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Project Goal and Objective

Goal: To advance associated geologic storage of CO, in the Williston Basin by establishing the
Williston Basin Associated CO, Storage Field Laboratory (WBCFL)

= Generate field-based data on CO,
enhanced oil recovery (EOR) with
associated storage in stacked
reservoirs.

= Characterize a residual oil zone (ROZ)
for EOR and associated storage.

= Evaluate a monitoring, verification, and
accounting (MVA) technique for its
applicability to stacked CO, storage
complexes.
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Task/Subtask Breakdown

= Task 1 — Project Management, Planning, » Task 4 — Active Seismoelectric

and Reporting Technology Demonstration

— Subtask 1.1 — Project Management and Planning , , _
_  Subtask 1.2 — Project Reporting and Technology — Subtask 4.1— Active Seismoelectric Survey

Transfer — Subtask 4.2 — Follow-Up Active Seismoelectric
= Task 2 — Fluid Behavior Studies Survey
— Subtask 2.1 — Sample Collection and Compositional = Task 5 — Life Cycle Analysis
Analysis : : .
_  Subtask 2.2 — MMP Studies — Subtask 5.1 — Life Cycle Analysis of the Field Test
_  Subtask 2.3 — EOS and PVT Studies — grbtask 5.2 — Life Cycle Analysis of Stacked
orage

= Task 3 — Field Site Reservoir
Characterization

— Subtask 3.1 — Core Sample Identification and
Collection

— Subtask 3.2 — Laboratory Determination of
Petrophysical Properties

— Subtask 3.3 — Field Monitoring of Reservoirs
— Subtask 3.4 — Static Geomodelling
— Subtask 3.5 — Dynamic Modeling
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Project Management, Planning,

Submitted official

the host site from SOG to
Denbury, Inc. (Denbury).

Official start ofthe project.

the Pennel Field site
operated by Denbury and
located in Baker, Montana.

and Reporting

| 2020 l 2022 | 2023
2019 ! 2022 I 2022 !

COVID-19 pandemic leads to
delays atthe SOG Resources
project site.

DOE approved the modification
request.

DOE finalapproval for project
timeline extension to
September 2025.

The recent acquisition of Denbury by Exxon Mobil Corporation has further impacted the
fieldwork and future operations schedule.
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Project Location/CO, Source

' . . !.:‘J“- e
| Pennel Unit .' 1 < 4—‘_; Lo r*__t_‘r = | i
| cca 11".\_1 _._ » I|:i_r1f :51_'1[
* Near Baker, Montana L
. B
» Cedar Creek Anticline [ fin
» CO, sourced from Shute
Creek and Lost Cabin i S
gas plants (Wyoming)

%@ EERC | UNY NORTH DAKOTA. Critical Challenges. Practical Solutions.



Study Area

Two wells will be used for the project:

» 13-18B (producer)

Legacy Well
23XX-18B Wellpath
@ 13188
A 23XX-18B Surface Loc
[T Geologic Model Boundary
] Pennel Unit Boundary

« 23X-18B (injector)

Additional legacy wells are used to
develop a geologic model
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Target Reservoir
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Core Characterization

Job#: 2022USHO-P001422
Client: Denbury Resources Sample ID: C2 B1
Well: PENNEL UNIT 23XX-18B Depth: §239.00 - 8248.00 ft

8247.00 ft

* Denbury drilled the 23X-18B (injector)
and collected core over the main pay
and ROZs

« Core analyses include:
« Porosity & Permeability
« X-ray diffraction
* Mercury injection capillary pressure
* Fluid saturations
* Nuclear magnetic resonance
« Special core analysis
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Fluid Studies

Whole crude analysis

CO, minimum miscibility
pressure (MMP)

Contact angle

Interfacial tension (IFT)
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Upper and Lower Interlake Crude Qil SCN Distribution

25%
= Upper Interlake Crude Oil
20%
® Lower Interlake Crude Oil
« 15%
Y
k=]
= 10%
H, :
o L I.-II | | ”|||| Ly asss
65(};}06 ¢ QX PRR PR PSP TS o"’gcy"x
Components
Lower Interlake Crude Qil Contact Angle
Surrounding Phase Produced Brine Surrounding Phase Carbonated Brine
Temperature 200°F Temperature 200°F
Pressure, Contact Pressure, Contact
psi Angle, ® psi Angle, ©
3000 140.47 3000 148.02
3300 140.35 3300 148.04
3600 140.14 3600 147.85
3900 140.05 3900 147.48
4200 139.84 4200 147.36
Upper Interlake Crude Qil Contact Angle
Surrounding Phase Produced Brine Surrounding Phase Carbonated Brine
Temperature 200°F Temperature 200°F

Pressure. Contact Pressure, Contact

psi Angle, ® psi Angle, ©
3000 120.53 3000 145.03
3300 12012 3300 144,46
3600 119.75 3600 144 70
3900 119.47 3900 144.62
4200 118.27 4200 144.25

QilNCO, Capillary Level, mm

QiNCO, Capillary Level, mm

Lower Interlake Crude Oil MMP

[ R I I = -

+1.5-mm ID capillary tube
B 112-mm D capillary tube
ke 0.68-mm ID capillary tube

MMP = 2833 psi

__+___“'+-_

500 1000 1500 2000 2500 3000

Upper Interlake Crude Oil MMP

(=T I

T |- 4
500 1000 1500 2000 2500 3000
Pressure, psi

Lower Interlake Crude Qil IFT

Surrounding Phase Produced Brine Surrounding Phase Carbonated Brine

Temperature 200°F Temperature 200°F
Pressure, IFT, Prassure, IFT,
psi mN/m psi mMN/m
3000 12.82 3000 14.08
3300 12.60 3300 14.07
3600 1252 3600 14.05
3900 12.47 3800 14.01
4200 12.40 4200 14.03

Upper Interlake Crude Qil IFT

Surrounding Phase Produced Brine Surrounding Phase Carbonated Brine

Temperature 200°F Temperature 200°F
Pressure,  IFT, Pressure,  IFT,
psi mi/m psi mM/m
3000 7.28 3000 9.89
3300 7.00 3300 9.77
3600 6.71 3600 9.54
3900 6,16 3800 832
4200 6.07 4200 9.06

Critical Challenges. Practical Solutions.



Geologic Model and Simulation

1)
Model developed using: 2)
 Core data
* Legacy well data 3)
4)

~0.1000

‘ 0.0500 '

0.0000

Max. injection = 5 MMcfpd
Max. bottomhole injection
pressure = 6000 psi

Max. production =

Simulations are still ongoing.

This view shows CO, breakthrough occurring
approximately 2 months after injection begins.
Simulations will be updated as injection and

a. 5> MMcfpd production data is received.

b. 2000 BWPD

c. 500 BOPD Per.n'ei_m_wEﬁgﬂiweﬂi&nﬁmmmsa
Min. bottomhole pressure - “L: oD e
=1200 psi :’*:T_"_, ;i :

e
Totol Bocks 489,888
Aefive Blocks: 476203



Gas Saturation

Gas saturation
March 1, 2024

Pennel_1x1_with_confine_HM-CO2injection.sr3 | 1 Pennel_1x1_with_confine-COZinection-samekinj_Kprod.sr3.
Gas Sdturdfion 2024-Mar01 J Plane: 28 of 54 - ] Gas Saturation 2024-Mar-01 J Plane: 28 of 54

13-188 23XX-188 | 1 E @
The gas is shown to break o -] -

through in March when injector
is at the same depth as the
production well

5200 5200

5400 5400

3323500 3323500

é@ EERC | [UN2 NORTH DAKOTA. Critical Challenges. Practical Solutions.



Monitoring

Traditional seismic
Fiber optics
Active seismoelectric (ASE)

Sampling Points s
piing Seismic Source

Sensors/ = \
T, -

—_

Not to Scale



ASE Technology Demonstration

Conducted over a select area of the stacked storage complex in the project field test area

TR

Significant accomplishments:

Performed a small-scale ASE survey in Mentor, Minnesota, to refine field deployment strategies
and examine the data processing workflow.

Surface vibroseis sourcing and near-surface impulse sources in a high-density array were
recorded.

Collected ASE data were processed using Zonge software to remove noise and enhance
seismoelectric signal.

Initial analysis was carried out on subsets of the ASE data collected in the initial survey.
Interpretation of the ASE data is ongoing.
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Life Cycle Analysis

Budget Period (BP) 1 and BP2 data
generated during the following tasks
will be used to conduct a life cycle e er
analysis (LCA) of the project field test:

* Fluid behavior studies
* Field site reservoir characterization
» ASE technology demonstration
« Additional data obtained from active
CO, storage projects in
North Dakota

% NIE

Field Site ASE

Reservoir Technology
Characterization Demonstration

Life Cycle
Analysis

LCA will use programs like openLCA or GREET, and will adapt our existing models for CO2-EOR, which

were developed from NETL materials with site-specific adjustments

Critical Challenges. Practical Solutions.



Summary

BP1

I

Determined the baseline reservoir characteristics of
the stacked storage complex

Determined the effects of hydrocarbon gas
impurities in the recycled CO, stream from stacked
reservoirs on the optimization of CO, EOR and
associated storage

Predicted seismoelectric response based on a
forward model and acquire a baseline ASE survey
across the study field

BP1 (Denbury site)
Start date: April 1, 2022

End date: March 31, 2023




Summary

BP2

Determine the reservoir response to pilot injection in a
stacked complex in the context of associated CO,
storage.

Determine the effectiveness of ASE technology for
ROZ characterization and MVA in a stacked storage
complex.

Conduct detailed LCAs of the project field injection test
and a hypothetical stacked storage project in the
central portion of the Williston Basin.

BP2 (Denbury site)
Start date: April 1, 2023

End date: September 30, 2025
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DISCLAIMER

This presentation was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government, nor any agency thereof, nor any of
their employees, makes any warranty, express or 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.
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EERC NORTH DAKOTA

Steve Smith
Assistant Director, Integrated Analytical
Solutions

ssmith@undeerc.org
701.777.5108

Energy & Environmental
Research Center

University of North Dakota

15 North 23rd Street, Stop 9018
Grand Forks, ND 58202-9018

www.undeerc.org

701.777.5000 (phone)
701.777.5181 (fax)
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