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Benefit to the Program

* Program goal being addressed:

— Develop technologies that will support industries’
ability to predict CO, storage capacity in geologic
formations to within +/- 30 percent.

* Project benefits:

— The research team is assessing CO, storage capacity
at four Missouri power plant sites. The research will
determine the feasibility of carbon sequestration in
Missouri and fill a gap in the Program’s database.



Project Overview:
Goals and Objectives

* Project Goal - Determine the suitability for
carbon sequestration in Missouril.

* Project Objectives:
— Characterize four Missouri power plant sites.

— Drill a characterization well at each site to determine
the reservoir properties of the target formation,
competency of the confining layer, and storage mode.

— Estimate the storage capacity and maximum
sustainable injection rate of CO2 into the target
formation.



Project Overview:
Goals and Objectives

 How the Project Goals & Objectives relate to the
Program Goals & Objectives:

— Project results will support the ability of City Ultilities of
Springfield, Ameren Missouri, Associated Electric
Cooperative, Inc., Kansas City Power & Light, and
The Empire District Electric Company to predict CO2
storage capacity in geologic formations beneath their
iIndividual power plant sites to within +/- 30 percent.



Project Overview:
Goals and Objectives

* |dentify the Success Criteria for determining if a
Goal or Objective has been met.

— Criteria includes:

Successful completion of four characterization wells.

Successful extraction of core from the confining layer and
target formation.

Determination of target formation water quality.
Determination of target formation reservoir properties.
Determination of confining layer competency.

Estimation of storage capacity and maximum sustainable
Injection rate.



Project Organization

» Research Members
— City Utilities of Springfield
— Missouri Department of Natural Resources
— Missouri University of Science & Technology
— Missouri State University
 Utility Members
— Ameren Missouri
— Associated Electric Cooperative, Inc.
— City Utilities of Springfield
— Kansas City Power & Light
— The Empire District Electric Company
» Supporting Organizations
— Missouri Energy Development Association
— Missouri Public Utility Alliance

Missouri



Project Organization

» Missouri’s electric

utilities and
Missouri’s citizens
have large stake in
the project.

The 5 member
utilities operate 16
coal-fired power
plants and
collectively provide
electricity to 90% of
Missouri’'s farms,
families and
businesses.
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Project Sites

The four project sites
represent all five
member utilities and
provide good
geographic and
geologic distribution.
The four boreholes
should provide good
characterization of
carbon sequestration
in Missouri, and fill a
Program data gap.

EfEGns
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Project Sites

Borehole #1, John

Twitty Energy '- i..-..‘

Center, 503
megawatts, located TR

on Springfield 70 pk. -
Plateau.

Borehole #2,
Thomas Hill, 1,153
megawatts, located
at 30,000-acre mine-
mouth site.

Borehole #3, latan,
1,501 megawatts,
located on flank of
Forest City Basin.

Borehole #4, Sioux
Power Plant, 986
megawatt, located
on flank of lllinois 0 50K 50 Mies
Basin.




Target Formation

St. Francois Aquifer
comprised of basal
Lamotte Sandstone
and overlying
Reagan Sandstone.

Lamotte Sandstone
is lateral equivalent :
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Thickness of St.
Francois Aquifer
varies greatly, but
ranges up to 700
feet.

St. Francois Aquifer
extends over entire
State.
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Confining Layer

Derby-Doerun/Davis
confining layer
separates St. Francois
Aquifer from overlying
Ozark Aquifer.

Derby-Doerun/Davis
consists of thinly-
bedded dolomite and
shale.

Permeability of
confining layer very
low.
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EXPLAMNATION
Mod ified from Imes, J.L., and Emmett, L.F, 1994,
Geohydrology of the Ozark Plateaus aguifer
system in parts of Mizsouri, Arkanzas, Oklahoma,
and Kanzasz: U5, Geological Surwvey Professional
Faper 1414-0, 127 p.

Mesozic and younger sediments

Western Interior Phains aquifer
system

e
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Lower aquifer units

Confining unit

Ozark Plateaus aquifer system
Springfield Plateau aquifer
Crzark aquifer
St. Francois aquifar

Basement confining unit
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John Twitty Energy Center

Original project scope
contemplated an injection test
at the site.

Borehole #1 completed to TD
of 2,186 feet.

731 feet of core obtained from
the confining layer and target
formation.

Water samples obtained from
the Reagan and Lamotte
sandstone units yielded TDS
concentrations of 152 mg/L
and 208 mg/L, respectively.

Plans for an injection test were
abandoned and project re-
scoped to provide
characterization wells at three
additional power plant sites.
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St. Francois Agquifer TDS

Based on available data,
TDS concentrations at the
three additional drilling
sites are expected to occur
in the range of 20,000 to
45,000 mgl/L.
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Redirection of Project

Closeout of John Twitty Energy Center work.
Selection of additional drilling sites.

Preparation/submittal of revised budget and SOPO.

Preparation/submittal of revised PMP.
Preparation/submittal of NEPA questionnaires.
Revision of MOU with utility members.
Amendment of subcontracts with research team.
Determination of need for temporary APCP permit.
Preparation of bid documents for additional sites.
Bidding and award of drilling contracts.
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Thomas Hill Energy Center

Drilling at Thomas Hill
commenced in February 2012.

Very little deep well log data
existed in the area. Cable tool
log from 20 miles away
suggested there might be 700
feet of Lamotte.

Top of confining layer
encountered at 1,950 feet.

Top of target formation
encountered at 2,083 feet.

Top of Pre-Cambrian basement
rock encountered at 2,530 feet.

Confining layer thickness found to
be 133 feet.

Target formation thickness found
to be 447 feet.




Thomas Hill Energy Center

Wireline logging completed.

Preliminary results of target
formation water sampling yielded
TDS concentration (evaporation
method) of 55,452 mg/kg.

Rock core transferred to MO
Division of Geology and Land
Survey McCracken Core Library. it B
MSU and MS&T researchers L ey, e e
selected core intervals for testing . ’ | ' —/‘i
on August 1, 2012.

Lamotte core appears porous and ebalP, ‘ Iq”' "\'~
permeable. Davis core appears \ '
very tight.

Pressure testing and well closure

on hold pending determination of
remaining funds.

g e

—
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Sioux Power Plant

Sioux Power Plant is
located in floodplain
between Mississippi and
Missouri Rivers.

Drilling sites were
evaluated and site secured
at former Bellfontaine
Quarry Site.

BELLF ONTAINE
QUARRY SITE

/7 QUARRY STE

CENTRAL STONE __
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Sioux Power Plant

Bellfontaine Quarry will
provide flood protected
drilling site.

Water management plan
provides for discharge of
produced water to the

guarry pit.
Drilling contract has been
bid and awarded.

Driller will mobilize to the
site before the end of
August 2012.

Based on available data,
top of confining layer
expected at 2,850 feet, top
of target formation at 3,030
feet, and top of Pre-
Cambrian at 3,220 feet.
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latan Electric Generating Station

Drilling contract bid and
awarded.

Mobilization anticipated in
December 2012.

Based on available date, top
of confining layer expected
at 2,585 feet, top of target
formation at 2,670 feet, and
top of Pre-Cambrian at
2,745 feet.
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Project Completion

* Following completion of drilling, coring, downhole
geophysical logging, and water sampling at latan,
remaining funding can be guantified and decisions made
regarding the level of pressure/fracture testing which can
be performed in Characterization Wells #2, #3 and #4.

* Following completion of testing, the wells will be
cemented and research at MSU, MS&T, and MDNR

completed.
* Project end date is September 30, 2013.
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Accomplishments to Date

— Teaming arrangements established with five major
electric companies, two universities, and state DNR.

— Internal team established to manage technical, financial,
and logistical aspects of the project, along with media,
community, and governmental relations.

— Characterization of Site 1 complete.

— Internal team successfully managed total re-scoping of
the project.

— Drilling and coring of Site 2 complete.
— Project remains on schedule and within budget.

23



Summary

— Key Findings
» Geology/hydrology of southern Missouri is
unacceptable for carbon sequestration.

« Geology/hydrology of northern Missouri more
favorable for carbon sequestration.

« Davis Shale appears to be a competent confining
layer.

e Lamotte Sandstone is highly variable due to multiple
facies. Suitability for carbon sequestration will be
site-specific.
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Summary

— Lessons Learned
 Creative thinking and abllity to adapt are important.

* The structure, process and scope of the Missouri
project are transferrable to other states interested Iin
assessing the feasibility of carbon sequestration.

— Future Plans

* |f certain of the Missouri sites are found to be suitable
for carbon sequestration, additional funding may be
sought for comprehensive site characterization.
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Questions

Principal Investigator Co-Principal Investigator

David M. Fraley, PhD Gary J. Pendergrass, PE, RG
Director of Environmental Affairs Principal/Geological Engineer
City Utilities of Springfield, MO GeoEngineers, Inc.

301 East Central Street 3050 S. Delaware Avenue
Springfield, MO 65802 Springfield, MO 65804
417-831-8778 417-799-2612

dave.fraley@cityutilities.net gpendergrass@geoengineers.com
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Appendix

— These slides will not be discussed during the
presentation, but are mandatory
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Table 4 - Milestone Status Report
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