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QUEST - Integrated CCS Project

I \
o ~ 3 wells to inject CO, into saline formation at 2 km depth (6500ft)

F |

o Pipeline to storage site, 12" & 65 km (40 mi)
-
10.8 Mt CO, reduction over 10 years
Final Investment Decision Q3 2012
Commissioning Q1-2 2015
Sustained Injection by end 2015

25 year field life

10 year closure period

O Ub to 1.2 Mtpa from the Scotford Upgrader
l I | \

Compressor

lustrative only
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QUEST - Storage Complex and MMV Interval

Basal Cambrian Sand

Ultimate Seal Prairie Evaporite

» Deep saline aquifer (~2km). Well

below potable water zones (<200m)
kikdY Target — pressure and potentiall

geoch emistry monitoring Wlnmpeg05|5

8-19 well results

well: 100081905920W400

Winnipegosis

MMV

Complex

UV 100081905920W400 Elevatizn: 646,76 m H:m SPUD gate: 3
Short rame: SCL RADWAY Elmyation datum: KellyBushing ' m Compietien & Jltimate Seal
8-19-59-20 Totsl degth: 21335 m Longlude: Status:

Long rame: 100081005020W400 Conrdrate system: m Latiuge: Operater:

Upper Lotsherg

Second Seal Lower Lotsberg
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-
First Seal MCS - Middle Cambrian Shales
LMS - Lower Marine Shales
Injection Target BCS - Basal Cambrian Sandstones
PreCambrian Cratonic Basement
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QUEST - 2012/13 Drilling Schedule

GW wells drilling

5-35 7-11

2012 2013

Sep Oct Nov Dec Jan Feb Mar Apr May
5-35lease construction - crew 1 (15d) & regrading T
7-11lease construction - crew 2 (15d) &regrading | (| _ [l _ | _ _||l__1l__4__
3-4 |ease teardropping - crew 1(3d)
8-19 lease finish off & final fencing
Injection wells drilling (38deach) ] s VT
Deep monitoring wells drilling (14d each) _ _ _ _ _ | ___Bag | Bs | _mn [

Injection well completion, perforation and testing

Decision on additional injection well required

—
8-19 5-35§7-11

SNiiE I

Drilled 2 additional injection wells in 2012 (5-35 and 7-11 Locations )
Drilled 3 Deep Monitoring wells — One on each injection well pad

Drilled 4 additional Ground Water monitoring wells

Tested the 5-35 well — similar injectivity to the 8-19 well

Next steps
Install final completion and execute test in IW 7-11




IW- 8-19 (Gamma IW- 5-35 w - 7-11 (Gamma

Ray Log) (Gamma Ray Log) Ray Log)

Shale /

Sand /

Net Sand - 38.7m Net Sand - 42.1m Net Sand - 37.8m

Porosity — 17.1 % Porosity — 16.3 % Porosity — 17.4 %

Based on simple Vsh cut off = 0.35 and Porosity Cut Off =0.1



QUEST - Pressure Monitoring Interval

DMW-7-11 DMW-5-35 DMW-8-19

‘ J J ‘ Tight-Cannot

be used as a
monitoring Zine
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‘ Pressures and
samples
obtained —
Can be used
asa
monitoring

Major Salt zone

SEAL

O Pressures and
samples
obtained —
Can be used
asa
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Ultimate Seal zone - but

only in one

Secondary well

Seal

primary seal [ NN ([N N Storage

Complex
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Depth Extent

Atmosphere

Areal Extent

Geosphere




Boreal

/ Vic

U of BC

Golder
MDA
AITF
UofC
Rapideye

MDA
TRE

Geosphere

<&

LightSource

Soil CO2 Flux and Conc.

GWM wells)

GW Continuous (PH, EC) - GWM
wells

Well Head Gas.

GW Sampling (Landowner Wells &

\ Development Study —PTI (RIJ)

\ Data Acquisition./Processing —

U of BC and Victoria

Remote Sensing (INSAR)

Distributed Temp. Sensing (DTS) —
Fibre Optic in IWs

3D Time Lapse Vertical Seismic
Profiles (VSPs)

3D Time Lapse Seismic
Micro Seismic Array - DMWs

Downhole Pressure/Temp. — IWs &
DMWs

Variability Study - AITF

Corner Reflector Study - TRE

Detection Algorithm- PTI

DAS Feasibility Study - PTI

Feasibility Study - PTI




Open-Path Sensor Imaging Capability Expected Detection Performance

» Data accumulates for different wind directions, speeds and Turbulence
intensities
» As data grows, fewer source patterns can satisfy data constraints.

» Evaluate numerous candidate source arrangements to find best fit to data.



m RADAR

m Increased soil salinity above background scatter for BCS brine detection
m RADARSAT?2

m OPTICAL (Multispectral)

m Measure and monitor spectral properties of light reflected by vegetation to
measures plant stress to confirm the absence of Quest CO, or BCS brine in
the biosphere.

m Baseline with RAPIDEYE



BIOSPHERE: Remote Sensing (RADAR amplitude)

Active System

Transmits a C —Band
RADAR signal — 5.6 cm

SAR (Amplitude)

Dielectric Constant
Roughness

Soil Salinity

RADARSAT-2 Satellite
The Canadian Space
Agency and MacDonald,
Dettwiler and Associates
Ltd. (MDA)

INSAR (Phase)

Injector

Region of increased pressure

Launched — 2006
Orbit — 798 Km

l

Surface
Deformation




Passive System

Reflected Visible/Near
Infrared Spectrum

RED EDGE—4

NDVI
Map

RapidEye Constellation
Owner — Rapideye

Designed and launched by MDA
5 Satellite Constellation

5m Resolution

l

: NDVI — Normalised Difference

Vegetation Index




(NIR — VIS)

NDVI =

(NIR + VIS)

NIR- Near Infra Red
Reflectance

VIS - Visible (Red)
Reflectance

NDV!I is calculated from the visible and

near-infrared light reflected by vegetation.

Healthy vegetation (left) absorbs most of
the visible light that hits it, and reflects a
large portion of the near-infrared light.
Unhealthy or sparse vegetation (right)
reflects more visible light and less near-
infrared light.
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Dielectric

Constant NDVI
GOLDER .
(Data Collection ) EM-38 Vegetation
Surveys Spectroscopy

+ Physical Data on Vegetation Cover, Type & Health



LEGEND

GECTEXTILE TARGET LOCATION
INJECTIOM WELL

VEGETATION FLOT

FPRIMARY HIGHWAY
SECOMDARY HIGHWAY

LOCAL ROAD

/| |mem
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22N
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BIOSPHERE / HYD Tracer Selection

Reactivity | Partitioning | Low Low Low Other Comment
Detection | Environmental | Cost
Limit Impact
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Radicadive,
public perception
®

Mostly research,
artitioning

Eeh avior not fully

known

High atmospheric
content &

High atmospheric
content @

Most potent GGH.

Banned in Europe
astracer &

Under
deve|opment.

Useful but not for
||c:b|||ty

Inexpensive

Prohibitively
expensive

Prohibitively
expensiveccse

Procurement and
analysis issues

Amount needed is
not feasible.

Amount needed is
not feasible.

GHG, but amount
added very small

Large quantities
needed. Potent
GHG. Do not use.

Expensive, mostly
scientific (Otway)



BIOSPHERE / HYD Tracers -

T
- Tracers have been widely used for

X el plume migration monitoring in the
:§ ﬁ Weyburn, Canada Yes §13C, 5180 Re_.se;;oirplume reSGI'VOIr MOSt app|lcatIOnS were
55, o once-off deployment.
E 8 § In Salah, Algeria Yes PFC eservoir plume
E 8‘\?“ migration
R=NO) : .
RO Goreen e No examples of continuous tracer
Frio, Texas, USA Yes SF,, PFC, Kr ﬁ?;;;%i;plume InjeCtIOH for “tagging” the C02
" . Reservoir plume cpe .
5 QO2Sink, Germany Y Xe&Kr P If Quest deploys an artificial tracer
(] . . . .
8 Otvrry SWiALsrlial || Yes | SF, Kr, D, | Ressoirplima throughout the life of the project, it
=) migration . )
S P - . Reservoir plume will be setting new ground.
;§ a : migration
2% K12-BN. Sea, Dutch R irpl
29 sedor e PFC rigation



m PFC - perfluorocarbons

m Artificial tracer compound(s) added to injected CO,
m No baseline or characterisation required
m Feasibility study to evaluate use (PTIl + CSIRO)

Examples of sampling devices:

Cylinders for well sampling CATS tube for environmental sampling
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BIOSPHERE / HYD. : - Natural Tracer - 83C

Isotopic Analysis - concept

-45

_40 Site-specific data needed!
-35

-30

_25 -/

§13C - CO,

ambient air C3-veg C4 - veg gasoline  natural gas coal
combustion combustion combustion

20

data from literature: general & Widory and Javoy (2003)



o13C data
collected during
the 2012 soil gas
sampling
campaign — Sept
2012

21
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GEOSPHERE: In Well Monitoring
Down Hole Pressure Monitoring — Injection Zone

INJECTION WELL

o Tubing Head

Pressure (THP)

Room

Scotford Control

12 Mpa

il Objective

4| Prevent the BHP

| from exceeding the
iW.| Formation Fracture
¥ | Pressure

T T

3 12" or 4 ¥2" Carbon Steel Tubing

e
ot

g1
2

Bottom Hole

Fracture Pressure WaterfallChart
45,000
W Redwater 11-32

20.7 206 kPa/m | D51:
—_ 10% Il Radway 8-19
[v]
240,000 - ~4 MPa
= Margin
E" e e e e em e e em e e = -
K 17.4kPaim D&5:
5 16%
@ 35,000 ~6 MPa ||
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g
=
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o
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-
o

20,000
BCSFEP D51: 90% of LMS FEP D65: 90% of
minifrac BCS FEP minifrac LMS FEP

Pressure (BHP)

Calgary Office

28 Mpa

Normal Operating pressure = 22- 23 Mpa




INSAR -Reflection Points across the QUEST lease area.

The results of the INSAR analysis over the
Quest Project site on data acquired between
June 2011 and December 2012 by the
RADARSAT-2 (RSAT?2) satellite demonstrate
that it is possible to monitor a large
agricultural and vegetated landscape with
advanced InSAR Techniques

An average density of 10.64 reflector points
per square kilometre was obtained from the
SqueeSAR processing and in the vicinity of
the injectors varies between 6.98 and

12.03 points per square kilometre which supports
the feasibility of using INSAR without the need for corner
reflectors

Ground displacement over the site is mainly
limited to a few millimetres and is within a
range that can be linked to seasonal
fluctuations.

The precision of the ground deformation
measurements is currently closeto 2
millimetres per year and based on the
characteristics of the SAR imagery acquired to
date . TRE estimates that millimetric precision
will be attained after 32 months of

image acquisitions.
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DTS - Distributed Temperature System

DAS - Distributed Acoustic System

24



Continuous Detection - With well flowing

Example :

Modelled temperature anomaly

after 10 hours of leakage outside/
casing for an assumed leak path

(0.02 — 0.04 mm) and all the way
to surface

More difficult detection process
due to shifts in the baseline
measurement — developing
software to automate this
detection process.

25
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— DAS can replace Geophones for time lapse VSP monitoring

27
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B Ground water sampling

B First campaign was completed by Golder in Oct /Nov. 2012
B Report of 2012 activities was submitted by Golder in January 2013

B Analysis Results available in March 2013

B Remote Sensing /Soil Gas

B First Remote Sensing calibration campaign completed in Sept / Oct 2012 using 10 calibration

plots

B Soil Gas Measurements carried out on the same plots

B Project GW Monitoring Wells

B Drilled the 4 additional Project ground water monitoring wells at the 5-35 and 7-11 locations.
B 5 Ground Water wells existing at the 8-19 location

B Continuous Measurements to start in March 2013

29
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Q4 2012 campaign:

198 landowner wells identified,

~ 130 permission to visit/sample

Sampled 53 wells

Results available - individual landowner

will receive report

Issues identified:

GW wells access/condition - planned spatial

coverage

Collection of well headspace gas samples

2013 campaign:

Quarterly sampling frequency

Modified sampling method for well

headspace gas

First QTR campaign underway. (complete

missing wells around injection wells.

30
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m Q4 2012 campaign

m 10 transient plots & 2 injection well pads visited

m Soil gas depths:
m @ injection well pads: 100, 150, and 200 cm

m @ transient plots: 150 cm

m Soil flux taken at 3 or > sites per @ plots and injection

pads Plot ranking Fall 2012 CO2 fluxes from
highest to lowest

m Final results available mid-March 2013

m issues identified : probe installation @ 200 cm
m 2013 campaigns

m 3 to 4 sampling events

m modified sampling depth for soil gas:

(50, 100, 150 cm)



B LightSource (RGFM)

Work continues on developing the processing algorithms based on data acquired in 2011 at the 8-19 location.

Collaborating with University Of Victoria on atmospheric CO2 flux (eddy covariance) data from 8-19 location

B Tracer Feasibility Studies

B INSAR

The report entited “PFC Tracers — Suitability for MMV Techniques” was received in Jan 2013

Commonwealth Scientific and Industrial Research Organisation (CSIRO) commenced work on batch experiments to

test partitioning behaviour.
Next step — Slim Tube experiments to test Adsorpsion

Contract awarded to the University Of Calgary to Study CO2 Isotopic Fractionation

MDA continuing to acquire data

TRE carried out their proprietary SqueeSAR processing and completed a feasibility report in Jan 2013.

B Report supports the feasibility using InNSAR for surface deformation monitoring without the need for manufactured reflectors  ( “corner reflectors™)

32
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75%

0%

CO2 Saturation through time Time-lapse seismic signature through time



Time Lapse 3D Vertical Seismic Profile
Detection (3D - VSP)

Velocity change in overlying
formations

Zero-Offset Source for CO2 Leak

Surface Seismic

Reservoir / \
RN

Fiber Casing

3D VSP

Offset Sources for Plume (conformance) Monitoring

and Flrebag
CO2 Leak Detection I

Keg

Reservoir / \
TN

Fiber Casing
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Objective
Determine CO2 leaks outside casing via a poor or compromised cement bond

1) On Demand Application - With well shut in

Since the injected CO2 is
significantly colder than the
formation, if the hydraulic
isolation has been compromised,
a DTS measurement while shut-
in will detect a temperature
anomaly in the receiving
formation,

well warmingup
7
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April 23, 2013

(3 Inj. Well Case)

Legacy wells penetrating BCS
Injection wells (3 well case)
Injection wells (>3 well case)
GW monitoring wells

Deep monitoring wells (DHPT)

Deep monitoring well (DHPT, DHMS)

oo eo

BCS monitoring well (DHPT)
@ Time-lapse seismic baseline

D Sequestration Lease Area
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Legend

DHPT: Down-hole pressure temperature

MIA: Multi-spectral image analysis

OBG: Groundwater observation well

VSP3D: Time-lapse 3D vertical seismic profiles
DHMS: Down-hole microseismic monitoring
INSAR: Interferometric Synthetic Aperture Radar
LOSCO2: Optical path remote gas flux mapping

SEIS3D: Time-lapse 3D surface seismic
CO2: Maximum expected CO, plume
Private GWW: Landowner groundwater wells
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Risk Metric

Legend

. Passive safeguards; these are always present

. Active safeguards, these are only present when a decision to
intervene is made triggered by monitoring information

I pPassive safeguards
H Active safeguards

Number of Safeguards

! Identify

Risks

MMV
Design

Risks
reduced
to
ALARP

Risk Implement
Evaluation Safeguards

Unacceptable

1in 10% per year

Tolerable £

1in 106 per year

Broadly
Acceptable

£ D
Cong, oy

Mergy
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