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* Program Overview
* Large-Scale Test in Michigan
= Site Overview
= Injection operations and accounting
= Late-stage reef injection, monitoring, modeling
= New EOR Reef injection and monitoring
* Characterizing storage and utilization across MRCSP
* Outreach and Technology Transfer
* Summary
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H Project Overview: Goals and Objectives

* Primary goal: To execute a large-scale
scale CO, injection test to evaluate best
practices and technologies required to
implement carbon sequestration

* Objectives are to advance operational,
monitoring, and modeling techniques
needed to:

= Develop and validate reservoir models useful
for commercial scale applications

= Address public concerns such as leakage and
storage security

= Address other topics such as cost
effectiveness and CCUS practicability
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H MRCSP Supports DOE Program Goals
DOE Program Goal MRCSP Approach/Benefit

Predict CO, storage Geologic and reservoir characterization and
capacity in geologic models correlated with field monitoring
formations to within +£30%  combined with MRCSP regional mapping.

Demonstrate that 99% of  Operational accounting for CO, during EOR

CO, remains in the Monitoring options to track and image plume,
injection zones and monitor CO, storage and retention

Improve reservoir storage  Test in EOR fields in various stages of their life
efficiency while ensuring cycle and examine strategies for utilizing the
containment effectiveness  pore space created by the oil production

Development of Best Contribute to BPMs through large-scale test
Practices Manuals (BPMs) and regional analysis across MRCSP
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E RCSP Goals and MRCSP Program

Goal 1 - Prove

» Success measured by injecting 1 million tonnes of CO, in
Adequate Injectivity . ured by injecting 1 mili i

CO,-EOR fields within permitted reservoir pressures

and Available . . .

Capacity » Pressure analysis and modeling used to evaluate capacity
« Site selection to include good caprock, geologic structure

Goal 2 — Prove » Seismic and well data used to evaluate storage

Storage mechanisms and containment

Permanence * Monitoring wells used to measure containment over time

within the reef and immediate caprock

Goal 3 — Determine
Aerial Extent of
Plume and Potential
Leakage Pathways

* Monitoring portfolio employed to image and track the lateral
and vertical plume migration. Success measured by using
monitoring data to compare to and validate plume models
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E RCSP Goals and MRCSP Program

RCSP Goal MRCSP Approach and Success Criteria

* Risk assessment for events, pathways, and
Goal 4 — Develop Risk mitigation planning
Assessment Strategies » Success will be measured by comparing predicted
to actual field experience for all stages of the project

» Phase Il builds on Phase Il best practices in siting,
Goal 5 — Develop Best risk management, modeling, monitoring, etc.
Practices » Key emphasis is on operation and monitoring and
scale-up to commercial-scale

 Extensive outreach efforts for both Phase Il and
Phase Il sites as well as technology transfer and
sharing

Goal 6 — Engage in Public
Outreach and Education
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E MRCSP Scope of Work Structured Around
Six Tasks

Regional Characterization: Develop a detailed actionable picture of the

Task 1 > . .
region’s geologic sequestration resource base

Outreach: Raise awareness of regional sequestration opportunities and

LB provide stakeholders with information about CO, storage

Field Laboratory Using Depleted EOR Field: Pressurize a depleted oil
Task 3  field with CO, injection to test monitoring technologies and demonstrate
storage potential

CO, Storage Potential in Active EOR Fields: Monitor CO, Injection and

LE258) recycling in active EOR operations with different scenarios

CO, Injection in New EOR Field(s): Monitor CO, injection into an oil field
Task 5  that has not undergone any CO, EOR to test monitoring technologies and
demonstrate storage potential

Task 6  Program Management

7 INSTL
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E Accomplishments to Date

* Completed baseline monitoring and site preparation

* ~244,000 metric tonnes injected in late state reef

* >150,000 metric tonnes net CO, in active EOR reefs

* Operational and subsurface monitoring underway

* Reservoir analysis shows closed reservoir conditions

* Phase changes and compressibility affect pressure response
* |nitial static and reservoir models prepared

* INSAR monitoring shows no change in elevation

* Injection in one more new EOR reefs likely to start in late 2015
* Regional mapping/characterization across nine states

* Assessment of storage and EOR in Appalachian Basin
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Phasa IIl EOR Fiakds.
Core Energy

MRCSP Area and Field Sites

MRCSP Region — Economic Drivers
 Population: 80.4 million (26% of the U.S. population)
« Gross Regional Product: $3.1 trillion (27% of the U.S. economy)
* 26.3% of all electricity generated in the US
* 75% of electricity generated in the region is generated by coal
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Large Scale
wec I Demonstration Site

oy

Northern Niagaran
Pinnacle Reef Trend

Michigar (o *7 New York
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* Location: Otsego County, Michigan

* Source of CO,:

= Local Natural Gas Processing Plant
(Antrim Shale Gas ~15% CO, content)

* Reservoir Type:

oil & gas fields located in the Northern
Michigan’s Niagaran Reef Trend
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= Closely-spaced, highly compartmentalized

Production
Well

CO, Source: Natural
Gas Processing Plant

%
(R B R S R I I

Dagpth [feat)
g

4,000 —

6000 — == e
Formaton

NOTES:

*CO, PRODUCED WITH OIL IS
RECYCLED BACK INTO REEF.

ALL LOCATIONS ARE APPROXIMATE.

NOT TO SCALE
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MRCSP Large-Scale Test Site — Leveraging
84 CO,-EOR Infrastructure

W! Enargy C‘ﬁfﬂm‘
Otsego County Michigan
| Pink Polygons=Core Enorgy Reats
Purple Lines=C02 Pipsines

Diagram of Closed Loop CO, EOR Cycle

Monitoring and Accounting for the CO,

MRCSP
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Fresh CO, Supply Trends from
Compression Facility towards EOR

Feb 2013 — Jul 2015, Pure CO, from source
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Total CO, Injection Trends Across All Reefs

Feb 2013 - Jul 2015, Total CO, Injected , Active Reefs + Late Stage Reef
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Historical and Recent CO, Injection Data
Late Stage Reef EOR Operations

Late Stage Reef — Cumulative Production/Injection
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Net CO, Stored in All Reefs Over Time

~1.5M metric tonnes retained since 1996

Net in Reef CO, (MT)
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E Late-Stage Reef Structure and Wells

Surface of A-1
Carbonate
Showing Reef
Structure

* 1 Injection well
* 2 Production or
monitoring wells

17 f;ETL

Tha Busincmsef Inoovaticn

E Monitoring Status for Late Stage Reef

A portfolio of technologies is being tested

- Before Early Mid Late After
Activity N P P o v
Injection | Injection Injection Injection | Injection
CO, flow X X X

Pressure and

X X X
temperature

Wireline logging X

Borehole gravity

X X X X

Fluid sampling
Vertical seismic profile X
Microseismic Under planning

X X X X

X X X X X X
X

Satellite radar

Lessons learned will be applied to design the MVA plan for the newly targeted field

b,
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Fluid Sampling and
Reservoir Testing —
high pressure fluids
well work =

Seismic Activities —
well work, explosive
hazards

* All work completed safely to date!

InSar ACRs — heavy
equipment operation

u Fieldwork Safety Considerations

* Wide variety of work — wide range of safety considerations

Well Workovers —
well control,
overhead hazards,
heavy equipment

Wireline Logging —
well work, radiologic
hazards

INSAR Monitoring for Surface Changes:

No perceptible change Seen due to injection

Vegetation and snow are challenging for
radar, but there were a reasonable
number of natural reflectors

Artificial reflectors augmented the
data for injection monitoring

Pressure and ion at Dover 33

“ Displacement (mm)

| e N NS O RRES =

Jertaman o Pressure |PSI]
rce v Shp seoeort ||
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u Vertical Seismic Profile — Late Stage Reef

* Five walk-away lines centered around injection well

* Processed data shows increase in resolution, relative to surface
seismic

* VSP will be repeated during 2016 after injection is completed

T A

Receiver Locations VSP Showing Reef Structure

21 3”§TL ke Bomircmef mmortic

Wavelet Analysis to Evaluate Velocity Change
Detectable by VSP

Generate new
synthetic with
new velocity

Extract
phase
wavelet from
VSP

, reservoir rock

Amplitude

Time (ms)
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9/9/2015

11



Evaluating VSP Velocity Change Sensitivity to
Determine Repeat Feasibility

Comparison of Synthetics with a 5% Velocity

Change to the Original Synthetic TWT Response to Velocity Change

20%
3 18%
2 z 16% '
3 3 14%
£ 2 12%
< £ 10% .
o ©
iy
o S 6%
2 R 4% — °
2%
2382sRgsg3goggsgygg ”
0 0 00 0 0 0 W 6 0 ® X O O O O A D 0.05 0.15 0.25 035 0.45
Two Way Travel Time (ms) % Change in TWT

Boriginal B5%Increase  @5% decrease

* Notice the arrival of the positive signature for a 5% increase (red) is slightly sooner
than the original (blue) and the arrival for the 5% decrease is slightly later

* The VSP can detect 3% velocity changes
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Pressure Monitoring in Late-Stage Reef
Slow, long-term decline 9 months after injection
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Log and core correlation

Geologic and Reservoir Model Development

Seismic Interpretation Geologic Framework Model
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'Porosity ™

Final Geologic Model

INSTL Tha Busincmsef Inoovaticn
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Modeling Reef Geologic Complexity

- Lithofacies

* Limited data available in
late-stage reef (few wells
and no core data)

* Heterogeneous geology

* Internal architechure
difficult to model precisely
SEM2 Porosity Model — Sequence Stratigraphic

pppppp v [P
0.1000

INSTL
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Simplified Compositional Model

Equivalent Homogeneous Reservoir Model

Porosity,
fraction

Reservoir

Water column

Computational convenience for
sensitivity trials of history-matched

models to match MRCSP injection
field observations

Tha Busincmsef Inoovaticn

RN Ol production RN P Gas production

Cumulative OIl 5C (MBBL)
=
(=3
=4

Simplified Compositional Model History-Match
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Modeling Pressure Response
Equivalent Homogeneous Compositional Reservoir Model
MRCSP Injection Response Validation

— 133
— 55942
— 51603

BH pr_buildup (psi)

' Injection Schedule

T T T T T T
20134 20137 2013410 201441 20144 2014-7
Time (Date)

Reasonable match except near the end of injection

Further model calibration is in progress

oy
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Modeling Pressure Scenarios
Sensitivity to injection rates

3.000 Hypothetical “what-if”’
higher injection
scenario

3 2,000
a
Y
2
gl
2, 0004 Modified MRCSP Injection
o
rate schedule
2013-T 2014-1 2014-7 20151 2015-7 §
Time (Date) §u:
Formula: field_pr_buildup 1-33 fieldpr_injn_10222014 M ¥

Formula: pr_buildup - 133 1-33 L2_GEM_sec_coreres_1H2lyrC_108F_08032015_updated_openhistLNG! 5
Formula: pr_buildup - 55842 55842 L2_GEM_sec_coreres_1H2lyrC_108F_0803201 S_Mahed_mrsﬂi e
Formula: pe_buildup - 51603 51603 L2_GEM_sec_coreres_1H2lyrC_108F_08032015_updated_openhist

* Small injection increase leads to a better match

* Current model within range of uncertainty?

gl
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Simulated CO, Distribution within the Reef

Migration into reef flanks over time

At beginning of At end of MRCSP Post-MRCSP
MRCSP Injection Injection @10/2014 Injection @06/2015
' J-K il R : - e \ I

Estimating Safe Injection Pressure with Log
Data — Baseline o, Values
This plot shows predicted o, G, magnitude (psi) o, gradients (psi/ft)
e results for Dover 33 reef (for = =
§ base case Pp=0.433 psi/ft) i ] 3
g B 3 ] j o, valuesat  Frictior} ‘_,l
S i ; base of cap- ~ ™°t10] (0.64) = Correlation
P | rock Log-baded > method
4 method [ (0.71)
o M= 3416 T—teeeyH—~ara <
5 3,501 %
8 3,767 3
8 5350 psi :_f
] "] - Note that caprock has lower "j |
& 5400 ‘ § o, than reservoir (log-based h
5 | | method) 1
z J | I Tf
s || e ‘ ' These results do not take }
° 5450 == t . .
& R } into account changes in o, 1
= { due to change in Ppand T {
| = ‘ | caused by future CO, {
200 -1 - ‘c.EJ o o 278 i o o
Dryn_E Mupsi Cometation psi g Eriction PSIET
02 s .'.::',\“:n-.c:.;. 040 Friction psi ] e B 6100 Correfation PSUFT
- OB _Stress PSAFT l
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u Late-Stage Reef — Fracture Pressure
Analysis from Log-Based Method

* Minimum horizontal 1000~
Stress (fractu re 6500 —e Final Ruscrvoir Pressure (nsi) :
pressure) estimated LS + H
method

BALL e serrin veivdeizasiimierss

4500
4000

Fracture l'relslire: i
No Temperature

* Poro-elastic and

thermo-elastic 2500

.l'r:clmFres!m: .
i i " Temperature Effect )

Stress (psi). Pressure (psi)

Reservoir Pros sum‘ 090172015 \ i ae
: . | : bR
e il o
\ 1

effects included e :
* Likely pressure o] AL S | =
increase from 1500 3
injection remains 1000l : 3
below fracture so0k- ik R weishigci |
pressure B0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000

Pore Pressure Increase (psi): Dillerence Between Current and Initial Pore Pressure (2281 psi)

by

33 INSTL
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E Late Stage Reef — What’s Next

* Complete injection — with a booster pump utilization
* Complete post injection monitoring

= Pressure, PNC logs, gravity, microseismic, VSP, fluid sampling
* Calibrate, optimize static and dynamic models

* Drill and characterize in a validation well (subject to
final review and approval)

= Logging, coring, fluid analysis, and maybe ROZ characterization

= Incorporate into models and validate

* Incorporate lessons learned into future reef assessments

il
w =T

The Briness of Inmsavaticn
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u Starting Injectionina N

* Field appears to
have two partly
connected lobes

* 1 injection well

* 1 monitoring well

* 1 old well plugged 4’&2

ew Reef

Cora Energy peratons
| Otsego County M

| Pk Polygons=Com Energy Reats
t| Purple Lines=C02 Pipetnes

chigan

ey,

35 ANSTL
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M New EOR Reef Layout and Production
History
 Initial saturation (oil, water, gas) =
— 88.65%, 11.35%, 0% (no initial gas cap)
(/-" N « Original Oil In Place = 2.634 MMSTB
/ / 1,600,000 Cumulative field production 2500000
aszane /45— ‘\ o o
1,400,000
{ 1,200,000 2,000,000
{ . o
Cur R 1,000,000 1,500,000
(Gre¢ 1:4369 g 800,000 s
(Re K o ° 600,000 1,000,000
J fonoee 500,000
( 200,000
) J ?an—87 Jul-92 Jan-98 Jun-03 Dec-08 Jun-14 ’
|ﬁr’"!_/ R LT o Oil production  ® Water production  ® Gas production
\V i Cumulative Production
_/E: + 1.074 MMSTB oil (40.7% of OOIP)
I — | 2t * 2303 MMSCF gas
36 3’,”?'”- The Briure o v
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E Reservoir Pressure (Primary Production)

« Initial discovery
pressure = 2774 psi

[ Field BHP plot with Cumulative Oil Production
3000
® *Pressure at end of
2500 primary production
w0 ~155 psi
D ] ]
E $ « Initial reservoir
8 1500 - i °s o pressure is greater
8 o ] than the oil bubble
o 1 .
S 1000 | point pressure
S (estimated to be 2400
& 500 psia); therefore, all
gas present was in the
0 AR " A ‘ dissolved state (i.e.,
0 0102 03 04 0506 07 08 09 1 1.1 1.2 solution gas)
Cumulative Oil Production, MMSTB

37 : .N_ETI' e Dionincsef Incermaticn

CO, Injection in a New EOR Flood

* CO, injection began on
1200 80,000 March 18, 2015
70,000
i 60,000
50,000
40,000
I 30,000
20,000
10,000
0

=}
S
S

* ~60K metric tons of CO,
injected to date

®
o
1<)

[
=3
S

IS
o
1<)

» Rates ranged from 150
to 645 MT/day

Cumulative CO2 Inj (MT)

N
=}
S

CO, Injection (MT/day), Tubing
and Casing Pressure (psig)
o

* Two operational
interruptions used to
obtain pressure fall-off
data for analysis

3/1/15
3/15/15
3/29/15
4/12/15 ‘
4/26/15
5/10/15
5/24/15
6/7/15
6/21/15
7/5/15
7/119/15
8/2/15
8/16/15
8/30/15

CO2 Inj (MT) ——TP (psig) CP (psig) ====Cumulative CO2 Inj (MT)

Daily and Cumulative CO, Injection at a new EOR
Reef March to August, 2015

s ANSTL T i of et
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E New EOR Reef —
Injection Well Pressure/Temperature Response

vl . Pressu re

increases by
several hundred
PSI

* Temperature
appears to follow
pressure trend
(gauge issue?)

BHP (psi), Injection Rate {tonnes/day)
BHT (F), linjection Rate {(MMSCF/D)

* Two fall-offs

conducted
39 {%TL e Bricus of Inzarvaticza

New EOR Reef -
Monitoring Well Pressure Response)

Injection Fall-Off Period #1 120 * Well is only partly
2/28/15 - 4/9/15 .
13,670 tonnes CO, Injected connected to main reef
e 100 lobe
Tonnes/Da
s * Only a small pressure
——BHP1-19D pressure increased ~3 psi 80

BHT 1-19D

response observed
(~3psi)

* Demonstrates a slight
hydraulic connection
between the north and
south parts of the reef

during injection period
900 g Inj p

Injection Rate (tonnes/day)

700

BHP (psi), BHT (F), Injection Rate (MMSCF/D)

3/140:00
3/210:00
3/280:00

4/4.0:00
4/110:00

Y . T

iZ%

ehil
=4
-

40 T Bromicaces of Icsavation
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New EOR Reef Pressure Fall-Off Analysis

Low Permeability but Reasonable Injection Rates
IFOT #1 IFOT #2

History Match Well[__) IFOT @1 History Match Well[_|IFOT 82

IFOT #1
kh=468 md-ft
h=130 ft
k=3.6md

1 s=-3.1

T

1 ris i

IFOT #2
kh=442 md-ft
h=130 ft

_ senvton pecan en w1 o ST waroTR k=3.4md

=44

g, Datralien || st Py MM

B Borehole Gravity Meter Survey Assessment
el Modeling exercise for the New EOR Reef

W [nul‘shown}

* Battelle provided well logs, formation
top picks, and structure contour grids to
Micro-g LaCoste

* Built 3D reservoir model (in Oasis
Montaj) and profile (2-/2D) reservoir
model

* Modeling methods estimated total
change in formation density for 3
injection scenarios

¢ Preliminary modeling predicted i
detectable signal response in 2 s [\\\ MW #1

north/center of new EOR reef but low ”\f

response in MW#2
* Since, MW#1 had to be plugged, so the EE =5 e =
gravity survey not performed in this reef

« Gravity

Baielie
42 ‘@T The Briness of Inmsavaticn
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u Geochemical Studies: Stable Isotope as Tracers

* Collected gas and brine samples
from a new EOR reef, which has

stage reef with very high TDS.

dissolved carbonate suggest the

corrected for fractionation resulting
from dissolution and dissociation.

Late-Stage reef shows impact of CO, relative to new reef

not received CO.,.

General brine chemistry is similar
between new EOR reef and late-

Isotopically, the brines are different.
Differences in the 3'3C for

brine chemistry is altered by the
injection of CO,.

Note: the 5'3C value has been

Average
d13C for Dissolved Carbonate
= %

INJECTED LATE STAGE NEW EOR
co2*

Tha Busincmsef Inoovaticn
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u Baseline Sonic Log in New Reef

* Other field studies (Nagaoka Project in Japan and Frio
Project in Texas) have had success using sonic logging to
monitor the migration of CO,

= At Nagaoka, velocity decreased by 23% across the injection zone

and reached a maximum velocity change once the rock was 20%
saturated with CO,

* Therefore, an analysis was conducted to estimate the
change in the velocity (V,) that could be expected under
different pressure conditions as the initial fluid in the
reservoir is replaced with CO,

= The objective was to assess feasibility of using sonic logging for
tracking CO,

3“=¥§TL Thee Brmsimcrs of lansarvation

9/9/2015
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Evaluating Sonic Logging Feasibility
Predicted Velocity Changes in Reef due to CO, Injection

° Inltlal ﬂUId was 22% brine+ Velocity Changes with CO2 Saturations
78% methane mixture 100

* Increasing pressure
considered w0

* Velocity changes > +/- 5%
are assumed to be

Pressure (PSI)
N
g8
S

detectable
* Results suggest 30% CO, h
saturation is needed to s
detect a pressure < 1500 psi o
° Above 1500 pSI, >30% Percent Velocity Change

saturation is required

45

il
-

Tk Brasincssof Innovalicn.

PNC Logging for Monitoring Saturation Levels
and Wellbore Conditions S

» Pulsed Neutron Capture (PNC)
logging for verifying saturations in o
the near wellbore environment Neutron
= Provides monitoring of oil, gas, "emazaton
and water saturation
= CO, saturation evaluations WL
= |t is inexpensive to deploy? Neutron
» Operation and Output of PNC Burst
= Tool source bombards the ——=
formation with a high energy
neutron burst
= Time lapsed inelastic and
thermal-neutron scattering
responses are measured at the
detectors
= Time lapsed responses are
translated and digitized as
RIN13, RATO13, and Sigma

Detectors - =

Source

PN C Toq_l

RIN13, RATO13, and

measurements P 1 -
PNC Log Sigma Curves
_‘.-E“‘r
46 3.;??“- The Briure o v
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Various Data Needed prior to Logging and
during PNC Data Analysis

Well Information
» Open Hole LAS Data (Wireline
Data)
* Lithology Type
Well Conditions
+ Cement Conditions
+ Casing/Tubing Size i COerd_ien”ons
Production/Injection e~
» Recent Production Rates
» Water/Gas/Oil Rates
» Downhole Pressures

Fluid Properties Fluid Production/

» Water Salinity (oppm-NaCl) Properties Injection
» Downhole Gas Density (g/cc) \
+ Gas (CH4/C02) v .
» Gas Specific Gravity (s.g) -
Modeling . . . )

- Monte Carlo Predictive Algorithm Extensive data collection and implementation
* Calibration of Data to Wireline Data is required for PNC analysis

a7 31”;“‘ Tk Brasincssof Innovalicn.

PNC Monitoring of Productlon WeII

Example from an Active Reef e e I e L B

» March 2012 Logging
= Oil dominates in high porosity intervals
= Majority of gas and oil above perforations
= Gas and oil intervals due to possible vugular
porosity i Ery g per) ) 8
+ March 2014 Logging <5 L= =
= Gas dominate in high porosity intervals
* Repeat runs (2012 and 2014) yield increase v e oy
in gas saturation due to pushing oil - :
= Multiple logging runs are key to monitoring
reservoir conditions

m ) b Gas increase
Between
2012 and 2014

PNC Log

— Gas Saturation 2012~ —— Gas Saturation 2014

LA L A 5 i i
6100 6200 6300 6400 6500 6600 6700 6800 6900

4s ANSTL e Do et
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Unfavorable Well Conditions Present
H Challenges for Analysis

* New Reef Example

= Poor cement quality
creates gas anomaly at
approximately 5,258 to
5,289 ft

= Attenuation over poor
cement intervals
incorporated in new PNC
model

Cement
quality
causing
gas
artifact

New Reef PNC

] e New Reef PNC Log After
Cement Modeling Cement Modeling

Tk Brasincssof Innovalicn.

u Active and New Reefs — What’s Next

* Continue injection and monitoring in multiple reefs
towards 1 million tonnes goal

* Prepare 1-2 additional new EOR Reefs
= Drill 1 injection and 1 monitoring well (2015-16)
= Baseline characterization with logging, coring, and seismic
= Develop geologic and reservoir models

= Start injection during late 2015

= Monitoring
e
o INETL e,

9/9/2015
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H What’s Next - New EOR Field

* Innovative design

* 1 injection well, 2
monitoring wells

* MRCSP to support
drilling one well with

logging and coring

* Detailed modeling and
monitoring to be
planned

* Possible collaboration
with EPRI and LBNL

-

iy

iz%

A
o 1
-
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Geology Teams From Ten States Part of
MRCSP to Conduct Regional
Characterization and Implementation Plans

New York State
Museum

Ohio Geo
Survey

N

\

Geo Survey

c— M;aryland
West Virginia (‘*_oSurvey 0 50 100

Delaware
Geo Survey

) Miles

The Briness of Inmsavaticn
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Selected Regional Geology Team Activities

S P ey

Silurian Pinnacle Reef
Reservoirs
Led by W. Michigan University

East Coast Offshore and
Onshore Storage Targets
Led by Rutgers

Storage Potential

Cambro-Ordovician
Led by Indiana

CCUS Opportunities in Storage and Enhanced Gas
Appalachian Basin Recovery for Organic Shale and other Commercial Uses

Led by Pennsylvania Led by Kentucky Led by West Virginia
| s s e |

53 ﬁEﬂ' e Dionincsef Incrmaticn

I Mid-Atlantic U.S. Offshore Carbon Storage
24 Resource Assessment Project
New Project (FOA 1246)

* Project Team includes
Battelle; geological surveys
of MD, DE, and PA; USGS;
Rutgers; Harvard; and
Columbia

- » Staticnary Scurces® of CO, 5m
. {US DOENETL NATCARS 1.5, 2014)

TEW

BW  BIW B0 TEWE 7AW TIW  TOW B8 BeT B4
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d Defining CO, Storage in Upper Ohio River Valley

* Create “Road Map” for CO, sequestration in saline reservoirs in the

Upper Ohio River Valley area.

= Determine extent of potential reservoirs, such as the Copper Ridge and

Conasauga/Rome

= Characterize potential caprocks, both in terms of petrophysical and

geomechanical properties

= Map relevant parameters: porosity, kh, injectivity, capacity
= Continue gathering new data through piggyback opportunities

Eyr

5 {%n Co-Funded by ODSA/OCDO

Tha Busincmsef Inoovaticn

Geo-characterization

in Appalachian Basin

Generalized Regional
E t: and Stratigraphic Correlations Castern OMs
& | @ Eastern Chile SE Ofilo-N West Virginia e termincosy * Wireline Logs * Formation Tops W
= B » Core » Parasity and Perpneabiling
E% — Dol . * Lilerslure Review P!
1 12 e r N Rase Run 35 % |  Roserun
i = 8 g
F| - H s Ty 2 arane » Petrophysics » Property Indicators
H §§ g ) Coppoe e * Statistics * Seismic
g3 .
= &em;?m - oz T SIS e Purosily-Permesbility Translorms
T A, -, ayTIa m -
L - =2 Mokchucky I
g Conaguga group Marpdlle Fm ‘:-,‘ * Jsopach *+ Porosity
§ — g Rome [F— - Permzahility = Properties
& s T 5 |Mr simon, basal sand d
b
=
; ~
mﬁ:ﬂ':_'"ﬂ“ = » Surfaces « GridsfZonesfLayers i
meﬂ:\'-\l:rﬂh = Propertiss * Static Earth Wadet !
i Frm
A * Storage Capacity y
Shay Dol
BE3E 55
| s NHHH ”m m” ”mm” Workflow applied to Rose Run, “B” zone,
G i G Il .
e Lower Copper Ridge, and Conasauga group

The Briness of Inmsavaticn
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Learning from Brine Injection Wells

H Characterizing Storage Zones

Vug Probability in Lower Copper Ridge and Rome Dolomites

¢ Local view of vug
probability across
three closely spaced
wells

* There is better
probability of vugs
and potential
connectivity between
Wells 1 and 2

* Properties improve
understanding of
fluid flow

57 ‘NE'TI-
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Characterizing New Storage Candidates
Vuggy Dolomite Probability Mapping in Copper Ridge

* Apply methods to
a regional scale

* |dentify areas of
high probability of
vug development

¢ |dentify areas of

best reservoir
potential

Fence Diagram of the Vug Probability for
the Lower Copper Ridge

The Briness of Inmsavaticn
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8 Regional Mapping of Storage Targets
peied  Sandy Facies Map for Conasauga Group
; A4t
b ds
o E
3 i
2 a
3
B 1
Extent of the sandy facies in the Conasauga Porosity map of the sandy facies showing
(orange) and how it relates to known structure high porosity (yellow) in the center.
»  DET wiCle

i CO, Utilization for EOR and Geologic Storage
a4 in Ohio’s Depleted Oil Fields —

* Research goals

= Develop process understanding and evaluate
technical and economic feasibility of CO,
utilization and storage in Ohio’s depleted oil fields

= Focus on Clinton sandstone and Knox dolomite
formations (under-pressured, low permeability
reservoirs with poor primary recovery)

* Current focus

= Source-sink matching

= Production history assessment
= Geologic model development

= Fluid property characterization
= Reservoir simulation S L

0 {%n Co-Funded by ODSA/OCDO

9/9/2015
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CO,-EOR/Storage Assessment

Fluid Property Prediction Tool for oil-gas-water-CO, Systems

Inputs: Alite at Sinele Paint o acSlIrE
B Outputs at Single Point of Pressure:
Shadding Indicates Needed Input
Input Bu ble Polnt Property Pressure, p
Select Known Bubble Point Property © At | Bubble Point Pressure, py
| Salution Gas Dil Ratic at Bubble Pt Ry | SCF{BBL
Formation Volume Factor, B, in RE/STB
Solution Gas Od Rato, R, 402 SCRHEL
Dil-Gas Viseosity, p, 0,408 P
Compressibility, ¢, 3A1E-D4 1/psi
singla Point Prossure of Inta Density, po 452 Ioeryfi3
Evalustion st right Formation Volume Fattor, By 00103 RISCF
deviation factor, 2 0.802 -
Viseosity, j, 0014 3
Pressura Range of Interast Cormprassibility, € 9.57E-04 1/psi
See nes eets for tables and plots Density, py ) LE]
Maximum Pressure Formation Volume Factor, B., 1.0087 RE/STB
Salution Gas 'Water Ratio, Ry, 1531 SCF/BBL
. - Viscosity, W, L) P
Gas C 5
S — ”"” G Calculations Compressibility, £, 504605 Vpsi
v“.. T ne-Gas Properties Densaty, p,, 62.29 Ibery 3
Formation Volume Facior, Beng L f3/5CF
Viscosity, o ) p
HAmslees Dansi 2188 Ibery/fe3
Calculate Pure CO,, CO,-0il and CO,-Brine Properties? 5. P
*Pure O properties only suailable for 100pia € p € 3600p6 and 09 £ T £ 150% Comgravibiliy Feeter, Zoo L] -
~C02-0il and CO,-Brine Calculations asume desd oil S R LY. S L ola fnction
If Yas, Avg. Ol Molecular Waight (MW) = Ib/ibmel O, - Oil Selution CO2 Ol Ratio, Ry ccn rane SCE/STH.
if Yes, Salinity= Weight % Solids “ CO;-0il Swelling, 5F L3
B C0;-0il Viscosity RAtS, pygp/iiy 0
CO,-Brine [T Ry

61 Tk Brasincssof Innervalicn
CO,-EOR/Storage Assessment
Cost-Benefit Analysis Tools
g
ReserVOir Mude' i Descount Rate 15% = = = -

Recycled

A reservoir performonce model (00, — PROPIILT) wos used to estimate
Incremental oll recovery fram LU injection

= - 500 ol
Cost Model o |/,
. o 1 2 1 4 8 6
Tiea (years)
ECOF CO, Break-Even Price vs Oil Price

Economic Model
W,

Gross w Y4
Rur.l

ETotal Costs

SNot Rovenus Disccunt Rate: 15% ~
The ecomomi moge] oiculales net revenue fromm The vost el uses prodvction, injection, & reeycling el
ail recovery, market conditions, ang Ohia fox rates Pl i rienste Sl et goezs fevied oo catss of re a3 20 A"
wsing a stondord cash-Tiow model copitol, O8M und €0, tosts ~
Net Cash Flow $ T s
£ H i
& // {
Internal Rate €0, Break. H
of Return % Net Present Even Price § 2 //
Value $ g
o freeerees SA0mbl o,

080 90 100 110 130 130 140 150 180
il Price ($/bbl)

62 NS 53 S————
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MRCSP has four overarching goals for its
outreach program:

1. Continue to be a neutral and
credible source of scientific
information on CCUS

2. Improve public understanding of
CCUS

3. Support the large-volume CO,
injection test

4. Support other MRCSP research
activities, including regional
geologic characterization projects

-

iy

iz%

A
o 1
-
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Communicating the results of the large-
scale project to a broad audience is a key
focus

* Share technical information
and convey key findings
(e.g., CCS works, it's safe)

N

Conferences and
Meetings

iy

64 INSTL
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MRCSP also Convenes and Participates in the
Outreach Working Group

A group of outreach coordinators working to better understand
and respond to questions about CCS

Natural Resource
& Environmental
Benafits

Economic
Benalils

What Are Your Choices?

Energy

; § o

Benefits

‘ AdRolLs
©
Science =

Advancameant CCUS is Sale
Benefits

Community &

e 15 g P

Digital communications

Message Mapping

Best Practices Manual (media, outreach materials)

-

iy

iz%

A
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-
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M Synergy Opportunities

* Knowledge share with Plains CO, Partnership on closed
reservoirs modeling and monitoring

* Knowledge share with other RCSPs on monitoring
technologies

* Potential for support for DOE SubTER initiatives

* Collaboration with international projects on modeling and
CO, EOR to Storage transitions

* IEAGHG monitoring network presentations
* Input to DOE Best Practices Manuals

b,
N=TL

e The Brsincrs of aoavaticn

o
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E Summary of Recent Progress

* Large-scale Test in Michigan

= Completed baseline monitoring and site preparation for multiple reefs

= ~244,000 metric tonnes injected in late state reef

= >125,000 metric tonnes net CO, in active EOR reefs

= Operational and subsurface monitoring underway

= Reservoir analysis shows closed reservoir conditions

= Phase changes and compressibility affect pressure

= Initial static and reservoir models prepared

= Injection in a second new EOR reef likely to start in late 2015
* Regional mapping/characterization across nine states
* Initiated detailed storage and EOR assessment in Ohio

67 3»?_(5.”' Tha Brnircsaef Inmvaticen
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E Contributions From Partners Have Helped
Make MRCSP Successful

: | A 7 2 qd
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E Questions?
Please visit www.mrcsp.org
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BACK UP SLIDES

Midwest Regional Carbon
Sequestration Partnership

n ANET

Pt e Do It

DOE/NETL

Andrea McNemar
MRCSP Program Manager

e Batielle N

The Business of Innavation

Prime Contractor
Neeraj Gupta, PI/PM
M. Kelley, Characterization/Monitoring
m“m‘\ L. Cumming, Outreach & Regional
ieelogkonl Sureey Geology Alain Bonneville
S. Mishra and Ravi Ganesh, Modeling Charlotte Sullivan
J. Sminchak, Permitting Characterization

Monitoring Support
o %

Pacific Northwest

Kris Carter, PA Geo Survey
John Rupp, IN Geo Survey CORE ENERGY, LLC

- Regional Characterization itk m
Task Coordinators

Sarah Wade David Cole Robert Mannes
Outreach Working Geochemical Rick Pardini
Group Coordinator Monitoring Large-Scale Test Host
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MRCSP Task Schedule

MRCSP Phase 111 Schedule Year]| 2012 2013 2014 2015 2016 | 2017 | 2018 | 2019
No. | Task Quarter |1]2]3]a1]2]|3]al1]2[3]al1]2]3]4
1.0 |Regional Characterization 50 % Complete
2.0 |Outreach 50 % Complete

| 3.0 |Reservoir Studies in Depleted Niagaran Reefs
NEPA EQ and Site Workplan

Advanced Geological Characterization

Reservoir Modeling and Analysis

COz Injection | . [ |
Monitoring and Analysis
Site Transfer

4.0 |Reservoir Studies in Active Niagaran Reefs
NEPA EQ and Site Workplan [
Reservoir Modeling and Analysis
CO; Injection and Mass Balance
Monitoring and Analysis

5.0 |Reservoir Studies New Niagaran Reefs A&B 5 % Complete
Site Characterization Plan (Reefs A&B) A.]l IB
A&B

Advanced Geological Characterization

60 % Complete

Reservoir Modeling and Analysis A&B
CO;, Injection (Reefs A&B) T @A [ @6
Monitoring and Analysis A&B

Site Transfer

6.0 |Project Management 50 % Complete

7.0 |Deep Saline Formation Activities 20% Complete
“ Document and Close St. Peter SS Well

Approval of workplan required before proceeding with field work.
._Aﬂp_rgval of basline geologic report required before injection can begin.

73
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