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In Situ Pad Discussion
I

The format that your In Situ development takes depends on may factors that may be
unique for your Company, Reserve, Facility, Philosophy and core Competencies.

Where is the industry heading and why?
Who is driving the change?
Is the industry heading in a common direction in spite of these unique aspects?

What are some of the high level items that should be considered when developing a
strategic direction?

Lets have an open discussion to understand the variables and our options.

THE FUTURE




Why is the Bitumen here?
I

Hangingstone Project - Subsurface

Depositional Environment of Middle McMurray

Modern Analog — Estuarine Environment

(Digul River Estuary, Papua New Guinea) M i d d Ie MCM u rray D epos its

o el / g Formed dominantly in a mixed tide and —=
' wave dominated estuary system. ]

0 _gAPI 150{ 1:500

E Reservoir is composed of amalgamated
point bar deposits dominated by fine-
medium grained, channel sand. Mud clast
breccia is commonly found near the base
of the reservoir. The reservoir fines
upwards into interbedded sand and mud
(sandy and muddy IHS). Thin mud layers
are typical towards the top of the reservoir.
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Choosing an Alberta Oil & Gas Mega Projects i
— Mine

e Environmental pressure, Capital intensive, Labourintensive, Risk/Reward i

u

— In Situ

 Variable capital intensity, Lower capital/barrel, Lower energy intensity,
’ Fungible produetion

— Upgraders
« Capital intensive, Global bitumen production change, Limited local market

. |I.“1-_':.r._ll_- o i iy e P
i & W o




. _]-""ll‘"
= ‘

oy -,1--

Jg'k"l
4-"'"*

o Of | -mf



Continuous well pad development
I
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How do we compare?
I

Approximate
Reservoir Depth

*approx from logs

Well pairs per pad

Well Spacing

Artificial Lift

Gas Lift

Start Up Method

Suncor
Firebag

275-325

12-22

10 m

ESP

Circulation
Bullhead

Suncor
MacKay
River

95-130

9-14

10 m

ESP

Circulation

Cenovus

Foster Creek

180-225m

12-13

10 m

ESP, Rod
Pumps,
PCP’s

Circulation
Solvent Soak

ConocoPhillips
Surmont

305-425m

12

10 m

ESP, PCP’s

Circulation
Dilation

Devon
Jackfish

400m

10 m

none

Circulation

MEG Energy
Christina
Lake

345-400m

6-9
10 m

ESP

Circulation
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Well Pad Costs

A SAGD operation at the Cenovus Christina Lake facility

N near Lac La Biche, Alta

5 o s e

A SAGD well pad at
Suncor's Firebag
development helped
boost thermal
oilsands output to a
record in April.



sSuncor
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chnology development
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Module components

Suncor MacKay —
River Pad 23
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Cenovus
I

roduction, Technology development
Reuse

ology selection

iciencies

le facility or Module components
omplexity

-
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A typilc'a-lf_ hlgbster Creek multiwell pad
includes.nine well pairs.:
Photo from ©&G J 9/6/2010 from Cenovus

& cenovus
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Starting off with the end in mind




Starting off with the end in mind
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How do we compare? — Benchmarking Well Pad Design
I

Suncor

FB 116|FB 115|750/751|Cenovus| Phillips | Devon

Group Separator

Group Transfer Pump

Group Separator Booster Pump
Test Separator

Test Separator Transfer Pump
Test Separator Booster Pump
Lift/Fuel Gas Heater:

Produced Gas Exchanger:

Produced Gas Cooler/Separator
Annulus Gas Cooler/Separator
Condensate Pump

Ethylene Glycol Pump/Glycol Heater
Flare K.O. Drum

Pop Tank

Flare Stack

Instrument Air Package
Chemical Injection

Flush Water Pump
Start-Up Skid
Legend: G = glycol

C= corrosiqp H = horizontal
D = demulsifier p = methanol

13 E = electrical  Rp = reverse demulsifier
FG =fuelgas g = gteam

MR Conoco
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What are the controllable

BI-pad
St Albart Gazette—&uﬁﬂrol*
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Where to get the work done




Where to get the work done

ALCON

00— —

This information was complled by Aecon Industrial Westarn
for its internal use and is based on a number of assumaltions
believed to be at the time piled. A number of
factors could cause this information 1o differ materially from
that by AN, and, ingly, AV does not
accep! any responsibility or liability for the accuracy of this
information nor does AIW accept any obligalion to update this
inforrmatian based on a change in the underlying assumplions

250 S —

CHRL Kirby Lake - 147

o0

FORECAST - MODULES UNDER CONSTRUCTION

PROJECTS TBD
- Athab Oil Sands H

- Athabasca Oil Sands McKay River Phase 2

- Brion Dover North
- Husky Sunrise Phase 4

- MEG Energy Christina Lake Phase 34 & 38

- OSUM Saleski CPF & FF
- OSUM Taiga CPF & FF

Shell Albian / Jackpine Debottling

- Statoil Corner CPF & FF

- Statoil Leismer CPF & FF
SASOL GTL Fort Saskatchawan

- Imperial Oil Kearl Lake

Cenovus Christina Lake Expansion G&H - 120
Brion McKay River Well Pads - 121

Cenowus Foster Creek Expansion H 8 1 - 140
Cenovus Nemows Lake - 300
CKRL DRU Vacuum - 162
| CHRL Hy - 145

CNAL Cther Units - 200
CNRL Cogen 100
CNRL [ &ir Liquide - B0

CNRL C5S & Insitu - 223

Norh West Redwater Upgrader - 1200

NUMBER OF MODULES
g

Brion McKay River CPF - 52

CNRL Froth -
100 p———— E—
K+5 Fotash - 40
Laricina Salesci
CPF | FF 50
s0 |-

%
L
L
&
2 |
£
5
7>

02182014
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Husky Sunrise
Fhasa 3 - 260

Brian McKay River CPF - 52
* Brion MoKay River Well Pads - 121

Cenovus Chiistina Lake Expansion G&H - 120
Cenovus Fosler Creek Expansion H & 1 - 120

Cenovus Narrows Lake - 300
=CNRL Birch Mountain Phase 1 - 100
CNRL DRU Vacuum - 161
| “CNRL Froih - 44
i-cm:.mmmm-uﬁ
% CNRL Other Units- 200
1-cNRL!—m¢1Pipmman4-m
“CMRL Kiby Lake - 147
| “CNRL Cogen - 100
| mCMRL ¢ Air Liquide - 80
CNRL CSS & Insitu - 223
| mConccoPhiflips Wellpad Program - 288
= Devon Pike 1 - 500
= Husky Edam - B85
= Husky Sunrise - Phase 2 - 260
mHusky Vawn - 85
| CHusky Sunrise - Phase 3 - 260
BJaces Hangingsione - 250
®K+S Polash - 40
| #Lancina Saleski - 50
BNexen Expansion - 120
"North Wes: Redwaler Upgrader - 1200
|I5nalcmm:reek-400ﬂﬂlnm)
= Shell MRM - 53
- = Shell Scofford - 53
| « Surcor For Hills Primary / Ore Prep - 50
= Suncor Foil Hills Secondary LG - 750
1" Suncor Fort Hills USO - 348
Suncor OFF 1 - 108
= Suncor OPP 2 - 378

= Syncrude Fine Tailings - 135
« Total Jashn Mine - 730
|2 Witimrs POR Recomr- 80

JISMDP“S-!W

- 100
- 288

NOTE: Data assumes 12 week construction schedule
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Where to get the work done

tractor, Turn key

, Temporary foreign workers
elationships,

Unit rate
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Other considerations
I
» Corporate considerations

— Standards and Specifications

— Class of Plant

— Project Governance

— Technology development, How and when to incorporate
» ESEIEH - Enhanced Solvent Extraction Incorporating Electromagnetic Heating

» Co-Injection Direct Stimulation
» Gas Lift vs. Mechanical lift End of reservoir life
TECHNOLOGY DEVELOPMENT 6.7
History ) Forecast

( Electric submersible pumps
0 W;L:dgc well optimization COMBUSTION TECHNOLOGY
. {
’ Liner improvements Wedge wells : InsuIat;do:;r;ndgcnsablc Wabiskaw Clearwater
! / gas coinjection \ * Airinjection pilot June 2006 . :?Iﬂl‘;cf:o-“‘._:!:_;&RT;S;;J‘-G'?"’""M
a Blowdown boilers . PnlchCLZI

Liner design ® 197 million bbl best estimate contingent

8 resources

optimization $10-15 v a
0 > reduction target T

Low-pressure SAGD

Supply cost reduction, $/bbl

12 5
4
14 Solvent aided process )
Reservoir tailored processes
16 Other E
18
Tim
18 me

Heat transfer bitumen zone

Hote: Supply cost is the average WTI or NYMEX price requ red for an after tax cost of capital retum of 9%.
Source: Lenovis



Additional information

http://www.aer.ca/data-and-publications/activity-and-
data/in-situ-performance-presentations



http://www.aer.ca/data-and-publications/activity-and-data/in-situ-performance-presentations

H Alberta SYSTEMS & TOOLS FORMS CAREERS MEDIA CENTRE  CONTACT US Q
. Regulator

2 Applications Compliance & Abandonment & Rules & Data & About

: & MNotices Enforcement Reclamation Directives Pubfications AER

In Situ Progress Presentations

DATA & PUBLICATIONS

Activity & Data
———— In Situ Progress Presentations

Confidential Well List
Operators of in situ oil sands schemes are reqguired to present regular performance reviews to the AER.

Control Well Requi : . . )
e o Resource management reports are required from some operators and, if nonconfidential, are provided

Core & Drill Cuting here as a separate submission or are incorporated into the performance presentations. Presentations

Material Sampling older than what is displayed in the table below, continue to be available through the Information
Product Services Section at infoservices@aesr.ca.

Cleiiig Aethvity « Directive 054: Performance Presentations, Auditing, and Surveillance of In Situ Oil Sands Schemes

Faciity Apprownls Dafiy List : Water Disposal Limits and Reporting Requirements for Thermal In Situ Oil Sands
5

Horizontal Well List « Thermal In Situ (TIS) Water Publication

In Situ Progress

Presentations

* File size = 50 MB
Pipeline Approwval and
Disposition Daiky List Andora Energy Corporation 203 2012 20M 2010 2009 2008
N Sawn Lake SAGD 11341 Presentations PDF

Plpeine Comnstuetton” = EasdismaeaiiSina e g R e eenniaind
Motification List
Ref Code

SrErEneS enss Athabasca Ol Corporation 2013 2012 201 2010 2009 2008
Thermal In Situ (TIS) Water Hangingstone SAGD 11888 Presemtations PDF

20 ...........

Publication



Historical commercial development
I

The first attempts to develop the Athabasca Oil Sands commercially were made under the assumption that the bitumen in the area must be coming from pools of oil deep beneath the surface.
In an attempt to locate these pools, Alfred von Hammerstein drilled the first wells in the region, north of Fort McMurray. Altogether, between 1906 and 1917, about 24 wells were sunk in the
search for the mother-lode of oil. None were successful at finding oil, but they did discover salt which became a major industry in the Fort McMurray area for 50 years.

In 1913, Sidney Ells, a young engineer employed by the federal Department of Mines, began his work in the oil sands, which was to last until 1945. Ells was an early advocate of the hot water
flotation method of separating bitumen from sand and he conducted a number of experiments to test this technique. He was the first to bring out samples from the area for laboratory testing.
As a result, oil sand was shipped to Edmonton to be tested as road paving material. While the paving was successful, oil sand could not compete economically with imported asphalt and the
project was dropped.

In the 1920s, entrepreneur R.C. Fitzsimmons used the same hot water flotation process to produce bitumen for roofing and road surfacing at a plant near Bitumount, 80 kilometres north of Fort
McMurray. By 1942, however, financial difficulties forced him to sell the operation. In 1948, the plant was taken over by the Alberta Government to investigate extraction methods with large
scale equipment.

By 1949, the plant was processing 450 tonnes of oil sand a day, but it was closed because the government was not interested in launching a commercial venture. Data from the experiments
was used as the basis for a major study of the viability of commercial production.

Dr. Karl Clark, a scientist with the Alberta Research Council in the 1920s, pioneered experiments with a hot water flotation process which involved mixing oil sand with hot water and aerating
the resultant slurry. This would then separate into a floating froth of bitumen and a clean layer of sand which would settle to the bottom of the tank. The hot water flotation method pioneered by
Ells, Fitzsimmons and Clark proved, over the years, to be the most viable method of extracting oil from the sand.

In 1936, another developer, Max Ball, founded Abasand Oils Ltd. His plant west of Fort McMurray produced diesel oil from the oil sands. There was a brief flurry of interest in his project,
especially during World War Il. When the plant burned down after being purchased by the federal government, the project died with the buildings.

The 1950s saw another upsurge of interest in the oil sands when the publication of an Alberta Government report indicated that production from the sand could be a profitable venture.

In 1962, the Government of Alberta announced an oil sands policy to provide for the orderly development of oil sands in such a manner that it would supplement, but not displace,
conventional crude oil policy.

The first project off the mark was the Great Canadian Oil Sands (GCOS) Project. GCOS went through a number of ownership changes after its incorporation but, by 1963, prior to the
construction decision, ownership rested with the Sun Oil Company (later Suncor Energy). The Suncor project came on stream in 1967 and became the world's first oil sands operation.

In the meantime, the Syncrude consortium was formed in 1964. Syncrude's initial objective was research on the economic and technical feasibility of mining oil from the Athabasca oil sands.
Syncrude's proposal for a production facility was finally approved in 1969.

In 1973, construction began on the Syncrude site and, after five years of construction, the first barrel was shipped on July 30, 1978. The official opening of the Syncrude Project was on
September 15, 1978. Production steadily increased in the ensuing years and, on April 16, 1998, the billionth barrel was sent down the pipeline, five years ahead of schedule.
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Dover Mine Site

Top of Mine Shaft
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Pad Design
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Cenovus

A SAGD operation at the Cenovus Christina Lake facility near Lac La Biche, Alta
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Mechead hydraulic pumping units (Weatherf
= L00P)while other wedge wells have ESPs. ’
£ Photofrom O&G J 9/6/20@0 from Cenovus

o Some Foster Creek wedge wells have electri(w
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Steam is
continuously
injected to
heat the oil

SAGD recovery ranges
from 50 to 70 percent

iik\\\h . ‘_\_-__;_;7_/ / _H___’_" JRRRY ST SRS S TR AR / .: r uf uil—in—placg
= .
E

Ao v Frore el

e
s




Devon
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A well-pad at the Devon Jackfish In Situ mine site
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at the company's oil sands operation near Conklin, Alta
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sSuncor

A SAGD well pad at Suncor's Fi
helped boost thermal oilsan
April.
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Sister Pad:
9 WPs,
E&I Skid Modules

T
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. | Main Pad:

-1 9 WPs,

_| Process Modules
Startup Skid Modules
E&I Skid Modules
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