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Can existing reservoir experience be used?

Similar principles apply in subsurface CCUS vs other reservoirs

N\Understanding the petrophysical, geomechanical, and geological
properties of the injection target formation

\ldentifying the capacity of the overlying seal unit

N\These are often the same reservoirs that have been previously
studied and documented.
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Characterizing and understanding the rocks
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Characterizing and understanding the rocks
Reducing uncertainty

N Seismic height error —ca. £ 15% length
N Log porosity = * 3.5 porosity units (p.u.)

N Log saturation = * 10 saturation units (s.u.)

Reservoir measurement error

1o Based on supercritical CO, at

140 3000 psi, 70°C

120

a Controlled core data
N Core porosity - £ 0.5 p.u.
N Core saturation - £ 3 s.u.

+1000 psi = ca. 20% CO, volume increase
+20 °C = ca. 10% CO, volume reduction

100

80

Millonis USD

60

Possible uncertainty reduction:

40

20

100 MMS - based on $50 /ton CO,
length 3.5p.u. 0.5 p.u. 10s.u. 3s.u. & IﬂjECtIOﬂ tO 3000 pS|, 70°C




Characterizing and understanding the rocks
Protect and preserve

Appropriate wellsite
handling is critical

pilles \V1ay require specialised ‘
A stabilization

— fluid & core
dependent

Some images per
McPhee et al 2015

Sealing top of barrel



Characterizing and understanding the rocks
Longitudinal Fracturing \Essential to understand

(no lifting support — cradle

pOtentIaI core damage Cylindrical Shearing
N\ assess sample selection (coring)
\ evaluate core analysis results

\rotary sidewall samples are
often intact and undamaged
but their small size can be a

disadvantage for some tests.
Shock/Handling
Damage

Chevron pattern =
transit/handling

Some images per
damage gesp

McPhee et al 2015




Characterizing and understanding the rocks

Where is the CO, really going? 3160

Pseudo PLT from RCA data
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Core Analysis and Petrography




MICP and CO,- Brine Threshold Pressure vs Perm

N\ Multiple Formations (Seal & Fm)
v N\ Different k measurements
E = MICP =kg
1.E+03 KA A L™ - COZ-BI’II’]E = kW
IS = Kw can be significantly lower for high
g | _\ﬁ!\_ clay content
gl.E+02 E = A M&
2200 = N CO,-Brine = reduced IFT = Pc
f : e N CO,-Brine = more accurate stress
= MICP will apply OB stress until
: . threshold pressure
LE01 = May overstress the sample

1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03
Permeability (mD)

N MICP is faster to run than CO,-Brine

Laboratory Studies to Optimize Carbon Injectivity in CCUS 10



Rock Mechanics
Reservoir integrity and compaction-expansion
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Rock Mechanics
Reservoir integrity and compaction-expansion
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Rock Mechanics
Reservoir integrity and compaction-expansion

Shear Strength Young’s Modulus
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Rock Mechanics
Reservoir integrity and compaction-expansion

Shear Strength Young’s Modulus
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Reservoir-condition core floods

Using formation brine
L

dioxide

No Significant impact
from high rate water
injection

One rock type showed |
damage from high rate
€O, injection

Long-terminjection
showed impactin all
rock types

3-D Alteration Model example, with
sand retention hardware
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Reservoir-condition core floods

Fines
Migration
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Laboratory Studies to Optimize Carbon Injectivity in CCUS
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Reservoir-condition core floods
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Reservoir-condition core floods

Understand the geology!

N\ Carbonates as an example
N\ CO2 reactions and worm-holing have been seen

N\ Controlled by things like mineralogy, pore shape and
size, temperature, residence time, concentration

N\ Studies need to take this into account, including long-
term exposure and looking at dissolution and
precipitation

—_———

10 mm

Laboratory Studies to Optimize Carbon Injectivity in CCUS
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Reservoir-condition core floods
Worm-holing in carbonate sample due to alternating CO2-brine flow

(b)

Fig. 14. WAG results - dissolution pattern from (a) experiment and (b) fine-scale model.

(a)

Jeroen Snippe, et al., 2020, Intl. J Greenhouse Gas Control



What all this can tell us

N\Modeling CO, injection needs quality data inpul
N\Fluid properties
N\Mineralogy, lithology
\Storage capacity
\Saturation vs injectior
\Saturation vs height
N\Reservoir integrity
N\Wellbore stability )

N\Exposure impact .
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Final thoughts

N Reservoir characteristics and human interventions define CO, injectivity

N Understanding behavior at every process stage reduces uncertainty to
reduce risk and add value

N Industry standard best practices are needed for lab testing of CCS reservoir
and seal rock.

N\EPA Class VI well characterization guidelines are helpful, but they don’t
clearly address changes in reservoir properties with CO, exposure.

N\ Effects of CO, injection on reservoir and seal formations should be
Incorporated into AOR and reservoir integrity models.

NAs always: there is no substitute for quality lab data using representative
materials at in-situ conditions.



Any Questions?

Contact details:

Jules Reed

Global Technical Manager
jules.reed@premiercorex.com

Joel Walls .
Geoscience Advisor
joel.walls@premiercorex.com

WWW. premiercorex.com/ccus
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