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Presentation Outline

» Provide a high-level overview of this Interval Control Valves (ICVs)
“controllable completions” project.

HTO

« Summarize the work done to date.

 Discuss the forthcoming fieldwork
and installation of the controllable
completion technology.

DO ) )
%5 Fractures D Tracer Sampling and Multiphase
Fluid/Gas Monitoring
@ Digital Pressure/Temperature Gauge = Injection Rates
Gas-Phase Tracer Injected CO,

Red River Formation Cedar Creek Anticline

VERSITY

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



Project Location and Objectives
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» Implement controllable completions

through a rigorously monitored field test
in the Cedar Hills South Unit (CHSU)
Field, part of the Cedar Creek Anticline
(CCA).

Apply machine learning to evaluate the
test performance and develop active
control system.

Assess various business cases to
accelerate development and application
of this system for commercial enhanced
oil recovery (EOR).

Critical Challenges. Practical Solutions.



Project Partners

2, U.S. DEPARTMENT OF N NATIONAL - Lead Organization
i EN ERGY ‘ TL IE%S?ETL&%Y — Energy & Environmental Research Center
* Project Partners
%@ EERC — U.S. Department of Energy
UNY NORTH DAKOTA — North Dakota Industrial Commission Oil &

Gas Research Program

Denbu I‘y 6 — Denbury
schl“mhe"gep — North Dakota Geological Survey

— Slb

NS W ~ .
= — Computer Modelling Group Ltd.
Cm J
(/—

— Entech, Head Energy, and PetroQuip
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Project Test Pattern

EERC NA569G4.CDR

A7 7 7 « Candidate injection well is
CHSU-43-18NH-15 (AP13301101001).

 To increase the chance of success in

installing and operating the ICV system,
| we plan to abandon the existing lateral
" and drill a sidetrack.

/. ‘A . Additional fieldwork includes:

— Logging the sidetrack.

o | A — Conducting a dummy (mock) run.

— Installing the final ICV system.

o 1 000 fest
N & Injection Well > Well Township 131 N g bl il

A —— Injection Lateral Lateral Range 105 W 0 555 500 meters
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Baseline 3C3D Seismic of the Project Test Pattern

" Horizon: zph_7000_Precambrian_ Grid Smé5 (dsdams) (DodgerBlue), Data Type: DT MINph2_Chaotic Reflection ==

S O S e M L » A baseline three-component, three-

dimensional (3C3D) seismic survey was
acquired from the test pattern area on
November 1-14, 2020.

* Processing included PP PSTM (pre-
stack time migration) and PS (i.e.,
converted wave) processing.

* The baseline seismic will be used with
the FMI log to inform the final ICV
system design and evaluate the test
performance.
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Geomodeling and Reservoir Simulation

« Beginning with a baseline geomodel
from Denbury, we developed an initial
pattern-level STARS model to study

Liquid Rate SC (bbl/day)
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three wells were processed and 2004 2006
integrated into the simulation model to
conduct the history-matching.
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Geomodeling and Reservoir Simulation (cont.)

FCDs open
 The reservoir simulations use the near the toe

Computer Modelling Group (CMG)
module, FlexWell, within STARS to

segment the injection well into zones

CO2 Mole Fraction

using flow control devices (FCDs). ..
* The FCD zones will mirror the final ICV ~ FCDs open N
system design. In the middle I

« An embedded discrete fracture model
(EDFM) technique models reservoir
natural fractures.
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ICV System Schematic

* The lateral will be segmented into
CHSU 43-18NH 15 ST Completion Schematic zones using swell packers.

Tree

3 control lines
+ 1 TEC line to surface
~

pn « Each zone will have hydraulic valves
that can be opened and closed through
a mechanical system that links to a
surface control.

Tubing Hanger

« Each zone will continuously monitor
_ b ~ pressure and temperature.

vt :-(l v S \ - + The final design is pending the

3.5” tubing (run as IcV's ) line

nnnnnnn ted liner) Swell packers

Wi e  fOrmation micro-imager (FMI) logging of
" the sidetrack.
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ICV System Photos

Photos from the Complete Well on Paper
(CWOP) walkthrough on November 16, 2023, at
the PetroQuip facility in Houston, TX.
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Project Task Structure

Budget Period 1
(10/1/19 — 9/30/24)

» Task 1: Project management
« Task 2: ICV system design
— Selection of test pattern
— Characterization
— Baseline modeling
— Pilot design
« Task 3: Operation and monitoring

— Install and test the system

Budget Periods 2 & 3
(10/1/24 — 9/30/27)

» Task 3: Operation and monitoring
— System operation and monitoring
» Task 4: Active control system
— Database and user interface
— Active control system development
 Task 5: Business cases
— Long-term performance simulation

— Business case development

Critical Challenges. Practical Solutions.



Project Timeline

9/30/24
BP1
Year 1 Year 2 | Year 3 | Year 4 | Yeal 5
Project Task 2019 | 2020 | 2021 | 2022 | 2023 | 2024
Task 1.0 — Project Management and Planning _
Task 2.0 — ICV Pilot Systems Design -
Task 3.0 — Operation and Monitoring _
Task 4.0 — Active Control System Development
Task 5.0 — Business Case Development
BP2 & BP3
Year 6 | Year7 \ Year 8
Project Task 2024 | 2025 | 2026 \ 2027

Task 1.0 — Project Management and Planning
Task 2.0 — ICV Pilot Systems Design

Task 3.0 — Operation and Monitoring

Task 4.0 — Active Control System Development

Task 5.0 — Business Case Development
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Summary

« We are conducting a pilot project to field-test an advanced machine-learning
approach integrating controllable completions to enable active well control during
CO, EOR.

» The CO, EOR pilot test will be conducted in the CHSU Field, part of the CCA in
southwestern North Dakota.

* The remaining fieldwork includes abandoning the existing lateral, drilling a sidetrack,
logging the sidetrack, conducting a dummy (mock) run, and installing the final ICV
system. Long-term operational monitoring will continue through 2027.

 Our project partners remain committed to executing the project, and we look forward
to completing the successful installation of the ICV system and moving into the next
budget period.
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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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