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Presentation Outline
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Benefit to the Program
CARBON STORAGE PROGRAM MAJOR GOALS

Support industry’s ability to predict CO, storage capacity in geologic
formations to within £30 percent.

Develop and validate technologies to ensure 99 percent storage
permanence.

Develop technologies to improve reservoir storage efficiency while
ensuring containment effectiveness.

BENEFITS STATEMENT

This project will address Area of Interest 3, Field Methods to Optimize Capacity
and Ensure Storage Containment. The identification of field techniques to
Improve storage efficiency above the baseline CO, storage efficiency in specific
geologic formation classes of different depositional environments identified by
DOE as promising storage formations will provide better regional assessment
estimates and site screening criteria. The research will contribute to the
program’s effort of estimating CO, storage capacity in geologic formations.
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Project Overview:

Goals

- Quantify storage efficiency for different depositional
systems;

DOE’s “High” and “Medium” storage potential ratings
- Identify methods to
Improve E;

Control CO, plume footprint
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Project Overview:
Objectives

Select lllinois Basin (ILB) formations representing different
depositional systems

Develop rigorous geologic and geostatistical models of
selected formations

Conduct numerical simulations
Estimate E
Depict CO, plume distribution within formation flow units

Determine depositional system-based strategies to improve E
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Background

« CO, storage potential Matrix (NETL, 2010)
« Large Scale, Small Scale and Characterization are DOE defined

groups

Matrix of Field Activities in Different Depositional Environment

Depositional High Potential Medium Potential Low or
Unknown

Environment
Potential

Deltaic Shelf Clastic Shelf Carbonate Strandplain Reef Fluvial Deltaic Eolian Fluvial & Alluvial Turbidite Coal Basalt
(LIP)

Large Scale
Small Scale

Characterization
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Approach for each depositional
environment

Pre-selection of ILB Formations

’—-——~
- =~ ~

» LConceptual Geologic Model |—=
/
\ .

sLGeocellular or Static Models )

~ -~
\5— ——’

Reservoir Simulations

Storage Efficiency Calculations

Interpretation of Results
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Depositional Environments

Depositional
Environment

Deltaic

Shelf Clastic

Shelf Carbonate

Strandplain
Reef

Fluvial Deltaic

Fluvial &
Alluvial

Turbidite

9/11/2014

Storage Potential
(DOE’s Rating)

High

High

High

High

High

Medium

Medium

Medium

ILB
Formation

Benoist

Cypress

Ste. Genevieve

Upper Mt.
Simon

Racine

Bridgeport

Lower Mt.
Simon

Carper

Other US Basin formations

Frontier Formation (Rocky Mountain basins)

Tapeats Sandstone (Colorado Plateau)
Hamilton and Martinez (Sacramento Valley Basin)

Naco and Martin (Colorado Plateau);
Knox (lllinois and Michigan Basins);
Arbuckle (Ozark Plateau)

Fleming Group (Gulf of Mexico Basin);
Pottsville, Parkwood, and Hartselle (Black Warrior Basin)

Cisco-Canyon (Permian Basin)

Domengine (Sacramento Valley Basin);
Fleming Group

Tuscaloosa (Gulf Coast Basin);
Stockton and Passaic (Newark Basin)

Puente (Los Angeles Basin)
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Conceptual and Geocellular
Models

-  Conduct geologic mapping
Available Data

Logs: spontaneous potential, neutron-density, openhole, and
casedhole

Ofe](
Outcrops
« Results
Cross sections
Isopach maps
Structure maps
Block diagram of the depositional environment

-  Software: Geographix and Petra
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Conceptual and Geocellular
Models (cont.)

-  Conduct geostatistical analyses using
Conceptual geologic model
Digitized logs
Core data
Surface maps

-  Build geocellular model (4 distributions)
Porosity
Permeabllity
Thickness
Facies

o Flat, no structure
o Software: Isatis
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9/11/2014 www.CO2efficiency.org

11



Example: Shelf Carbonate

Plains lilinols Plains Winals, Inc. Plains llinols, Inc. Extex, Inc.
No. 25 Small No. 24 J. Swarm No. 16 Schwarm No. 1 C. Wright

SW NE S. 36 TGN R2E SE NE S. 36, TGN R2E NW SW S. 31, T6N R3E NW SW S. 31, T6N RIE
Fayette County Fayette County Fayette County Fayette County

KB 504’ KB 602 KB 602’ KB 601

LEEY 4 =
MIDDLE DEVONIAN/ CARBONATES
GRAND TOWER

< GENE\'L l:‘:m.orms,,

GENEVA DOLOMITE
POROUS ZONE

| SR R | ABEEEEN

tizing Fluid Direction

Time Mumber: 2134 Time Number. 2311

Model Permeability
distribution (0.1-1000 mD)

3207000 g ¥
3203000 - R oo ]
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Example: Deltaic

Increasing relative tidal p
S — In
Tide-
dominated
estuary

Tidal flat

Transgressive

Linear coasts ||

— — —|with
marine sediment supply Elongate/lobate coasts marine sediment supply
i ] sediment supply

Sea

Regressive/prograding

\_///
Strandplal

/

E Mud lz‘] Marsh

» Permeabillity distribution (5-300 mD)
 Model area covers isopach map (Seyler
et al., 2012)
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Reservolr Simulations

R . End-point saturations & rel. permeability
InpUt and |n|t|a.| COﬂdI’[IOI’]S Parameter Sandstone Limestone
. Reservoir and PVT properties

. End-point saturations and
relative permeabilities

. Initial conditions
Pres > PCOZ,crit . 1100 pSl
Tres > Tcoy oy - 90 °F

. Injection rate :
18,854 Mscf/d (1 tonne/d)
. No pressure constraint

Relative Permeability

o Software: Landmark Nexus

.3 0.4 05 0.6 0.7
Water Saturation

Fig.: Sandstone relatively curve

lllinois State Geological Survey
9/11/2014 www.CO2efficiency.org 14



Reservoir Simulations, cont.

Storage Efficiency (E)

P Vco,
VP
* Vo, : reservoir pore volume contacted

by CO.,.
* V, ! pore volume available for storage

Vp,cylinder Vp,cuboid

Warmer colors indicate higher CO, saturation
and blue indicates water
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Reservolr Simulations

Sensitivity studies
Infinite acting aquifer (analytical vs. numerical model)

Wellblock permeability
Aquifer permeability averaging method

Water influx vs outflux
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Aquifer permeability averaging method

Aquifer strength on BHP  Fluid outflux vs. influx
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- Average reservorr k closely . Outflux-Influx ratio approaches
exhibit infinite-acting aquifer 1.0 over time.
behavior.
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Reservolr Simulations

Sensitivity studies (continued)

End-point saturations and relative permeabilities

S..... . Irreducible brine saturation

wirr

S, : critical CO, saturation

gc’

Kig max - Maximum CO, relative permeability
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End-point Saturations and
relative permeability Effects

10.0%
9.0%
8.0%
7.0%
6.0%

5.0%

Efficiency
Efficiency

>
o
c
g
=2
b=
wi

4.0%
3.0%
2.0%
1.0%

0.0%
0.1 0.2 0.3 0.4 05 0.6 07 08 0 0.1 0.2 0.3 0.4 0.5 . 0.1 0.2 03 0.4 0.5

Irreducible brine saturation (Swirr) Maximum CO2 relative permeability (krg,max) Critical CO2 saturation (Sgc)

- Edeclines as S, or k; o INCrease
- Eincreases with S,
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Example: Storage Efficiency profile

Strandplain

+ Vertical Well
= Horizontal Well \
15 20

10
Time (Years)
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Example: shelf carbonate

CO, plume distribution (3 year})

Model Mame:

Model Mame DADEEP_SimulationsiGenevaililetus_ShelCarbonate vdb
Case Name Geneva_verticalcen

Class Name: RECUR

Simulation Date: 01-Jan-2003

Simulation Time. 1096 days

Time Number: 1087

Wariahle, SWATER SATURATION FRACTION

Current Date 08-Aug-2014

DADEEP_SimulationsiGenewaibiletus_ShelCarbonate vdb
Case Mame. Geneva_vertical_sir

Class Mame RECUR
Simulation Date; 01-Jan-2003
1096 days
T3
SWWATER SATURATION FRACTION
08-Aug-2014

Simulation Time
Time Nurmber:
Variahle:

Current Date:

i
YERTICAL

“onn

B

97000

3000

183000

‘aeson

“tbtonn
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Example: Fluvial Deltaic

Channel System
CO, plume distribution (80 year)

Time Murnber: 7941

sauae

L;EIEJEH_N . 2082000 e 2082000 2056000
o e

 HERTICAL

Porosity cutoff: 2 % .
# of gridcells: 106,000 iy p—— = e b gz o
Av. permeability: 100 md

Time Mumber: a

Porosity cutoff: 0 %
# of gridcells: 1,100,000
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Normalize baseline efficiencies

- Normalize for effect of relative permeability and
end-point saturations

@ E, = %krg(g g)

E (1_Swirr)

3) Ey =——
v S g 9 . | -=Center

E(1-Swirr—Sgc) -#-Verticall

(4) E v — < ==\/ertical 2
S
g —Vertical 3

E(1-S,) ~Vertical 4
5) E, =—19 | | | | _
() Y Sg 10 15

E(1-Sywirr) Time (years)
(6) E, = —

Sg—Sgc
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Outcomes
Normalize baseline efficiencies

Depositional Environment

Baseline E,, (%)

ILB formation Stratigraphic Structural

Deltaic Sandstone
Shelf clastic Sandstone
Shelf carbonate Limestone
Dolomite
Fluvial deltaic Sandstone
Strandplain Sandstone
Reef Limestone

Fluvial and alluvial Sandstone

“Large structure, low dip angle and thick reservoir

23— 41
17 —41
9.5 — 26
7.5—19
36 —52
16 — 32
14 — 53
11 —52

23 — 43
20 — 52
10 — 28
9.0—19
36 —51
30— 43
13 —'56
17 — 58

lllinois State Geological Survey
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% Change (effect of
geologic structure)

Min: Median: Max
88%

0% : 7.4% :
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Storage Potential vs. Efficiency Matrix
« CO, storage potential Matrix (NETL, 2010)

CO, storage potential Matrix (NETL, 2010)

Geologic Formation High Potential Medium Potential
Classes

Deltaic Shelf Clastic Shelf Carbonate Strandplain Reef Fluvial Deltaic Eolian  Fluvial & Alluvial ~ Turbidite
Ranking 1 2 3 4 5 6 7 8 9

CO, storage Efficiency Matrix

Geologic Formation High Potential Medium Potential
Classes

Deltaic Shelf Clastic Shelf Carbonate Strandplain Reef Fluvial Deltaic Eolian  Fluvial & Alluvial ~ Turbidite
Ranking 2 4 8 5 6 1 — 7 3

Classification is based on E, of simulation using stratigraphic geologic models

High E # high storage capacity (potential).
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Summary

Key Findings
Formations studied exhibit a mixture of depositional
environments with one having a dominating presence.

Depositional systems in cratonic and non-cratonic US
Basins exhibit similar characteristics but differ in scale of
geologic features.

Lessons Learned

Effect of geologic structure on storage efficiency is
dependent on:

Size

Dip angle

Reservoir thickness

Future Plans
Developed database tool to estimate E from simulation data.

lllinois State Geological Survey
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e These slides will not Ee discussed during the presentation,
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Organization chart

Team Organization and Structure

U.S. Department of Energy
DOE Project Officer

Darin Damiani

ISG! 18GS
Roland Olkowen E Hannes Leetaru

Task2
Geologic Screening
Hannes Leetarn

B_Huff ate M i G G ar Interpretation
- J. Damico
S. Frailey

J. Grube

Olowen N.

Webb
R. Qkcwen 5 8 r 5 Reservoir Engr ask 5.2 5 sk 6. Task 6.2
S. Frailey
L r Task 5.1 adline: Deadline:
Deadline: | S. Fr N. Webb . 05/30/2014 09/30/2014

Task 4.2

04/30/2014

9/11/2014
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Gantt Chart

%% Compte 014 ]
Sep O Wov[ D Ja PV oWy 1 AugSep O oD Ja FWar AWy in u T Seo] 0! o e
*Task 1- Project Management, Planning, and Reporting Mon 10412 Wed 1231114 B5% : : .

Task 2 - Geologic Formation Screening 2281 100%

Milestone: Formation List to NETL Capacity Team for Review 100%

Deliverable: Task 2 Report 013 FiB3013  100%
* Task 3 - Geology and Geologic Modeling " 80%

Milestone: Complete contruction og geologic models Tue 3 0%

Deliverable: Task 3 Report FOABIAS - FrifE1/1 0%
* Task 4 - Geostatistical Analyses and Geocellular Modeling Hon 101/12

| Stat | Finsh

0 Task Name

Milestone: Complete constuction of geocellular models " Wad We 0%
Deliverable: Task 4 Report Hon 6120 3 0%
* Task 5 - Reservoir Flow Modeling Hon 10112
Milestone: Complete reservoir simulations 7 lon 630 e 0%
Deliverable : Task 5 Report Tue 7HI 4l 0%
* Task 6 - Interpretation and Analyses of Modeling Results Fri3HA3) - Tue 90014
"5 E  Milestone: Finalize estimates of storage efficiency by geologic classification ~ Tue8301¢  Tue 904 0%
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Outcomes

Baseline Storage efficiencies

~ Veo,
VP

Depositional Lithology Baseline E (%) % Change
Environment Stratigraphic Structural
Deltaic Sandstone 9.5—18 10— 20
Shelf clastic Sandstone 5.6 — 15 6.6 — 19
Shelf carbonate Limestone 3.1—9.0 3.3—9.9

Dolomite 3.0—8.2 3.8—75
Fluvial deltaic Sandstone 13 — 22 15— 22
Strandplain Sandstone 6.1 — 13 11— 17
Reef Limestone 4.8 — 19.7 47— 21.3
SINVEUELGLIEUTVEIR Sandstone 8.0—19 9.9 —22

Turbidite Fine Sandstone 6.5 —24 7.0—25

“Large structure
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