Table 2.6-1 provides a listing of the water balance for the Project when the facility is operating in 

steady state conditions.  Long term average reservoir losses will be approximately 10%.  

Municipal source water will be used at the initial stages of the Project.  Produced water treatment 

is not planned for the Project. 
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Table 2.6-1 Estimated Water Balance for Project 

Description Volume (m
3
/day) 

Reservoir 

Steam to injection wells 1,113 

Water losses to reservoir 111 

Produced water from wells 1,002 

Water in sales oil 4 

De-oiled water to Reinjection 998 

Water Treating 

Source water 1,256 

Potable Water 10 

Source Water to Water Treatment 1,246 

Boiler Blow down @ 3% to Water Treatment 34 

Reverse Osmosis Inlet 1,280 

Reverse Osmosis Waste @ 10% 128 

Reverse Osmosis Outlet 1,152 

Utility water 5 

Treated water to steam boilers 1,147 

Steam Generation 

Steam to Injection Wells 1,113 

Boiler Blowdown 34 

Overall 

Municipal Source Water 1,256 

Contingency @ 7% 88 

Total Municipal Source Water Requested 1,344 

Because there is no proposed variation in the steam injection rate and no water recycling, it is 

expected that the volumes presented in Table 2.6-1 will be consistent for the life of the Project. 

2.6.1.2 Hydrocarbon Liquids (With 10% Reservoir Solvent Retention Assumption) 

The facility will be designed to process the following amounts on a stream day basis, 695 m
3
/day 

of bitumen, 165 m
3
/day of recovered solvent and 1,002 m

3
/day of produced water.  The bitumen 

and solvent are produced to surface as a dilbit product.  Further blending of the dilbit with 

68 m
3
/day of residual diluent from the solvent fractionation system is required to achieve 
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sufficient density differentials and viscosity reduction to allow a relatively conventional free 

water knockout and treater to meet the 0.5% BSW (Basic Sediment and Water) sales 

specification.  A total volume of 928 m
3
/day of dilbit will be trucked from the facility gate.  All 

vapours within the process will be cooled to condense water and hydrocarbons, which will be 

separated and returned to the bitumen extraction process.  The remaining hydrocarbon gas will 

be combined into the fuel gas stream and consumed in the steam generators. Table 2.6-2 presents 

the overall hydrocarbon balance for the Project. 

Table 2.6-2 Overall Hydrocarbon Balance 

Description Volume (m
3
/day) 

Reservoir 

Solvent Injected 183 

Solvent Lost to the Reservoir 18 

Solvent Produced 165 

Bitumen Produced 695 

Dilbit Produced 860 

Produced Natural Gas  4,170 

Facility  

Dilbit Produced 860 

Residual Diluent Added 68 

Dilbit Shipped 928 

Produced Natural Gas 2,780 

Fuel Gas Purchased 61,700 

2.6.1.3 Sulphur 

Table 2.6-3 provides a listing of the estimated sulphur balance for the Project. 
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Table 2.6-3 Estimated Sulphur Balance for Project 

Description Mass (kg S/hr ) 

Total Sulphur In  

Sulphur in Bitumen Feed 1,175.75 

Sulphur in Produced Gas 3.12 

Sulphur in Produced Water 0.10 

Sulphur from Dilbit Trucks 0.52 

Sulphur in Diluent Feed (if applicable) 0.00 

Total  1,179.51 

Total Sulphur Out  

Elemental Sulphur Production 0.00 

Sulphur Emissions from Sulphur Plant 0.00 

Sulphur Emissions from Flare 0.00 

Sulphur Emissions from Truck Flare 0.52 

Sulphur Emissions from Vent 0.00 

Sulphur Emissions from Fuel Gas System 3.12 

Sulphur Remaining in Product (Dilbit) 1,175.75 

Residual Sulphur in Produced Water Sent to Disposal 0.10 

Total 1,179.51 

2.6.2 Energy Balance 

Table 2.6-4 shows the energy balance for the Project. 
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2.6.2.1 Fuel Gas 

The major users of fuel gas in the plant will be the steam generator and the hot oil heater.  The 

majority of this fuel gas will be supplied from the ATCO Gas distribution system. 

Annual fuel gas consumed compared to the amount of energy produced for the Project is 

presented in Table 2.6-4. 

2.6.2.2 Produced Gas 

Minor volumes of produced gas (mostly methane and CO2) will be released as the SLP-SAGD 

process heats the bitumen in the reservoir.  High temperatures associated with steam operations 

can also help generate carbon dioxide and hydrogen sulphide through the aquathermolysis 

process.  These gases are a small component of the total vapour, which is processed in the 

Facility.  Publicly available industry data based on empirical and laboratory research estimates 

Table 2.6-4 Energy Efficiency 

Description Volume Heating Value 
Energy Flow 

(GJ/Day) 

Total Energy IN 

Bitumen Produced 695 m
3
/day 41.75 GJ/m

3
 29,016 

Solvent Injected 183 m
3
/day 32.00 GJ/m

3
 5,856 

Natural Gas  61,700 m
3
/day 37.50 MJ/m

3
 2,313 

Produced Gas 2,780 m
3
/day 22.50 MJ/m

3
 63 

Diluent 68 m
3
/day 32.00 GJ/m

3
 2,176 

Electricity  2.0 MW 86.50 GJ/MW 173 

Total   39,597 

Total Energy OUT 

Dilbit Produced 928 m
3
/day 39.30 GJ/m

3
 36,472 

Solvent Losses to Reservoir 18 m
3
/day 32.00 GJ/m

3
 576 

Natural Gas 61,700 m
3
/day 37.50 MJ/m

3
 2,313 

Produced Gas 2,780 m
3
/day 22.50 MJ/m

3
 63 

Electricity  2.0 MW 86.50 GJ/MW 173 

Total   39,597 

Energy Efficiency 92.11%  

Energy Efficiency = (Energy OUT in Saleable Products / Total Energy IN) x 100% 
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the volume of solution and non-condensable gases at 6 m
3
 of gas per m

3
 of produced bitumen.  

The composition of this gas is expected to be 50 to 60% methane, 40 to 45% carbon dioxide and 

up to 2% hydrogen sulphide. 

At the full bitumen production rate of 695 m
3
/d, the produced gas rate will be approximately 

2,780 m
3
/d.  This gas stream will be cooled to remove any water vapour and then is combined 

with the main fuel gas to be burned in the steam generator.  The produced gas will make up 

approximately 3% of the total fuel gas requirement. 

The Project energy balance is presented in Table 2.6-4. 

2.6.2.3 Electricity  

The facility electrical load is estimated at up to 2 MW primarily in the source water area and the 

boiler feed water pumps.   

2.7 Environmental Management 

2.7.1 Site Management 

Site preparation activities will include the following: 

¶ clearing the site by removing trees and plant roots; 

¶ where upland soils exist, stripping and stockpiling topsoil; 

¶ where upland soils exist, stripping and stockpiling upper subsoil on the CPF only; 

¶ constructing a storm water retention pond; 

¶ contouring the site to ensure proper on-site drainage; 

¶ ensure drainage around site is established; and 

¶ ensure appropriate secondary containment, where necessary, around facilities as required. 

All storage tanks, except BFW and source water tanks, will be equipped with secondary 

containment and leak detection to minimize the occurrence of product leaks and subsequent 

contamination to the environment. 

2.7.2 Water Management 

Water recycling is not planned for the Project. 
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A surface water retention pond will be designed and constructed in accordance with ERCB 

Directive 55 requirements and EPEA Approvals and Registrations Procedures Regulations ï 

Applications for Sour Gas Processing Plants and Heavy Oil Processing Plants ï A Guide to 

Content ï Attachment Bò.   

Surface runoff collected in the storm water retention pond may be released onto the surrounding 

off site area.  Prior to discharge, the water will be tested and released in accordance with the 

terms and conditions of the operating approval.   

2.7.3 Product Handling and Waste Disposal 

The storage and handling of products for the Project will be conducted in accordance with good 

management practices.  All hazardous and/or dangerous goods materials will be stored and 

handled in compliance with applicable legislation, regulation, standards and codes. 

Solid waste disposal management at the site will comply with procedures and guidelines 

including the EPEA Waste Control Regulation, Directive 58 (Oilfield Waste Management 

Requirements for the Upstream Petroleum Industry) and Directive 50 (Drilling Waste 

Management.  Directive 58 requires the preparation of an Annual Oilfield Waste Disposition 

Report summarizing the types and quantities of disposed oilfield wastes, the points of generation, 

and the disposal methods utilized.  Practices will include: 

¶ classifying, measuring and controlling waste generation; 

¶ handling, storage, treatment and disposal; 

¶ tracking and reporting; 

¶ off-site disposal of dangerous oilfield waste (DOW) and non-DOW wastes as required by 

applicable regulation; and 

¶ recycling. 

All wastes will be disposed of in compliance with all appropriate regulations and guidelines and 

in accordance with waste handling requirements contained in the operating approval for the 

Project.  Detailed waste disposal practices and procedures will be developed prior to the start of 

construction and operations. 

Wastes will be generated during two main stages of the proposed development: initially during 

construction and during the on-going operation of the Project.  Construction and development 

includes construction of an access road, plant site and well pad, and construction of steam 

distribution lines and liquid transfer lines from the well pad to the plant site. 
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2.7.4 Fire Control Plan 

A wildfire control plan will be developed jointly with the Forest Protection Division of Alberta 

Sustainable Resource Development.  It will describe the equipment and level of readiness that 

will be present at the Project to assist in wildfire control. 

2.7.5 Substance Release Monitoring 

The two primary emissions sources from the Project will be air and water.  Substance release 

monitoring will be carried out under the supervision of the on-site project manager.  The types 

and volumes of project emission sources will be tracked and recorded as per the applicable 

regulations and operating approval conditions. 

2.7.6 Emergency Response Plan 

AOSô Emergency Response Plan (ERP) has been developed to facilitate an effective response by 

AOS operations, management and support personnel to an emergency occurrence affecting the 

Company.  To ensure a state of emergency preparedness throughout the Company, AOS has 

developed these emergency procedures to protect the public, employees, contract employees, 

property and the environment. 

With the development of the ERP, AOS is prepared to: 

¶ ensure immediate competent responses to, and handling of, an emergency occurrence; 

¶ minimize danger to the public, employees, contractors and environment; 

¶ establish and maintain effective communications with all parties in an emergency; and 

¶ make maximum use of the combined resources of AOS, government agencies and other 

services. 

In the event of a spill, soil sampling programs and water sampling programs will be initiated and 

site assessments will be completed. 

2.8 Future Plans 

The Clearwater West LP-SAGD Pilot Project, or Clearwater Phase I, is expected to demonstrate 

that AOS can safely operate an in situ bitumen development scheme on the Clearwater Lease. 

The Project is also expected to confirm the economic viability of the SLP-SAGD recovery 

method in this shallow Athabasca bitumen reservoir. An initial indication of the commercial 

success of the Project lies in the results obtained during the one to two year ramp up stage.  The 
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ramp up of the bitumen production rate after the circulation phase together with detailed analysis 

of comprehensive reservoir monitoring will provide indications of SLP-SAGD performance.  

Any technical or operational learnings in the early period of the Project will be incorporated into 

calibrated simulations. 

Using the Project performance information and calibrated simulations, AOS would apply to 

construct Phase II of this project to increase the capacity to produce between 2,400 to 4,000 m
3
/d 

(15,000 to 25,000 bpd).  In addition, AOS expects to continue the evaluation of more cost 

efficient and environmentally enhanced surface and subsurface production technology or 

combination of technologies during Phase II. An optimum placement of the Phase II central 

processing facility is based on an optimum use of existing infrastructure in combination with 

buried pipelines and minimum surface disturbance for well pads, steam generation and emulsion 

collection satellites. 

According to conceptual timelines for Clearwater Phase II, first production from the Phase II 

central processing facility can occur as early as 2016. Decommissioning of the Phase I Project 

plant is then possible as early as 2018. If Phase II does not proceed, AOS expects to operate the 

Phase I Project for approximately 10 years. 
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3.0 STAKEHOLDER CONSULTA TION  

3.1 Introduction  

Alberta Oilsands Inc. (AOS) is committed to developing open, transparent and ongoing dialogue 

with its neighbouring communities.  These include Aboriginal communities, First Nations, public 

stakeholders, local residents, industrial stakeholders and other key stakeholder groups and 

industries in the region where AOS operates. 

AOS recognizes the need and importance of communication throughout the life of the AOS 

Clearwater West LP-SAGD Pilot Project to ensure its social, environmental and economic 

sustainability.  The proposed Project is located on private land just south of the Fort McMurray 

Regional Airport.  The surface of the land is relatively flat in a forested muskeg area.  There are 

various land users in the general area including the Fort McMurray Regional Airport, industrial 

users including oil and gas companies, forestry companies, recreational users, and trappers.  The 

Project is also located near one Aboriginal communityôs traditional land use areas.  AOS's 

approach to community and stakeholder engagement is designed to understand community and 

stakeholder issues, identify opportunities for resolution, and conduct ongoing dialogue.  The 

consultation process is designed to be ongoing throughout the life of the Project, from initial 

planning through construction, operation, decommissioning and reclamation. 

3.2 Consultation Principles 

Our stakeholder engagement approach is based on the following community engagement 

principles: 

Transparency 

We will strive to engage stakeholders using processes and activities based on clear, 

understandable and relevant information. 

We will make every effort to ensure stakeholders have access to relevant information. 

We will provide opportunities and the means by which stakeholders may provide input and 

feedback to the Company. 

Integrity  

Our community engagement activities will strive to foster mutual respect and trust between the 

Company and its stakeholders. 
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Inclusiveness 

We will make every effort to identify stakeholders who may be impacted by our Project and will 

make reasonable efforts to engage with them to identify and address relevant issues. 

We will ensure that stakeholders are provided with timely information that helps them 

understand the Company, the Project and relevant technology.  

We commit to build and maintain long-term working relationships with all key stakeholders and 

communities in the Fort McMurray area by: 

¶ engaging in timely, meaningful dialogue about AOS planned activities; 

¶ understanding, recognizing and respecting cultural differences within the communities;  

¶ identifying and responding to issues or concerns; and 

¶ contributing to nearby communities. 

AOS has held a community open house and will continue to meet with local citizens, businesses, 

governments and area stakeholders to identify and address concerns they may have on the 

Project. 

AOS has developed a Public Consultation Plan, which describes the policies and practices for 

consultation that will guide AOS in carrying out consultation with key stakeholders directly 

affected by the Project. 

3.3 Objectives 

AOS is committed to creating consultation processes that:  

¶ support meaningful engagement with potentially affected Aboriginal communities and 

directly affected stakeholders;  

¶ ensure regulatory requirements are met;  

¶ mitigate Project effects; and  

¶ provide mutually beneficial opportunities for all parties involved in the process. 

Our stakeholder engagement efforts are designed to achieve the following specific objectives: 

¶ engage stakeholders as early as possible in the development of a project.  This effort can 

assist in identifying and addressing issues in a timely fashion so relationships can be 

established and maintained; 
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¶ work with stakeholders to ensure our consultation and communications processes meet 

the stakeholders specific information and consultation needs;  

¶ provide in a timely manner, accurate information using plain language to ensure 

stakeholders have the opportunity provide relevant input and feedback; 

¶ identify the most effective ways to ensure the perspectives, requests and 

recommendations of stakeholders are heard, understood and given proper consideration 

in light of our business requirements; and 

¶ explain clearly to stakeholders how their input and feedback was incorporated into our 

plans and operations or why their input and feedback was not incorporated. 

3.3.1 Stakeholder Identification 

The Aboriginal and Public consultation programs have been designed to be as inclusive as 

possible.  To date, AOS has identified the following stakeholders for notification and/or 

consultation as outlined in Table 3.3-1. 

Table 3.3-1 Detailed Stakeholder List 

Stakeholder/Community Group Stakeholder/Community 

Aboriginal Fort McMurray First Nation: 

¶ FMFN Chief and Council 

¶ FMFN IRC 

¶ FMFN Trappers 

¶ FMFN social agencies  

¶ FMFN-owned companies 

¶ FMFN member-owned companies 

Chipewyan Prairie Dené First Nation 

¶ CPDFN Chief and Council 

¶ CPDFN IRC 

¶ CPDFN Trappers 

¶ CPDFN social agencies 

¶ CPDFN owned companies 

¶ CPDFN member-owned companies 

Métis Local # 1935  

¶ Board of Directors 

Wood Buffalo Métis Corporation 

Regional Government Regional Municipality of Wood Buffalo 

RMWB Staff 
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Table 3.3-1 Detailed Stakeholder List 

Stakeholder/Community Group Stakeholder/Community 

Ward 3 Alderman Allan G. Vinni 

Government of Alberta  Elected Official 

Guy Boutilier, MLA Fort McMurray 

Ministries  

Alberta Energy 

Alberta Environment 

Alberta Sustainable Resource Development 

Agencies 

Alberta Energy Resources Conservation Board 

Government of Canada Elected Officials 

Brian Jean, MP Fort McMurray 

Ministries  

Transport Canada, Navigable Waters  

Department of Fisheries and Oceans 

Agencies/Associations Northeastern Alberta Aboriginal Business Association 

Fort McMurray Chamber of Commerce 

Fort McMurray Construction Association 

Regional Aquatic Monitoring Program (RAMP) 

Cumulative Environmental Management Association (CEMA) 

Wood Buffalo Environmental Association (WBEA) 

Landowners/Disposition Holders 

 

Fort McMurray Regional Airport Authority 

Saprae Creek residents 

Local business 

Recreational/Environmental NGO Stakeholders Clearwater River Valley Heritage Association 

Pembina Institute 

Ducks Unlimited 

Sno-Drifters Snowmobile Club 

Industry Industry Associations 

Oil and Gas Companies, Pipeline Companies 

Oil Sands Developers Group 

Alberta Oil Sands Technology and Structural Development 

Oilsands Lease Holders 

Mineral Lease Holders  



 

ALBERTA OILSANDS INC . 

Clearwater West LP-SAGD Pilot Project 

Project Update 
 
 

December 2010  Page 71 

Table 3.3-1 Detailed Stakeholder List 

Stakeholder/Community Group Stakeholder/Community 

Forestry Companies 

LaFarge (the aggregate company) 

CN Rail 

3.3.2 Stakeholder Consultation 

All directly affected stakeholders will be contacted using a number of communication tools, such 

as in-person dialogue, discussions through organized meetings, and consultation by 

correspondence (i.e. telephone, email, informational letter). 

In July 2010, AOS established a Consultation Message Centre and Stakeholder Contact email to 

facilitate communications between stakeholders and AOS consultation advisors. 

In December 2010, AOS will be distributing a community consultation brochure to all 

stakeholders in the region to introduce the Project.  This brochure will identify the scope and 

nature of the Project. 

AOS will continue to actively communicate with all directly affected stakeholders during the 

regulatory approval process and throughout the life of the Project. 

AOS has an agreement in place with the Fort McMurray Regional Airport Authority.  This 

agreement allows for continued cooperation between AOS and FMAA on airport lands in 088-

08-W4M. 

3.3.3 Aborigina l Consultation Plan 

AOS will submit an Aboriginal Consultation Plan to Alberta Environment (AENV), which 

describes the guiding principles and practices for consultation, and allows opportunities for 

individual and community input.  Specific processes for consultation will be developed with 

those Aboriginal communities where community protocols exist, wherever possible.  This plan 

will be submitted to AENV for consideration as per the GOA Aboriginal Consultation Policy & 

Guidelines. 
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3.4 Regulatory Review Agencies 

AOS has met with the Energy Resources Conservation Board (ERCB), Alberta Environment 

(AENV) and Alberta Sustainable Resource Development (ASRD), to review the proposed 

development activities and discuss the regulatory approval process for the Project.  Regular 

communication continues with the regulatory review agencies and other interested provincial 

agencies as the Company proceeds with development of the Project. 

3.5 Summary of Consultation Activities to Date 

Consultation is occurring on an ongoing basis.  A summary of consultation conducted to date is 

presented in Table 3.5-1. 

Table 3.5-1 Consultation Activities 

Stakeholder Issue Consultation Response 

ASRD Fort McMurray Forestry   ¶ August 2009 ï consultation re: proposed Project 

Area in Section 22-088-08-W4M 

¶ May 2010 ï Review of plan Sec 21-088-08-W4M 

layout from pilot proposal to proposed future 

commercial  

RMWB Environment Section  ¶ May 26, 2009 ï Received letter from RMWB that 

they are agreeable to providing potable drinking 

water via service connection at the Hwy 69 and 

Rge Rd 83.  (letter of intent attached) 

 Long Term Planning ¶ 2007 to 2010 ï Log attached 

¶ October 25
th
, 2010 ï Received Letter of Concern 

which was sent to ERCB. 

¶ October 27
th
, 2010 prepared letter to Mayor of 

Fort McMurray for a meeting to review. 

¶ November 8
th
, 2010 ï meeting in Calgary with 

Michael Evans and Mike Kahn - RMWB 

Rotary Club  ¶ March 14, 2010 ï Received letter from Rotary 

Club ï Byron Bailey ï re: grey water from golf 

course and residential complex ï would AOS be 

interested in discussing possible use. 

¶ April 20
th
, 2010 ï Letter of intent sent from AOS 

to Rotary Club 
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Table 3.5-1 Consultation Activities 

Stakeholder Issue Consultation Response 

Saprae Creek  Open House ¶ June 9, 2010 ï held at Vista Ridge Ski Hill  

¶ Information requests from attendees ï emailed to 

them June 17
th
  

¶ October 19, 2010 ï consult Jon Alcock ï Chair 

for the Saprae Creek Residence Society ï 

requested a meeting with the society (verbal and 

email request) ï sent same day.  

¶ November 24, 2010 ï meeting set up with 

Executive Group. 

¶ Saprae Creek Stakeholders: 

¶ October 31, 2010 - Grant Galpin contacted a 

friend who lives in Saprae Creek and was 

advised that everyone in Saprae is opposed to 

the Project.  There is a group of engineers who 

are residents of Saprae Creek who disagree 

with the information that was supplied at the 

open house.  They are currently organizing a 

group within the community.  Saprae residents 

are currently fighting the RM on the bridge 

and road development planned to cross the 

Clearwater River just east of them ï they want 

it moved 2 km further east. 

¶ Nov 1- Grant Galpin received a call from John 

Hersey, P.Eng and will be chatting with him 

today - he will update us at around 3:30 PM. 

¶ November 1- emails between Grant Galpin 

and John Hersey 

¶ Nov 8
th
 - phone call from John Hersey to 

Grant Galpin.  Mr. Hersey re-iterated the 

communityôs strong stance against the Project.  

He commented on a conversation he had held 

previously with one of AOSôs engineers in 

which it was noted that some of the same 

people who had worked on Connacher plant 

were supposedly working on AOSôs pilot.  

This does not provide the community with any 

sense of confidence as they see the Connacher 

plant and its challenges to date as symptomatic 

of exactly what they do not want in the area 

and why they are so opposed to AOSôs pilot 

plant in proximity to their residential district.  

The potential impacts that he listed that Saprae 

Creek residents are concerned about include 

black smoke plumes, smell (odour emissions), 

and air quality. 
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Table 3.5-1 Consultation Activities 

Stakeholder Issue Consultation Response 

A1-Topsoil (adjacent MLL 

Disposition holder) 

 ¶ Feb 2009 ï work with A1 to help them with 

disposition application ï EFR wildlife 

information as our studies were ongoing 

¶ May 2009 ï work together on sharing of 

geotechnical information within and next to their 

MLL  

¶ October 2009 ï start consultation and work of 

potential overlap with original Pilot location to 

their MLL 

¶ November 2009 ï discussion of sharing of 

services ï and access 

Fort McMurray Airport    ¶ September 2008 started consultation with Fort 

McMurray Airport Commission concerning OSE 

080011 

¶ February 06,2009 ï meeting re: MOU proposal  

¶ March 2009 ï meeting with airport 

¶ MOU signed April 2009 

¶ April 20, 2009 received new proposal for airport 

expansion 

¶ April 2010 - weekly meetings ongoing with 

Project management group Stantec 

ATCO Electric  ¶ January 2010 - Power Line Development group 

re: development project in area as well as review 

pilot project 

Stacey Turner ï Private Land 

owner ï NW22-88-8-W4 ï 

A1 Auto Parts 

 ¶ December 2008 ï started consultation with Mr. 

Turner concerning proposed Pilot project 

Imperial Oil ï Oil sands lease 

holder south of AOS lease 

 ¶ March 24, 2010 ï meeting at AOS office to 

review pilot location and application 
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Table 3.5-1 Consultation Activities 

Stakeholder Issue Consultation Response 

Athabasca Chipewyan First 

Nations  

 ¶ Meeting March 24, 2010 to review pilot project 

at AOS office.  Met with Ian Peace, Project 

Manager and did conference call with Lisa King.  

¶ Reviewed the proposed pilot project, 

addressed questions during meeting.  Advised 

they wanted a technical review by Peter 

Komers, MSES., as well as a funded trip for 

the Elders to the Project Area. 

¶ March 27
th
, 2010 ï received a copy of a 

statement of concern filed with AENV from 

ACFN. 

¶ November 2010 ï Meeting being set up with 

First Nations 

Fort McMurray First Nations  ¶ January 2010 ï started consultation with FMFN 

to review pilot project 

¶ March 10, 2010 ï meeting with Brad Calihou ï 

IRC 

¶ Reviewed AOS lease area 

¶ Pilot project and timing 

¶ Ongoing with upcoming OSE project and pilot  

¶ Changes within the FMFNôs IRC ï trying to set 

up meeting with Robert Cree ï interim IRC 

Director. 

Fort McMurray Métis Local 

1935 

 ¶ March 10, 2010 ï meeting in Fort McMurray to 

review pilot project and timing, water.  Reviewed 

concerns and questions. 

¶ Advised that letter of intent was in place with 

RMWB for water 

¶ Will receive Newsletter 

Colliers International  ¶ October 28
th
, 2010 - Meeting with Ken 

Williamson ï real estate agent for Developer 

(Neil McGillivray) interested in putting 

commercial development on airport lands.  

Supplied him with a copy of AOS development 

plan. 
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3.6 Issues and Mitigation 

During the consultation process, general aspects with respect to air, water, and land use salient to 

the Project will be expressed to stakeholders regarding oil sands development in the region, from 

previously developed mining and in situ projects.  AOS is committed to continue to work with 

all stakeholders to continue to address concerns that may arise during the construction and 

throughout the life of the Project.  Concerns identified during the consultation process will be 

addressed for clarity and mitigated where possible and appropriate.  A summary of concerns 

identified to date and responses from AOS is presented in Table 3.6-1. 

Table 3.6-1 Summary of Issues and Mitigation 

Socio-

Economic 

Topics 
Issue/Idea/ Question Stakeholder AOS' Response 

Traffic  Main interest was 

regarding flow of traffic 

into and out of site. 

June 9 Open 

House, Saprae 

Creek residents 

The flow of traffic from the pilot site to Hwy 63 

would be a maximum of 24 trucks/day 

 Noise and dust  Dust would occur from the trucks leaving the plant 

site to enter Hwy 69; total distance is approx. 100-

150 m.  AOS will employ watering as a means of 

dust control on the gravel portion of the road. 

 Merge lane on Hwy 69 

would save on traffic 

issues. 

 AOS will discuss with Alberta Transportation the 

feasibility of a merge lane for traffic. 

 What will truck traffic 

be like on Hwy 69 and 

the Saprae Creek access 

road?  What is the 

frequency of trucks we 

should anticipate? 

 While there is already a high volume of truck traffic 

in the area, traffic volumes will not be significantly 

increased by the Clearwater Project. 

 Traffic on the road and 

impact on the road and 

safety ï heard that there 

would be 80 to 100 

trucks per day. 

 The total number of trucks for the Project will be a 

max of 24 trucks/day. 



 

ALBERTA OILSANDS INC . 

Clearwater West LP-SAGD Pilot Project 

Project Update 
 
 

December 2010  Page 77 

Table 3.6-1 Summary of Issues and Mitigation 

Socio-

Economic 

Topics 
Issue/Idea/ Question Stakeholder AOS' Response 

Emissions 

 

How will the air 

monitoring be handled? 

 Passive air monitoring will be done on site.  Air 

monitoring is going on continuously within the Fort 

McMurray Region by the Wood Buffalo 

Environmental Association 

 Concerned with 

emissions. 

 Emissions are regulated and the project application 

must pass all requirements.   

 Concern about H2S.  H2S would be continually flared/incinerated, 

eliminating smells except in rare upsets. 

 What about odours to 

Saprae Creek residents? 

 Smell and noise would be mitigated as much as 

possible, and would not exceed very much above 

current background. 

Technology 

 

How will you help 

ensure that the steam 

stays in place in the 

injection zone? 

 Pinnacleôs Real Time Reservoir Monitoring will 

provide comprehensive reports of the steamôs 

progression through the reservoir and will notify 

AOS immediately if there is any sign that the steam 

is approaching the caprock barrier. 

 What is the response 

time after a shallow 

event notification is 

conveyed to Alberta Oil 

Sands operations 

personnel? 

 AOS will immediately respond to Pinnacle 

notifications and shut down steaming operations if 

there is any threat to the caprock integrity. 

 How will the EM 

technology improve the 

environmental 

protection? 

 The EM technology minimizes the environmental 

impact by reducing the use of steam injection/water 

in the long run (long term) process of the SAGD. 

 Will the EM wave 

generated by the loop 

have any impact on 

human health? 

 Little or no CO2 emission for the surface plant of 

the EM technology equipment. 

According to the standard, the safety zone is 10 m 

from the core of the inductor.  Since the inductor 

loop will be installed/placed over one hundred 

meters below the surface, the ground is considered 

very safe for people. 
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Table 3.6-1 Summary of Issues and Mitigation 

Socio-

Economic 

Topics 
Issue/Idea/ Question Stakeholder AOS' Response 

Water 

 

Water from city (has 

Council approved?) 

 Alberta Oilsands (AOS) has signed an MOU with 

the RMWB to purchase excess water until they 

complete a water source of their own. 

 Is the current water line 

being completed for 

AOS? 

 No, the current water line is for the airport 

expansion as well as other industrial expansions. 

Local 

hiring  

 

Interested if there will 

be work for local 

contractors. 

 AOS is currently receiving and reviewing 

information from local contractors for work on the 

Project.  

Work will be kept local. 

 Interested in what the 

stage of development is 

of the Project and what 

opportunities exist in 

the Project. 

 AOS will be hiring locally upon approval of the 

Project. Job and contractor work will be posted in 

local newspaper and also contact made with 

companies who have sent in information for work. 

Location How close is the 

development to the 

residents? 

 The development is within the Fort McMurray 

Airport lands in the southeast corner of Sec 21-88-

8-W4.  The distance is approx. 1.8 km. 

 What are the company 

plans for expansion?  

Why do you have to be 

on the door step to 

Saprae? 

 The Company will be looking at expanding in the 

future, but the expansion would be east of the 

railway yard.  

Alberta Oilsands owns the mineral rights within this 

area and from past exploration, it has shown that 

the pilot location is best placed within sec 21 just 

south of the airport. 

Project 

 

Heard that there would 

be 3 projects. 

 Currently one project is being planned ï the pilot 

project.  Future plans would include a commercial 

project. 

 Will there be a separate 

camp or use of existing 

camps? 

 Existing camps will be used within the area. 
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Table 3.6-1 Summary of Issues and Mitigation 

Socio-

Economic 

Topics 
Issue/Idea/ Question Stakeholder AOS' Response 

 Will product be trucked 

or shipped by pipe? 

 Product will be trucked initially, approximately 24 

trucks a day, dependant on production rate and 

truck size also increase at certain time of year (road 

bans).  Other options i.e. rail and pipe on successful 

pilot. 

Emergency 

Response 

Plan 

If there were to be a 

problem at the plant ï 

how would it be 

handled- evacuation 

plan, notifications, 

etcé 

 AOS will have an Emergency Response Plan which 

will cover evacuation, notification etc.  This plan 

will be shared with all community members.  AOS 

will also work together with the local Fire Dept etc. 

3.7 Future Consultation 

AOS will maintain its open-door public consultation initiatives during the review period of the 

Project application.  These initiatives will continue as the Project progresses through the 

regulatory approval process and into construction and operation.  When the Project approvals 

have been received, AOS will provide information to stakeholders though a combination of its 

corporate website (www.aboilsands.ca), news releases and/or through meetings with stakeholder 

groups and individuals.

http://www.aboilsands.ca/
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4.0 ENVIRONMENTAL SETTIN G 

A series of environmental assessments have been conducted to provide baseline conditions, 

anticipate potential impacts of the Clearwater West LP-SAGD Pilot Project on the environment, 

and to propose mitigative measures to ensure minimal environmental impacts.  Environmental 

assessments conducted include: 

¶ Air Quality; 

¶ Noise Impact Assessment; 

¶ Vegetation; 

¶ Terrain and Soil; 

¶ Aquatics and Hydrology; 

¶ Hydrogeology; 

¶ Wildlife;   

¶ Historical Resources Impact Assessment;  

¶ Land and Resource Use; and 

¶ Conservation and Reclamation Plan. 

These environmental assessments were included with the original Project Application in January 

2010.  Updates to the environmental assessments have been prepared based on the changes 

associated with this Project Update and are summarized in Sections 4.1 through 4.10. 

In general, for the environmental assessments the study area considered for the application 

included S½ 22-088-08-W4M (Application study area). The study area for this Project Update 

was revised to include SE ¼ 21-088-08-W4M (Project Update study area) to determine any 

impacts that might be associated with the new development footprint.  

4.1 Air Quality  

Emissions from the Project will result from one steam boiler, one hot oil heater and one 

incinerator stack, as outlined in Section 2.5.1. During the operation of the Project, combustion 

products such as sulphur dioxide (SO2), oxides of nitrogen (NOx), fine particulate matter (PM2.5) 

and carbon monoxide (CO) are vented to the atmosphere. These products are regarded as criteria 

air contaminants and have Alberta Ambient Air Quality Objectives (AAAQO). Emissions of 

SO2, NOx, PM2.5 and CO from the stacks on a typical day are approximately 0.15, 0.12, 0.01 and 

0.37 tonnes, respectively. 
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Under normal operating conditions, there will be no vapour release to the atmosphere and 

emissions from the natural gas pilot flame in the flare stack will be negligible. In case of a plant 

upset, emergency flaring will take place resulting in SO2 emissions to the atmosphere.  

Dispersion modeling was conducted using the CALPUFF model. The air modeling report is 

presented in Appendix 16.  The results of dispersion modeling for typical operating conditions 

showed that ground-level predicted concentrations for SO2, NO2, CO and PM2.5 were below the 

AAAQOs (Table 4.1-1).  

Table 4.1-1 Summary of Maximum Ground-Level Predictions under Typical Operating 

Conditions 

Compounds / Averaging Period 
1-Hour  
(µg/m

3
)  

8-Hour  
(µg/m

3
) 

24-Hour  
(µg/m

3
)  

Annual 
(µg/m

3
)  

SO2  
Prediction 85 N/A 22 2.0 

AAAQO 450 N/O 150 30 

NO2  
Prediction 110 N/A 79 19 

AAAQO 400 N/O 200 60 

PM2.5  
Prediction 15 N/A 9.4 2.8 

AAAQO 80
a 

N/O 30 N/O 

CO  
Prediction 665 552 N/A 236.3 

AAAQO 15,000 6,000 N/O N/O 
a Air Quality Guideline, not Objective. Derived from the Canada Wide Standard 

N/A ï Not Applicable 

N/O ï No Objective Available 

The results of dispersion modelling for typical operations showed there were no predicted 

exceedances of AAAQOs for the studied emissions.  Operation of the proposed facility is not 

expected to compromise the air quality in the area.   

4.2  Noise Assessment 

The Noise Impact Assessment is presented in Appendix 17.  

Given the lack of existing energy related industrial noise sources in the area and the lack of 

residential receptors within 1,500 m of the Project, a baseline noise monitoring program was not 

conducted. This conforms with the requirements of the ERCB Directive 038 on Noise Control. 

As required by Directive 038, the assessment included background ambient noise levels in the 

model. As specified in Directive 038, in most rural areas of Alberta where there is an absence of 
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industrial noise sources the average night-time ambient noise level is approximately 35 dBA. 

This is known as the average ambient sound level (ASL). This value was used as the ambient 

condition in the modeling with the various Project related noise sources added. 

The results of the noise modelling are presented in Table 4.2-1.  The modelled noise levels at all 

1,500 m receptor locations will be under the PSL of 40 dBA with noise from the Project 

combined with the 35 dBA ASL.  In addition, the Project-only noise levels will be more than 

5 dBA below the PSL for all receptors.  This provides a large margin for any errors associated 

with the noise model as well as any low frequency noise that may be produced. 

Table 4.2-1 Modeled Sound Levels 

Receptor 

(Distance from Project) 

ASL-Night 

(dBA) 

Application Case 

LeqNight 

(dBA) 

ASL + Application 

Case LeqNight 

(dBA) 

PSL-Night  

(dBA) 
Compliant 

R1   (1,500 m) 35.0 30.1 36.2 40.0 YES 

R2   (1,500 m) 35.0 28.9 36.0 40.0 YES 

R3   (1,500 m) 35.0 31.3 36.5 40.0 YES 

R4   (1,500 m) 35.0 32.5 36.9 40.0 YES 

R5   (1,500 m) 35.0 34.4 37.7 40.0 YES 

R6   (1,500 m) 35.0 32.2 36.8 40.0 YES 

R7   (1,500 m) 35.0 29.4 36.1 40.0 YES 

R8   (1,500 m) 35.0 31.0 36.5 40.0 YES 

 

4.3 Vegetation 

The Project will result in the removal of 9.1 ha of c1, g1, j1, and k1 ecosite phases. All of these 

ecosites are common in the region and no additional mitigation measures are recommended 

beyond reclamation at Project closure. Wooded fens occupy 1.6 ha of the Project footprint. 

Again these AWIS wetlands are regionally common, and mitigation measures related to wetlands 

are limited to reclamation at Project closure. No rare plants or rare plant communities were 

identified within the Project Update footprint. The results of taxonomic validation of non-

vascular species are still ongoing. If any rare non-vascular species are identified, mitigation 

recommendations with respect to rare species will be made at that time. One agronomic invasive 

species was observed at four locations. Mitigation and monitoring for the potential spread of 

non-native and invasive species during construction and operation of the Project is 

recommended. 
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4.4 Soils and Terrain 

Within the proposed footprint, project development activities will result in the direct disturbance 

of the soil profile.  In areas of mineral soil (approximately 6.1 ha) all topsoil and overlying 

surface litter/shallow peat material (< 40 cm of surface peat) will be salvaged together as one-lift 

with the resulting salvage material referred to as ñcoversoilò.  All upper subsoil from the 

proposed footprint will also be salvaged (to a maximum depth of 30 cm).  Salvaged coversoil 

and upper subsoil material will be stockpiled separately. 

A significant portion of the proposed Project footprint is located in deep peat deposits (average 

of 80 cm of peat).  In these deep peat deposits, clay fill material will be utilized to pad over the 

peat deposits to allow for development of the Project. 

Site reclamation will involve an even replacement of the salvaged subsoil and coversoil material 

in mineral terrain. Coversoil replacement will occur once site re-contouring and placement of the 

upper subsoil is complete. 

The Project contains adequate soil resources for reclamation.  By utilizing acceptable soil 

salvage, soil handling and reclamation practices the impact to soil resources will be minimal.  

Section 5.0 details Conservation and Reclamation activities for the Project. 

4.5 Aquatics and Hydrology 

Similar to the original assessment conducted for the Application, drainage within the Project 

Update study area is typical of boreal forest, which is made up of swampy areas, pools of water, 

fen-like vegetation mats, and shrubby forest.  Although there is water in the vicinity, there is no 

continuous or consistently defined channel located within the study area. 

4.6 Groundwater 

The Groundwater assessment was not updated from the Application, as the conclusions drawn 

are applicable across the entire Project Area (i.e. including both the Application and Project 

Update Study Areas). Potential impacts to groundwater quality resulting from the Project are 

considered low. 

4.7 Wildlife  

Relocation of the Project to the adjacent southeast quarter of Section 21 is not expected to 

significantly affect wildlife because of the extent of human activity in adjacent areas.  The 
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Project was designed to minimize the effects on wildlife due to habitat loss, sensory disturbance 

and habitat fragmentation.  With the smaller footprint and shorter access road, Project-related 

effects on wildlife are expected to be further minimized with relocation to the new site. 

4.8 Historical Resources 

The proposed Alberta Oilsands Inc. Clearwater West LP-SAGD Pilot Project was the subject of 

an Historical Resources Impact Assessment (HRIA) under Archaeological permit 2009-178, 

conducted by FMA Heritage Inc.  During that study, targeted landforms within the south half of 

Section 22, Twp 88, Rge 8, W4M were assessed with visual inspection and a shovel testing 

program.  Although several landforms were targeted based on air photo maps as having moderate 

to high archaeological potential, the landforms were observed in the field to be of lower potential 

than originally assumed.  One site, a historic cabin, was recorded. 

The CPF for the project is now proposed for the SE of Section 21, Twp 88, Rge 8, W4M; this 

section was not part of the HRIA studies conducted in 2009.  As such, a desktop review of the 

archaeological potential of this newly proposed area was undertaken. 

Section 21 is not found on the current version of the Listing of Historic Resources [September 

2010, Alberta Culture and Community Spirit (ACCS)].  This indicates that no known significant 

historical resources sites are present within the section.  A review of the air photo for the SE of 

Section 21 revealed that the archaeological potential of this quarter section is low.  A significant 

portion of the quarter section (most of the north half) is dominated by a large tract of fen.  The 

margins of this fen do not appear to represent a significant change in elevation that might reflect 

archaeological potential. 

The CPF is proposed for the SE quarter of the SE quarter (i.e. LSD 1) of Section 21.  This area is 

adjacent to (south of) the fen.  An area immediately to the east, within the SW of Section 22, was 

targeted during the 2009 studies, and was determined to be of low archaeological potential.  No 

shovel tests were conducted in that area due to the low potential.  The proposed CPF is located in 

the same type of terrain; this terrain is poorly drained and featureless, and has low potential to 

contain archaeological sites. 

4.9 Land and Resource Use 

The Land and Resource Use assessment was not updated as the original assessment conducted 

for the Application included the entire Project Area plus additional surrounding land within one-
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half mile.  The Project Update Development Footprint is encompassed in the Application 

assessment. 

4.10 Conservation and Reclamation Plan 

The reclamation goals and objectives for the Project have not changed and are the same as 

provided in the Application.  The goals and objectives of the initial C&R plan are summarized 

below: 

¶ facility development, well pads, roadways, pipelines, and other landscape alterations will 

be constructed to be geotechnically stable; 

¶ reclamation will be designed to create a landscape that is self-sustaining and capable of 

supporting those soils and vegetation processes typical of the adjacent undeveloped area 

with no subsequent management input required; 

¶ following coversoil placement or removal of clay pads, vegetation communities will 

establish and be capable of ecological succession processes similar to those found within 

the region; 

¶ on those localized sites that are sensitive to erosion (i.e. steeper erodable slopes, or 

disturbances immediately adjacent to watercourses), watershed protection will take 

priority over other vegetation objectives; 

¶ water discharges during development and following reclamation will be managed to 

ensure an acceptable level of input into the streams that flow into the natural watershed; 

and 

¶ reclaimed lands will meet the criteria for certification. 

The areas disturbed by construction activities will be progressively reclaimed to minimize post-

construction impacts such as soil erosion.  Final reclamation will be undertaken when the Project 

is abandoned and all of the facilities are removed.
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