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Outline/Topics

Update to CCUS in Kansas
— Current activities sponsored by DOE-NETL

Resources
— Qil fields
— CO, supply
— Arbuckle saline aquifer beneath significant oil fields in southern
Kansas
Addressing and Reducing Uncertainties Associated With a
Class VI geosequestration permit

— Evaluate potential to significant reduce uncertainty and risk in the
utilization of deep saline aquifer CO, storage beneath existing oil fields

— Kansas small-scale field test at Wellington Field, Sumner County
characterizing and developing refined static and dynamic whole earth
models to evaluate flow, storage, and seals to quantify risk and
uncertainty, and develop compliance

— Employ and test monitoring, verification, and accounting (MVA)
methodologies that are cost effective and practical, and standard
practices of the local petroleum industry

— Give regulators, state and federal govt. officials assurances that best
practices in geology and engineering can be effectively employed to
protect freshwater aquifers and manage in context of other resources



Key Points

e CCUS - Carbon Capture, Utilization, and Storage

— Kansas has major CO,-EOR potential with saline Aquifer
sequestration as additional asset beneath oil fields in
southern Kansas

— Manage CO, by building on existing infrastructure of viable,
local petroleum industry

* Managing CO, plume in deep saline aquifer

— CO, plume initially a supercritical free phase liquid that is
eventually trapped in the aquifer

 solution, small pores, and reaction with rock

— Tailored computer simulations of CO, storage based on rock
and fluid data for review and permitting

— Monitor CO, plume with latest technology
* Evaluate progress and compare to simulations
 Demonstrate containment with off-the-shelf technology
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Industry Partners (Enhancement to FE0002056)
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Stratigraphic Column New Basement Test
Berexco Wellington KGS #1-32

Completed at Wellington Field
February 2011
Conventional 4.5 inch core from base Pennsylvanian shales to

basement (3550-5178 interval, 1628 gross ft, 1528 net feet)
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Web-based Interactive Project Mapper

Overlay of Oil and gas field outlines and
Top Arbuckle Group in study area of southern Kansas
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Initial Storage Capacity Estimate (April 2011)
Deep Arbuckle Saline Aquifer
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P10 (top) and P90 (bottom)
storage volume CO, (million tonnes)
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Ethanol Plants and Selected Oil Fields
for CO2-EOR
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CO, (Ethanol & Fertilizer Based) Pipeline

| g d’ lllllll |
LY 5. T . Nebraska I ; Fr PR CRRTEC B 5 T T
Kansas
Prairie Horizon gﬂnlhllqtnrl
Legend
. Ethanol
. Western Plains Energy 3 Feriilizer
Kansas Qil
— ECR Candidate
US Energy Partners Gl I

Salina
=]

4
F T

. Total annual CO2 emissions (ethanol +

~_ fertilizer): 2.2 million tonnes / year

(129MMscf/day)

: i N
City SEL Ty LN e . -~—.--—". Abengoa Bioenergy
o FoF Ll 85'mi —
\'\.
i

150 mi
[ | w

Arkalon Energy JEnony Coffeyville Fertilizer 'L

e m.q-.? e b ) *_

Kansas
~
<
3
+ .
!
:
3




Reducing Uncertainties Associated
with a Class VI Permit

e Key questions needed to guide decision to inject:
e What exactly does EPA need to see in our modeling results to consider modifying
default requirements?
e What corresponding relief in the monitoring/bonding obligations can we expect?
e What is the expected duration of the Class VI application process?
e What are targets associated with modeling/monitoring/application parameters
and processes?

e Dialog with regulators:

e Provision in Class VI Final Rule to reduce the monitoring period by demonstrating
through modeling/monitoring that there is no danger to the freshwater aquifers

e 50-yr period monitoring is by default

e Show by modeling and monitoring that the pressures and plume have “stabilized”

e Up to applicant to demonstrate by modeling that there will be minimal impacts

e If the pressures and the CO, plume have stabilized and that no alarming trends
have been observed in the monitoring network, then the monitoring can also be
shortened.

e Bonding is a function of risk, duration, and type of monitoring needed to time of
closure

e Recognition that saline aquifer beneath oil field inherently reduces uncertainty of
containment




EPA (Region 7) and State Regulators in Kansas working together with the
petroleum industry and other stakeholders to implement Class VI Injection
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Watercheds .
Wexland F.elating to the development of
etland= . . .
Where You Live For supplemental research and development papers pertaining to the Geologic tieologic Sequestration Regulations,
Sequestration Final Rule, please visit Regulations.gow. click the following link: Docket#
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GS Rule Related Guidance

Document Development

= Guidance Documents Currently Under Development:

Financial Responsibility (Open for Comment Now)
Public Participation Fact Sheet

Site Characterization

Area of Review and Corrective Action

Well Construction

Testing and Monitoring

Revised UICPG #83 for Class V Experimental Wells
Project Plan Development

Injection Depth Waiver

Primacy Application and Implementation Manual
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Geologic Carbon Sequestration --
Characterizing Pore Space &
Managing CO, Plume

W. Lynn Watney
Kansas Geological Survey
Lawrence, KS
Iwatney@kgs.ku.edu

Joint Committee on Energy and Environmental Policy
Room 152-S
October 18, 2011
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Fate and Entrapment of CO, in Saline Aquifers

CO, Stored in Various Forms,%

Injected COg entrapped in 4 different ways

- some dissolves in brine

- some gets locked as residual gas (saturation)

- some trapped as minerals

- Remaining CO, —resides as free phase
- Sub- or super-critical as per in situ conditions
(depth/pressure and temperature)
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CO2 Entrapment Audit:

1. Residual gas
- Start 45% to End 65%
2. Solution
- Start 18% to End 28%
3. Minerals
- Start negligible to End 5%
4. Free Phase
- Start 37% to End 2%




Small Scale Field Test Demonstrating CO, sequestration
in Arbuckle Saline Aquifer
and by CO,-EOR at Wellington field, Sumner County, Kansas --
W. Lynn Watney and Jason Rush

Kansas Geological Survey
Lawrence, KS 66047

Regional Carbon Sequestration Partnerships
KANSAS Annual Review Meeting n 4
[< ! l Sk October 15-17, 2011 =TL
The University of Kansas Pittsburgh, PA

Funding Opportunity Number: DE-FOA-0000441
Contract #FE0006821
$11,484,499 DOE
$3.236 million cost share

, BERKELEY LAB
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DAL UEEL S KANSAS STATE

GE“I.“GY UNIVERSITY
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Wellington Field
3D Multicomponent 3D Seismic survey & 2 basement tests
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http://www.nobleenergyinc.com/fw/main/Home-4.html

Optimal Injection and Best Practice Monitoring

Wellington Field
well surface locations
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* INSAR/LIDAR surface
deformation/IRIS seismometers
* Measure soil gas flux and
chemistry through series of
shallow probes.

* Monitor for tracers, CO,,
inorganics and organics in 12
shallow freshwater wells (in two
nests of 6 wells)

* Monitor two deeper wells ~600
ft deep below shallow evaporite
cap rock

* Measure for tracers and CO,
casing head gas and fluid
samples from Mississippian
wells (if positive, run 2D
seismic)

(Underpressured oil reservoir
[900 psi] should trap any
vertically migrating CO2)

Inject 30,000 tonnes of €O, into
Mississippian chert oil reservoir

to demonstrate CO2-EOR (offset
injector from Arbuckle)

Inject 40,000 tonnes of €O, with

SF6 and krypton tracers into lower
Arbuckle saline aquifer and
seismically image and sample in situ
CO, plume development to verify
geomodel and simulations




Source of CO,
Abengoa Colwich plant and CO:z2 site
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crops

&8 + Nearly half of energy
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Constructed in 1982, has been upgraded and expanded many times over the years, and
IS a modern well equipped plant.

Production capacity of approximately 25 M gallons of ethanol per year and produces
over 200 tons per day of raw COz.

CO2 was captured, processed and sold for approximately 10 years from this facility.



Carbon credits will provide income for CO, that is injected
into the saline formation at Wellington Field

I [ Kansas, USA

On the Midwest prairie in the United States, a BECCE plant that will be put into
service in 2013 is under construction, lead hy the Kansas Geological Survey,

F

. B Drill holes for storage and maonitoring were completed in 2011, leading down to

@ s the subterranean farmations where the starage will take place. The next step is
‘,‘ the construction of the facility for collection and road transpaort of carbon dioxide

frorn an ethanal plant.

Karlavagen 18
Stockholm

Biorecro develops and
enables of climate mitigation

measure that combines

biomass with carbon storage

Photo: Dana YWreath

The projectis part of the federal US government investments in research and
demonstration of carbon capture and storage (CCS). The project has been
avrarded a grant fram the LS. Department of Energy, supplemented by funds
fram paricipating partners.

The geolodical formation where the carbon dioxide is to be stored is a
sandstone aguifer at 1600 m of depth. The carbon dioxide is taken from a plant
that produces ethanol from the durra cereal, which is grown on the surrounding
fields inthe dry and hot summer climate of Kansas.



http://biorecro.com/?page=what_we_do_beccs

Surface location of stratigraphic tests drilled in
Wellington Field during Jan-Feb 2011
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Cross section showing location of step rate test and proposed swab intervals in the Arbuckle
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Berexco has:

* Purchased pore

space
* Insured activity

* CO2 resistant
cement in
injector

* negotiated with
DOE a disposal
fee as cost share

L —

1
BEREXCOLLC

Wellington Unit Area

KGS Arb. CO2 Injection
Arbuckle Penetrations

Arbuckle -ss5

FMTORE - &

POSTED WELL DATA

Well Name

REUCKLEIRWE] [22) (FEET]
& Well Humber

WELL SYMBOLS
::::::

02 Monlior

Map showing
boreholes that
penetrate the
Arbuckle saline
aquifer in
Wellington Field

* Proposed monitoring
borehole (#2-28) within
300 ft of the existing #1-28
borehole to be converted
into CO, injector for small
scale field test

* Yellow dot shows
estimated size of CO,
plume after injection of
40,000 tonnes in 120 ft
interval of lower Arbuckle
based on preliminary
simulation results
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Mississippian Reservoir Will Serve as Ideal Trap for Leaking CO,

-- is underpressured (900 psi, 0.25 psi/ft) and blanket-like in distribution
-- will act to capture leaking CO, that might be lost from plume
-- if detect CO,, run high resolution 2D seismic to characterize leakage

Monitor Mississippian
wells above CO, plume in
the Arbuckle




G.L. Depth (ft)

In Situ Monitoring of CO, Plume

Example Time Lapse Crosswell Imaging
of CO2 Plumes

Schematic Crosswell

Cranfield 2010
F3-F2 Post-Base

Frio-1 2004

Injection Distance (ft) Monitor 0
Well 0O 20 40 60 80 100 Well 8

L]
-

0 9 18 27 36 45

CO, Plume

I N W
BERKELEY LAB 04 02 00 02 04

CHANGE IN VELOCITY (KM/S)

LAWRENCE BERKELEY NATIONAL LABORATORY



U-Tube In Situ Sampling of CO, Plume

« Handling of multiphase fluid collected at

high frequency

+—— Sample Leg
— Drive Leg
W/

Ball Check Valve

Sliding End Packer

Inlet Filter:
40 um sintered
stainless steel

4/8/2012

Ground Level —I:
17.5 m— =

123.1m W |

139.3 m— |
142.4 m—

6 1/2 inch
Nominal Borehole

220.4 m—
236.8 m—

263.7 m

I

~ |«——10 3/4 in. OD Steel

A

266.3 m=

351.6m

425.2 m—

Freeceree ||

\}1

BEREELEY LAD

16 5/8 in. Nominal Borehole

Conductor Casing

EXPLANATION

Cement Grout

Bentonite Grout

[ Granular Grout

[ Silica Sand (8/12 Mesh)/
Granular Bentonite (8 Mesh)
(~2:1 by weight)

B Well Screen Silica Sand
(8/12 Mesh)

=] Well Screen (0.02 in. slots)

2 in. Sch.10 Stainless
Steel Well Casing

Upper U-tube Filter Screens

Lower U-tube Filter Screens

BERKELEY LAB

LAWRENCE BERKELEY NATIONAL LABORATORY
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LiDAR and InSAR to Detect Any Surface Deformation
Associated with CO, injection

Wellington

Project will Mike Taylor, University of Kansas
use:

Simulated vertical displacement (in meter)
"C-GPS after 3 years of CO2 injection (top) without
RIS and (below) with a permeable fault

T intersecting the caprock.

*Terra sar X
(radar data)

LiDAR

L1 73
oo
am
0005

o

wIx

* Injection depth =6000 ft

* Injection interval = 60 ft thick . c
-maxpressure ~10 Paabove ambient VO €liINg Ground Deformation at In Salah
* Injection rate = 1 MM tons per year

* Observed surface displacement = 10 mm

wos Coupled reservoir-geomechanical analysis
of CO2 injection at In Salah, Algeria (CO,
sl sequestration Project)
Rutqvista, Vascoa, Myera
" (2009)

=] =
T TP

THE UNIVERSITY OF
wKANSAS Department of Geology



Shallow Evaporite Beds as Logged in KGS #1-32

—> Effectively isolates shallow freshwater aquifers from more deeply
buried brine aquifer system
GR (black, solid) and caliper (dashed red)
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Conclude with Key Points

e CCUS - Carbon Capture, Utilization, and Storage

— Kansas has major CO,-EOR potential with saline Aquifer
sequestration as additional asset beneath oil fields in
southern Kansas

— Manage CO, by building on existing infrastructure of viable,
local petroleum industry

* Managing CO, plume in deep saline aquifer

— CO, plume initially a supercritical free phase liquid that is
eventually trapped in the aquifer

 solution, small pores, and reaction with rock

— Tailored computer simulations of CO, storage based on rock
and fluid data for review and permitting

— Monitor CO, plume with latest technology
* Evaluate progress and compare to simulations
 Demonstrate containment with off-the-shelf technology

Business Opportunities of a Class VI Geosequestration Well
Realistic? - Yes
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