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% Pressure recovery
o Secondary trapping mechanisms
o Confidence in predictive models
[ s '
i z

N

N
Injection Injection 2 xInjection 3 xInjecticn n x Injection
begins ends period period period
Risk profile @COz2 injection site(site-specific) [llustration source: Benson, 2007]

Reducing Uncertainty /Mitigating Risks to the Manageable Levels !

Loses of Injectivity, Capacity and Containment,
Induced Seismicity, Environmental Impacts
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Storing CO: in Saline Aquifers (1/2)

Major Steps in Process of Finding
and Developing Qualified Sites

NETL, 2007
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Storing CO: in Saline Aquifers (2/2)
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Community Concern, Risk Communication - Public Support
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Estimating Volumetric Storage Capacity

Sf: Storage efficiency

reservoir

COz injection

Injected CO2

ideal

buoyancy

fingering

(RITE, 2006; Ogawa et al., 2011)

To calculate the CO, storage capacity of a deep saline aquifer,
the following equation may be used:

: S xAxh S I
| CO, storage capacity (mass) = 2" OxSexp |
B,CO, !

consideration. Sg is the supercritical CO; gas-phase volume fraction
in the injected CO, plume. p is CO, density at standard condi-

depends on local pressure and aquifer temperature. Therefore, the
term (p/BgCO,) represents the in situ density of pure CO; at the

the ratio of immiscible CO, plume volume to total pore volume,
which incorporates the combined effects of trap heterogeneity, CO;
buoyancy and displacement efficiency and so on. In the calculation,
the entire aquifer below a depth of 800 m is considered.

St: a“storage factor”, the ratio of immiscible CO2
plume volume to total pore volume, the combined effects
of trap heterogeneity, CO2 buoyancy and displacement
efficiency.

20
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Storage Factors in Different Regions

Comparisons of storage efficiency factors.

0.25 0.5 (Ogawa et al., 2011)

/ /

Efficiency’ / / Comments
Australia 19 % eodisc, #radshaw et al., 2004
Japan 12.5 % éf X S/g ~ E(DOE) or Cc (CSLF)
Alberta ~9 % Bachu & Adams, 2003 (Dissolution)
USA 1—4% DOE Atlas, 2008 (Monte Carlo Simulation)
Norway offshore ~4.4% Joule Il, 1996

"Note: After Thibeau and Mucha (2007).

Storage potential h
Sf

=AXhXSfXx ¢ xSg.”BgCO, X p o

Sg

: aquifer area

. effective thickness

: storage efficiency factor
. porosity

: CO, saturation

BgCO, :CO;volume factor 0.003m3/m3, depth: 2000m, 70°C

:CO;, density 0.001976 (t/m3)
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Examples to develop a Local Screening Criterion
for CO:2 storage in Saline Aquifers (in Europe)

The screening criterion proposed for the (O, storage by Chadwick et al. (2008).

Parameters Positive indicators Cautionary indicators

Total storage Total capacity of reservoir estimated to be much larger than the total amount Total capacity of reservoir estimated to be similar or less than the total
capacity produced from the OOy source amount produced from the OOy source

MNAnth TNNNA DORNN < QNN A Av SODORNN

lLateral Un-taulted laterally varable faults
continuity

Thickness >100 m <20 m

Capillary entry Mush greater than buoyancy force of maximum produced 0Oy column high Similar to buoyancy force of maximum produced Oy column height
pressure

Reservoir permeability Aquifers: an expected permeability of 200 mD or more

Thickness seal >10 m. Both simple seals as well as complex seal have been taken into account

Seal composition Salt, anhydrite, shale or claystones

Reservoir composition Aquifers: sandstone, hydrocarbon fields: limestone, sandstone, siltstone, carbonates

Initial pressure Overpressure excluded

Salt domes Relevant for aquifers. Traps located alongside/near salt domes/walls have been excluded because there is a high risk of salt cementation

Total storage capacity: to be much larger than the total amount from CO2 source
Reservoir: depth, thickness, porosity, permeability, salinity
Caprock: lateral continuity, un-faulted, thickness, threshold pressure

23
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Estimating the Fault Damage Zone Envelope from Seismic

Harvey-2 Superimposed to LINE-01
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Theoretical distributed strain sensing measurements
are shown in purple for slip on either type of fault

the relationship between fault core/gouge, principal slip surfaces, and the ‘fault
damage zone’

FY2022: 2D seismic survey, seismometer, strain interrogator and tiltmeter deployment, water
injection test
FY2023~: new well drilling and fiber cable installation, water injection, fault zone mapping
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Collaborations Between RITE-CO2CRC
Fiber Optic Sensing for Fault Leakage Monitoring

DAS (Acoustic), DSS (Strain), DTS (Temperature) (HZ=CCUSIiE hEFE)

New wells ?

-
Pt
e
-
e
Pt
-
-
-
-
ad
-
P
e
-
-
-
-
Pt
e
-
e
.
e
-
-
-
e
e
-
P
Pt

e
-
-

el
s

RITE-CO2CRC @Otway

» FY2022: shallow well drilling, fiber cable installation, baseline (strain, temp) monitoring
> FY2023~: water / CO2 injection, fault leakage detection, DAS/DSS/DTS monitoring
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3D view of Brumby wells at Otway site

BEEiH: Brumby 2

BEFYLH :Brumby 1
(WVSPHRIRIZEZA)

iR+ Brumby 3
(Injection well, DTS/DAS/DSS) iR FH: Brumby 4

\ TS/DAS/DSS Monitoring)
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Rayleigh shift at Brumby 3 in water injection @ Brumby 1

Water injection

period

75 L/min

100 L/min

150 L/min

Cement
Surface-65.80m

Bentonite
65.80-66.80m \

Pressure gauge
Upper: 68.35m
Lower: 73.60m

I I I | Gravel Screen
: I : : £6.8079.00m 73.60-73.60m
1 1 \ | l
| I I \ Cement
| | : : 79.00-86.00m \
| I : | Bentonite FO BHA
| | | ' 86.0057.16m X 84.67m

Bore TD 4-1/2" CSG

87.16m 87.16m
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Rayleigh shift at Brumby 3 in water injection @ Brumby 1

Flow Rate 75 L/min

05 Frequen&y Shift (Gé—!g) 05 FrequenBy Shift (Gé—!é) 05 Frequen&y Shift (G(l)—.ig) 05 Frequen&y Shift (G(l)—.ig) 05 Frequen&y Shift (Gb—!é)

0 - . ﬁﬁ
10
20
30
@0 Cement
= Surface-65.80m
= =
‘D'SO
Bentonite
60 - 65.80-66.80m \
-— Gravel
70 66.80-79.00m \
Cement
C 79.00-86.00m \
80 Bentonite
86.00-87.16m
90 —2023/8/24 11:33 —2023/8/24 11:40 2023/8/24 11:49 —2023/8/24 11:56 —2023/8/24 12:02 Bore 10
ore
87.16m

Pressure gauge
Upper: 68.35m
Lower: 73.60m

FO BHA
84.67m

4-1/2" CSG
87.16m
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Rayleigh shift at Brumby 4 in water injection @ Brumby 1

Water: injection period

i 75 L/min ' 100 L/min ' 150 L/min

Upper
Pressure gauge
15.27m

Cement
Surface-102.67m

Lower
Pressure gauge
77.24m

FO BHA
100.67m

Bore TD 4-1/2” CSG
104.00m 102.67m
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Rayleigh shift at Brumby 4 in water injection @ Brumby 1

Flow Rate 75 L/min

-0.5 Frequengy shift (G§iz) .o 5 Frequengy shift (G§izg) g 5 Frequengy shift (G§ig) .0.5 Frequengy shift (G§iz) 0.5 Frequengy shift (Gjjiz)

O L -

0 48m> — -

90

92m> =
100 €8m'> —ﬁ

L ———2023/8/24
$023/8/24 ——2023/8/24... 2023/8/24... ——2023/8/24... 1154
110 11:28 d

Brumby4



FiifTBAFE (technology development) hvin
SE1iT (art of conversation) ~MZE & (transforming)

PASSIVE SEISMIC SERIES

limited to regulatory considerations (e.g., permitting, Class VI, etc.), economic considerations (e.g., financial lending, 45Q tax
credits, etc.), risk evaluation, stakeholder engagement, Environmental Social Governance (ESG), Environmental Justice (EJ), and
political/policy needs.

In many cases, technologists such as reservoir engineers, chemical engineers, geologists, geoscientists, etc., either overlook or
are not exposed to these non-technical considerations. This presentation will discuss and illuminate the integrated nature of
these issues and provide some insights for technologists to become more literate and therefore more valuable and engaging to
their teams advancing CCUS projects. o ToTTmmTmmTmETmEEEE

Risk Communications Approaches

Uncertainties in Subsurface Characterization (Geology, Science and Technology), Policy and Regulation

= Public Concerns over Potential Risks 2= Sending EXperts into the Community & Building

Relationships and Trust !
36



US/DOE

Fiber Optic Sensing for Multi-purpose Data Acquisition (DTS,
DAS, DSS) and Permanent Monitoring for CO2 Storage,
North Dakota, United States (H:¥ccusizh=E%)

Observation Well

/

/

e

Injection Well

CO:z Injection: 16 June 2022, 180 kt /year

Class VI Approved
(Oct. 2021)

* ENorth Dakotat 1 F TD F fiTsE

Optic fiber cables (designed by
RITE) installed behind casing of two
deep wells (Injection & Observation:
2.1 km) and two ground water wells
(depth: 600 m).

SOV-DAS/VSP for CO2 plume
monitoring (180kt/year x 20 years)

Coupled analysis of INSAR and DSS

from the shallow water wells

Which depth & how much the
deformation occurs in subsurface

and how it migrates to surface
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Iterative Process towards Deployment

US/DOE (2021)

r--------------1
1 1
b o o o o o o e e o e e ]

Subsurface stress
« improved capability to forecast risk of induced seismicity & compromise of seal integrity

+ Find & assess legacy wells and novel materials/techniques for remediation

] AOI 1: Fault Detection, Characterization, and Hazard

« Improve AZMI tools I
Plume detection and storage efficiency ] Assessment

- Locate plume margins & pressure increase; improve use of pore space)  IReISH=leKelaRe (V= (o] ol [a ML\ EI = [ {=Igb£ i o] Naal=Nd gloTe [F (o]
" Site charactenzation T TTTTTTTTS prowdl.ng high-fidelity dataon fau!ts, fau!t S|-Ip.OI’ potentlal
| . Map reservoir & seal heterogeneities and deep faults I fault slip, assessment of faults during active injection,
~ Regional resource estimates criteria for cost-effective methods for assessing and
* Jilling the data gaps & realistic basin-scale storage estimates choosing a site, and other related research

Transformational sensing
+ Micro/nano and optical fiber sensing capabilities; wireless power/telemetry systems; edge
computing to enable intelligent monitoring systems 40
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