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Why Basin-Scale Modeling Is Critical

Decarbonization
Goals

Executive Order 14008

Rapid Carbon

)U Capture and Storage

(CCS) Growth
D Needed

CatbonSAFE Targets

Bipartisan
Infrastructure Law

a.k.a. Infrastructure
Investment and Jobs
Act

EE 45Q Incentives and
Potential
Enhancement

Build Back Better Act

*Mt = million metric tons

Investment Area:

50% emission reduction by 2030.

CO, emission-free (carbon pollution-free)
power sector by 2035.

Overall net-zero emission economy by no later
than 2050.

By 2025 Validation Phase: 5 Mt/year injectivity and 250 Mt capacity.
By 2030 Activation Phase: 65 Mt/year injectivity and 2,000 Mt capacity.

By 2035 Expansion Phase: 250 Mt/year injectivity and 7,500 Mt capacity.
By 2040 At-Scale Phase: 450 Mt/year injectivity and 13,500 Mt capacity.
By 2050 Midcentury: >1,000 Mt/year and >30,000 Mt capacity.

Basin-Scale Analysis
and Modeling

Carbon Capture Demonstration Projects and Large-Scale Pilots: $3.5B
Low-Interest Loans to Large CO, Pipeline Projects: $2.1B
Large-Scale Carbon Storage Projects: $2.5B
Four Regional Direct Air Capture Hubs: $3.5B
I

Expanded and revised several times since initially
established in 2008.
Carbon Capture Utilization and Storage Tax Credit
Amendments Act, introduced in March 2021, to increase
the 45Q credit values.
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CO, Storage at Basin Scale

Pressure interference between adjacent Pressure Interference

commercial-scale CO, injection into saline T et 2
formations in a shared sedimentary basin
may occur, potentially increasing
subsurface risks associated with:

Injection point 1

*  Wellbore leakage.

Upper seal

*  Fault leakage.

Injection zone

Pressure interference

*  Induced seismicity.

Lower seal Pressure buildup fronts

Pressure buildup could also increase the
cost of geologic CO, storage by:

¢  Limiting CO, injection rates,

requiring more injection wells. CO, Plume Commingling

e  Constraining dynamic storage Fault
capacities to be below estimated
based on accessible pore volume.

Injection point

Injection point 1

*  Requiring adaptive pressure
management measures (i.€., brine
extraction).

Upper seal i
o ;, Commingled
Injection zone ‘ CO2 plumes

‘ CO2 plumes

Late-time injection

CO, plume commingling could raise
concerns over CO, accounting and liability Lower seal
guidelines in performing corrective actions

in case of potential CO, leakage risks.

CO2 plumes

Early-time injection



Objectives

Basin-Scale Modeling

=

CO, Plume Pressure Buildup
Extent Aerial Extent
l ]
v

Assess factors that influence the Area of Review
per Class VI regulations, such as CO, plume front
and pressure buildup front.

Pressure Buildup
Magnitude

}

Provide support of site
screening and selection
and injection design
considerations.

Pressure
Interference

|

Demonstrate
importance of
interproject
coordination.



Accomplishments to Date

Demonstration of TOUGH3-ECO2M reservoir simulator and development of
full-cycle reservoir simulation methodology

&2

PetraSim™

Mesh Design

\/

A pgthOﬂ‘ Pre-Processing

TOUGH3 N

JDUL Core Simulator
NETL SUPERCOMPUTER \/

A pgthOﬂ‘ Post-Processing

\/

M ParaView Results and

Visualization

TOUGH3 is a multi-component, multi-phase, non-isothermal flow
simulator with parallelization supported.

ECO2M is an EOS module that allows partitioning of water and CO,
between phases; dissolution/precipitation of salt; and phase change
between liquid-rich and gaseous-rich CO,.

NETL supercomputer Joule 2.0 is among the most powerful in the
world (24th in the U.S. and 70th in the world) according to a 2020
ranking by TOP500.

ParaView is an open-source tool for advanced visualizations and
results analytics and automated workflow.

Python-based pre- and post-processing tools were developed in-
house to prepare PetraSim™ input data files to be compatible with
Joule as well as to parse output data files compatible with ParaView.

This suite of tools allows a full-cycle reservoir simulation
methodology for geologic CO, storage and, potentially, other
subsurface research domains. 6



Accomplishments to Date

Leveraging NETL supercomputer Joule 2.0 for fast parallel simulation runs

Running 3-D models on the supercomputer significantly expedites the e S S b S e S S S b S
runtime while maintaining the numerical accuracy of simulation results. o it i '

Improvement in Runtime
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Model Descriptions

Reservoir Parameter Assumptions

Parameter Unit Upper Seal Injection Zone Lower Seal
Thickness m 60 200 20
Porosity % 5 10 5
Permeability (k) mD 1x10-3 50 1x104
k,/k;, - 0.3 0.3 0.3
Top depth m 940 1000 1200
Pore compressibility Pa’! 1x10-10 1x10-1 1x10-10
Lateral boundary - Closed Closed Closed
Vertical (top) boundary - Closed - -
Vertical (bottom) boundary - - - Closed

Conceptual basin-scale model (homogeneous saline formations).
CO, mjection rate = 1 Mt/yr/well.
Injection duration = 30 years.

Post Injection Site Care (PISC) duration = 50 years.



Modeling Workflow

I l ll Ground surface

Overburden
Freshwater aquifer

Model center

Overburden
Upper seal Upper seal
Injection zone Injection zone
ower seal Lower seal
Underburden
Basement

Mesh

\ ~ / Full field Quarter five spot
Modeling Cases

Number of Model Model Lateral Extent  Total Injection Rate Into  Well Spacing

Injectors Segmentation (km x km) the Model (Mt/yr) (km)
1 1. (Smgle- Quarter five-spot 500 x 500 0.25 None

injector)
2 5
3 10
4 20

4 (Multi-well) None (full field) 1000 x 1000 4
5 40
6 80
9

7 125




CO, Plume

CO2 Saturation (Decimal) 02 Saturation (Decimal) Cf CO2 Saturation (De
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Single Injector (Case 1)
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¢ Radius of CO, plume: ~2 km at the end of injection and ~2.5 km at the end of PISC.

¢ CO, plumes from different injection wells are shown to start interfering with one another in Case 2 (5 km
well spacing) by the end of PISC.

e The radius of the CO, plume does not significantly change during PISC. However, CO, vertical migration

takes place during PISC, which increases the plume radius during PISC. 10



Pressure Buildup (Single Injector)
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Injection

* Pressure buildup here is defined as the

difference between the pressure at time Pressure Buildup Maximum Radius (km) of Pressure Buildup
of interest and the initial pressure at a . ..
. . (psi) End of Injection End of PISC

particular grid block.

*  Radius of pressure buildup is 1 112 L
summarized in the table. 10 64 78

* Radius of pressure buildup is '
consistently larger than the radius of 100 12 None (max of 40-psi at 1 km)

the CO, plume.
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Pressure Interference (Multi Well)

Near Injection Site

10 Years 30 Years

5 Years

I
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Pressure Interference (Multi Well)

At Basin Scal
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Fracture Pressure Thresholds

At Injector
Fracture Initial Ambient Fracture Pressure Maximum Allowable
Fracture Pressure Single Injector Multi Well
Gradient Pressure at Top of at Top of Pressure Buildup
Threshold (psi) (Case 1) (Case 2)
(psi/ft) Perforation (psi) Perforation (psi) (psi)

0.6 1,487 1,988 1,789 302 Strategy needed | Strategy needed

0.7 1,487 2,319 2,087 600 Safe Strategy needed

0.8 1,487 2,650 2,385 898 Safe Safe

| | | *  Multi-well commercial-scale project (Case
2) would require that operational
= i Case 2 - Well strategies be implemented to manage the
- -l . . . .
2600 =t == = el N —— = Case2-Site Center _ pressure buildup if the assumed site has a
o e \ 90% of 0.7 psi/ft fracture gradient lower than 0.8 psi/ft.
) < N
5 'I \\ \\ ® ®
m 400 7 \ # 9
i Well spacing Sequential injection
o " N ) ) 9
S T -_-—————- - = =\= —| 90% of 0.6 psi/ft | = /
g 200 \ “h ~—— \ Limited injection rate 1 0
D_ S~ — Brine extraction
| \
High-injectivity zone

Stacked-sequence storage

0 10 20 30 40 50 60 70 80

Time (Year) 14



Pressure Interference

Effect of Pressure Interference on Peak of Pressure Buildup Near Injection Site

O 500 psi
(]

Single Well Operator

(¢ |
r(C%% 800 psi

Multi-Well Operators
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Well Spacing

At Injector and Site Center
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* The risk of exceeding the fracture pressure threshold
provides a context to place the injection wells farther apart.

Fracture Gradient (psi/ft)
0.8 5
20
80-125

Minimum Well Spacing (km)

0.7
0.6

* The combination of well spacing with other strategies (e.g.,
brine production, storage in a stacked sequence of
formation) could decrease the minimum well spacing shown.

Ground
surface
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Accomplishments to Date

P“blic ationS/ D ata Conference Paper Published at SPE Western
Regional Meeting 2022

Conference Presentation at SPE Western
Regional Meeting 2022 in Bakersfield, CA

Reservoir Model Posted on NETL’s
29 EDX (pending posting)

St oo e
SPE209283.M5 i

. Storage:

EwX

Energy Data exchange

Peer-Reviewed Journal Manuscript for Single- Peer-Reviewed Journal Manuscript for Stacked-
Formation Storage Prepared for International Sequence Storage Prepared for Journal of Petroleum
Journal of Greenhouse Gas Control Science and Engineering NETL Report (Aggregate)

(under internal review) (in process)

IN=|anona

| == |ENERGY

TL|EgHNoioey
LABORATORY

(under internal review)

N | STORAGE

International Journal of

Greenhouse
Gas Control o e s st
,‘I\ Targeting Single Formation and Stacked
. Sequence of Formations
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https://www.spe.org/events/en/2022/conference/22wrm/schedule-overview.html
https://onepetro.org/SPEWRM/proceedings-abstract/22WRM/1-22WRM/D011S005R004/484121
https://edx.netl.doe.gov/
https://www.sciencedirect.com/journal/international-journal-of-greenhouse-gas-control
https://www.journals.elsevier.com/journal-of-petroleum-science-and-engineering
https://netl.doe.gov/energy-analysis/search

Lessons Learned

P

CCS is an important technology to
reduce greenhouse gas emissions while
providing affordable and reliable
energy, but several technical aspects
must be considered when deployed.

Pressure interference among injection
wells can force wells to be spaced
farther apart or reduce their injection
rates.

The radius of pressure buildup ranges

Q on the order of tens to a few hundreds

of kilometers, depending on the
magnitude of pressure buildup that
defines the front.

p— I Because this study analyzes a very specific
geologic situation, well configuration, CO,
injection rate, and model boundary conditions,
this exploratory study bears further
investigation across other geologic situations.

Proper awareness, planning, and coordination amongst storage projects
and stakeholders are critical to enable CO, storage deployment upscaling.

18



Thank you!

Contacts:
nur.wijaya@netl.doe.gov | david.morgan@netl.doe.gov
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Disclaimer

These studies were funded by the US. Department of Energy, National Energy
Technology Laboratory an agency of the United States Government, through a support
contract. Neither the United States Government nor any agency thereof, nor any of its
employees, nor the support contractor, nor any of their employees, makes any warranty,
expressor implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.

All images in this presentation were created by NETL, unless otherwise noted.
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Appendix

* These slides will not be discussed during the presentation but are
mandatory.
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