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1.0 PROJECT INTRODUCTION

Alberta Oilsands Inc. submitted the Clearwater WesBI¥D Pilot Project Application in

January 20106RCB Application No. 1642894Since 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 artdkeholders, with an update on the modifications to the Project
(Project Update).

The Project modifications include:

1 Identification of a thick estuarine channel sand trending through the Middle McMurray
(Section 2.2.2 8in the Project Area,;

T Changes to #hsafe maximum operating pressfrmm 1,440 kPa(a) to 1,000 kPages a
result of recent field measuremenge¢tion 2.3.4.pon the 00/0222-88-08W4 cased
vertical well;

1 Changes to the well pair configuration utilizing six conventional well pairs togeitte

fveibasement o wells rather than three fAstacl
trajectories along the thick estuarine channel rather than across the ckagurel (
1.1-3);

T Changes to the development scheme considering Solvent Assisted Lewr@&®am
Assisted Gravity Drainage (SEPAGD) described isection 2.3

1 Changes to the location of the Central Processing Facility and accesBEicpad (..13);
and

1 Changes to the treatment process utilized witthéinCentral 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 Inq. i AOS 06 or fAThe Companyo) plans a st a(
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" Meridian (21; 22088.08-W4M, Figures 1.11 and1.1-2) in August 2007 (OSL

7407080532).This property was acquired for the exploration and delineation of potential

DecembeR010 Pagel



' ALBERTA OILSANDS INC .
‘ Clearwater West LP-SAGD Pilot Project
Project Update

economical bitumen resources and, ultimately, to develop these resources as a commercial
project.AOS has delineated these ta@ectionswith electrical resistivity tomographrilling a
total of 2L corewells, and by acquisition of 2.3 km of 2D seismiContiguous reservoir quality
and net pay thickness up to Bform the basis for a sizelgin situ bitumen production project.
The overall plan is a staged development of the oil sands resourcé&okirgt Assisted Low
Pressuré&team Assisted Gravity Drainadgdl P-SAGD).

The Clearwater WedtP-SAGD Pilot Project (the Project), describedhis Project Update
comprises a pilot projecapable oproducing up t&95m3d (4350 barrels per day (bpd)) of
bitumenplus 165 n¥d (1,040 bpd) of solvent recovenging 1,113 rif{d (7,000 bpd) of high
quality steanand 183 n¥d (1,150 bpd) of solverinjection. The Project Area (21; 208808
W4M) and the Resource Development A(B®A, E Y2 Se?1-088-08-W4M) for the Project are
shown inFigure 1.23. An aerial photograph of therojectArea with topographic contours is
presented ifrigure 1.14.

The operational, safety, and production data obtained from this Project will be utilized by AOS
to determine the feasibility afevelopnent of a 2,400 to 4,000%d (15,000 to 25,000 bpd)
commercialClearwater Roject

1.2 Project Proponent

AOS is a Calgarbased, 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.

AOS6s qualifying transact i omonoibsansisassetséramaof t he
private oil and gas company. The Company purchasedof its oil sands rights through

Crown land sales in 200%d subsequently four sections from another ldssdpvember 2010

AOS ownsa 100% working interest ih06 sections (67,840 acres)ailf sands leases and a 50%

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

with a resource base péarlyfive billion barrels of bitumen in place. The Company will
continueexploration activities on all propertiesitintends to focushe majority ofits resources

on bringing the Project to production and cash flow before pursuing other development
opportunitiesonitsos ands | eases. AOSO6s il be ssppontati®y d e v e |
cash flow from conventional production and future project finané¢tagher information on the

Company can be found at its websiteww.aboilsands.ca
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The name and address of the applicant for the Project is:

Alberta Oilsands Inc.
Suite 2800, 350 7" Avenue SW
Calgary, Alberta T2P 3N9

Correspondence concerning thigomissiorshould be directed to the above address to the
attention of:

Dr. Claes PalmgreVP Engineering
Phone(403)668 5534

Fax: (403) 2636702

Email: cpalmgrer@aboilsands.ca

1.3 Pilot Project Overview

Thepilot will be located inthe SEand NEY of Section 21, Township 88, Range 8, West of the
4™ Meridian Figure 1.31). The Projects situatedvithin the Regional Municipality of Wood
Buffalo and located approximatehkm soutkeast of Fort McMurrayKigure 1.12) and
immediately north of Highway 69, which is the eagst highway that connects on to the main
highway Highway 63 from Edmonton to Fort McMurray.

AOS proposes to construct, operate and reclaim the Project. Télemlaent footprint for
Project will consist of the following components:

1 a Central Processing Facility (approximatel 2n x 430 m, covering®.0 ha) and
associated infrastructure complex including the oil production system, produced water
handling, watetreatment, steam generation, solvent generation, well pad site, storage
tanks, storm water pond and flow lines; and

1 an access road (approximat&lym in lengthand 20 m widecovering Ol ha).

Infrastructure requirements are limited due to the proximigxisting infrastructure.
Collectively, the development footprint for the Project wollal approximately9.1 ha.

Access to théroject Areads readily available using an existing access road off Highway 69 with
modest civil work. AOS has an agreemienplace with the Fort McMurray Airport Authority
(FMAA), which allows for continued cooperation between AOS and FMAA on certain lands in
Sections 2122 anda portion of 28n 08808 W4M.
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A geological model was created using core drilling and seidate. This modeklas then used

to identifythe optimal location for the RDA within the Project Area. The Project wailiially
consist of six parallel well paitanded above the Devonian unconformifize horizontal section
of these wells will be 60®t700 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 ssigant injection and
bitumen production, up to five fAbasenmaded 0 wel
lower in the reservoir to increase the recovery of the bitumen resources@idhvith recovery

of solvent. This configuration was choseifter reservoir simulationsere completed on a

number of alternative development scenaridsiew technolog termed electromagnetic low
pressure SAGD (EMLISAGD) may alsabe tested oone ofthe well pairs. This technology is
underevaluation ané separate applicatiamll be filed if AOS decides to test EMEBPAGD. It

is projectecthat the use ahe SLP-SAGD recovery technologwill lead toareduction inwater

use increased bitumen productioand reduced energy input compared to conventional SAGD
projects

1.4 Pilot Project Need

In light of thedeclining conventional crude production, additional heavpmitiuction will
benefit global energy needs. The Project spkcificallypilot SLP-SAGD to confirm thatit is a
viablein situ bitumen extraction technolodgr the Clearwater reservoitf successful, this
technology may be used on otid¢habascail sandsn situ projectsleadng to a reduction in
waterand energyse by the industrip maintainand grow heavy oil production.

The Project will provide benefits to the Alberta economy because of capital expenditures in the
order of $00million prior to the commencement of production operatio@sce production
commences additional expenditures for sustaining capital, operating costs inskidimnegs,

royalties and taxes payahall be incurred throughout the life te Project.

1.5 Regional Initiatives

As described irsection 3 A0S 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 theeed for regional cooperation among a broad variety of regional stakeholder
groups to ensure the sustainability of oil sands development. a®8nd will continue to

consult with Fort McMurray First Nation No. 468hipewyan Prairie Dene First Natiow;jllow

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 (RAMBgprae Crek Resident
Society,Cumulative Environmental Management Association (CEMA) and representatives of
industry stakeholders in the region. As Bneject develops, AOS will maintain its relationships
with these regional groups and with other regional assoegaand groups with interest and
responsibility in oil sands development.

1.6 Project Schedule

The proposedProject schedule is presentedTiable 1.61.

Table 1.61 Project Schedule

2010 2011 2012
Q1] Q2 Q3| Q4

Activity

Q1

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 s applyingto the Alberta Energy Resources Conservation Board (ERCB) and Alberta
Environment (AENV) for regulatory approval to construct, operate and reclaim the proposed
Project.

1 ERCB Application No. 1642894
T AENV Application No. 001265047

1.7.1 Existing Approvals

Currently, there are no EPEXWater Actor ERCBapprovals issued for tHeroject.
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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:

1 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;

T Conservation and Reclamatid\pproval, under Division 2 of Part 2 and Part 5 of EPEA,
to develop, operate and reclaim portions of the Project; and

1 surface water diversion licence to operate a storm water pond. Diversion licences are
issued pursuant to Part 3, Division 1 of Wate Act.

1.7.2.2  Alberta Energy Resources Conservation Board
AOS is seeking the following approvals from the ERCB:

1 approval to construct and operatei@situ bitumen recovery scheme, under Section 10
of the Oil Sands Conservation Act from the Athabasc&@ids Deposit. The deposit is
|l ocated in the McMurray Formation at Cl ear
7407080532;

T approval to dispose wastewater in accordance with ERCB Directive 51 (ERCB, 1994).
The ERCB application for approval of disposal welli be a separate process that will
take place only if Project approval is granted; and

1 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:

1 surface rights dispostins pursuant to thieublic Lands Act
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T clearance to construct the Project facilities in accordance witHiiterical Resources
Act,

T well licences as required under @& and Gas Conservation Act

1 a Development Permit issued from the Regional Municipafitwood Buffalo pursuant
to Part 17 of théunicipal Government Acand

1 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 thapplication for the Clearwater West{SAGD Pilot Project is presented in
one volume that consists of the following components:

Section Ii Project Introduction
Section 2 Project Description
Section 3 Stakeholder Consultation
Section 4 EnvironmentaSummary
Section 5 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
LeaseFort McMurray, Alberta

Appendix 4 Interpreted 2D Seismic Line
Appendix 5 NS #1 and EW #&eologicalCrosssections

Appendix 6 Assessment of the Cap Rock and Underburden Seals at the Clearwater West,
Proposed LFSAGD Pilot Project

Appendix 7 Clearwater WesStaticGeologicalModel 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 1222-088-08 W4M, Clearwater Formation Caprock Study
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Appendix 15 Geomechanicabimulation Study to Determine the Maximum Operating Pressure
for the Clearwater West, Proposed-8RGD Pilot Project

Appendix 16 Air Quality Assessment
Appendix 17 Noise Assessment

All Appendices are included on CD only with this document. Hard copiesvarkable upon
request.
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2.0 PROJECT DESCRIPTION

2.1 Project Overview
2.1.1 Bitumen Extraction and ProcessingComponents

The Project proposes to establish the commercial viabilisplvkent assisted low presswateam
assisted gravity drainag8I(P-SAGD) torecoverbitumenin situ. Thistechnologyuses a

solvent injected into the reservoir in conjunction witkash injection taptimize bitumen
production while reducing water uaad energy input The Project is expected to produce up to
695 ni/d (4,350 bpd) of bitumerand 165 r¥d (1,040 bpd) of solvent with daily dilbit sales of
928 nt/d (5,830 bpd). To meéhese production goatsmaximum of 1,113 i¥d (7,000 bpd) of
steam combined with 188°d (1,150 bpd) of solvent will be injected into the reservoir. The
daily source water volume is 1,23%/th(7,790 bpd) and the water disposal volume is
1,130md (7,105 bpd). The above volumes are subject to change as further detailed reservoir
and facilities engineering work is completethe Projectwill initially consist of six parallel
horizontal well pairspaced 75 m apaithe individual well pair desigis described iBection

2.4.

To minimize the surface land use, the horizontal wells will be drilled &t,smgle pad that is
integrated with the well surface facilities and the Central Processing Facilities (CPF). The
Project proposes to use weltallished bitumen processing technologies. Water recycle
facilities are not proposed for tH&oject

2.1.2  Utility and Transportation Components

2.1.2.1  Electricity Supply

The electrical power required for the project is approxim&ehegawattsNIW). AOS has held
discussions with ATC@&lectricregarding the supply of power for the project and has signed an
agreement with them to provide distribution power sufficient for the Prdje€T.CO Electricis
unable to supply the required power in a timely neantemporary standby generation capability
will be investigated.

2.1.2.2  Fuel Gas Supply

ATCO Gaswill supply fuelgasfor the Project. AOS has had preliminary discussions with
ATCO Gas When contractedATCO Gaswill install a meter station sufficietd supply the
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Project, at a location adjacentttoe existing main distribution systemrATCO Gaswill own and
operate the meter statiorhereasAOS will install and own the gas pipeline systbatween the
meter station and the CPF

2.1.2.3 Diluent and Saks Oil Transfer

The size of thisrojectis 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
relevantagreements will be executed basedrarket conditions at the tintd 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 UnderstandiMU) with the Regional Munigality of Wood
Buffalo (RMWB) for the latter to supply sufficient water for tmitial stages of the #ject This
MOU is presented iAppendix 1

2.2 Geology and Reserves
2.2.1 Geological Data and Control

A core hole drilled in 1958 in the Project Arded/14-22-088-08W4, indicated potentially
exploitable bitumen pay. AOS has drillé8élcore holesn the Project Areand acquired

16.8km of Electrical Resistivity TomograpiRT) surveys in the 2062008 and 2002009
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 fo2Q11, anddrther coe holes are
planned for the 202011 winter drilling programpoth programsubject to regulatory and

other approvals.

2.2.1.1 Exploration Drill Hole Program Information

AOS drilled20 core holes in Sections 21 and 22 to further delineate the reservajuantify
bitumen resource@ive wells in 2008 fourteen in 20082009 andone in 201 In addition, two
wells weredrilled just north of thérojectArea in the southern part of Section 28, to determine
the direction of the thick bitumen trend and help with mapping the resefatiie(2.21).

DecembeR010 Pagel0



Clearwater West LP-SAGD Pilot Project

G ALBERTA OILSANDS INC .
Project Update

Table 2.21 Vertical Test Holes Delineating Project Area Bitumen Resources

Uwi Licence Vgrrtill(f:é D(En%th nggat?[:aease 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
AAJ02-21-088-08W4/0 395267 128.7 23-Mar-08 Abnd
AAJ/04-21-088-08W4/0 395292 136.4 21-Mar-08 Abnd
AA/07-21-088-08W4/0 407248 134.8 9-Janr09 Abnd
AA/08-21-088-08W4/0 395268 129.1 19-Mar-08 Abnd
AAJ/09-21-088-08W4/0 407249 134.8 7-Jan09 Abnd
AA/10-21-088-08W4/0 404122 132.8 8-Dec08 Abnd
AA/11-21-088-08W4/0 404322 131.3 17-Dec08 Abnd
AB/11-21-088-08W4/0 404326 134.3 3-Janr09 Abnd
AA/12-21-088-08W4/0 404085 139.8 4-Dec08 Abnd
AA/01-22-088-08W4/0 407469 142.1 19-Jan09 Abnd
AAJ02-22-088-08W4/0 407470 137.4 25-Jar09 Abnd
AB/03-22-08808W4/0 407474 3415 4-Feb09 Abnd
00/0522-088-08W4/0 395273 129.7 26-Mar-08 Stand
AAJ06-22-088-08W4/0 407467 132.0 15-Jan09 Abnd
AAJ07-22-088-08W4/0 408013 137.5 21-Jar09 Abnd
AAJ08-22-088-08W4/0 407716 136.4 17-Jan09 Abnd
AAJ12-22-088-08W4/0 405296 132.4 13-Dec08 Abnd
AAJ13-22-088-08W4/0 405297 130.0 22-Dec08 Abnd
AA/14-22-088-08W4/0 Y1166 124.1 14-Dec58 Abnd
AAJ03-28-088-08W4/0 404078 119.8 20-Dec08 Abnd
AA/05-28-088-08W4/0 404087 125.7 31-Dec08 Abnd

Extensive open hole logging and core analyses were performed on all exploratiorAwells.
preservedore was takefrom the cap rock in AA/122-088-08W4 andAB/01-21-088-08W4.
A mini-frac test was performed on AA/Z2-88-08W4 and a detailed report isaathed as
Appendix 2

2.2.1.2  Seismic Survey Program Information

AOS conducted a geophysical investigation usingeteetraresistivity tomographyERT)
method. Thd&RT 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, A@8rhied

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 ProjaecidAtea
vicinity consisted of five ERT transedfBable 2.22).

Table 2.22 Details of Clearwater ERT Survey Lines
Line Name Survey Direction Alo\ﬁgtlsct?rlv\é\g/e:line SIS Izr';')e EET
Cwi Southwest to Northeast 07-21-088-08 W4AM 1,500
cw2 West to East 07-22-088-08 W4M 1,200
CW3 West to East 04-21-088-08 W4AM 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 provideth Appendix 3 The resistive anonias associated with thieitumen
bearingMcMurray Formatiorindicate a relatively thick and continuous formatiorheT

overlaying conductive anomaliassociated with the Clearwater Formation are approximately 40
to 60 m thick and continuous along the ERTdine

Subsequently, AOS recorded 2.3 km of higBolution 2D seismic data in September, 2010.
Table 2.23 lists the wells that the seismic survey was tied to. The acquisition parameters were
selected for imaging of the Quaternary period, Clearwater, McMuarad 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 Basismsic would be recorded using 20 m
geophone and a 60 m source interval.

Table 2.23 Details of Clearwater SeismicSurvey Line

Survey Line Length
(m)
201001 | West to Eastf AA04-21, AA02-21, AB0L21,AA01-21-088-08 W4M 2,300

Line Name | Direction Vertical Well Ties Along Survey Line

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 beslightly noisier. This quality of datanabled

the following conclusions:
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1 The Wabiskavshale is continuously present over the entire length of the line, showing
that the cap rock can be mapped oveRt@ect Areausing seismic.There are no
Quaternary kbannel cuts observed on the seismic line.

1 The McMurray Estuarine channel was identified on the data so that the quality and
continuity of thechannelcan be closely estimated.

T Theassyzones o show up clearly on theauodsat a and
zones. Additional processing to creasenplitudeversus offsetAVO) suite of displays is
underway to enhandbe resolution of gassy zones.

T Structural mapping of the top and base of the bitumen deposit is like¢ydocurate to
within 1 to 2 m.

An interpreted seismic line is attachedAippendix 4

A 3-Dimensional 3Component (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 ti@earwater West area consists of Devonian, Cretaceous, and
Quaternary sediments overlying the Precambrian basefignt¢ 2.21). The Devoniaraged
strata underlie the prospective Cretaceous reservoir sediments, and are separated by the
sub-Cretaceousinconformity. A thin veneer of Quaternary sediments in turn overlies the
Cretaceousediments.Appendcesb5aand5b are NorthSouth and EastVestlog crosssections
through theProject Area illustratindrom the ClearwatefFormation througho theBeaverhii
Lake Group.

2.2.21  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 majeethalley system.

The overlying Wabiskaw Member represents a marine shore face system conformably overlying
the McMurray Formation.The Wabiskaw Member may contain oil samdwere it is present

Due to the poor quality of the Wabiskaw and the presehaeshale layer between it and the

main McMurray bitumen pay, the Wabiska&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 aadanarked 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 wherspace 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
insidea welldeveloped major incised valley system. The available well data indicates the
presence of stacked fluvial channel sequences as thickmas B8 the estuary continues to
move landward, the upper portion of the transgressive sequence is geeenallgd by shore
face and/or tidal channel erosion, depending on whether wave or tidal processes dominate.

The principle resenir of interest in the Projectr&a is the McMurray Formation. The Project is
surrounded by a number iof situ oil sands projetsin the broader regigrsome of which are on
production and others in various stages of development.

2.2.22 Devonian

The Palaeozoic section in this area comprises the Elk Point, Beaverhill Lake, and the Woodbend
Groups Figure 2.21). The uppermost unis the late Devoniaaged Waterways Formation of
the Beaverhill Lake Group.

The Devonian top in this area varies from 245 to 26ibove sedevel (ASL) (Figure 2.22).
Typical core hole drilling depths in this area are 120 to 150 m measured depthtitistelore
wells fully penetrating the Devonian are uncommbigre 2.23).

Underburden Seals, Beaverftl Lake Group

The Waterways Formation of the Beaverhill Lake Grizup carbonatedominated interval that
consists of calcareous shale and argillasdmnestonegmmediately underlying the McMurray
Formation at depths between 115 and 130 m. This contact is H@&swzeous unconformity,

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

Underburden fractures are potential lost circulation zones and are an important consideration in
designing for SAGD production. Although upper Devonian fracturing is comnuotasigrvedn

core and Formation Micrbmager (FMI) logs, the existenoé 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 witlbevonianaged mudgredatingthe 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/42A1) and one northwest of the Project Area (AAXE).

These arenterpreted as localized open fractures and are not widespread. Up to 5 m of
McMurray bottom shale unconformably overlies the Devonian carbotitatagghout most of

the areaand contributes to the bottom seal. A detailed description and assessment of the
Beaverhill Lake underburdeseal isfound inAppendix6.

2.2.23 Cretaceous

Clastic sediments of the Cretaceous Mannville Group unconformably overlie the Palaeozoic
Devonian sediments. The Cretaceous Mannville Group includes the McMurray and the
Clearwatef~ormations Figure 2.21).

McMurray Formation

The McMurray Formation is of lower Cretaceous age and unconformably overlies the Palaeozoic
Waterways Formation. The McMurray Formation is typicallyn6thick, and can locally be

informally subdivided into two unitshe Middle McMurray and the Upper McMurrayigure

2.2-3). The MiddleMcMurray is the basal, thicker, heterogeneous unit, whereas the Upper
McMurray is a thin, homogeneous sand. The cortteivween these units @&continuous marine

shale at about fivenetresbelow the top of the McMurralyormation

Middle McMurray

The top of the Middle McMurray ranges from3@ 315 m ASL (Figure 2.24) andis relatively

flat showinglittle variability. The Middle McMurray ranges from 54 to @1ithick, and averages
55m (Figure 2.25). The variation in thickness of the Middle McMurray can be attributed to
relief on the underlying erosional surface of the Waterways Form@tigare 2.22). Middle
McMurray sediments consist of fine to meditgrained sands, mud, nuathst breccias, and
subordinate coarsgrained 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, cilosdded, clean sand units

(Figure 2.23), and trend roughlyorth-south. These thick, clean sands have a blocky gamma
ray signatur@n open hole geophysical loggheregamma ray values range from 25 to 45 API
Thedensity porosity values are typically greater than 33%. Small mudsteunp diasts, coaly
debris, small muddy flasers, and thin, unbioturbated to lightly bioturbated mud laminae may be
present in this faes. The crosbedding and transported +yp clasts are evidence of the high
energy nature of this facief\lthough notan indicatiornof, thepresence ofoaly debris is
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consistent with a higlenergy environment. Bioturbation is uncommon, but is logatgent in
some thin mud laminaePRlanolitesis the typical trace fossil preseitalassinoidesnd
Cylindrichnusare present, but are subordinate featufidss restricted trace fossil suite is
consistent with a stressed depositional environment.clElae, blocky nature of these sands and
the linear distributions consistent with a highnergy channel deposit. Breccias in feject
Area are distributethroughout the Middle McMurraylhe breccias do not correlate from well
to well and have limité 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 telightly 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. Theeunits at the top of the Middle McMurray are mddminated and are

moderatey to strongly bioturbated. The trace fossil suite is restricted and is dominated by
PlanolitesandCylindrichnus The interbedded sand and muatkrvals arenterpreted to be

lower energy deposits associated with estuarine point bar deposition. Disitifetetre scale

mud laminae to decimetre scale laminated mud and silt are also préseseare more

commonly present in the lower to middle portion of this unit. The thin mud laminae are
commonly deposited within ripple bedforms. This is evidehaethese 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 thickeisrare generally unbioturbated

and were likely deposited under moderahergy.

Thick Estuarine Channel Sand, McMurray Formation

Trending through the Project Area is a discrete, shomdinated channel within the middle
McMurray (Figure 2.26). 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 sysenossbeddel sands. These current

beds are detected in FMI logs and are dominated by northward dipping features consistent with a
northwardflowing channel system. These sands locally contain mudstoup Gfasts and

grade into mudstone breccias. The currenspepup clasts, and breccias are all deposits
associated with deposition within a very higihergy environment. Fluideposited mud laminae

are present in some portions of this channel system and typically have no to minor amounts of
bioturbation. Extasive 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 hignergy deposits is consistent with an interpretation of fluid mud
depasition in a highenergy 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 higfeiostratification(IHS). FMI data in the
southeastern portion of Section 22 shows consistently westward dipping IHS beds and is
interpreted to be uetated to the thick, sandy, estuarine channel. iffteebeddedand and shale
units of the point barare expected to be more laterally continuous than those within the
estuarine channedkigure 2.27 illustrates the difference between a channel andchamnel

well, AA/02-21 and AA/0121, respectively.

Intervals immediately above the estuarine sand are locally slightly lean as evident in the neutron
density crosover (gas effect) onopen holdogs. Thes@assyzones are not correlative and

occur at different stratigraphic levels within individual welisl throughout the Project Area.
Thegassyzones are interpreted to form underneath muddier permeability baffles and are
interpreted to be discontinuous due to their irregular distribution from weklioThe SLR

SAGD well pairs will be placed at thmse of hethick 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 n&asement horizontal wells will be addedse to

the Devonan 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.In thick, and averages O8. This mud contains some small, remnant laminae
but is charactesiically thoroughly bioturbated.

A cleaning upward, fingrained 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 mare shordace. In the Project #ea, the top of thelpperMcMurray

ranges from 313 to 30@ ASL, and is relavely flat (Figure 2.28). Thicknesses of the Upper
McMurray sand are generally 3.0 to 4.6 langure 2.2.9. The 5.4 m thick Upper McMurray

sand in thed A/09-21-088-08W4 well is slightly thickethan normaland with the 1 m upper

mud, this wellshows up as a 6.4 m thick isopdcbationin Figure 2.29. The McMurray

Isopach is relatively consistent ranging from 52 to 61 m thiakufe 2.210)
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Clearwater Formation

The Clearwater Formation is subdivided into the lower Wabiskaw Member and the Clearwater
shale. This unit is Cretacecaged and conformably overlies the McMurray Formation.

Wabiskaw Member

The Wabiskaw Member is a bioturbated, glauconsétigly sangthe depth rages from 317 to
311 m ASL Figure 2.211). Itis laterally extensive and has little structural variation in the
Project Arearanging from 4 to 6n in thicknesgFigure 2.212). This unit cleans upward from
brownishmuddy bioturbated sand intelativelyclean sand with wavgenerated ripple laminae
It is ultimately capped by a greeniginey, muddy, robustly bioturbated, glauconitic sandstone.
These sedimentsere deposited in marine shore face to prodelta cycle.

Clearwater Shale

The Clearwater shale is pervasive in this aréaonformably ovedys theWabiskaw Member

and is unconformably overlain by Quaternary s
Clearwater shale is made from a limited wireline log stotesisting of gamma ray and neutron

logs measured from behind casing at depths of 10 io. 1%he depth of the Clearwater shale is

relatively flat in the ProjecArearanging from 362 to 376 m ASL but drops to 356 m ASL in the
Clearwater River valley tde north Figure 2.213). 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 anilll provide an excellent cap rock fibre SAGD

process.

Cap-rock Shales, Clearwater Formation

The Clearwater Formation is generally shale with interbedded silty to sandy mudstone. -The cap
rock thickness rangdrom 46 to 61m in the Project AreaHigure 2.214). Fracturesets forming

a pervasive patvay system through the cap rock were not observed in the datasets evaluated.
Further description of the analysis of the cap rock is fourgkation 2.3.4

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

Ahori zontal fractureso ar e beddingplamesdithd r act ur es
mudstoneThe origin of these partings is a phenomenon that occurs dfigimy the core to

surface where the overburden pressure is removed and the core becomes dehydrated. Partings in
the core would likely not occur in am situ unlithified shale; they would not exist to the extent

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

FMI logs, warm core data (AB/621), and an xay of preserved core (AA/122) support this

contention.
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2.2.24  Quaternary

Unconformably overlying the Clearwater Formation is a relatively thin veneer of Quaternary
sediments dominated by glaciolacustrine clays and silts. Thickness of Quaternary @eplosits
muske varies between 3 and 21 m. Mediter channels in the Project Area do not sigaiftly
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 B tothick. Quaternary thicknesses based on
log signatures range from 2 t@ h. The Quaternarthins toward the nortdueto surface
erosion.The Quaternary sediments of this area are dominantly glaciolacustrine clays and silts
(Bayrock, L.A. and Rimchen, T.H.F.; Map 148, 1973)ith a narrowsurfacemeltwater channel

in the north(Figures 2.2-15and2.2-16). Scafe et al. (Map 393, 1988) sampled and described
seven sites iBections 2and22 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, limiedentmeltwaterchannels trending easted

(Figures 2.217and2.2-18). These two small muddy sands were not observed in thengireli

logs and do not significantly incise the Clearwater, as can be obselfviediia 2.219.

2.2.2.5 Log and Core Characteristics

In addition to normal logging anwbring opeations,FMI logs were run on five wells in the 2009
winter drilling program, all of which are iBection 22and one well in 2010, AB/621. The
interpreted results show that the dip patterns of the shale laminatiohedsdithin the
McMurray Formation are different in all six wells. In the geological madéppendix7, the
interpreted results of the FMI legndicates that these nopay intervals are likely discontinuous
and will not act as a barrier to oil sands production during a Sébation.

2.2.3 Bitumen Distribution and Reserves

2.2.3.1 Bitumen Reservoir Geological Model

AOS engage®tatios Softwarand Services Inc. to update Bkearwatestatic geological
model using alk3 core well data (logs, core analysis, ERfRe petropysical analysis provided
by Spectrum 2000 Mindware and the AOS geological interpretation provicstion 2.2.2
The geological model providegprobability base@®-D description of the interval between the
bottom of the Clearwater Formation shalen@dered the main cap rock) and the top of the
Beaverhill Lake Group.
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The23wells within the modelling area penetrate the entire reservoir interval. Basic information
such as well location (X and Y ardinates), KellyBushing elevation, and bottom degBD) 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 (PEFatogell as conductivity and
compressional sonic logs. FMI logs were also recorded and interpréies wells.

Cores were taken for all wells andnventionatore analyses were performed. The desting
program was comprehensive and the heterogese@iitbin the reservoir interval were well
representedithin the cores These core analyses were used to calibrate the petrophysical log
interpretationCombined interpretation of FMI and core photographs resulted in the development
of a representativeet 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. AiMudcl ast Br elmodclastbredcia fadies defined wihlthe core
photographs. Breccia are usually located athegide of the channel bars, and were
created by collapse along the slope of the;bars

2. AiClean Sandod included the TroughtBdaldedss Bed
and Laminated facies that correspond to channel bars under tidal influence

3. ilnterbedded Heterolithic Stratificationo
shalycurrentta mi nat ed mud and sand f aci esetion Al HSO
and

4. AShaled included the muddy facies and corr

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 asation 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
extengon of the genetic facies within the model. To complete the model defirtii@e

additional facies were specified for the Ar@servoir intervals:

5. iMarine Shaleo for the Upper McMurray info
Clearwater Formation;

6. Marine Sando for the Upper McMurray unit a
7. AhCarbonatedo representing the Beaverhill L a
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ACl ean Sando, representative of chamael depos
preferential direction of elongation addposition. 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 morethan8of A Cl ean Sando.

The Al HSO0, interpreted as | ateral bar accret.i
channel bars, but over a more restricted hori
increases toward thep of the reservoir, representing the progressive rise of the sea level
(transgression) and the increasing rate of |asidt in the tidal channels.

The AMudcl ast Brecciaodo was generated by the ¢
facies appared as localized accumulations of limited lateral extent; however, they were frequent
events, which were disbuted throughout the model.

The AShaleo facies corresponds to mud plugs a
abandonment phase bt depositional sequence. eBgfacies were often eroded by the next
depositional sequence, and thus showeddidnixtension and distribution.

The variable thickness of the shaileshe Upper McMurrapver the study area formed the
main reason to corggr 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 sandsoiegaality
assessment are:

volume of clay (Miay);
effective porosity;
permeability (horizontal and vertical); and

=A =4 =4 =4

fluid saturations.
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Viay, 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 potentiakell 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;

l
il
T property distribution through mathematical algoritharsg
)l

validation of the results.

Gassy zones are prevalent throughout the McMurray Format®eadtions 2and22. The
gassy zones contain up to 50% bitumen saturation and appear to-termedatable between
wells. Special care was exercised when ithgting and validating thgassyzone distribution in
the 3D static geological model.

2.2.3.2 Bitumen Reservoir Quality

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

sands reservoir with very highpoo si t y, permeabil ity and oil sat
reservoir quality found isections 2and22canbe r anked i n t heinfhé¢ op ti e’
Athabasca fairwayA compari son of AOSO6 Cl earwater West
shallow SAGD reservoirs is presentedraible 2.24.

Table 2.24 Reservoir Parameters for Three Shallow SAGD Applications

T Sunco.r . Total i AOS .
MacKay River Joslyn Creek® | Clearwater West

Bitumen Gravity (API) 8 8 8

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

Initial Reservoir Temperature 7°C 8°C 6°C

Initial Reservoir Pressure 300500 kPa 800 kPa 150 kPa

Porosity 33% 30% 30%

Oil Saturation +80% 76% 80%

Horizontal Permeability 6.4 D 4,800 mD 39D

Vertical Permeability 3.4D 3,360 mD 29D

12005 MacKay River oil sands progress report, P€moada, Slide 22
22005 Joslyn Creek oil sands progress report, Deer Creek, Slide 59
® Average properties final simulation model describedppendix13
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Dead oil viscosity measurements on mechanically extracted bitumen at ten different depths from
frozen core samples from well AA/422-088-08W4/0 suggest a progressive oil alteration from

top to bottom, witHower viscosityoil located at the top of the mwoir (Table 2.25). The full
reportcompleted by Gushor Inc. in January 2009 regarflind property and geochemical
characterization of Clearwater West bitumen is attachégppsndix8.

Table 2.25 Dead Oil Viscosity, API and Weight Percent of Sulphuin Bitumen
Measurements for Well AA/11:22-088-08W4/0
Gushor | Sample Viscosity Measured (cP) API Gravity wit%
Sample Depth S
ID (m) o . . . 2 s :

20°C 50°C | 80°C | 150°C 185°C 15°C | 20°C
#6493 73.5 177,967 | 4,808 | 533.9 | 240 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 oll 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 bEmeetsll
reportdated March 31, 2018 includedasAppendix9. Reservoir simulationperformed in
October 2010 and describedSection 2.3.2redicted 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 tieecked t
results mentioned in the resource report with the volumes calculated byptgedogical 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

2.2.41  Analysis Method

After reviewing the available data, AOS concludes there are no McMurray Formation intervals
in the Project Area in whichwater 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 L@i7-089-08W4)

which has shen significant water withdrawal rates from the McMurray Formatimrt is

located north of the Clearwater River

Two structural crossections, NS#1 and EW#2, with the open hole logs, facies, and petrophysics
areattached ag\ppendix5. The crosssectiondncludewater saturation§w) calculations by
Spectrum 2000 Mindware LtgRoss CrainPetrophysicist) and demonstrate the absence of
connected groundwater in the McMurray Formation in the Project area. Lean, low resistivity
intervals are recognized oudsi 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 petroplay$agsanalygs are often

high Sw intevals 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 bedsfiid&0, in particular outside dhe Middle
McMurray estuarine channel, is also reflected in the discontinuaiusenof wet or lean

intervals.

A review of the water well drilling resulisithin approximately 8 km of the Projestas
undertakenHistorically, 42 wells were drilled for dornsgic or industrial water use in the
Clearwater area from 1922 to 2001. An overview of these wells is includggpandix10.

The water well locationshown onFigure 2.220 appeatas 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 Ozd@y4) Appendix11). Orange circles
represent groundwater teststhe 1to 5 gallon per minute®&PM) range and the pink circles
represent 50 25 GPM range. Theumbers in the coloured box represent the withdrawal rate in
GPM and the depth of withdrawakigure 2.221is a schematioorth-southcrosssection
throughthe Project vicinity
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2.2.4.2 McMurray Penetration Wells

Only three water wells werdvancedieepenough tgenetrate the McMurray Formation within
08808W4. These wells,rB Cor Hole #3: NE-13-088-08W4, Alta Energy:07-25-088-08W4

and Ata Energy:05-26-088-08W4 are highlighted oRigure2.2-20. All three of these wells
showed no water withdrawal rates and were abandoned.

TheBarnwell of Can Ltdvell was drilled at 1207-089-08W4, eightkm northwest of théroject
Area This well penetrated the McMuary Formation anevas completed at a depth of 85.3 m for
industrialpurposes This well is on the north side of the Clearwater River vallay therefore is
not connected to the McMurray Formation south of the Clearwater River in the area of the
Project. his well is interpreted to penetrate a discrete McMurray aquifer.

An additional well near Sage Creek is the 1998 PTMEngineeredsystemgNW18-88-7W4)

well drilled to a depth of 60.9%. The withdrawal rate, at 285 GPH, is high for this area, and the
withdrawaldepth is listed as 42/ m. The McMurray Formatiommccurs at approximately 780
metres based on opéole logs from offsettingil company wel. These logs aldadicate a

thick basalower McMurray Formationwater zongapproximately 50 metrdselowwhere the
PTMC well would have terminatgdrhis lower McMurray interval does not occur in the project
area, but AOS intends to investigatéuither as a potential water source in theZD11 drilling
program. The crossections iPAppendix 5showthat McMurray Formatiomvet or lean intervals

in the area arsparsedisconnectedand the water is mostly bound and immobile.

2.2.43 Railyard AreaWells

A series of 14 wells were drilled in 1982, and an additional well was drilled in 1998 near Saprae
Creek for the railyards fivem to the east of thEroject Area Of the 14 wells drilled in 1982,

six were abandoned and eight were classified as New Wells. Theseverdtsilled to a

maximum total depth of 23.1, andwithdrawaldepths ranged from 5.18 to 10.36 No

nearby open hole logs are availgllleweverthese wells terminated in the Clearwater shale

level andwerelikely drilled through unconsolidated glacial sands and gravels in the Saprae
Creek valley. Withdrawal rateaveraged 24 GPiith one wellwithdrawing at a rate &9

GPH. These rates are consistent with rates from Quaternary sands and are not expected to be
from the Clearwater Brmation.
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2.2.44  RemainingWells

AlbertaMunicipal Affairs drilled a well in SW25-088-08W4 to a depth of . This well
encountedbeariwagt ¢ i meghadiatsedenent This weallgroduced water at

4.0 GPM from 5.2n depth and then the well was abandorte remaining wells in the
surrounding area show no withdrdwates from any zone. Thdepth of thee wells rangefrom

10 to 61m. 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 SolventAssisted Low Pressuresteam Assisted Gravity Drainage $LP-SAGD)
Recovery Process Description

The commercially establishéa siturecovery method for the Athabasca oil sands is SAGD. The
Project proposes to establish the commercial viabilitgld?-SAGD as a modifiecdpproach to

in situbitumen recovery technology to optimize Clearwater West bitumen production while
reducing wateand energwse. This method was selected due to the shallow nature of the
McMurray reservoir in this region that requiresetatively 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 located4 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 saredervoir In theSLP-SAGD variant ofin siturecovery,

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
gpaced at 75 m apart will be drilled into the good quality McMurray reservoir at a depth of +/
105 mKB within the channel describedSection 2.2 These wells will be landed thte base of

the estuarine channel satedensure 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 basesaisnivil be

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

AOS is considering testing Electromagnetic assiS8&D (EM-SAGD) in conjunction with
SLP-SAGD; however, the evaluation of the technical feasibility dt-&AGD is in the
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preliminary stage. If AOS decides to pursue a test ofENED 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 successfulpplication of SAGD irashallow reservoir in th®icMurray Formation is found at
the Suncor MacKay River SAGD Project (formerly Pelranada)n which thewell pairsare
landedaround 125n depth.

The nitial operating pressure at Mackay River was 1,750 kHag. longterm opeating
pressureat McKay River are between500 to 2,000 kPagased orthe depth to the top of the
McMurray multiplied bya measured fracture pressgradient of 21.5 kPa/m aragpplyingan
appropriate safety factohis project has shown that SAGD carccessfully produce economic
volumes of bitumeln situat relatively low operating pressures.

Based on extensive analysis of the capr&scfion 2.3.)4 the preliminary allowable safe
operating pressure in the Project Area has been determined to 0&kRd&{8). 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 mifnac test, warntore analysis, and 3D seismic program once the
data has been obtained.

23.1.2 SLP-SAGD

Although ithas beempredictedthat theenergyefficiency of the SAGD recovery process
improves with lowering operating pressures, at lower pressures bitumen prodatd®are
reduced as a result micreased bitumen viscosity duethe lower effective operating
temperature Near the bottom of theeservoirin the Project Area, théscosity measurements on
dead bitumen is3times more viscous than the oil at thepth of the proposed horizontal wells
and is 27 times more viscous than the oil at the top of the reseAtdl;0 kPa the effective
steam temperature is approximateB@°C resulting in an effective bitumen viscosityld¥ to 40

cP in the horizontgbroduction 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 byhe Cenovus (formerly EnCana) Christina Lake solvenhgaction pilot,
thesolventassisted SAGD process reduces the steam consumption per barrel of flowing bitumen
and increases the recovery factor for each well pair.

DecembeR010 Page27



' ALBERTA OILSANDS INC .
‘ Clearwater West LP-SAGD Pilot Project
Project Update

In a SAGD reservoir, the steam chamber operatasatrlyconstant temperature based on the
saturagd 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 ordeofeent in the

SLP-SAGD process to function propetitymust stay vapourized in the central portion and then

start to condense near the outer edges of the steam chambar the process, dissolve into the
bitumen. The solvenmust havehe followingcharacteristicso achieve this

T be completely miscible with the bitumen;
1 be a vapour at the wellhead conditions of the steam injection line; and
1 be condensed at temperatureS®@ss tharthe steam chamber operating temperature.

A reportby Pattinson Egineering Ltd. in February 2009 regardihg preliminarysolvent

selection process and thasicsolvent selected is included Appendix 2. Severatiluents

were evaluated by fractionating the feedstock to produce a relevant solvent for the reReevoir
amount of relevant solvent availablegachfeedstockwvas calculated The remaining feedstock

can be used as process diluent in thdredting process to reduce the density and viscosity of

the oil and as diluent in the sales oil straammeet pigline specificationslf the volume of

diluent remaining after solvent removal exceeds the volume of process diluent needed, then that
particular feedstock is not an acceptable opfiamther technical work to optimize the most
economical and efficienbdvent composition will be undertaken in the future.

Once the relevant solvent composition was determiméue Appendix 12report it was used in
thereservoir numericaimulationsto determine its effectiveness as compared to basic low
pressure SAGDmeration. A detailed description of the simulations and the effect of solvent
co-injection on the efficiency dBLP-SAGD are included in the reservoir simulation report
provided inAppendix B.

2.3.1.3 Basement Wells

The primary horizontal well pairs wibe located a certain distance above the Devonian
unconformity to ensure the full length of the horizontal well sections are placedtimdke
estuarine channelPlacing these wells at this location results in bypasbiegeservoirbelow.
AOS plans to drill single horizontal basement wells below and betwe&LBEAGD
horizontal well pairs in order to capture tmgially 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 comaation 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 engage@®PS Energy (RP3p perform STARSwmericalreservoir simulations using the
geological modethat wasgenerated bftatios Software and Services lraescribed irSection

2.2.3 STARS is an advanced processes thermal pseoihpositional reservoir simulator

developed andharketed by Computer Modeling Group Ltd. (CMQhecomprehensive RPS
simulationreport is provided ippendix B. The repordescribes thdetails of the simulations
performed by RPS to predict the behaviour of individual well pairs and the wholpagelihe

steam chamber expansion inside the reservoir, the movement of the solvent inside the reservaoir,
thein situenergy balance, and the potential bitumen recoveries.

2.3.2.2 Simulations Results

The static geological model was imported into CMG'spoeessor 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 ofhe reservoir simulation model it wdsughtthat

relevant geological heterogeneitigsuld be preserved if the m thickblocks perpendicular to

the direction of the horizontal wells are refined into 2 m blocks. This was deemed appropriate to
capturethe conductive and convective heat transfer that affects a typical SAGD process.

Calculations were performed fahe combinedpilot well pad. This combined PAEomprised

six low pressur&LP-SAGD well pairs located some 75 m apart and oriented from the south to
the north with nominal well lengths of 60Q iirhe 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 zonemaitti®tumen

recovery processf 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 gasiipjedi 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 treriastehannel 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 reservairthe near wellbore region without many impediments. The

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

pl acement of future fAbasemento production
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 th&LP-SAGD production wells and up.

The computed oil rateumulativesteam oil ratipand solvent retention for the pilot scheare
presented ifrigure 2.31. Theillustratedsimulationresults represemihe application oSLP-
SAGD in all six well pairs but do not include recoveries from the basement wells.

2.3.2.3 Recovel Estimates

As previously stated, pilot recovery factors are calculated from the level St TR8AGD
production wells and up. TH&_P-SAGD well pairs are not expected to recover significant
volumes of bitumen from below tt8&l P-SAGD production wells. Td calculated recovery
factor is deemed relevant for a representadiE-SAGD well pad.

After 10 years of continuous simulated operations without the implementation of a well blow
down phase, thEroject bitumemecovery was estimated &% in the pad diaage area with a
cumulative steam oil ratio of8 andreservoirretention of 23% of the injected solvemtble

2.31 captures the main simulation results &P-SAGD. All simulation results are presented,
described and discussedAppendix 13
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Table 23-1 Summary of Simulation Results for SLRSAGD

Annual Average Performance Rates Ratios
Year Production (m%/d) Injection (m?/d) ISOR CSOR
Oil o]] o]] Water | Gas | Solvent| Water | Solvent (smrfsnT) | (sn/sn)
(Total) | (Light) | (Heavy)

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 2.31 ( ¢ o Sutmayry of Simulation Results for SLRSAGD

Cumulative Performance Volumes < Solvent

< Accounting
Py
Year Production (10°m?) Injection o .
(10°m?) S =

- ) -5 |E |2

=0 |=2 | =2| & < S S S 1S o) 8

ot |6d | 6L = O 0y = 0 - o2 3

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 | 1607 | 289 | 232 | 1542 | 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 | 2355 | 757 59 63 37
7 1,719 | 1,161 | 559 | 2923 | 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 | 1412 | 684 3,753 | 466 880 3574 | 1,163 81 76 24
10 | 2,249 | 1516 | 733 | 4,156 | 478 | 1,006 | 3981 | 1,299 | 87 77 23

2.3.3 Reservoir Performance Monitoring

Otherin situ operatordave usea tiltmeter array ovethermalschemeso effectively monitor
reservoir performance. This technology is ablm&asure heave and/or subsidepecevide an
early warning system for potential casing and/or cap rock breachesidicate steam chamber
growth and volumelt is proven as an effective method to monitor surface deformation and to
extrapolate these surface measurements downwards t@lyedetermine the reservoir

conditions that caused this deformati®@S has signed an agreement with Halliburton Pinnacle
Technologies to provide a tilt meter arraye tilt meter data will be monitored daily by

Pinnacle who will notify AOS immediatefpr 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 serainthly through the

testing facilities. All produced fluid flow through the mé&acility 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 ad 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 productionwiells

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

readings at various points along the length of the wellbore. vilithigrovide temperature and
pressure profiles along the length each well. These profilebeased 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 AQ&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 ofSLP-SAGD operations. Thebservation wellsvill be equippedvith pressureand
temperature sensors. The first observation well, the 1A2288-8W4, was drilled and cased

in 2008. The second observation well, 1AB&Mt88-8W4 was drilled, completed and

abandoned in March of 2010. Another observation well (LAR/DB88-8W4) will be drilled

this winterand equipped with thermocouplel 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 regitleninjection 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 20162011 winter season if surface access into the asgapi®ved The effectiveness of

time lapse seismic for reservoir monitoring purposes currently in use by other operators will be
closely evaluated to determine thiéectiveness anftequency of follow upseismicacquisition
programs.

2.3.4 Cap Rock Evaluation

As previously described in the Clearwater Shale portio8eaftion 2.2.2the Clearwater Shale
abovethe Wabiskaw Membendthe McMurray Formation is considered the primaap rock

in the Project Area. There are also some thin shale/mud intervals atehaf baes 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 ProjElcése 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 rockontop of the target formation to act as a containment setidémteamthat is injected

into the target formationAOS 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. rkineompleted to date

includes a series of special core analyses, afmiaitest, determination of geomechanical
properties based on detailed well log analysis, 2D seismi&RAdand preparation of log cress
sections to determine internal cap rock dtrces, cap rock thickness and cap rock continuity. A
coupled geomechanical/reservoir numerical simulation of the imp&itRESAGD operations

on the cap rock integrity was also completed. Additional 2D and 3D seismic along with further
special core analisand an additional miffrac are planned in the near future.

2.3.4.1  Special Core Analysis

As part of the 2009 winter drilling prograpreserved stat@inslabbed)efrigerated (not frozen)

core material wasollectedfrom the AA/12-22-088-08W4M well for a cap rock study

Preserved state core was also obtained from the ARIIIB808W4M 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/021-088-08W4M well that iplanned 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 ofthe Hycal Energy Research Laboratories Ltd. special core analysis for the-22/12

cap rockis provided inAppendix H4. This report contains the results from a series of special

core analysis tests conducted to evaluate the sealing capacity and str¢mgttap 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, anday diffraction (XRD) to determine mineralogy. Included in this
report, OmniLaboratoriegprovided 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.

Thepreserved coréom thel2-22 well was transported to Hycal Energy Research Laboratories
for analysis The entire cap rock interval for the well was subjectedry»analysis to select
samples that were dense, homogeneous and free from any coring induced fracturing or
disturbances Thefinal selection of the location of the cap rock samples was made jointly
Hycal and AOS.
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The shale samplassed in the core flood/gas intrusion tests were téioen 48.2, 57.4 and 63.0
m depth Figure 2.32). In this test progranthe brine permeabiliy was measured (using fresh
water to approximate steam condensate) at 20°C and eleéo@86°C tostraddleconditions
expected at the maximusteam chamber operating temperatukesummary of the low and

high temperature stabilized permeability datagach phase of the test on the cap rock sample
from the well ispresentedn Table 2.32.

Table 2.32 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 107 431x10" | 7.36x1C°
Brine Permeability at 235°C (mD) 1.15x 10* 3.77x10¢" | 1.55x 10
Maximum Gas / Steam Permeability at 235°C (n] 2.93 x 10° 277x1¢ | 7.81x10

Foranacceptable thermal cap ro&fectivelow and high temperature permeability to brine of
less than 0.001 b (1 microDarcy) is desirableBased on the limited number of samples
evaluated, théest datandicatesthe density and permeability of the cap rock is variable with
spatial location whin the zone, witla 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 permeabil8gople 1 was in excess
thenormally acceptableriteriafor agood quality thermal cap rock, at high temperathee

thermal expansion of mictfvactures in the cap rock or mineral transformation resulted in a
significant reduction in permeabilityThus at the estimated stealhramber temperature

conditions the results suggest that both samples exi@biteability well below the 0.001 mD
level. It appears that portions of the interval also have sufficiently low permeability at low
temperatureSample 2) to act as an adequatal séermeability 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 MRamdscted otwo
intervals of cap roclat 50.2 and 63.0 m. Thesultsaresummarized iMable 2.33.
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Table 2.33 Summary of Pressure Testing on Cap Rock (Well 122-088-08 W4M)
Sample | Helium |Median Pore Pore Throat Types Jilnic=hiclcl i
Sample Denth | P . Throat Si Intrusion | Estimated
D =y for(:_sny roat SIz€ 1 viicropores | Mesopores| Macropores| Pressure|  Swir
(m) | (raction) | (Um) | “(<1pm) | @-3pm) | (3um) | (MPa)
63.05 0.114 0.910 54.4% 45.6% 0.0% 549 32.0%
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 characteristi&@mple 2 indicate 100%

microporosity ovethe 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 2.34).

Table 2.34 X-Ray Diffraction Analysis on Cap Rock (Well 1222-088-08 W4M)

Mass %
3 o]

Depth | 8 g 2 ) 2 0 2 Q > 2

m | § | 38| s | E |5 |5|58| & ||| £ |33 %

g = <) S S| 2| = S | 35 £ 2 |30 2

& i 2 8 o s | © o N S |z 0
50.15| 395 | 4.0 44 | 141 | 283 | O 34 0 3.6 | 2.7 trace 0 present
52.22| 339 | 3.8 35 104 |314| O 08| 13| 59 | 6.1 2.9 0 present
5749 | 715 | 34 2.9 4.9 0 0 12 | 27 | 1.7 | 7.8 2.4 1.5 | present
0 18 | 35 | 81 | 10.7 9.4 1.8 | present

63.05| 49.3 | 6.5 4.9 4.0 0

The compositional analysis of the Clearwater matrix indicated a significant concentration of
siderite and dolomite in the upper section of the cap woitklow quartz content in contrast to
the lower portion of the intervalThis appears to be contributing to the higher density and lower

temperature permeability of thgper 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 describegiiction 2.2.1.2 The full ERT report is included in
Appendix 3and the Interpreted seismic data is include8ippendix 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 maind secondary cap rock intervals are also correlatable
over the Project Area using well logsppendix5). 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 AAR®88-08W4 well in March of

2010. The purpose of this work was to assess the rock stresses in the McMurray Formation and
guantify a safe operatinggssure foSLP-SAGD operations in the Project AreRetroleum
Geomechanickc. supervised the acquisition and completed the initial interpretation of the data
obtained from this testing. detailed report can be foumad Appendix 2

Petroleum Geomechars 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 Rigdarsaway 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 prestata 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 ét¢erps lower than expected.

Based on the uncaiinty 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 tt annther

series of minifrac 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 Undburden Seals

Quialitative and quantitative assessments of the cap rock dedounden seals at the Project

Area based on the available core analysed$-dfidogs fromwells proximal to the Projectraa

were completed to establish the relevant charadteyist the formations This data wathe

input intoa geomechanical numerical study. The detailed report on the assessment of the cap
rock and underburden seals at the Project by RPS Energy in June 2@&0fcand inAppendix

6.
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The assessment indicatthat the cap rock is a continuous sealing unit aiithology mainly
comprised of mudstone and shale interbedded with sandstone and siltstonaf. thiesbserved
fractures are orientated horizontal and seldwresecondary infill materials observddost
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 figfusecondary infill consisting of clay and/or
carbonate.The fractures are expected to provedenefluid loss regions within the underburden.

2.3.45 Geomechanical Model for Clearwater LRSAGD Pilot

A coupled reservoiandgeomechanical simulatistudywas completed by RPS Energy in
conjunction with Taurus Reservoir Solutions Ltd in October 20Te purpose of this study

was to simulate the effect of short and long t&iofP-SAGD operations on the integrity of the

cap rock and underburden and to pdeva recommended steam chamber operating pressure. A
secondary purpose of this study was to provide an estimate of the surface deformation resulting
from long termSLP-SAGD operation. A copy of this report is providedippendix15.

The analytical methodtilized in this study has provided a conservative estimate of the
recommendedperating pressure. There were numerous geomechanical and stress parameters
required for the simulation model in which a definitive value was unkrfontie 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 incorporatedtire 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 000 kPa (a). The maximum surfadeformation 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 Horizortal Wells

Theprimarywell pairs will have a completed horizontal section lengtapgroximately 60 to
700m drilled at a 48 slant from surface with an averagertical depth of approximately 106
110 mtrue vertical depthTiVD). AOS plans to drilkix horizontal well pairs for the Project,
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each consisting of a steam injection well and a production kedlddition, after a number of

years of production from the well pairs, AOS plans to drill five basement wells with a horizontal
length of approximizly 600 to 700 m with a TVD of approximately 110 to 120 The well pad

and well trajectories are shown Bigure 1.13.

2.4.1 Well Pad Layout

The proposed well pad layout and configurai®designed taninimize the environmental
impact while consideng operability and capital cost. A single well padeguiredfor the
Project, with up to Zwellheads per pad (i.e. six well paamsd five basement wells A typical
well pad schematic ishown inFigure 2.41. Conventional access and utilitiesrodors are not
necessary since the well pad is integrated with the facilities design as descBeetlon 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 wébswells), will be approximatel00m in length by

115 m in width. This area will contain wellheads, group separator, testing facilities, and a
manifold building as described gure 2.54.

2.4.2  Dirilling

Steam injection and production wells will belléd adjacent to each other at a surface spacing of
20 m and a subsurface spacing of 75 firhe horizontal length of the wells wile approximately
600 to 700m and the injector will be drilled from 4 to 6 m (averaga)sabove the production

well.

AOS is planning to utilize 219.1 m(n8 Hire &ol) the completion of all well pairg:or

shorter wells (i.e. 400 to 500 m), AOS may use a well completion size option that is based on a
177. 8 mm Ta@le2)4l likts tieehole and casing siZes the surface, intermediate, and
the horizontal sections féhewells. Figures 2.42 and2.4-3 show thecompletiondesign of the
injection and production wells for the Circulating and Operating Rhesspectively.

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 asgtendard reporting procedures.
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Table 2.41 Hole and Casing Size
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 5/80) Liner Size Option
Surface Casing

The SAGD wells will requirapproximately 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 ddfgle, as the wells will be drilled with a slaiaf.

Due to the shallow depth of the McMurray Formatiaslant rig is necessatg 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 mhit. The casindor this section wilbe 406.4 mm,-J
55 (or K-55), 96.7 kg/m, Buttress Thread & Coupling (BT&C). Thermal cement will be used to
cenment the casing to surface.

Intermediate Casing

The pad drillingbeingutilized requires the intermediateexction of the welto 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 approximat@lyta 110 m TVD (about 330
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to 380 m MD) This setionwill be cased with 298.5 mm, 89.27 kg/m8Q casingutilizing

premium connections (with éhappropriate thread compounaid cemented with thermal grade
cement to surface. AOS is confident that the selected casing and connections will withestand th
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 thesuedve 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 affueh to ensure good filter cake removal

and cement will be pumped untibgd 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 wilbe appoximately 600 to 700 rim length for both steam injection and
production wells. The production well will be drilled first, and then the injection well will be
drilled 4to 6 m (average &) above the production wekrigures 2.42 and2.4-3). Both wells

will be drilled as flat as possible wigxpectedrertical deviations of less than 1 m. There will be
75m lateral spacing between adjacent well pairs. Measurement While Drilling (MWD)
technology, incorporating magnetic guidance, will beduseensure 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
1,050m MD. A fresh watepolymer mud system isgposed which will aidn wellbore

stability, cleaning, andh redudng frictional torquédrag. A slotted liner will be installed loth

the injection and production wells. Sand production is expected to be minimal (< 0.1% of the
bitumen production rajedue to the use of slot widths which should retain all but the smallest of
fines. Thesand exclusion technique has been used extensively and successfully by other SAGD
producers in the industry. The slot widths will be determined based on the resoitsaifon

sieve analyseand flow testing.
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2.4.2.3  Dirilling Fluid and Solid Waste Disposal

Drilling mud will be cleaned with centrifuges and shakers, and will be reused where possible to
minimize waste volumesAll disposalof the drilling waste will ben accordance with ERCB

Guide 50 guidelines and all waste storage will be carried out in accordance with ERCB Guide 58
guidelines, witithe use otlay berms and sumps and/or tanks where required. AOS will take
measures to mitigatbe environmental impaand oftsite contamination from drilling

operations, including the constructionbsrms around th8 AGD pad.

The wastegeneratedrom the sirface hole fluid and solgwill be low in volume and

hydrocarbon contamination. These materials will be sccefméhydrocarbon 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 onsite processing wherclear 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 ERCBe&Gfccriteria for onsite disposal
and as such will be disposed ofatapproved disposal facility.

2.4.3 Completions

The well completiondesign 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 linensll be 219.1 mm, 41.67 kg/m-80 or K-55, with ether

premium or sempremium connections for the injectors and the produeérehwill be landed

at least 5 m fronthew e | | 0 tetal depthtoaallow for thermal expansion.

Injection Wells

The SAGD injection wells will have a dual string completidine final configuration will be
determined based on results from expecbmmendations and further well bore hydraulics
modelling. In the dual string configuration, showrFigure 2.42, an 889 mm stringllong

string)will be landed near the toe of the well antll&.3 mm swaged to &8.9 mm
production/injection stringshort stringwill be landedabout 100 to 200 m into the linefhis
configuration allows for steam circulation within the well bore during the aticul phase, and

allows for steam injection to both the toe and heel during the SAGD operating phase. Steam will
be injected through each stringsatmecalculatedatio which will assist uniform pressure/steam
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distributionalong the length of the horiztat section of the well Theinjectionwells will be
completed with a 38.1 mm instrumentation coil run insidestiwetstring

Production Wells

The initial completion of the SAGD production wells will be similar to the injection well to

allow for steam icculation 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 phaseshown inFigure 2.43. 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 lahtthed

heel of the well, whilghe 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 phasethis 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 removenre-installed with a rod driven

progressive cavity pum@CP or electric submersible pun{iESB.

Depending on the data gathered from the instrumentation string during production operations, a
139. 7 mm fiscabo Iiner may be installed during
from the heel of the well to amdetermined 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 showirigure 2.44. The production wellhead will

be the same as the injection wellhead for the circulation phase and will be changed out to the
design shown ifrigure 2.45 when the well is recompleted for pumping. This design allows for
pump or artificiallift system changes wittelative ease

All wellheads will incorporate the following:

1 Flexible connections to all surface piping to allow for thermal expansion of the wellhead
and casing;

T NACE trim at 14 MPa pressure rating to accommodate working pressemgseratures
and BS components of produced fluids; and

T Flow and monitoring access to all production, injectienmg 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
thepad location. The total bitumen and produced water volumes will be determined after
treamentand 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 All production and injean 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. Dowdhole temperature and pressure data will be obtained from various
sources, including blanket gas pressures, thermocouples and/aydtireablessubsurface
pressure sensorand observation wells. These methods will allow for oationof 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 an(BB&Ar)

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 generatdngater disposal will be monitored for pH,

chlorides, and oil content.

2.4.4.2 Casing Monitoring Program

The SAGD operations will beonducted athe safe reservoir operating pressesgémated at
1,000kPga). The SAGD process does not generate the laegental 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 beenfined to CSS projects and thermal wells with an
inadequate connection quality and/or without a good cement job.

The298.5mm intermediate casing string will providesliboreisolation between the McMurray

sand and the overlyifigrmations The casing will bespecified as 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 sincmost of the steam injected will be near 100% quality (low alkalinBgst
practicesstandards will be met or exceededA®S in selecting the best connection maige
procedure, cementing procedure and other operating parameters, etc.

The injection welimay 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 noticedteathergection 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 de@e@n 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 needd. 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 abaratwding to

ERCB guidelines.

2.4.5 Water Source and Water Disposal Wells

The primary source of makeup water for thiéial stages of th&roject will be purchased from
the Regional Municipality of Wood Buffalo.

The Project will utilize water disposal se(WDW) with sufficient total capacity to dispose of

all produced water. Wastewater streams and concentrated steam generattmwiomater will
alsobe disposed of in tlse wells. Based goromising indication®f an adequate disposal zone
(lost ciraulation in Devonian limestone/Granite Wasijhe AA/0322-08808 W4M deep
exploration well, AOS plans trill one or two wells to the Precambrian to determine the extent
of and injectivity irto this lost circulation zone.

2.45.1 Water Source Wells

The Project will initially utilize source watewhich is expected to qgurchased from the
Regional Municipality of Wood Buffalo. AOS intentisexplore the nearby region in the future
to identify any potentially viable water sourc&3nce a viable source fisund formation water
will be pumped with an BSthrough a screen to surface.
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2.4.52  Water Disposal Wells

Process wastewater is expected from concentrated boiler blow down, some neutralized softener
regeneration wastes, and produced waSavere fluidossesduring drilling operationsvere
encountered in the AA/032-088-08 W4Mwell. Thenearby(< 1.6 km) 00/1315-088-08 W4M

well, whichwas 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 2ZBA01winter drilling season to
saurce 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, 40 surface casing string will be landed from surface to 30 to 50 m
and cemented intplace with thermal cement. A 177.8 mm, 25.3 kg/riHntermediate

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 remairpas an o
hole section.

Disposal wells will be completed using thermal cement and packers. A typical disposal well
completion isshown inFigure 2.46. Depending on the estimated design temperature of the
water being injected, AOS may use thermal packersesetivells. 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 cho&, 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 observationhaslisot been finalized.

A completion for a typical observation well is showrFigure 2.47. Surfacecasing (177.8

mm, 25.3 Kg/m, F40) wouldbe run to a depth of approximatd§ to 50m. The surface hole

would be cementeith placewith thermal cememn The main hole wouldebdrilled through the

McMurray Formationand al14.3mm, 14.14kg/m, 355 intermediateasing would be run in

and cemented to surface with thermal cement. Eeatpre measuring equipmetiigrmocouple
bundleor fibre optic cablewould be run inside thtermediate 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 lowe
McMurray bitumen zone(s) and adjacent formatiolmssome 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 2.51 shows the process flodiagramdgor water and steam arkigure 2.52 shows the
process flow sheets for the oil treating process. The préioessheetdor the well area are
shown inFigure 2.53. Details of the processes carried outia facility ae 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 oSection 21(Figure 1.11). The total disturbance footprint for the facility is
approximately 90 ha or approximatelyZd m by 80 m.

Figure 2.54 shows a plot plan for the facility. Included on this drawing is the location of
buildings, flare stack, and storage tanksbles 2.51 and2.5-2, respectively, list the external
emission sourceand storage tankssociated with the Facility. Dispersion modelling associated
with these emission points is discussed in detail in the Air Quality Refggoe(dix 1§. A
summary of this report is provided $ection 4.1

Table 2.51 Emission SourcesAssociated with Processing Facility

Design
Name -
# Height (m)
Steam Generator Exhaust Stack 1 30.3
EmergencyFlare Stack Facility 1 39.0
Incinerator Stack 1 25.0
Hot Oil Heater Exhaust Stack 1 8.5
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Table 2.52 Storage Tanks Associated withProcessing Facility
Name Product V°'“§”e
(m°)
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 andWater 32
Diesel Storage Tank Diesel 16
Floor Drain Tank Oil and Water 80

2.5.2  QOil Production System

2.5.2.1 Inlet Degasser Vessel

Heated bitumen, produced gases, steam condensate and produced water (collectively referred to
as either "productiofiuids", "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 vapeur will

used as a fuel sourcBédction 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 containdteiemulsion.

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 crossxchange the inlet emulsion with boiler feed water and the second
exchanger will crosexchange 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 separite th
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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 upstref the free water knock out (FWKO)

(Section 2.5.28 The diluent Wl be trucked to the facility.

At the proposed pressures and temperatures, no significant flashing of the diluent is expected.
Based orengineering calculations usipgocess simulabn software, the shrinkage will be in the
range of 0.05%. Any flashed diluent will be recovered in the vapour recovery systerseah

for fuel.

2.5.2.3 Free Water Knock Out

After diluent addition, the emulsion will then flow to the free water knock K O) 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 tllewnstream equipment. Most of the water in the emulsion will

be removed in the FWKO. Water from the FWKO will be cooled by eegshange with glycol

and level controlled to the skim tarBgction 2.5.8

Gases released in the FWKO separator will béecband will be used in the fuel system
(Section 2.5.7.2

Dilbit, with up to 15 weight percent water, will be level contrdlfeom 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 thesdad tank. Wateand oils in the deand tank

will be recycled $ection 2.5 Sediments in the eégand 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 watergas 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 crosexchange 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 appiiakdslie
specifications. A basic sediment and water\{B&nalyzer and diversion valves will be located
on boththe 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 ca be reprocessed through the facility inlet or trucked for offsite treatnfett{on

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 BSWhidmaaccumulated 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 systemSection 2.5.7.2

2.5.2.5 Emulsion Chemical Treatment

Chemicals will be added at various points in theghsvater 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 providedSection 2.5.12.9

2.5.2.6 Water and Solid Composition

The test separator will be equipped with meters to measuveatiee 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-#/.0% for the water phase. The range of the
water cut units is @ 100% water cut wit 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 waterand 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 determinations expected tde 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 DeOiling System

Steam condensate and water in the emulsion is called "produced. wlte purpose of the
produced water deiling 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 poduced water deiling system will consists of two primary unit operatipimeludinga
skim tank and an induced gas flotation (IGF) c&lhe need for a tertiary fine/dissolved oll
removal system will be studies m@rt of the detailed engineering desigark.

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 wilbe skimmed off the top of the skim tank and will be pumped to
the slop tank$ection 2.5.% 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 gravityhi® 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 usingnanducedgas flotation pump. As the gas bubbles rise in the water
column, they will cause the oil alplets 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 frap the t
of the IGF cell will be recycled back into the cell.

De-oiled water will be pumped from the IGF cell to fr@ducedvater tank.

2.5.4 Oil Recycle

Slop oil and emulsion from the deoiling and oil/water separation process will be collected in the
slop tark. This oil and emulsion will be pumped back into the FWKO for retreatr®eatipn
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 syst€he need for a polisher system downstream of the
reverse osmosis system will be determined during detailed engmdesign work The system

will produce boilerfeed waterand will produce a small waste stream that will be disposed in a
separate water injection well from the produced water.

Treated effluentvill flow from the reverse osmosis system to the bdged wateitank.
Scale inhibitor will be used in the reverse osmosis sys&sutipn 2.5.129

2.5.6 Steam Generation System

Steam will be generated and distributed at a maximum pressuf@6fkPa at surface and

reduced through pressure let down valugshghat the resulting steam injection pressure at the
reservoir face does not exceed the proposed bottom hole operating pres<iié kPa, One

steam generator with a power rating of 34,000 kW will be used. The high quality distillate from
the watettreatment systengction 2.5.pwill 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 biovwdloimes

(3%). The steam generator exhaust stack height is includeabla 2.51.

Distillate from the boilefeed wate(BFW) tank will be pumped into one steam generator.
Oxygen scavenger, phosphate and filming amine chemicals will be added derbajling
process to ensure proper boiler operation and longevity. The water wibielheated 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 kRhstifiution to the well pads.
A list of chemicals used in the facility is presente&®attion 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 Bkt 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 iemiss
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 anglextto 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. Theurrent water balance does not assume reuse of this wateszver it is
expected that this water volume (84/a) will be ableto be reused.

2.5.7 Fuel Gas and Produced Gas Recovery System

2.5.7.1 Fuel Gas
The Project will use natural gas the fuel sawe.

The steam generator will consumhe largest volumef 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 providgdation 2.6.2.1

2.5.7.2 Produced Gas Recovery SystemProcessing 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 thirdparty fuel gas purchased for the Propdt be supplemented by using the produced
gases from the reservoir. Produced gases will be recovered from the inlet degydsan (

2.5.2.), the FWKO Gection 2.5.2 Band treater§ection 2.5.2)4 These vapours will be cooled

to remove water ansimall quantities of condensed hydrocarbdeavingwater 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 theaskim t
(Section 2.5.38

The produced gas will contain hydrogen sulphidgS)H Based on operating experience from
industry SAGD developments, the Project design anticipates a maximum sulphur content of 2%
H,S in the produced gas. The maximum sulphur emissions will coincide with maximum
production ratesas presented ifable 2.53.
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Table 2.53  Sulphur Emissions

Description Volume H,S Content Sulphur Emission

Produced Gas 2,780 nt/day 2% 0.15 tonnes/day

Sulphur emissions are estimated to bé& @ohne per day (t/d) based on a gas to oil ratid bf
and a produced gas 8 concentration of 2%.

In addition to thgroduced 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 provi&estiion 2.6.2.

2.5.7.3 Produced Gas Recovery SystemWell 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 Haring 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 castlon 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 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 reliatibEmedi
flame.
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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 gagpt@vent air entering the system.

Emissions from any emergency flaring events are expected to contaan®@ small amount of
nonrcombusted bS. An emergency flaring scenario was provided in the Air Quality

Assessment for the Proje&fpendix B). Comhustion 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 corsgiof a knockout drum to collect any liquids and a flare
stack. The liquids from the flare knockout will be recycled to the slop @edtibn 2.5.%for
reprocessing. A separate pop drum will also be connected to the knockout drum and flare stack.
Thepop drum will handle vapour only.

2.5.82  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 reasase an
incinerator in this instance ie reduce odoursecause 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 symins within the facility more efficient, a closed loop waghfcol 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 atmospheres Sailnia

the facility where cooling systems will be utilized include:

heat exchangers upstream of the FWIS@dtion 2.5.2.8
heat exchangers downstream of the FWIS8ction 2.5.2.3
heat exchangers downstream of the Tre&ecftjon 2.5.2.%

=A =4 =4 =4

heat exhangers along the return flow line between the BFW tank and b®édetign
2.5.9; and
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T condensed vapour cooling points within the produced gas recovery sgstenoi|
2.5.7.2.

The recovered heat will be used to heat various process streams santbastion air preheat
for the boiler, the boiler feed water, and building heaters. Any surplus heat will be rejected to
theatmosphere 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 exchangd wie 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 fhiping connecting the Facility to the
wellheads.

2.5.11 Solvent Generation

Gas condensate will be trucked to site and stored idilient storage tank. Diluent will be
pumped to the diluent fractionation skid where a vapour pentane, hexane, hepdaceyilb

be produced for distribution to the solvent injection points neaBIitReSAGD wellheads. The
fractionation tower reboiler will be heated with a circulated hot oil system. The fractionation
tower will consist primarily of a reboiled absorbetiwihe 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 hydroleang. 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 Facilityi Utilities

2.5.12.1 Electrical Power

The installed power load for thi&rgect will be approximately lnegawatts (MW). The power
will be supplied from the Alberta power gntta ATCO Electric Temporary standby power
generation is an optiahthere are delaym the availability ofATCO Electric electrical power

Energy balanes for the Project are providedTiable 2.64.
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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 fat critic
480volt (V) loads plus batterpacked 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 operatiohhe purpose of the generator is to
provide critical power for safety and heating systems during an externilitycbutage. The
diesel storage tank on site will supply fuel to the generailé 2.52).

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 transfoieeeliag 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 thegional Municipality of Wood Buffaland 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 throughagproved 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 equippth 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 trapsfed to the slopank Section 2.5.1
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2.5.12.7 Compressed Air System

The facility will use an electric powered cpressed instrument air system.

2.5.12.8 Fire and Gas Detection

Each building will be equipped with Lower Explosive Limit (LEL) and/eSHidection heads.
In those areas, where there is potential for fire, fire detection heads will also be installed.

2.5.12.9 Chemical Use

Table 2.54 lists the approximate annual quantities of chemicals used for the Project.

Table 2.54 Estimated Chemical Use
Item UsageRate (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 2.61 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 the initial stages dhe Project. Roduced water treatment

is not planned for the Project.
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Table 2.61 Estimated Water Balance for Project
Description Volume (m*/day)
Reservoir
Steam to injection wells 1,113
Water losses to reservoir 111
Produced water from wells 1,002
Water in salesil 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
ReverséDsmosis 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
expectedhatthe volumes presented Trable 2.61 will be consistent for the life of theroject

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/@&®p m
of bitumen, 165 rfiday of recovered solvent and 1,00¥aay of produced water. The bitumen
and solvent are produced to surface askatgifoduct. Further blending of the dilbit with

68 m*/day of residual diluent from the solvent fractionation system is required to achieve

DecembeR010 Page59



' ALBERTA OILSANDS INC .
‘ Clearwater West LP-SAGD Pilot Project
Project Update

sufficient density differentials and viscosity reduction to allow a relatively conventional free
water knockout antteater to meet the 0.5% BSW (Basic Sediment and Water) sales
specification. A total volume of 928%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 gentaaler8.62 presents

the overall hydrocarbon balance for the Project.

2.6.13

Table 2.63 provides a listing of the estimatedghwr balance for the Project.

Table 2.62 Overall Hydrocarbon Balance
Description Volume (m°/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

Sulphur

Decembef010

Page60



ay

ALBERTA OILSANDS INC .
Clearwater West LP-SAGD Pilot Project

Project Update

Table 2.63 Estimated Sulphur Balancefor Project

Description

Mass (kg Shr)

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 ifProduct (Dilbit) 1,175.75
Residual Sulphur in Produced Water Sent to Disposd 0.10
Total 1,179.51

2.6.2 Energy Balance

Table 2.64 shows the energy balance for the Project.
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Table 2.64 Energy Efficiency

Description Volume Heating Value Er(g]g/)éggw
Total Energy IN
Bitumen Produced 695 ni/day 41.75 GJ/m 29,016
Solvent Injected 183 nilday 32.00 GJ/m 5,856
Natural Gas 61,700 ni/day 37.50 MJ/m 2,313
Produced Gas 2,780m%day 22.50 MJ/m 63
Diluent 68 ni/day 32.00 GJ/m 2,176
Electricity 2.0 MW 86.50 GJ/MW 173
Total 39597
Total Energy OUT
Dilbit Produced 928 ni/day 39.30 GJ/m 36,472
Solvent Losses to Reservoir 18 nt/day 32.00 GJ/m 576
Natural Gas 61,700 nVday 37.50 M/ 2,313
Produced Gas 2,780m%day 22.50 MJ/m 63
Electricity 2.0 MW 86.50 GJ/MW 173
Total 39597
Energy Efficiency 92.11%
Energy Efficiency = (Energy OUT in Saleable Products / Total Energy IN) x 100%

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 frotihe ATCO Gas distributioaystem.

Annual fuel gas consumed compared to the amount of energy produced fojéoe iR
presented iTable 2.64.

2.6.2.2 Produced Gas

Minor volumes of produced gas (mostly methane ang) @@l be released as tHia P-SAGD

process heats the bitumen in the reservoir. High temperatures associated with steam operations
can also helpenerate 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 researdtesstim
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the volume of solution and narondensable gases at & ofigas per mof 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 raif 695 ni/d, the produced gas rate will be approximately
2,780m%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
approximately3% of the total fuel gas requirement.

The Project energy balance is presentetiaile 2.64.

2.6.2.3  Electricity

The facility electrical loads estimated atp to 2MW 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 stockpilipger subsoil on the CPF only;
constructing a storm water retention pond;

contouring the site to ensure propersie drainage;

ensure drainage around site is establishad
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ensure appropriate secondary containment, where necessary, around facrktigsrad.

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 recychng 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
Applications for Sour Gas Processing Plamd Bleavy Oil Processing Plant#\ Guide to
Contenti AttachmentB 0 .

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 accoiitatioe w
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 geteisais 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, DirectivgG8field Waste Management
Requirements for the Upstream Petroleum Indystng Directive 5@Drilling Waste
Management Directive 58 requires the preparation of an Annual Oilfield Waste Disposition
Report summarizing the types and quantities of digpogield wastes, the points of generation,
and the disposal methods utilized. Practices will include:

classifying, measuring and controlling waste generation;

)l
T handling, storage, treatment and disposal;
1 tracking and reporting;

il

off-site disposal of dangews oilfield waste (DOW) and neDOW wastes as required by
applicable regulation; and

T recycling.

All wastes will be disposedf in compliance with all appropriate regulations and guidelines and

in accordance with waste handling requirements containee iopirating 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 ssagiethe proposed developmeinitially during
constuction and during the egoing operation of the Project. Construction and development
includes construction of an acea®ad, plant site and well pad, ar@hstruction of steam
distribution lines and liquid transfer lines frotretwell pad to the plasite.
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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 Projeitt 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 thesibem project manager. The types
andvolumes of project emission sources will be tracked and recorded as per the applicable
regulations and opating approval conditions.

2.7.6 Emergency Response Plan

AOSO6 Emergency Response Plan (ERP) has been
AOS operations, management and support personnel to agesrogioccurrence affecting the
Company. To ensure a state of emenygoreparedness throughout thengpany, AOS has
developed these emergency procedures to protect the public, employees, emplagptes,

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

=A =4 =4 =4

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 progranhe wiltiated and
site assessments will be completed.

2.8 Future Plans

The ClearwateWest LRSAGD Pilot Projector Clearwater Phaseis, expected to demonstrate
that AOS can safely operate iansitu bitumen development scheme on the Clearwater Lease.
The Project is also expected to confirm the economic viability o5LHRSAGD 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 toaayg up stageThe
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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 indicationSbiP-SAGD performance.

Any technical or operationatérnings in thearly periodof the Project will be incorporated into
calibratedsimulatiors.

Using the Project performance information and calibrated simulatié&@®S would apply to
construct Phase Il dhis projectto increase the capacity to produsetweer,400 to4,000 ni/d

(15,000 to 25,000 bpd) In addition, AOS expects toontinue the evaluationf more cost
efficient and environmentally enhancedurface and subsurfacgroduction technology or
combination of technologieduring Phase Il. An optimum placement tbe Phase Il 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 conceptudimelines for Clearwater Phase I, first production from the Phase I
central processing facility can occas early a2016. Decommissioning of the Phase | Project
plant is then possible as early as 2018. If Phase Il does not proceed, AOS expectiddaiuper
Phase | Project fapproximatelylO years.
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3.0 STAKEHOLDER CONSULTA TION

3.1 Introduction

Alberta Oilsands Inc. (AOS) is committed to developapgn transparent and ongoing dialogue
with its neighbouring communities. These incldd®original communities, First Nations, public
stakeholders, local residents, industrial stakeholders and @ystdkeholder 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 LISAGD Pilot Project to ensure its social, environmental and economic
sustainabity. 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 tlgeneralarea including the Fort McMurray Regal Airport,industrial

users including oil and gas companiesestry companies, recreational users, iaagpers The
Project is also located neameAboriginal communitgs traditional land use areas. AOS's
approach to community and stakeholderag@ment is designed to understand community and
stakeholder issues, identify opportunities for resolution, and conduct ongoing dialogue. The
consultation process is designed to be ongtiingughout the life of the Projedtpm initial

planning through @nstruction, operation, demmissioning 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 andiestbased 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
feedbacka the @mpany.

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 tadentify stakeholders who may be impacted byPrajectand will
make easonable 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 Compartire Project and relevant technology

We commit to build and maintalong-term working relationships with all key stakeholders and
communities in the Fort McMurray area by:
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engaging in timely, meaningful dialogue about AOS planned activities;
understanding, recognizing and respecting cultural difteemithin the commnities;
identifying and responding to issues or conceansl

contributing to nearby communities

AOS has held a community open house and will continue to meet with local citizens, businesses,
governmentsnd area stakeholders to identify and addctesserns 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

il

f
1
f

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:

|l

engage stakeholders as early as possible in the development of a projeefforftaan
assist in identifying and addressing issues in a timely fashion so relationships can be
established and maintained,;
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T work with stakeholders to ensure our consultation and communications processes meet
the stakeholders specific information andisaltation needs;

T provide in a timely manner, accurate information using plain language to ensure
stakeholders have the opportunity provide relevant input and feedback;

T identify the most effective ways to ensure the perspectives, requests and
recommendatins of stakeholders are heard, understood and given proper consideration
in light of our business requirements; and

1 explain clearly to stakeholdenow their input and feedback was incorporated into our
plans and operations or why their input and feedaknot 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 outled inTable 3.31.

Table 3.31 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 memberownedcompanies

= =4 =4 -4 —a -

Chipewyan Prairie Dené First Nation

CPDFN Chief and Council
CPDFN IRC

CPDFN Trappers

CPDEFN social agencies

CPDFN owned companies

1 CPDFN membebwned companies

Métis Local # 1935

1 Board of Directors
Wood Buffalo Métis Corporation

= =4 =4 —a -

RegionalGovernment Regional Municipality of Wood Buffalo
RMWB Staff
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Table 3.31 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 AlbertAboriginal Business Association

Fort McMurray Chamber of Commerce

Fort McMurray Construction Association

Regional Aquatic Monitoring Progra(RAMP)

Cumulative Environmental Management AssociaticEMA)
Wood Buffalo Environmental AssociatigidVBEA)

Landowners/Disposition Holders

Fort McMurray Regional Airport Authority
Saprae Creek residents
Local business

Recreational/Environmental NGO Stakehold¢

Clearwater River Valley Heritage Association
Pembina Institute

Ducks Unlimited

SnoDrifters SnowmobileClub

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
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Table 3.31 Detailed Stakeholder List

Stakeholder/Community Group Stakeholder/Community

Forestry Companies
LaFarge (the aggregatempany)
CN Rall

3.3.2 Stakeholder Consultation

All directly affected stakeholders will be contacted using a number of communication tools, such
as inperson dialogue, discussions through organized meetings, and consultation by
correspondence (i.e. telepe, email, informaticel letter).

In July 2010, AOS established a Consultation Message Centre and Stakeholder Contact email to
facilitate communications between stakeholders and AOS consultation advisors.

In Decembef010, AOSwill be distribuing a commuity consultation brochure to all
stakeholders in the region to introduce the Project. This broehllirelentify the scope and
nature of the Project.

AOS will continue to actively communicate with all directly affected stakeholders during the
regulatoryapproval 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 FMAmort landsn 088
08-W4M.

3.3.3 Aboriginal Consultation Plan

AOS will submit an Aboriginal Consultation PlanAtberta EnvironmentAENV), which

describes the guiding principles and practices for consultation, and allows opportunities for
individual and community input. Specific processes @orsultation 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 Agecies

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. FRaigutar
communication continues with the regulatory review agencies and othertedigpesvincial
agencies as theathpany proceeds with development of the Project.

3.5 Summary of Consultation Activities to Date

Consultation is occurring on an ongoibgsis. A summary of consultation conducted to date is
presented ifable 3.51.

Table 3.51 Consultation Activities

Stakeholder Issue Consultation Response

ASRD Fort McMurray Forestry 1 August 2009 consultation re: proposderoject
Area inSection 22088-08-W4M

1 May 20107 Review of plarSec 21088-08-W4M
layout from pilot proposal to proposed future
commercial

RMWB Environment Section 1 May 26, 2@971 Received letter from RMWB tha
they are agreeable to providing potable drinkin
water via serviceonnection at the Hw§9 and
Rge Rd 83. (letter of intent attached)

Long Term Planning 1 2007 to 2010 Log attached

f October 28, 2010i Received Letter of Concern
which was sent to ERCB.

f October 2¥, 2010 prepared letter to Mayor of
Fort McMurray for ameeting to review.

T November 8, 2010i meeting in Calgary with
Michael Evans and Mike KahhRMWB

Rotary Club 1 March14,2010i Received letter from Rotary
Clubi Byron Baileyi re: grey water from golf
course and residential complexvould AOS be
interested in discussing possible use.

 April 20", 2010i Letter of intent sent from AOS
to Rotary Club
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Table 3.51 Consultation Activities

Stakeholder

Issue

Consultation Response

Saprae Creek

Open House

June 9, 2010 held at Vista Ridge Ski Hill
Information requests from attenddesmailed to
them June 1%

October 19, 2010 consult Jon Alcock Chair
for the Saprae Creek Residence Sodiety
requested a meeting with the society (verbal a
email request) sent same day.

November 24, 2010 meeting set up with
Executive Group.

Saprae Creek Stakeholders:

9 October 31, 2010 Grant Galpin contacted a
friend who lives in Saprae Creek and was
advised that everyw in Saprae is opposed tq
the Roject. There is a group of engineeriso
are residents of Saprae Creek vdisagree
with the information that was supplied at the
open haise. They are currently organizing a
group within the community. Saprae residel
are currently fighting the RM on the bridge
and road development planned to cross the
Clearwater River just east of thé@nthey want
it moved 2 km further east.

1 Nov 1- Grart Galpin received a call from Joh
Hersey, P.Eng and will be chatting with him
today- he will update us at around 3:30 PM.

1 November 1emails between Grant Galpin
and John Hersey

1 Nov 8"- phone call from John Hersey to
Grant Galpin. Mr. Hersey fi¢terated the
communityés st r oRmogects
He commented on a conversation he had he
previously with one
which it was noted that some of the same
people who had worked on Connacher plant
were supposedl vy ilottor K
This does not provide the community with ai
sense of confidence as they see the Connag
plant and its challenges to date as symptom
of exactly what they do not want in the area
and why they are so
plant in proximity totheir residential district.

The pmnntinl impnr‘te that he listed that Sa

Decembef010
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Table 3.51 Consultation Activities

Stakeholder

Issue

Consultation Response

Al-Topsoil (adjacent MLL
Dispositionholder)

Feb 2009 work with Alto help them with
disposition applicatioit EFR wildlife
information as our studies were ongoing
May 2009i work together on sharing of
gedechnical information within and next to thei
MLL

October 2009 start consultation and work of
potential overlap wh original Pilot location to
their MLL

November 2009 discussion of sharing of
services and access

Fort McMurray Airport

= =4 =4 =4

September 2008 started consultation with Fort
McMurray Airport Commission concerning OS
080011

February 06,2009 meeting reMOU proposal
March 2009 meeting with airport

MOU signed April 2009

April 20, 2009 received new proposal for airpo
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 revig
pilot project

Stacey Turnef Private Land
owneri NW22-88-8-W4 1
Al Auto Parts

December 2008 started consultation with Mr
Turner concerning proposed Pilot project

Imperial Qili Oil sands lease
holder south of AOS lease

March 24, 201G meeting at AOS office to
review pilot location and application

Decembef010

Page74



¢

ALBERTA OILSANDS INC .
Clearwater West LP-SAGD Pilot Project
Project Update

Table 3.51 Consultation Activities

Stakeholder

Issue

Consultation Response

Athabasca Chipewyan First
Nations

1 Meeting March 24, 2010 to review pilot project
at AOS office. Met with lan Peace, Project
Manager and did conference call with Lisa Kin
1 Reviewed the proposed pilot project,

addressed questions during meeting. Advi
they wanted a technical review Beter
Komers, MSES., as well as a funded trip fo
the Elders to the Projectréa.

§ March 27", 2010 received a copy of a
statement of concern filed withENV from
ACFN.

1 November 2010 Meeting being set up with
First Nations

Fort McMurray First Nations

9 January 2010 started consultation with FMFN
to review pilot project
1 March 10, 201G meeting with Brad Calihou
IRC
1 Reviewed AOS lease area
9 Pilot project and timing
1 Ongoing with upcoming OSE project and pilot
T Changes withi nitryingéo £F M
up meeting with Robert Créeinterim IRC
Director.

Fort McMurray Métis Local
1935

1 March 10, 201G meetng in Fort McMurray to
review plot project and timing, water. Reviewe
concerns and questions.

1 Advised that letter of intent was in place with
RMWB for water

1 Will receive Newsletter

Colliers International

 October 28, 2010- Meeting with Ken
WilliamsonTi real estate agent for Developer
(Neil McGillivray) interested in putting
commercial development on airport lands.
Supplied him with a copyfAOS development
plan.
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3.6

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

Issues and Mitigation

previausly developed mining and situprojects. 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 consalfabcess will be

addressed for clarity and mitigated where possible and appropriate. A summary of concerns

identified to date and responses from AOS is presentédtle 3.61.

Table 3.61 Summary of Issues and Mitigation

Socic
Economic | Issue/ldea/ Question| Stakeholder AOS' Response
Topics
Traffic Main interest was June 9 Open The flow of traffic from the pilot siteot Hwy 63

regarding flow of traffic| House, Saprae | would be a maximum of 2#ucks/day

into and out of site. Creek residents

Noise and dust Dust would occur from the trucks leaving the plai
site to enter Hwy 69; total distance is approx.-10(
150m. AOS will employ watering as a means of
dust control on the gravel portion of the road.

Merge lane on Hwy 69 AOS will discuss with Alberta Transportation the

would save on traii feasibility of a merge lane for traffic.

issues.

What will truck traffic While there is alredy a high volume of truck traffic

be like on Hwy 69 and in the area, traffic volumes will not be significantl

the Saprae Creek acce increased by the Clearwater Project.

road? What is the

frequency of trucks we

should anticipate?

Traffic on the road and The totalnumber oftrucks for the Roject will be a

impact on the road and max of24 trucks/day.

safetyi heard that there

would be 80 to 100

trucks per day.
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Table 3.61 Summary of Issues and Mitigation

Socic
Economic | Issue/ldea/ Question| Stakeholder AOS' Response
Topics

Emissions How will the air Passive air monitoring will be done on site. Air

monitoring be handled” monitoring is going on continuously within the Fo
McMurray Region by the Wood Buffalo
Environmental Association

Concerned with Emissions are regulated and the project applicati

emissions. must pass all requirements.

Concern about §$. H,S would be continually flared/incinerated,
eliminating smells except in rare upsets.

What about odour® Smell and noise would be mitigated as much as

Saprae Creek resident; possible, and would not exceed very much above
current background.

Technology | How will you help Pi nnacl e 6 ResdRveiMonitdringmml
ensure that the steam provide comprehensi ve
staysin place in the progression through the reservoir and will notify
injection zone? AOS immediately if there is any sign that the steq

is goproaching the caprock barrier.
What is the response AOS will immediately respond to Pinnacle
time after a shallow notifications and shut down steaming operations
event notification is there is any threat to the caprock integrity.
conveyed to Alberta Oil
Sands operations
personnel?
How will the EM The EM technology minimizes the environmental
technology improve the impact by reducing the use of steam injection/wa
environmental in the long run (long term) process of the SAGD.
protection?
Will the EM wave Little or noCO, emission for the surface plant of
generated by the loop the EM technology equipment.
Ei\rf;:hyégfha}fton According to thestandard, the safety zone is 10 n|
’ from the core of the inductor. Since the inductor
loop will be installed/placed ovenehundred
meters below the surface, the groundassidered
very safe for people.
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Table 3.61 Summary of Issues and Mitigation

Socio
Economic | Issue/ldea/ Question
Topics

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 ling
being completedor

No, the current water line is for the airport
expansion as well as other industrial expansions

AOS?

Local Interested if there will AOS is currently receiving and reviewing

hiring be work for local information from loal contractors fowork on the
contractors. Project.

Work will be kept local.

Interested in what the
stage of development i
of the Roject and what
opportunities exist in

AOS will be hiring locally upon approval of the
Project Job and contractor work will be posted
local newspaper and also contact made with
companies who have sent in information for work

the Roject.

Location How close is the The development is within the Fort McMurray
development to the Airport lands in the southeast corner of See8831
residents? 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

The Gmpany will be looking at expanding in the
future, but the expansion would be east of the
railway yard.

Alberta Oilsands ows the mineral rights within thi

Saprae? . .
area and from past exploration, it has shown thal
the pilot location is best placed within sec 21 just
south of the airport.
Project Heard that there would Currently oneproject is being plannéeidthe plot

be 3 projects.

project. Future plans would include a commercie
project.

Will there be a separatt
camp or use of existing
camps?

Existing camps will be used within the area.
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Table 3.61 Summary of Issues and Mitigation
Socic
Economic | Issue/ldea/ Question| Stakeholder AOS' Response
Topics
Will product be trucked Product will be trucked initiallyapproximately 24
or shipped by pipe? trucks a day, dependant on production rate and
truck size also increase at certain time of year (r¢
bans). Other options i.e. rail and pipe on succes
pilot.
Emergency | If there were to be a AOS will have an Emergency Response Plan wh
Response problem at the plarit will cover evacuation, notification etc. This plan
Plan howwould it be will be shared with all community members. AO{
handled evacuation will also work together with the local Fire Defte
plan, notifications,
etcé

3.7 Future Consultation

AOS will maintain itsoperrdoor public consultation initiatives during the revi@sriod 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 shakegers though a combination of its
corporate websiteniww.aboilsands.danews releases and/or through meetings with stakeholder
groups and individuals.
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4.0 ENVIRONMENTAL SETTIN G

A series of environmental assessmératee been conducted to provide baseline conditions,
anticipate potential impacts of the Clearwater WesSI¥&D Pilot Project on the environment,
and to propose mitigative measures to ensure minimal environmental impacts. Environmental
assessments conded include:

Air Quality;

Noise Impact Assessment;

Vegetation;

Terrain and Soil;

Aquatics and Hydrology;

Hydrogeology;

Wildlife;

Historical Resources Impact Assessment;
Land and Resource Usand

=A =4 =4 4 A4 -4 -4 -4 -4 -

Conservation and Reclamation Plan.

These environmental sassments 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 Updated are summarized Bections 4.1hrough4.10

In generalfor the environmental assessmeisstudy area consideretbr the application
included SY2 2088-08-W4M (Applicationstudy area). Thestudy area for this Project Update
was revised to include SE ¥4-P88-08-W4M (Project Updatstudy area) todetermineany
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 stackas outlined irSection 2.5.1During the operation of tHeroject, combustion

products such as sulphur dioxide ¢g@xides of nitrogen (NQ), fine particulate matter (PM)

and carbon monoxide (CO) are vented to the atmosphere. These products are regarded as criteria
air contaminants and have Alberta Ambiemt Auality Objectives (AAAQO). Emissions of

SO, NO, PMysand CO from the stacks on a typical dayapproximately 0.15, 0.12, 0.01 and

0.37 tonnes, respectively.

DecembeR010 Page30



Clearwater West LP-SAGD Pilot Project

G ALBERTA OILSANDS INC .
Project Update

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 Ssissiors to the atmosphere.

Dispersion modeling was conducted using the CALPUFF model. The air modeling report is
presented i\ppendix 16 The results of dispersion modeling for typical operating conditions
showed that grountkvel predicted concentrations 80, NO,, CO and PMswere below the
AAAQOs (Table 4.11).

Table 4.1:1 Summary of Maximum Ground-Level Predictions under Typical Operating
Conditions
Compounds/ Averaging Period 1—Hou3r 8—Hou3r 24’”"‘3” A“”“%'
(Hg/nT) (Hg/nT) (Hg/nT) (Hg/n)
Prediction 85 N/A 22 2.0
0. AAAQO 450 N/O 150 30
Prediction 110 N/A 79 19
NO. AAAQO 400 N/O 200 60
Prediction 15 N/A 9.4 2.8
PMes AAAQO 80" N/O 30 N/O
Prediction 665 552 N/A 236.3
co AAAQO 15,000 6,000 N/O N/O

2 Air Quality Guideline, not Objective. Derived from the Canada Wide Standard
N/A 7 Not Applicable
N/O7 No Objective Available

The results of dispersion modelling for typical operations showed there were no predicted
exceedances of AAAQOs for tiseudied 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 presentetpipendix 17

Given the lack of existing energy related industrial notsgcees 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, ttessessment 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

DecembeR010 Pages1



' ALBERTA OILSANDS INC .
‘ Clearwater West LP-SAGD Pilot Project
Project Update

industrial noise sources the average night ambient noise level is approximately 35 dBA.
Thisis 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 presentd&dhbie 4.21. The modelled noise lexseat 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 Projenty noise levels will be more than
5 dBA below the PSL for all receptors. This provides a large méogiany errors associated
with the noise model as well as any low fregeyenoise that may be produced.

Table 4.21 Modeled Sound Levels
Receptor ASL-Night App'ica,ﬂ?”hfase ALY eAEp,'\incart]itO” PSLNight | o

(Distance from Project) (dBA) E&Bg) ( dBZ\) 9 (dBA) P
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 anadditional 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 reclamain at Project closure. No rare plants or rare plant communities were
identified within the Project Update footprint. The results of taxonomic validation ef non

vascular species are still ongoing. If any rare-mascular 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
nortnative and invasive species during construction and operdttbe &roject is

recommended.
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4.4 Soils and Terrain

Within theproposed footprintproject development activities will result in the direct disturbance

of the soil profile. In areas of mineral soil (approximately 6.1 hih}@psoil and overlying
surfacéitter/shallow peat material (< 40 cm of surface peall)be salvaged together as ol

with the resulting sal vagAaluppersubsoilfrarhther ef er r e d
proposed footprint will also be salvaged (to a maximum depth of 30 $atyaged 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 willliEedtio pad over the
peat deposits to allovof development of the Project.

Site reclamation will involve an even repdggent of the salvaged subsoil and coversoil material
in mineral terrainCoversoil replacement will occur once sitecagtouring and facement of the
upper subsoil isomplete.

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.@etails Consration and Reclamation activities for the Project.

4.5 Aquatics and Hydrology

Similar to the original assessment conducted for the Application, drainage within the Project
Updatestudy area is typical of boreal forest, which is made up of swampy areals, glowater,
fen-like vegetation mats, and shrubby forest. Although there is water in the vicinity, there is no
continuous or consistently defined chanloehted within the study area.

4.6 Groundwater

The Groundwater assessment was not updetedthe Applicationas the conclusions drawn
are applicable across the entire Project Areaiictdudingboth the Application and Project
Update Study AreaslPotential impacts to groundwater quality resulting fromRingjectare
considered low.

4.7 Wildlife

Relocation of the Project to the adjacent southeast quardsctibn 21is not expected to
significantly affect wildlife because of the extent of human activity in adjacent aréas.
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Project was designed to minimittee effects on wildlifelueto habitat loss, sensory disturbance
and habitat fragmentatioiWith the smaller footprint and shorter access road, Progéatied
effects on wildlife are expected to be further minimized with relocation to the new site.

4.8 Historical Resources

The preosed Alberta Oilsands Inc. Clearwater West3AGD Pilot Project was the subject of

an Historical Resources Impact Assessment (HRIA) under Archaeological permit 2809

conducted by FMA Heritage Inc. During that study, targeted landforms within ttte tsalfiof

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 obsenvita field to be of lower potential

than originally assumed. One sitdhistoric 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 2@@9uch, a desktop review of the
archaeological potential of this newly proposed area was undertaken.

Section 21 is not found on the current version ofLtiséng of Historic ResourcdSeptember

2010, Alberta Culture and Community Spirit (ACCSJhis 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 quder 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 meigtht ref
archaeological potential.

The CPF is proposed for the SE quarter of they&dtter (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 test 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 t
contain archaeological sites.

49 Land and ResourceUse

The Land andResource 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 Ajoplica
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:

1

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-isusgtining and capable of
supporting those soils and vegetatioogasses 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 touhdseithin
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 dischargeguring 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 reclamatill be undertaken when the Project
is abandoned and all of the facilities are removed.
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