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CCUS

Global CO, capture capacity at large-
scale facilities by source

[RG]Z NSERC/Energi Simulation Industrial Research Consortium on Reservoir Geomechanics



Fundamental Requirements for CO, Storage

A geological site suitable for CO, storage must have: SO/TC 265
sufficient injectivity to receive CO, at the rate at which it is to be supplied

secure containment (and conformance) of the CO, for
the long-term

sufficient capacity to store the delivered CO, over the lifetime of
injection operations

CSA 72741

1ISO 27914

Document provides
recommendations for the safe
and effective storage of CO, in
subsurface geologic formations
through all phases of a storage
project life cycle
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Measurement, Monitoring and Verification (MMV)

Project operators shall develop and implement an MMV program suited to their operation be
designed to serve the following objectives:

* (a) to protect health, safety, and the environment throughout the project life cycle by
detecting early warning signs of significant irreqgularities or unexpected movement
of CO, or formation fluid

* (i) through gathering information on the effectiveness of containment of CO,
throughout the project life cycle; and

» (ii) by providing sufficient evidence that the CO, has not moved beyond the storage
complex, including leakage to a shallow subsurface zone or to the atmosphere

* (b) to support risk management throughout the project life cycle

* (c) to provide adequate information for decision support within the project,
communication with regulatory authorities and with other stakeholders, including the local
community or local landowners as appropriate
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Planning for MMV at Aquistore...

(1) Plume/Containment Monitoring
(2) Public Assurance
(3) Research Objectives
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Movahedzadeh, Rangriz Shokri, Chalaturnyk,
Nickel and Sacuta, 2021. Measurement,

Aquistore - CO, Storage in Saskatchewan e s e v 5,

February, 7 p.

SaskPower owner and operator of the wells and Aquistore, an independent
CO, Monitoring and Storage research project managed through PTRC with T
guidance provided by a Science and Engineering Research Committee Colservg

Regina.

CaMI FRS ofstevan

Injection commenced April 16, 2015 and a ribbon cutting ceremony
May 20, 2015. Over 370,000 tonnes of CO, injected to date.

) ) . ) CO2 Capture Plant
Testing and comparing proven and novel measurement, monitoring and —

verification technologies for efficiency and economics.

CO, injection well with confirmed acceptance of up to 2400 tonnes/day and
one observation well 150m away from injection well.

Aquistore has and will continue to contribute significant evidence-based
knowledge in support of safe and effective implementation of the geological
storage of CO, in association with coal-fired power generation and that MMV
technologies can be effectively deployed in commercial projects to
demonstrate injectivity, conformance and containment performance
metrics under complex and dynamic operating conditions.
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MMV Program at Aquistore
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Site Configuration
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Geological Setting

* Storage reservoir is 200 m thick and extends from 3130 m to 3350 m
depth at the injection well and comprises the Deadwood and
Winnipeg formations.

* The Deadwood Formation is sandstone with silty-to-shaley inter-
beds. It is overlain by the Winnipeg Formation, which includes the
lcebox (shale) and Black Island (sandstone).

* The Icebox constitutes a shale caprock and is the primary
seal to the reservoir. A secondary storage seal is
provided by the Prairie Evaporite Formation which
is a ~150 m thick evaporitic unit that resides ~500 m
above the reservoir.

* The injection well has been perforated over four
intervals: one in the Black Island, two in the upper and
one in the lower Deadwood interval.

Precambrian
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CO, Injection Well and Observation Well

Well distribution in injection site
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DTS lines are located along the length of the tubing of injection well, and the casing of the observation well (~spaced every 100 m).
DTS lines do NOT cover the targeted CO2 storage interval. NOT capable of profiling the injection flowrate in the 4 perfed zones.

[RGJ?

NSERC/Energi Simulation Industrial Research Consortium on Reservoir Geomechanics




CO, Injection
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CO, Injection

Multiple non-isothermal transient periods of relatively high
injection rates followed by periods of limited injection.

Temperature Profile of Observation Well

Minute paily
Average

Temperature Profile of Injection Well O

Hour

Ae Start of Injection ~ Jan 2016 Jan 2017

Thermal map shows rapid heating & cooling of the wellbore with injection

Temperature is monitored along Inj and Obs wells (DTS).
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Dynamic Responses during Density Instability
CO, Injection
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Time Lapse Pressure
Transient Dynamics
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Time-lapse Pressure Transient Analysis at Aquistore
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Temporal Evolution of Non-lsothermal (..cold) CO, Injectivity at
Aquistore

4 N 4

exceptional

moderate

inferior

\_ ) .

Injectivity data could be grouped into 3 clusters No seasonal variation in injectivity

with distinct injectivity status (~10,000% increase). Injectivity correlates negatively with BHT
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Cementing Dynamics
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Observation Well — Dynamics during Cementing
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Cementing Dynamics
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Surface and Subsurface
Gas Measurement
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Gas Measurements: Surface and Subsurface
» Subsurface
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Well Integrity Dynamics
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Response of Casing Conveyed Sensors to CO, Injection

— Outside Casing (3055m) Pressure (MPa)

— Qutside Casmg (3055m) Temperature (C)

| Behlnd Casmg Pressure Dynamlcs > 1MPa

35.5

W
o
o

w

P

93]
Y
Y
O

w

B

o
—
o
o

W
w
w

0

o

ATATAATATA A A A A A ~
s N NSNS AN
W R e o .

i A e A T R it e e A et N R -
e A A e e s ."":"" A e A e .o R
e P o s P O T 3 O e O 0 Pt ool ’

(edN) WGSOE - @inssald BuiseD spisinO

w

W

o
0
o

32

——
(4]
[
=
—
@
-
-
w
w
@
-
o
—
-
L
Lo
L
ISP,
~—
o
£
w
0
(-
Q
o
o
+—
-
O

May'16  Jun'16  Jul'16

w
N
3

~
O

(7)) admeladwa) (Wggos) Buisen spIsing

| Behmd Casmg Thermal Dynamlcs 130 C

32.0 f 60

10/4/2015 11/16/2015 12/30/2015 2/12/2016 3/27/2016
Date

[RGJ?

| NSERC/Energi Simulation Industrial Research Consortium on Reservoir Geomechanics 24



[RGJ?

Tubing Outside
° ®
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Metallurgy and Corrosion - CO, Injection Well
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Salt Precipitation Dynamics
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Salt Precipitation

Brine Chemistry:

* Highly saline, Na, Ca, (i
dominated

* The water is likely saturated with
respect to halite, calcite and
anhydrite
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Lower Deadwood

3255m —3266m

Talman, Rangriz Shokri, Chalaturnyk and Nickel, 2020. Salt Precipitation at an Active CO2 Injection Site. In Wu, John J. Carroll,
Minggiang Hao and Weiyao Zhu (eds.) Gas Injection into Geological Formations and Related Topics, Scrivener Publishing LLC,

pp. 183-200.
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Virtual Flowmeter Log from Downhole Camera Videos

05:53:39
— 2020-08-18 7:32:474PM
(

\
3255.21m
3.91m/min

Correcting for

- image distortion
- image overlap
- image orientation

results in:
" stitched images” of
wellbore profile

-
_— — | —_— _— — _— _—
- - -
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Seismic Monitoring
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Time Lapse Seismic
Monitoring

Effectiveness of permanent array is
demonstrated -still operational after 8.5 years.
Alternative DAS fibre configurations show
potential for surface data acquisition.

No induced seismicity over 5-1/2 years of

injection.

CO, plume is contained within the reservaoir.
Constrains vertical distribution of CO, in the

reservoir

Strong influence of reservoir structure is

observed.
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Experimental DAS Configurations (Fibre Optics)
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Dynamic Reservoir
Modeling
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Different History Matched Realizations of CO, Plume

Simulated CO2 Saturation
Deadwood D —Top Layer Only
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Different History Matched Realizations of CO, Plume

* All realizations match reported field data!

* Very similar history matches on injection rate data,
but with very different petrophysical property
distribution.

* There is a need to constrain the simulation with
time-lapse seismic surveys.
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Additional Constraint: Observation Well BHP using Bubble Tube

Loss of casing conveyed
gauges in Obs Well meant
no BHP data away from
injection well

Convert casing conveyed
fluid recovery system (which
did not fail) to automated
bubble tube system for BHP
at Obs Well

Jan 2020

E«Obs Well
mell

_ W Y™ . \Hll |

Jan 2021
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MMV and CO, Storage

A geological site suitable for the CO,

Know what you're storage must have:
looking for | Sometimes itreally ~ * sufficient injectivity to receive CO,
does make sense to at the rate at which it is to be supplied
just get started ! * secure containment (and

conformance) of the CO, for
the long-term

» sufficient capacity to store the
delivered CO, over the lifetime of
Injection operations
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