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Introduction

« Widespread deployment of CCS will require an understanding of the
regional, basin-scale impacts on groundwater flow, and quality.

« Basin-scale hydrodynamics are controlled by numerous factors, including
regional geology, fluid pressure and density, and tectonic history.

* Arches province is important area for CCS due to thick, pervasive nature
of Mt. Simon Sandstone and favorable hydrogeologic properties.
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Arches Province Simulation Project

» The work will represent the “next step” in simulation of CO, storage — the
widespread application along a major, regional geologic structure in an
area of the country with a dense concentration of large CO,, sources.

* As such, it will help answer technical and infrastructure questions related
to simulation methods and also contribute to research on monitoring

options and risk assessment.

Ex. Site Model
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Arches Province Simulation Project

« Arches Province is present between the ‘jo%.\gao
Appalachian, lllinois, and Michigan \\l\\%aé‘“a
sedimentary Basins. ,

« The province includes portions of bt
Indiana, lllinois, Kentucky, Michigan,
and Ohio.

« There is a history of wastewater
Injection operations in Mt. Simon in the
region dating back to 1970s.
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Conceptual Flow Model Example
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for Midwest (Gupta and Bair, 1997)
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Arches Province Simulation Project

- Simulation Framework for Regional Geologic CO, Storage Infrastructure
along Arches Province of Midwestern United States project selected by
DOE/NETL under FOA23.

« Three year project through September 2012.

* Project team includes Battelle, Indiana Geological Survey, Kentucky
Geological Survey, Ohio Geological Survey, and Western Michigan
University. Cost share provided by Ohio Air Quality Development
Authority-Ohio Coal Development Office.

« Significant collaborations with MRCSP, MGSC, and other projects.
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Kentuck_v:@ Michigan Basin Core
Ceological Survey Research Laboratory
UNIVERSITY OF KENTUCKY
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Project Organization

Sponsors 4 Project Management (Task1) A Tech. Advisors
& Battelle David Ball (Battelle)
N=TL _ The Business of Innovation Mark White (PNWD)
WANO SHiocoAL Principal Investigators: Larry Wickstrom (ODGS)
OE OCDO \_ Neeraj Gupta and Joel Sminchak )

Task 2 Task 3 Task 4 Task 5 Task 6 Task 7
Comp. of Geologic & Model Framework Variable density Multi-phase model runs Implications for Reporting &
Hydraulic and data on & Parameters flow model simulations of regional storage Regional Storage Technology Transfer
Mt. Simon Sandstone scenarios Feasibility

Chris Perry Joel Sminchak 1 | Joel Sminchak | Diana Bacon > Neeraj Gupta L[ Joel Sminchak

(ODGS) (Battelle) (Battelle) (Battelle - PNWD) (Battelle) (Battelle)

Batielle
The Business of Innovatior
Batielle Batielle Batielle Batielle
The Business of Innovation The Business of Innovation The Business of Innovation The Business of Innovation
Ceologlcal Sur\e) Nt
Kent k[@ . . .
Batielle Geological Survey State Geological Surveys and WMU will also contribute to Tasks 4-7

The Business of Innovation UNIVERSITY OF KENTUCKY

Project will seek collaborations with MRCSP, MGSC, and other projects as
viable given project schedule and budget.
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Task 1: Project Management and Planning

* Project Management Plan
* Reporting and status meetings

D |Task Name Duration Start Finish 2010 2011 2012
191101112112 3‘4‘56 7181911011111211/21314151617(81911011112/1121314151617 /819 110111/12
1| Task 1: Project Management Planning & Reporting 783days  Thu10/1/09  Sun 9/30/12 .
z General Project Management 7820ays  Fri102000  Suno012| [0
3 Revised Project Management Plan Odays ~ Fri102309  Fi102309 | q) 1023
4 Subcontracting 130days  Thu10/1/09 Wed3/31/10| [T
5 Project Integration Meetings 581 days FiAAM0 Frv2snz| i I o i |
i Deliverables & Reporting 662days  Thudito  Frigi2812 [ [
15 | Task 2: Compilation of Geologic, Hydraulic, and data on Mt. Simon Sandstone 391days  Thu10/09  Thu 33111 Qg v
16 Geotechnical Data Compilation 196days  Thu1009  Wedasano| [T
17 Geologic data Compilation 0 days Wed 630/10 Wed 6/30/10 . 630
(5 Mapping and GIS of ML Simon 186 days FA1AM0  Thu9R0/10 |
19 Mapping and GIS of Mt. Simon Odays  Thu9B0A0  Thu 9/30/10 & 90
20 Eau Claire/Caprock Evaluation 195days  Thu10/1/09  Wed6/30/10 | [~
21 Class | Data Analysis 195 days Fri 11110 Thu 8/30/10 T [
2 Mt. Simon Pressure Field Mapping 261days  Thud4ino  Thudsuil
23 |Task3: of Model and 326days  Thud/110  Thu 6/30/11
% Conceptual Model 131days  Thua/io  Thu@m0/10
25 Model Framework/Descretization 132 cays Thu 7110 Fn 123110
2% | Code Modification & Debugging 196 days Thu7/4M0  Thu3m1/11
27 Code Verification/Comparison 195days  Fri0/H0  Thu6/@0A1
2% Development of Conceptual Mode! Odays  Thu6B0/11  Thu 630/11
29 Task 4: Preliminary variable density flow model simulations 261 days Fri 1011710 Fri 9/30/11
30 | Vanable Density Model Setup 130 days Fri 101110 Thu 33111
31 | Model Runs 120days  Mon13A1  ThuB/0/11
£ Flow Analysis 131 days Fri 411 Fri 9/30/11
3B Variable-Density Flow Modeling Odays | Fn9B0M1  Fn9/30/11
34 | Task 5: Multi-phase model runs of regional storage infrastructure scenarios 325days  Mon13M1  Fr 33012
3% Base Simulation 120days  Mon1/AH1  Thu6/@oA1
*6 | Model Calibration to Class /MRCSP Data 131 days Fridnn Fn 9/30/11
37 | Regional Storage Scenanos 196 days F A Fn 3/30/12
38 Mutiphsse Simulations Odays  Fi3Q042  Fn3B0/12
39 Data Analysis and Visualization 196 days Fri 71 Fri 3/30112
o Structure Simulations 131 days Fri 41 Fri 630111
4 | Leakage Simulations 131 days Fri 41111 Fri 9/30/11
a2 MVA Comparison 131 days Fn 71111 Fn 1230111
43| Task 6: Implications for Reglonal Storage Feasibility 261 days FA7AM1 Sateisoi2
a4 Infrastructure Analysis 131 days Fri 711 Fri 12730111
@ Regional Upscaling Analysis 195days  Mon 10/3/11 Fri 6728112
46 Regional Storage Simulations 0days Sat 6/30/12 Sat 6/30/12
47| Task 7: Reporting and Technology 653days  Thud/t10  Sun /3012
48 | Project Updates 587days  Thu7A4HO  Fri9i2812
52 | Meetings and Conferences s22days  ThudAMO  Frid@oi2 [ i ]
5 Final Reporis 260days  Tue10/4H1  Sun 8RO/ 2
54 | Final Technical Report Odays  Sun9/3042  Sun9/30/12 . | ’ 930
Project: GO0B440 Scheduie Task [ Progress S Summary P cxiemal Tasks Deadiine
DatecThu10/22000: Spit e Milestone * Project Summary (JEESSESSSNNGY  Exemal Milestone
Page 1
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Task 2: Compilation of Geologic, Hydraulic,
and Injection data on Mt. Simon Sandstone
« Subtask 2.1. Geotechnical Data Compilation
» Subtask 2.2. Mapping and GIS of Mt. Simon
« Subtask 2.3. Eau Claire/Caprock Evaluation

« Subtask 2.4. Class | Data Analysis

Mount Simon Subdivision: Isopach Il (Lower Unit)
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Task 2: Compilation of Geologic, Hydraulic,
and Injection data on Mt. Simon Sandstone

« Facies distribution studies suggest several units with the Mt. Simon
Sandstone formation which are important to CO, storage potential.

core sketch

facies

bedding

facies
C1&C2

Fining-upward foresets
within the facies B3, from
granule size to coarse-
grained sandstone.

(source = Saeed, 2002)

tidal inlet &
lagoon

estuary,
beach facies
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Task 2: Compilation of Geologic, Hydraulic,
and Injection data on Mt. Simon Sandstone

» Facies distribution present in recent MRCSP test well at Cincinnati Arch
East Bend test site.

OPENHOLE LOGGING, LITHOLOGY, AND DESCRIPTION FOR EAST BEND
ORIGINAL LOG SUITES HAVE BEEN MODIFIED TO FIT THIS PAGE

SP Z
_ !_50 Tfm'j.era.t,ure (F) _190 _Litholoav

R . . Descrintion .o
very finely disseminated glauconite. Shale, light to medium gray,
green gray, slightly to extremely calcareous, sub-fissile.

EAU CLAIRE (2,782-3,230'), Dolomite, medium to light gray brown,
also light gray, light pink gray, micro- to finely crystalline, sucrosic in
part, very calcareous, argillaceous, very abundant Glauconite, very
finely disseminated in upper two thirds of section, disseminated &
pelletal in lower third, very abundant Biotite (?), as microscopic flakes,
trace Quartz, clear, very fine grained. Shale, light to medium gray,
very calcareous, commonly sub-fissile. Conventional core (2,825~
2,857’') shows shale as the dominant lithology at that interval and
contains abundant rip-up clasts.
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MT SIMON Upper Zone (3,230-3,360') Sandstone, clear and rose
quartz, medium to coarse grained, medium predominating, very well
sorted, friable, sub-rounded, commonly frosted, some overgrowths
present, some pressure solution evident, friable. Conventional core
(3300-3330') contains some white & rose variegation and a minor
amount of cross-bedding.

MT SIMON Middle Zone (3,360-3,452') Sandstone, clear quartz,

some rose quartz, very fine to coarse grained, fine predominating,
very well sorted, friable, sub-rounded to angular, frosti
precussion marks common, some pressure solutio
Conventional core (3,435-3,459").

MT SIMON Lower Zone (3,452-3,532') Sandst ear quartz,
possible feldspar, fine to coarse grained, in well sorted
zones, friable, sub-rounded, frostina sion marks common,

some pressure solution evident, Sh 0%), medium to light gray,
silty, minor Glauconite and Biotite, tr: yrite.

MIDDLE RUN (3,532- ') Sandstone (lithic arenite), brick red, very
fine to medium grained, silty, moderately to well cemented, Quartz,
clear, constitutes about 45% of the sample fraction, Feldspar about
50% of the sample fraction, no identifiable accessory minerals.

¢
EB_COLUMNO2.COR

NOT TO SCALE (Source: William M. Rike, Consulting Geologist, 2009)
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Task 2: Compilation of Geologic, Hydraulic,
and Injection data on Mt. Simon Sandstone

Injection Wells

* Injection data from region is being
compiled (operational injection
rates, pressures, falloff test data).

® Classll

« Some injection sites have been
operating since 1970s.

- Data will be used for model
calibration to injection data and
reservoir pressures.

Cumulative Injection Volume at Lima UIC Site

3000 —
2800 —y

(million gallons)

Cumulative Injection Volume
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Task 3: Development of Model Framework
and Parameters

« Subtask 3.1. Conceptual Model

« Subtask 3.2. Model Framework/Discretization

» Subtask 3.3. Code Modification & Debugging

» Subtask 3.4. Code Verification/Comparison

Geological Model Numerical Model
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Task 3: Development of Model Framework
and Parameters

- Model boundary conditions being examined to ensure accurate model
solution.

« Facies changes and depth related porosity cutoffs may provide natural
boundaries to the model domain.
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Task 4: Baseline Variable Density
Flow Simulations

« Subtask 4.1. Variable Density Model Setup

« Subtask 4.2. Model Runs
« Subtask 4.3 Flow Analysis
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Subtask 5.1.
Subtask 5.2.
Subtask 5.3.
Subtask 5.4.
Subtask 5.5.
Subtask 5.6.
Subtask 5.7.

Base Simulation

Model Calibration to Class IMRCSP Data

Task 5: Simulations of Regional CO2
Storage Infrastructure Scenarios

Regional Storage Scenarios

Data Analysis and Visualization

Stucture Simulations
Leakage Simulations
MVA Comparison

Battelle

The Business of Innovation

‘N
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Task 6: Infrastructure Analysis

« Subtask 6.1. Infrastucture Analysis

— Delineate favorable and unfavorable locations for CO2 storage in Arches Province given
regional framework.

« Subtask 6.2. Regional Upscaling Analysis

— Assess regional storage and retention potential, range of capacity estimates for large
scale CO2 storage in the Arches Province.

MRCSP
Large CO; Point Sources
(100+ kt CO.lyr)

e Gas processing
Cement

Ethanol

Power

Refineries & Chemical
Industrial

Other

Annual Emissions
© 5-250 ktCO2ly
O 251 -500 ktCO2/ly

O 501 - 750 ktCOzly

O 751 - 1,000 ktCO2/y

Q 1,001 - 18,000 ktCOz2/y
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Task 7: Reporting and Tech Transfer

« Subtask 7.1. Project Updates
» Subtask 7.2. Meetings
« Subtask 7.3. Final Reports

Deliverable

Description

Battelle
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Deliverable Date

Project Updated Project Management Plan Q12010
Management Plan | as per FOA guidelines
Geologic data Hydrogeologic maps showing Q4 2010
Compilation depth, thickness, hydraulic

parameters, and other data from

study region
Development of A completed conceptual Q32011
Conceptual Model | hydrogeologic framework

incorporated into the simulation

codes will be presented in a letter

report or slide presentation
Variable-Density | A report on baseline variable Q42011
Flow Modeling density flow model will be
Topical Report submitted
Multiphase A report summarizing key findings Q32012
Simulations of the regional and local scale CO,
Technical Progress | injection models
Report
Final Technical Final technical report with detailed Q4 2012

Report

outcome of all tasks including
implications for regional
infrastructure deployment and a
simulation framework that can be
used to address emerging
regulatory, monitoring, site
selection, and risk assessment
issues.
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Project Schedule

Milestone Planned Milestone Verification Method
Completion Date
Revised Project Submittal of Revised Project Management Plan to
Management Plan 10/23/2009 DOE/NETL
Geologlc_data 06/30/2010 Submit database of geotechnical data to DOE/NETL
Compilation
Mapping and GIS of 09/30/2010 Submit hydrogeologic maps showing depth, thickness,
Mt. Simon hydraulic parameters, and other data from study region
Development of A completed conceptual hydrogeologic framework
P 06/30/2011 incorporated into the simulation codes will be
Conceptual Model . . .
presented in a letter report or slide presentation
Variable-Density 09/30/2011 A topical report on baseline variable density flow
Flow Modeling model will be submitted
Multiphase 03/30/2012 A technical progress report summarizing key findings
Simulations of the regional and local scale CO, injection models
R_egmnagl Storage 06/30/2012 Confirm regional storage scenarios with DOE/NETL
Simulations
Final technical report with detailed outcome of all tasks
Einal Technical including implications for regional infrastructure
09/30/2012 deployment and a simulation framework that can be
Report . . )
used to address emerging regulatory, monitoring, site
selection, and risk assessment issues.

DOE/EPA Review- Tracking Geologically Sequestered CO2 March 24, 2010 19
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Next Steps

» Compile Class | data (in progress)
* Geology team meeting (March 30, 2010)
* Map facies distribution in the Mt. Simon

* |dentify additional rock core at state core libraries for
testing

* Develop geo-cellular model.
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