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Project Overview

* Project Cost:

 DOE Funds- $7,999,659 - Total Cost- $10,153,327
e Cost Share- $2,153,668

* Period of performance: October 2019-March 2024

BATTELLE mem EXPLORATION, INC.

CORE ENERGY, LLC
SasoL ;j

w WESTERN MICHIGAN
% DTE Energy- /b

UNIVERSITY
Valero
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Project Goals and Objectives

e Carry out a comprehensive laboratory experiment, computer modeling, and
field testing-based evaluation of chemically enabled CO,-EOR in the
Southern Michigan Basin conventional Trenton/Black River play to optimize
recovery in a complex, multi-porosity, hydrothermally altered carbonate
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-% Optimizing CO2-EOR fluid Injection into TBR, monitoring, well testing
% composition to target multi-porosity, and modeling permitting and construction.
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gm Machine Learning
o Advanced geologic Design and simulate multiple Strategy for scaling-up
2 characterization and CO2-EOR scenarios to select CO2-EOR methodology
§ machine learning most efficient injection design for wide-scale field
8 based data integration deployment
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property predictions
Assessment Conceptual Design Deployment
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Project Setting- Significant Oil Potential

* Trenton/Black River play

undiscovered

~ 20 fields

>170 MMBO produced
>170 MMBO remaining
>800 MMBO potentially
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Project Setting- Complex Carbonate
System

Trenton
(argillaceous at b-u)i

Black River
* Facies heterogeneity —
f ! Reactivated as
F— . Basement ba‘:e'::::l"’:g Basement | transtensiona
* Dolomitization from ” I : I' - !
hyd rothermal fIUidS A) Trenton deposition (:')u?;‘s::;fhli\.«’:‘k‘:r‘(_yoi‘tcnlon deposition), cooling
o Utcashele

Matrix dolomitization follows leaching

* Zones of enhanced
porosity and permeability
from vugs and fractures
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‘ | Continued } [ Continued

Basement |1 transtensional Basement []l transtensional
C) Faulting continues (Utica deposition); hotter flulds D) Faulting continues (Utica, later7); Matrix fractured,
dolomitize leached matrix vugs, brecclas and fractures filled with saddle, etc
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Project Setting - Rich, Extensive
Database

* Detalled, digitized well records for all wells in the field
= Construction, plugging, logging, etc.
* Digitized wireline log data for 1000+ wells
* Custom porosity & lithology logs for all wells in study area
* 13 mi? high resolution 3D seismic covering study area

* Core measured data available for ~60 wells across the
TBR in Michigan

= Porosity and permeability

= Thin sections

I ——
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Technical Approach

Machine

Laboratory

gty . Reservoir ’ Performance
ILearnmg Studies Simulation D Monitoring Development
ntegrated of Chemically ol Injection = Strite
Geologic nauly Pilot Design el Assessment =
Characterization CO:-EOR o e
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Review. and : Characteristics Model Field —» On-going
Analesie and MMP Set Up Preparation Monitoring
y Determination
Machi.ne Data
ILt‘::a?'“tlilgn CO:-EOR 1, History Collection Model
anl(; Rges:rvoir Flood Tests Matching and Baseline Update
fs Measurements
Prediction
3D Static Optimal | Cgfl':ﬁ:(llly Performance
Earth Model Field Design CO--EOR Assessment
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|
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BATTELLE



Project Success and Impacts

* We anticipate the following key outcomes and impacts:

First-of-a-kind comprehensive database and TBR characterization in southern Michigan

Understanding of the distribution and extent of vugs and fractures in the TBR reservoir
using traditional ML and deep learning techniques

Laboratory experiment driven improved design of chemically-enabled CO, EOR which
targets multi-porosity, complex carbonate reservoirs and improves flood efficiency

Modeling and field testing-based evaluation of the viability of chemically CO,-EOR for
stranded oil recovery in the TBR & similar HTD plays, along with field development plan.

* EOR advancements in the TBR in southern Michigan would be applicable to
numerous fields and improved methodologies for enhancing oil recovery in
complex carbonate systems.

* Project funding will initiate CO,-EOR infrastructure in the Midwest, which will
also lay the groundwork for future work and demonstrate the path forward in re-
evaluating historical plays.

* This work will greatly benefit local oil and gas operators, CO, emitters and
providers, and other industrial businesses.

I ——
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Progress and Current Status

Task 2- Machine Learning Integrated Task 3- Laboratory Studies of

Geologic Characterization Chemically Enabled CO,-EOR
* Data collection, cleaning, and * Collection of oil samples from
analysis—> integrated database analog wells
* Core workshop * Review of existing PVT data
* Development of petrophysical * Minimum miscibility pressure
workflows tests
* Preliminary 3D seismic analysis * Chemical additive screening

* Risk Assessment over AOI

* Development of data cleaning
and exploration workflows

* Preliminary machine learning
applications and results

I ——
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Data Compilation

* Focused on three main fields: Albion-Scipio, Stoney Point,
and Napoleon

= Albion-Scipio is the location of field test while Stoney Point and
Napoleon are great analogs with modern data

Wells with Core

Albion-Scipio Napoleon

Stoney Point
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Data Compilation

Central Albion-Scipio Field Log and Core Coverage

B Gamma Ray Log
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Core Workshop

y
s j

* Examined 13 wells with

8

cks<

core data

G L WBE 122,

CHE A | &
% ___Cager 5-30 " i‘(

* Compared to facies
descriptions, logs, and

measured
porosity/permeability

* Developed guidelines for =
consistent formation picks

* Began catalog of
observable features (vugs,
fractures, lithology, etc)

_ ot

13

i

L =

s




Depth Correction

* Correcting core depth to log
depth for reliable correlations

* Example well shows
Improved correlation from
.0004 to .85 by shifting
depths by 7 feet

* Core data will be used in
machine learning
applications to better predict
reservoir properties

14

Core to Wireline Log Depth Correction
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Petrophysical Calculations

* Finalized Vshale, effective porosity, and water saturation

* Applying permeability bulk transform from core, and Timur
method of estimating permeability from logs
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Seismic Analysis

* Preliminary analysis » Attribute analysis
completed including: = Fault identification
= Well ties = |[nversion

= Horizon mapping

L 10000RUS | A (_10000fUS )

1:47158 151327
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Seismic Analysis

* >50 faults interpreted in the volume

= Few large faults with several smaller faults

Amplitude

17500 00

Faults
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Risk Assessment- Wellbore Integrity

* Review of well records and cement
bond logs to screen wells for potential
WBI issues
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Well Construction

__Surface Plug
20 sacks cement

7 7/8" casing
— 0-1030'
cemented to surface

Plug #5
—— 830-1080"
Class A Cement

Plug #4
.-/" 1230-1450'
Class A Cement

Plug #3
——2100-2350'
Class A Cement

Plug #2
_— 2630-2850'
Class A Cement

4 1/2" casing
— cemeted to 3125'
(pulled at 2793")

Plug #1
— 50' Class A Cement

__ Perfs 3824-3906'
Squeezed with Cement

__Total Depth
4225'
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Risk Assessment- Site Risk Screening

* Features, Events, and Processes (FEPSs) review and activity-
based analysis of project tasks

P r— —T=] * No significant items found that would affect

SEEsTEN i COZInERcibng TrmaE B
it s of F=siond e ot o y

system safety/performance

* Wellbore integrity, geomechanical issues,
and injection performance due to fractures
highlighted

) * No extremely high- or
e — high-risk scenarios
identified

T « Typical oil field risk items
i which can be mitigated
=N through safe drilling
e practices
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Risk Assessment- Geohazards
Analysis

* Review of environmental
areas and potential geohazard
risks such as seismicity and
geomechanics

* Test area is mostly cropland,
pasture, and mixed with forest
and wetlands.

* Fractured reservoir has y 7l

.,';f\ ; B L : % .
geomechanical risks which i Rl AR T
will be considered during AT AR R

modeling

T —
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Data Analytics & Machine Learning

* Objective: Integrate multiple data types to predict key reservoir
properties such as porosity, permeability, and fractures.

= Defining reservoir facies - experienced based reservoir facies have
traditionally been applied to interpret the TBR. ML techniques, such as
principle component analysis and cluster analysis will be used to identify
and predict statistically significant facies at all well locations

= Developing correlations and predictive model for acoustic properties-
Vintage log data only records Vp, so laboratory measurements will be
used to develop correlations between Vs and Vp to predict Vs from
vintage acoustic logs

= ldentifying fracture network: Deep learning methods will be used to
train and identify fractures and faults on 3D seismic slices to develop a
full fracture network across the study area. In the absence of seismic data,
ML methods will be used to predict fractures from available wireline log data

I ——
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Machine Learning
Filling in Missing Values (Data Imputation)

» Values for missing data
are inferred using KNN
(nearest neighbor

040 Observed 10

. . . | Imputed
interpolation with a 035 |
moving window) | 08
030 |
« The distributions of the |
: 0.25 06
imputed and observed 2 W
values are consistent as § 0.20 ®
shown in the histogram - 04
and CDF plots '
_ _ 0.10 02
» This creates a rich data
| —
set where all of the 005 f e
samples can be utilized 000 J 0.0 S
for identifying 0 5 10 15 20 2% 0 5 10 15 20 2 N
Calculated Porosity Calculated Porosity

electrofacies or building
predictive models
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Machine Learning
Cluster Analysis to Define Electrofacies

Complete Data Incomplete (Imputed) Data
cluster cluster
s« cluster O e cluster_2
15 +  cluster_2 +  cluster_0
+ cluster_1 « cluster_1
s cluster_3 s cluster_4
° s cluster_4
10
-5
¢ 5 ::; ° L 9 '
. e:
0
s 7y
L]
0 5 10 15 0 5 10 15 20 25
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Machine Learning
Cluster Analysis Geologic Validation

* Cluster 3 (orange) correlates with shaley intervals
* Cluster 2 and 4- tight imestone
* Cluster O- moderate porosity (blue)

* Cluster 1- high porosity (green)
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Task 3 MMP Test

* Minimum Miscibility Pressure
(MMP) test parameters:

= Type - Sllm tUbe ioven Pressure > i
= Diameter: 0.26 in Tgﬁ%%
| B — |
= Length: 20 ft i _o R |
= Porosity: 37.4% @C(E#?
= Sand Mesh: 100-150 ﬁ:
= Temperature: 40°C |
= Pressure: 1000-3000 psi esora corar ] scorae

= Flow rate: 0.014 ml/min

= Injection volume: 1.2-1.3 PV

25 For DOE Internal Use Only 9/15/2020 BATTELLE



MMP Results
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Task 3 Chemical Additive Screening

* Sasol conducted testing of the crude oll for chemical
additives

= |dentified two potential additives Soloterra ME-1 and ME-2 for further
testing with UT
Miscibility Pressure Reduction
ca. 62% Crude Qil;
5% additive in CO2 @ 100°F

40.0%%
35.0%
30.0%
25.0%
200
15.0%
10.0%

505

0.0%%

SOLOTEREA ME-1 SOLOTEKEA ME-2
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Task 3- Testing Chemical Additives

* UT also tested Sasol’s Soloterra 843
as a foaming agent (surfactant plus
brine)

* Produced stable foam with a half-life
of 0.5 hours

* Foam stability increased with salinity
(desired)

* Half-life was higher at higher salinities
(desired)

* Addition of oil didn’t impact foam
stability vs. salinity (positive sign)




Plans for Future
Testing/Development/Commercialization

* Drilling of the monitoring/production well

= Will collect modern logs, core samples, oil samples, and baseline
monitoring data

* Preparing for field injection test

= Develop plans/permits/etc to drill injection test well near the
monitoring/production well

= To be conducted in BP2

* Evaluation of test success and impact it could have on
Albion-Scipio field
* Evaluation of potential impact on multiple TBR fields

* Integration of results into development plan
]
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Project Summary

* Experienced unexpected delays due to changes in oil prices
and COVID-19

* Project remained on track and focused on database
compilation, analysis, and machine learning workflows

= Extensive database of well information, wireline logs, core data,
historical records, maps, etc

= Workflows in place for consistent and efficient analyses

* Monitoring/production well to be drilled by end of the month

30 BATTELLE
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Project Team

Sponsor
U.. DEPARTMENT OF Industrial Partners & Advisors
eENERGY Core Energy
I

Dr. Mohanty (UT Austin)

Project Host |l Project Lead l Dr. Bll\z)l\}%%dyé éUofA)
I a Exploration
mova Exp BATTELLE U

l Valero DTE Energy

Project Management (Task 1)

Principal Investigators: Dr. N. Gupta and Dr. S. Mishra
Project Manager: Christa Duffy
Deputy Principal Investigator: Autumn Haagsma

[ I I
Task 2 Task 3 Task 4

Advanced Field Laboratory Experiments Design and Simulations

Characterization and Machine Dr. Mohanty-UT Austin of Injection Scenarios
Learning Based Data Integration Manoj Valluri Ashwin Pasumarti
Autumn Haagsma Sasol Innova  Core Energy
UofA WMU
l I [ l

Task 5 Task 6 Task 7 Task 8

Field Injection Tests Field Monitoring Performance Development Plan
Mark Moody Amber Conner Assessment Neeraj Gupta

Innova Core Energy Innova Ashwin Pasumarti Core Energy
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Project
Schedule
and
Deliverables

* 3, 18-month
budget periods
spanning 4.5
years

* 8 tasks

Budget Period

TASK/SUBTASK Milestones 4P Deliverables

TASK 1 - Project Management and Planning

1.1 - Project Tracking and Controls

1.2 - Project Planning

1.3 - Progress Briefings and Presentations

1.4 - Technology Transfer

TASK 2 - Machine Learning Based Data Integration

2.1 - Data Compilation, Review and Analysis

2.2 - Risk Assessment

2.3 - Advanced Field Characterization

2.4 - Integrated Physics-Based Machine Learning

TASK 3 - Laboratory Experiments

3.1 - Core Characterization

3.2 - MMP Determination

3.3 - CO: Core Flooding

3.4 - CO: Foam Flood

3.5 - Lab-Scale Compositional Modeling

TASK 4 - Design and Simulations of Injection Scenarios

4.1 - Development of Static Earth Models

4.2 - Upscaling and Ranking of SEMs

4.3. Material Balance Study

4.4. Dynamic Simulations and Analysis

TASK 5 - Field Injection Tests

5.1 - Site Preparation-Drilling, Well Completions, and Plans

5.2 - Baseline Characterization and Monitoring

5.3 - Injection Operations

TASK 6 - Production Monitoring

6.1 - Fluid Sampling

6.2 - Fluid Flow

6.3 - Pressure Analysis

6.4 - Tracer Analysis

6.5 - Integration of Monitoring Technologies

TASK 7 - Performance Assessment

7.1 - Performance Assessment

7.2 - Modeling Update and Scale Up

TASK 8 - Development Plan

8.1 - Economic Assessment

8.2 - Development Strategy Plan

FOADOE 1988 MI-10
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Project
Risks

Familiar with
project risks and
mitigations from
previous project
experiences

Low to medium
overall risks

Multiple

contingency plans

to ensure project
success

Risk rating

Perceived risk Probability | Impact OVI(I?fa Mitigation/response strategy
(Low, Med, High)

Financial risks:

Field costs M M M Closely monitor field costs to stay
within budget and scope

Cost share L L L Provide well use cost share; existing
well and new wells planned,
additional cost share available

Cost/schedule risks:

Well availability L H L Engage committed operator:
Innova Exploration

CO, source L H M Work with experienced and available

arrangements vendor for CO2 sourcing

Operator schedule L M M Coordinate with operator; provide
large time span for testing

Technical/scope risks:

CO, Injectivity in the M H M Conduct core analysis and injection

TBR simulations; side-track well as
needed; prolong test

Inability to fully M M M Deploy multiple monitoring

monitor CO, flood methodologies

Lost circulation and L M L Use comprehensive field

wellbore integrity

characterization and well construction
and completion plans

Management, planning, and oversight risks:

Managing field
work schedule,
vendors, supplies

M

M

Work with operator to streamline field
work
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Machine Learning
Data Imputation — Comparison of Methods

Boxplots highlighting the o4
D-statistic using several
machine learning models o35
to impute data (note: the
rightmost boxplots use 030
an iterative process to
Impute data, the left
boxplot is filling in points
by using the k nearest
points utilizing a distance
metric which accounts for
missing data).

The points in each
boxplot are the D-statistic  °™
as a function of selected

D-Statistic
[=]
]
[43]

<
8]
[=]

0.15

KNNImputer ExtraTreesRegressor RandomForestRegressor KNeighborsRegressaor

hyperparameters for Imputation Method
each model.
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