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Gantt Chart Review **Start Date Dec. 8, 2009
FEOO002056 End date: August 7, 2013

2011 (BP2) Tasks - Completed, In Progress

2010 2011 2012

Collect, process, interpret 3D seismic data - Wellington field pspm, converted wave ->

Collect, process, interpret gravity and magnetic data - Wellington field

Drill, core, log, and test - Well #1 Completed Jan ’11, except test & swab i\(
Collect, process, and interpret 2D shear wave survey - Well #1

Analyze Mississippian and Arbuckle core O
PVT - oil and water 5 E
Geochemical analysis of Arbuckle water *g §
Cap rock diagenesis and microbiology S +
Drill, log, and test - Well #2 Completed Feb ’11, test August 2011 i\( Q& o
Complete Wellington geomodels - Arbuckle and Mississippian reservoirs ¥ . & §
Evaluate CO2 sequestration potential in Arbuckle underlying Wellington ) §
Evaluate CO2 sequestration potential in CO2-EOR in Wellington field : > <

Risk assessment - in and around Wellington field
Regional CO2 sequestration potential in Arbuckle aquifer - 17+ counties
Technology transfer (Site visits; stakeholders and legislative, Governor presentations; Wellington Chamber of C.)

K Updated geomodels to be completed in January-March 2012 --
1) Depth migrated, converted shear wave, volumetric curvature, and simultaneous inversion of
multicomponent 3D
2) Core analysis from #1-32 to calibrate porosity and permeability estimates from wireline logs (NMR)
3) Petrel geomodel to utilize shear wave anisotropy and fracture analysis, dynamic bulk moduli from seismic
calibrated with core measurements and dipole (spectral) sonic, NMR, microresistivity imaging, and density

logs




Small Scale Field Test Demonstrating CO, sequestration
in Arbuckle Saline Aquifer
and by CO,-EOR at Wellington field, Sumner County, Kansas --
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Modeling CO, Sequestration Potential in Kansas

ggﬁiggﬁl distribution of Arbuckle saline aquifer and
— Caprock continuity and integrity

— Storage
. gontinuity of hydrostratigraphic low units
* Evaluating open or closed hydrologic system
* Capacity via volumetrics and compositional
simulation

Structure . .
— Systematically characterize fractures/faults/flexures
— Map deep-seated structures and .
assess nature and timing of reactivation

Preliminary simulations of commercial scale CO, injection
— Footprint & stratlgraphlc constraint of
commercial scale LO, plume in saline aquifer
-- Improved efficiency cfnd ekffectlveness of CO,-EOR
in prime candidate oil fields

CO,-EOR Potential
—~ Wellington Field, Sumner County Kansas and
Ebﬁ§£‘§’ Morrow sandstone reservoir (TBN) in SW

Multicomponent 3D seismic .
Grawtyz’na netics & remote sensing
3D geocellular geomodels

Reservoir simulation
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DOE-FE0002056

Map of Mississippian Oil and Gas Producing Fields in Kansas
CO2-EOR - 1) Tripolite Chert Reservoir at Wellington Field, Analogous to
Mississippian Oil and Gas Fields in Southern Kansas and

2) Mississippian Chester Sandstone Reservoirs in Western Kansas

Cummulative Oil & Gas

in southern Kansas | >88MBO Bl >1MBO L
> .
1,180 million (M) bbls oil + >MEBO
3,880 Billion (B) cu. ft of natural gas Millions bbl
Comanche - 14M+ B
Barber - 70 M +1500 B
Harper, - [37M+ 304B
Sumn =146 ™M+ Wellington Field
Kiowa - B1M+ 576 B KGS-Industry-DOE
Pratt - 93M+.1678B partnership to examine CO,-EOR o
Kingman in Mississippian Tripolite reservoir & __‘
Sedgv{ck -/108 M+_ 4B CO, sequestration in deep saline Arbuckle
Butler —-(582 M+ 1B C
Chesterian IVF .
S%ndsto Reservoirs |
. U#
i Ll -
1
g s 3 " m
| Neow " f o
?H' A 5.7

Gerlach, Sept. 2011

Spivey-Grabs Basil is the largest Mississippian oil field in Kansas with 69 MM BO & 841 BCFG
Produces from the tripolite and could benefit from horizontal drilling and, in later maturity, by CO,-EOR
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CO2-EOR Potential Targets
Cumulative Oil Production from
Upper Pennsylvanian, Lansing and
Kansas City Groups
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Kansas
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Volume and Area Report -- Initial Estimate of CO,
Capacity in Deep Saline Arbuckle Group
In Southern Kansas (Gerlach et al.)

Report Date: 2/8/2012

Project: KANSAS CO2

Area of Interest. CO2 PROJECT

Layer: ISOPACH ARBK PORO FT (from Grid to Grid)
Total Area: 18,851,937 Acres

Total Volume: 9,997.,806,629,348 Barrels

Layer: ISOPACH ARBK PORO FT (contoured from well data)
Total Area: 18,851,937 Acres
Total Volume: 11,206,456,917,400 Barrels

Density Porosity values using matrix 2.83 and Neutron Porosity unchanged.
Calculate average porosity and total porosity feet with no minimum @ cutoffs.



Arbuckle Isopach

'Gerlach et al., Feb ‘12



Arbuckle Porosﬂy-Feet (grld to grld‘_ thlckness X average Q)
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2. Regional studies



Regional Team — Tom Hansen, Paul
Gerlach, Larry Nicholson, and Anna Smith

Wells with LAS or Raster = 3792 « Developed regional database

Well Data Inventory

o ke e Correlated logs and identified Type Wells for
e digitizing to LAS files
-1 Tt | e Established that Arbuckle is an open aquifer
' L il 2 system, hydraulically connected to outcrops in
Missouri (~150 miles to east)

e Evaluating faults, fractures, flexures

e Establishing additional 8+ sites in region for
additional simulation beyond field studies

Non-Faulted : L Calculated Pressure vs.

Structural Closures RISy (e Observed Pressure (psi)

6874 ARBK Dst’s ( observed gradient filtered )

Candidate:

ARBK Dst Shut-In Pressure Comparison
Gradient = .465 psi/ft

Township

225-2W

0.465 psi/ft

Arbuckle Subsea

C.I. 25 ft
6874 DSTs

w2000
bt



Structural mapping and evaluation of faulting
Top Arbuckle Group

L \eS MV \///////"v’_\\\\§J////

NS A Area underlain by /
FNe 1 1 Ga Mldcontlnent Rift o / /yj

50 miles Contour interval =100 ft
(80 km)
e Published faults are being compiled and new ones are under investigation
e Focus on guantitative assessment of CO, storage capacity of Arbuckle saline aquifer is within
dashed blue area




Structure Contour Map -- Top Mississippian

Subcontractor
Bittersweet Energy

Current Status
Of
2) Fault Detection & Verification — Regional & Compartment

MISS Subsea ci: 25 ft with ARBK Verified Faults

i

»
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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

seological Survey

Modeling Carbon Dioxide Sequestration Potential in Kansas
Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Printto PDF | Clear Highlight | Help &) cross Section Tools
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2-10 mile filtered Total Magnetic Field Intensity and Magnetic Tilt Angle

overlain by isopach Gasconade to Gunter Sandstone
--> Lower Arbuckle Porosity Zone at Wellington Field

Modeling Carbon Dioxide Sequestration Potential in Kansas

Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Printto PDF | Clear Highlight | Help

vl Cross Section Tools

lodeling Carbon Dioxide Sequestration Potential in Kansas

dyArea | Zoom toLocation | Filter Wells | Label Wells | Download Wells | Print to PDF | Clear Highlight | Help

Cross Section Tools

]

Glick on layer name to display legend
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3. Wellington Field

Calibration point for CO2 storage in deep saline
Arbuckle Aquifer and CO2-EOR in Mississippian
chert/dolomite reservoir



Wellington Field
well surface locations
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Z-axis

ground level

Topeka Limestone

r —0Qread

Heebner Shale

Stalnaker Sandstone

Kansas City Limestone

+20—— Base Kansas City

Marmaton
Cherokee

Mississippian h

Chattanooga

I ————Simpson Shale

Arbuckle

\N

IOR

Wellington Field

1) Miississippian tripolitic
chert/dolomite reservoir
(20+ million barrels produced)
1) Arbuckle saline aquifer
2) Intervening caprocks

* New core and logs from KGS #1-32
and logs from #1-28 obtained in Jan-
Feb. 2011

¢ Using to assess --
e Integrity of caprocks
* Porosity types, injectivity, and
storage
e Model potential for C02-EOR in
Mississippian saline aquifer

e Sequestration in Arbuckle

(Start Oct. 1, 2011) Small scale field test with
70,000 tonnes CO, into Arbuckle -MVA
deployment and testing — LIDAR/INSAR,
shallow groundwater monitoring, microseismic
monitoring

— underpressured, well
sampling, 2D high resolution seismic
Arbuckle - in situ cross hole tomography,
U-tube plume sampling, CASM (continuous
seismic imaging), repeat 3D
Also, 30,000 tonnes CO, into Mississippian
reservoir for EOR pilot




Surface location of stratigraphic tests drilled in

1600 ft core
Cherokee to basement

[-x;q‘/ﬁ

—

s

37,

=
R < R

[0

i

.'k.'|\" d

i\ T
feid n,
[.l
¢

Wellington Field during Jan-Feb 2011

=
d

T
ST71580

28-1
(CO2 Injection well for
] Small scale field test)

25 T3S -R2W

=
<
v

236 THE-RIW

PITA LR L

g0 TR2SRIW |




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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Completing Converted (Shear) Wave Processing and
Depth Migration of 3D Seismic

6.5 miles 2D-9C seismic survey obtained in July-August 2011
for calibration of multicomponent 3D seismic

welingeon Weekend July 315t @ Wellington
Operator 2D-9C survey

#1-28 — completing well for E
step rate interference test with) 1- ‘ !

by Paragon

Wireless recording

Lo |
|_|_|_L\_|—|—|—|—|— Aimee Scheffer- Microbial |
|_|_|_|_|_|_|_|_|_|_ studies of Arbuckle brines
PARAGON

@ nodal

HEDKE-SAENGER GEOSCIENCE, LTD



http://www.fairfieldnodal.com/index.html

Mississippian time
structure

Wellington Field

Initial P-Wave Interpretation of 3D Seismic

with Location of Test Boreholes
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Hedke (2010)



Prestack Depth Migration Top Mississippian (left) vs
Mississippian Well Control Top Mississippian (right)
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Preview of Converted Wave, Prestack Depth Migrated

Multicomponent 3D Seismic Volume in Wellington Field
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http://www.fairfieldnodal.com/index.html

Chert/Dolomite Reservoir at Wellington Field is Closely Analogous to
Other Mississippian Oil and Gas Fields in Southern Kansas

Cumulative Oil & Gas
in southern Kansas
PR .| >88MMBO B >1vmMBO | | >.5MMBO
3,880 Billion (B) cu. ft of natural gas
Comanche - 14 M+ 407|B
Barber - [/0M +150* B \Lu;g
Harper, - |37M+ 304B
Sumnek =146 M+—44B Wellington Field
Kiowa — B1M+ 5768B KGS-Industry-DOE
Pratt - 93M+ .1678B partnership to examine CO,-EOR o
Kingman 95-M.+ 874 B in Mississippian Tripolite reservoir & __‘
Sedgwick —-/108 M+_ /4B CO, sequestration in deep saline Arbuckle
Butler —{582 M+ 1B
//_ DOE-FE0002056
N=TL
KU e

G -
t"&ﬁﬁ“% E

bl =

Gerlach, Sept. 2011

Spivey-Grabs Basil is the largest Mississippian oil field in Kansas with 69 MM BO & 841 BCFG
Produces from the tripolite and could benefit from horizontal drilling and, in later maturity, by CO,-EOR




o INTENTS-TO-DRILL IN A SIX-COUNTY TIER IN SOUTHERN KANSAS
N ew H orizonta I We I I ALONG THE OKLAHOMA STATE LINE
(Barber, Chautauqua, Comanche, Cowley, Harper, Sumner Counties)
(half-month time increments. May, 2011 through February, 2012)
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West side Lithologies Within the Mississippian Oil Play DOE-FE0002055

Hartner Field

Barber Co. (Chert Embayment, South Central Kansas)
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Gros Isopach Late Devonian- Early Mississippian e Late Devonian to Early Mississippian, NW-trending sag
Chattanooga Shale & Kinderhook Shale basin overlying Midcontinent Rift System

= During late Kinderhookian - abrupt change to shelf margin

in southern Kansas, bordering early Anadarko and Arkoma
basins

= Tripolitic chert and siliceous dolo-pack/grainstone cycles
developed along shelf margin

Magnetics with regional lineaments — Kruger (1997)
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Wellington Field

Porosity Fence Diagram
Mississippian Tripolitic Chert Oil Reservoir

Flexure in
Mississippian
parallels surface
lineament &
corresponds with
basement fault &
Oread bank margin



Cored Well, KGS #1-32
Top Mississippian to Kinderhook Shale

Wellington KGS 1-32 (15-191-22591) T: 315 R: 1W 5: 32
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tripolite
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Mississippian Topmost Pay Zone Mineralogy
Berexco Wellington KGS #1-32

' e Plain light (10x zoom)
48 ¢ Fine grained dolomite
¥ with silica cement

e Silicified sponge

e spicule (?)

#5F o Pore spaces filled with
i precipitated silica
(chert)




Mississippian Topmost Pay Zone Mineralogy

2.~ * Plain light (10x

\ zoom)

@ o Close up of
possible oil stain
on chert

* Fine grained
dolomite in porous
zone
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Cored Well, KGS #1-32
Top Mississippian to Kinderhook Shale
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Middle calc- & dolo-siltite and dolo-packstone

Kansas Geological Survey HH-50406 Kansas Geological Survey HH-50406
Weatheriord' Wellington - KGS - No. 1-32 Well Weatherford' Wellington - KGS - No. 1-32 Well
LABORATORIES Sumner County, Kansas LABORATORIES Sumner County, Kansas

3872 3875 3878 CORE7 3881 3884 3887 3890
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3% ECR




3877 ft _ ‘ q
Fine to medium grained siliceous calc-packstone | '
with elongate siliceous pelloids, wavy bedded
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Bottom porosity with oil show
near base of Mississippian
KGS Wellington #1-32

Kansas Geological Survey HH-50406 ' Kansas Geological Survey HH-50406
Weatherford Wellington - KGS - No. 1-32 Well Weatherford Wellington - KGS - No. 1-32 Well
LASORATORIES Sumner County, Kansas LABORATORIES Sumner County, Kansas
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4029 ft — Lowest porosity with oil show
--increased bioturbation, cm-sized
subhorizontal borrows; siliceous dolo-siltite

l;\huhlzldul.Ll.\.\lﬁ.\&l‘l.\.|.Li.l.|.1

Mg U '
T,
R

I
L

L

iy




Cored Well, KGS #1-32
Top Mississippian to Kinderhook Shale

Wellington KGS 1-32 (15-101-22501) T: 315 R: 1W §: 32
Latitude: 37.3153 Longitude: -97.4424 Elevation H
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Surface Stratigraphy and Sequence Stratigraphy
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4. Southwest Kansas
CO2 EOR Initiative

Chester and Morrow Reservoirs



Southwest Kansas CO2 EOR Initiative
Chester and Morrow Reservoirs

Western Annex to Regional CO2 Sequegtrat_i
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CO2 EOR

Study

Four field studies:
» Detailed reservoir characterization
» 3D cellular geomodel
» History-matched reservoir simulation
* CO2 EOR forecasts

Pleasant
Prairie So.

No. Eubanks
Shuck
Cutter (est.)

Oil production (mmbo)

Pre- Post-
Cumulative injection injection
4.5 2.1 2.4
4 2.1 1.9
7.8 3.5 4.3
4 2 2
20.3 9.7 10.6




Who and Why?

Collaboration between the Kansas

Geological Survey and six
industry partners:
Anadarko Petroleum

Berexco. LLC

Cimarex Energy Company
Glori Energy, Inc.

Elm I, LLC

Merit Energy Company

Technical team:

Lynn Watney and Jason Rush, KGS, Pls

Martin Dubois, IHR, LLC - project
manager and modeling

John Youle, consultant, sedimentology

Gene Williams, consultant, reservoir
engineering

Ray Sorenson, consultant, geologist
Dennis Hedke, Hedke-Sanger, geophysics

Circumstances make sense for
consortium-based study

* Chester and Morrow reservoirs are
good waterfloods, and likely to be
good CO2 EOR candidates

* No single field is large enough to
justify the capital required for CO2
infrastructure alone

* No single operator has oil resource
base to justify capital costs

* $5M DOE opportunity for CO2 EOR
and sequestration studies

e« CO2 EOR could happen with
Cooperation and/or Aggregation

* Primary Goal: Get fields “CO2
Ready”

AND.....acomprehensive system-
scale study of the Chester IVF
reservoir system made possible by
the pooling of large data sets




v' Data assembly

v’ Detailed geology

v 3D seismic interp.

v 3D cellular model

» Hist-match simulation
0 CO2 EOR simulation

Pleasant Prairie South Fluid History
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1990-1
1995-1
2000-1
2005-1
2010-1

1990 first well completed in Chester sand -
Kearny County Feedlot 1

1996 second well completed in Chester sand
1999-2001 rapid development of entire field

2001 waterflood initiated (one operator
unitized, the second did not)

Well Count:

19 oil wells 6 later
converted to injectors)

Waterflood
10 injectors

13 producers (2 of
which are not “plumbed
into flood”)

Fluid statistics

Cum. oil: 4.5 mmbo
Cum. Gas: 0.75 BCF
Primary/Second.~ 1/1
RF ~ 30-35% of OOIP

Pleasant Prairie South History

Map of all deep wells

Chester IVF wells inside
pattern polygons

Other wells are outside
the narrow valley

FEET




Key cored wells in Pleasant Prairie South

Chester IVF

Two stacked
parasequences (Ps)

Primarily fine-grained, well
sorted sand deposited in
tidally-influenced
estuarine

Some evidence for fluvial
depositional environment

Ps boundary is placed at
base of limestone pebble-
sandstone conglomerate
traceable through the field

Less porous non-reservoir
sandstone is cemented

with calcite and often with
limestone pebbles.

“Lumped” Lithofacies

“Reservoir’ sandstone

Limey congl. ss

- Shaly sandstone

Shale
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IVF Ss

Parasequence
Boundary

Meramec
unconformity

P

.

/@ 2.8 miles ® North
MOODY D MARY JONES —
2
SN .. ST, S
s 0.1 17 2 |
DPHI DPHI
3 01 1B 04
CORE_PHI CORE_PHI
3 01 0.3 041
GR_PDIG CORE_GRN_DEN GR_PDIG CORE_GRN_DEN
1 - 150 HE 28 - 28
LAl v FE . | CORE_PERM o FE . | CORE_PERM
T 16 20fi0000 0.001 2010000 0.001
7 _ [ : %
P S I HE
: il ilFe
: 1R i
s :I'I :‘:_- + H .Q
5 TR o
= o - "'-,, [ =T
ol 1 HLF
f ] 0 = : T
i e
1 1: < ' .
{ {I.._.-‘ B
-% PV ‘..:-n.";. L-J.-A Y 4.“




1. Build Meramec
surface with 3D o

1 ._— seismic tied to wells
2. “Fill” IV with |
reservoir facies , 2 e
__View from south&g
3. 25 wells along IV
with facies

4. Model lithofacies
between wells using
SIS in Petrel

Initial geomodel by
Peter Senior (KU MS
student). Revisions
shown here by Dubois.



ie South Modeling

Pleasant Prair
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Upscale for simulation model
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> Detailed geology
v' 3D seismic interp. . . -
Q 3D cellular model : iz

- Data assemby Shuck Field (Hitch and Etzold Units)

Model and
simulation
2"/outline

. el

U Hist-match simulation
O CO2 EOR simulation 4 &

Section lines
=1-mi. grids

Hitcl

Shuck Waterflood Units Unit

Discovered: 1978 Sl -
Waterflood: 1989 Hitch
Pre-WF: 3.53 mmbo
Since WF: 4.28 mmbo
Cumulative: 7.81 mmbo

10000

jection

— Eztold Unit
— Hitch Unit
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iCore samples
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26 25

Bbl Oil per Day
S
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1t Water In
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L Isopach map of the net

. basal Chester ss, >8%

“_ porosity, Cl: 20 ft. Kim,
Philip, and Sorenson, 2010

P
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Normalized Years

Production plots for Hitch and
Etzold waterflood units in Shuck Meramec 3D seismic depth structure

Field, normalized to waterflood tied to well data. (Hedke interpretation)
initiation.



» Data assembly

O Detailed geology Cutter waterfloods (Morrow)
U 3D seismic interp.

U 3D cellular model

U Hist-match simulation ==
J CO2 EOR simulation L
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» Cutter field produces primarily from Morrow but also from Chester (not IVF)
 Much of the Morrow has been waterflooded in an older Mobil waterflood.

* Production allocation in later years is yet to be updated. Mobil records indicated that the
Morrow waterflood unit cumulative was 3.2 mmbo in 1982.

e Cumulative for the field in 2011 is 6.46 mmbo.
68



5. Small Scale Field Test

Demonstrating CO, sequestration
in Arbuckle Saline Aquifer

and by CO,-EOR at Wellington
field, Sumner County, Kansas --
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Outline
e Background

 The Participants

 The Plan

e Leveraging Current Research
at Wellington Field

e Inject, Monitor, Verification,
and Accounting of CO,




Project Team
Small Scale Field Test — Wellington Field (FE0006821)

Name Project Job Title Primary Responsibility
Lvnn Watnev Proiect Leader. Joint Principal Investigator Geology, information synthesis, point of contact
Tiraz Birdie Consulting Engineer Reservoir engineer, dynamic modeling, synthesis
Jason Rush Joint Principal Investigator Geology, static modeling, data integration, synthesis
John Doveton Co-Principal Investigator Log petrophysics, geostatistics
Dave Newell Co-Principal Investigator Fluid geochemistry
Rick Miller Geophysicist 2D seismic aquire & interpretation
LiDAR support, water well drilling/completion
TBN Geology Technician Assemble and analyze data, report writing
TBN Engineering Technician Assemble and analyze data, report writing
KU Department of Geology
Michael Taylor Co-Principal Investigator Structural Geology, analysis of InSAR and LiDAR
TBN Graduate Research Assistant Structural Geology, analysis of INSAR and LiDAR
Kansas State Unversity
Saugata Datta Principal Investigator
TBN Graduate Research Assistant Agueous geochemistry
TBN 3- Undergraduate Research Assistants
Lawrence Berkeley National Laboratory
Tom Daley Co-Principal Investigator Geophysicist, analysis of crosshole and CASSM data
Jennifer Lewicki Co-Principal Investigator Hydrogeology, analysis of soil gas measuremnts
Barry Freifeld Co-Principal Investigator Mechanical Engineer, analysis of U-Tube sampler
Sandia Technologies, Houston
Dan Collins Geologist Manage CASSM and U-Tube operation
David Freeman Field Engineer Manage field install of CASSM and U-Tube
Berexco, LLC
Dana Wreath VP Berexco Engineering, Manager of Wellington Field
Randy Kouedele Reservoir engineer Enginering
Staff of Wellington Field field operations
Beredco Drilling team Mississippian and Arbuckle drilling operations

Abengoa Bioenergy Corp. - Colwich, KS
Christopher Standlee, Danny Alllison CO2 supply — Colwich Ethanol Facility



Wellington Field
Site of proposed Small Scale Field Test
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http://en.wikipedia.org/wiki/File:Map_of_USA_KS.svg

BP2 - Class Il Mississippian first

| Yr 2 - 2013
| o N D | Jan'13 F M| A M J Jul
Task 1. Project Management and Reporting
Subtask 1.2. IProgram management and reporting
Subtask 1.8. Go-No Gol Arbuckle Class VI Injection Permit Application _
Subtask 1.10. |Sile Development, Operations, and Closure Plan
Task 4. Drill Monitoring Borehole for CO2 Sequestration in Arbuckle Saline Aquifer
Subtask 4.1. Obtain permit to drill monitoring well
Subtask 4.2. Drill and DST monitoring well
Subtask 4.3. Log monitoring well
Subtask 4.4. Complete monitoring well as per MVA requirements
Subtask 4.5. Conduct mechanical integrity test
Subtask 4.6. Analyze wireline log
Subtask 4.7. Perforate, test, and sample fluids
Task 6 Reenter, Deepen, & Complete Existing Plugged Arbuckle Borehole (Peasel 1)
Subtask 6.1. Obtain permit to re-eneter, drill, and recomplete borehole
Subtask 6.2. Drill the borehole into upper Arbuckle
Subtask 6.3. Log borehole
Subtask 6.4. Complete borehole as per MVA requirements
Subtask 6.5. Conduct mechanical integrity test
Subtask 6.6. Analyze wireline log
Subtask 6.7. Perforate, test, and sample fluids
Task 10.  Pre-injection MVA - establish background (baseline) readings (Delete 3 months of pre-injection monitoring)
Subtask 10.1 Analysis of INSAR data
Subtask 10.2. Collect and analysis LIDAR data
Subtask 10.3. Shallow ground water sampling and analysis
Subtask 10.4. Soil gas chemistry and CO2 flux sampling and analysis
Subtask 10.5. Head gas & water sampling and analysis - existing Mississippian wells
Subtask 10.7. 1st crosshole tomograpahy - pre-injection
Task 13. Retrofit Arbuckle Injection Well (#1-28) for MVA Tool Installation
Subtask 13.1. Install CASSM source(s)
Task 14. Retrofit Arbuckle_Observation Well (#2-28) for MVA Tool Installation
Subtask 14.1. Install U-tube
Subtask 14.2. Install CASSM receiver (applicable for cross-hole tomography)
Subtask 14.3. Install DTPS sensors
Task 15. Begin Injection at Arbuckle Injector
Subtask 15.1.
Subtask 15.2.
Task 16. MVA During Injection - Mississippian and Arbuckle CO2 Sequestration
Subtask 16.1. i
Subtask 16.2. Soil gas chemistry and CO2 flux sampling and analysis
Subtask 16.3. itori
Subtask 16.4. Shallow ground water sampling and analysis
Subtask 16.5. Head gas & water sampling and analysis - existing Mississippian boreholes
Subtask 16.6. LiDAR suneys
Subtask 16.7. INSAR data analysis
Subtask 16.8. Second-Ci I Tomography-Halfway Through-injection
Subtask 16.9. ion-of CASSM-and Crosswell T« graphy
Task 24. CO2 Transported to Mississippian Injector
Subtask 24.1. Transport CO2 to injection borehole
Subtask 24.2. Inject CO2 at CO2-EOR injection borehole under miscible conditions
Task 25.  Monitor Performance of CO2-EOR Pilot
Task 26. Compare Pilot EOR Performance with Model Results
Subtask 26.1. Compare field performance with simulation studies
Subtask 26.2. Revise geomodel - if necessary
Subtask 26.3. Update simulation - if necessary

/

Begin injection as Class Il into Mississippian January 2013, 3 months ahead of original injection

iniect for 9 months to end of BP2

Project Gantt Chart
Budget Period 2
October 2012 - September 2013

Inject CO2 in Mississippian
~January 2013



Source of CO2

Abengoa Colwich plant and CO: site

2 | 1991 BT7°470B.37" N_B87°31'46. 868" W elev 13861t Eyealt 2528 1t '_-"

» 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 COa.

» CO2 was captured, processed and sold for approximately 10 years from this facility.
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Cross section showing location of step rate test and proposed swab intervals in the Arbuckle
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PRESSURE AND TEMPERATURE VS DELTA TIME

Company. Berexco
Location: Berexco Wellington KGS 1-32
Date: August 23,2011 - August 24,2011
Serial# 20000
Maximum values: 20000 - SRO - 5369 2887 515 psig at 3.36 hrs 20000 - SRO - 5369 132630 F at 0.25 hrs
Maximum values: 20000 - SRO - 5369 ExtRt 132.301 psig at 0.02 hrs

U
f»

2900| =

28009

27001

(r_'—L
26007 P
25007 /J/

T VNAMIAA -

23001

-ature

Pressure

1 100

Pressure (psi)

=190

Temperature (degrees F)

2200+

2100 U \—;

4 ' : '
DELTA TIME(HOURS) At ( h ou rS)

20000 - SRO - 5388 (F) —— 20000 - SRO - 5369 ExtRt (F)

L 80

_

T0

— 20000 - SRO - 5362 (psig)

| STEP-RATE TEST RESULTS: Pressure and temperature vs. delta T in the test injection well, Berexco Wellington

: KGS #1-32. Note eight separate periods of injection (blue) that are labeled consecutively as at beginning and

 end of each period. Temperature in red.




PRESSURE VS DELTA TIME

—_ Company: KGS Monitor Well
a Location: KGS Wellington 1-28
~ Date: August 18,2011 - August 24,2011
Q Serial# 60529
5 Max. Pressure: 2092333
w0
7))
Q Real time, 2 hour increments
o
‘ 1
18
2091 - 12 [,

17

13
11

2090 | STEP RATE TEST RESULTS: Pressure response in Berexco Wellington KGS #1-28 matches pressure

I pulses introduced into #1-32

I
| eTested interval has the best wireline log properties of the Arbuckle and test-based permeability is

high, perhaps multiple darcies.

ePulse test was designed for limited layer and results appear to confirm this.

eBarrier does not limit flow between #1-32 and #1-28 boreholes as suggested by continuity of 3D

I
I
I
I
2089
I
| seismic reflectors.
1!

.-l 20 ft thick zone may not be optimal for injection since it could act as a “thief zone.”
UB.'ZEHI

: eOther flow units in the 120 ft thick lower porous Arbuckle (Gasconade to Gunter Sandstone) appear
| to be better suited for CO2 injection pending final calibration of logs with core analyses and
I simulation.

s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e



Hydrogeochemistry
Datta and Barker, KSU

Depth profiles of DST (connected line) and first swab test (black dot)
Top Arbuckle @ 4160 feet

KANSAS STATE
UNIVERSITY
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Hydrogeochemistry and Microbes
from DST and Swab Test in #1-32 and #1-28

Aimee Scheffer, Jennifer Roberts, David Fowle, and Breanna Huff

:E(!L]ig?t}JSfcg Department of Geology

University of Kansas
Djuna Gulliver, Kelvin Gregory, Greg Lowry
Carnegie Mellon University

#-504 -WFe2+ -0-CH4
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e @ 4520 ft -- Changes in brine composition and microbes at (also low DOC & PO4) indicate low

microbiological activity, corresponding with low @ & k

e @ 5000 ft — microbial anomaly suggesting availability of nutrients corresponding with high @ & k (in

interval with step rate test)
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Inject CO, into Lower Arbuckle Near
Crest of Dome
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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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In Situ Monitoring of CO, Plume

Example Time Lapse Crosswell Imaging
of CO2 Plumes

Frio-1 2004
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Schematic Crosswell
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U-Tube In Situ Sampling of CO, Plume

 Handling of multiphase fluid collected at
high frequency

Ground Level . - ! :
F 1— Sample Leg ' |«—16 5/8 in. Nominal Borehole
T Drive L e -
T Rl 7.5 <——10 3/4 in. OD Steel
b Conductor Casing
| EXPLANATION
;T Ball Check Valve < -
= = Cement Grout
“ 1934 [ Bentonite Grout
4 [ Granular Grout
- 1303 m—Y | [ Silica Sand (8/12 Mesh)/
: Granular Bentonite (8 Mesh)
142.4 m—4 (~2:1 by weight)
6 1/2 inch—»| B3 Well Screen Silica Sand
Nominal Borehole <& (8/12 Mesh)
= Well Screen (0.02 in. slots
Sliding End Packer 220.4m E = ( ; )
236.8m—=FIEl 50 Sch.10 Stainless
2637 m Steel Well Casing
266.3 m=
“-\. ‘
Upper U-tube Filter Screens
351.6m
< Lower U-tube Filter Screens
Inlet Filter: 4252 m— |

40 pm sintered
stainless steel

3/13/2012
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Shallow Evaporite Beds as Logged in KGS #1-32

-> Effectively isolates shallow freshwater aquifers from more deeply buried
brine aquifer system
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LiDAR and InSAR to Detect Any Surface Deformation
Associated with CO, injection
Mike Taylor, University of Kansas

*C-GPS

Simulated vertical displacement (in meter)
after 3 years of CO2 injection (top) without
and (below) with a permeable fault
intersecting the caprock.

¢|RIS
seismometer

eferra sar X
(radar data)

*LiDAR I

¢ Injection depth =6000 ft

* Injection interval = 60 ft thick . .

- Max pressure ~10 Pa above ambient VIO eling Ground Deformation at In Salah
* Injection rate = 1 MM tons per year

* Observed surface displacement = 10 mm

sl Coupled reservoir-geomechanical analysis
ooe 4 of CO2 injection at In Salah, Algeria (CO,
oo sequestration Project)

oos O Rutqvista, Vascoa, Myera

" (2009)

" THE UNIVERSITY OF
bane HJKANS AS Department of Geology




HEDKE-SAENGER GEOSCIENCE, LTD

* Can seismic methods detect the CO2 plume in injection
zone in the lower Arbuckle?
* Modeled CO2 plume using Gassmann fluid
substitution

KGSDOEBEREXCO CO2 INJECTION MODEL * Assume 50% water saturation post injection
* Answer is YES prior to having inversion modeling done
O Joj
15152250031 15-15+-2250091
WELLINGTON KGE #1312 _I.\'ELLI'ETGN KGE =32
et e e

/ /

showing detectable gas effect
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Summary

Original Project Start Date Dec. 8, 2009; End date: August 7, 2013

$10 million project including S5 million budget enhancement to fund
Southwest Kansas CO, Sequestration Consortium to anchor western side
of regional study area --

— Led by additional science team with five industry partners

— 120+ mi? 3D seismic donation

— Reprocess portion of and interpret donated 3D seismic

— Field data on four major Chester/Morrow sandstone oil fields
— Simulate reservoirs to maximize CO, storage

— Select field for 10 mi? multicomponent 3D seismic and basement test with
~2200 ft core

2D shear wave survey acquired in Wellington Field in August

— Use to refine processing and interpretation of existing 12 mi? multi-component
3D seismic survey

Core Analysis — delivery February 2012
Geochemistry & Geobiology — ongoing into 2012
Revise Geomodel & Simulation — early 2012

e KSCOZ‘ KU




Summary
Kscoa

e Start Date: October 1, 2011
* I|nject Arbuckle: April, 2013
e |nject Mississippian oil reservoir: June, 2014
e End Date: September, 2015

e The Participants: KU/KGS, KSU, LBNL, Sandia Technology, Berexco,
LLC, Abengoa Bioenergy, Tiraz Birdie — Consultant, Lawrence, KS

e Mississippian reservoir underpressured, blanket-like, 0.25 psi/ft
(900 psis), located above Arbuckle injection to trap leaked CO,

e Possible use operation of Mississiﬂpian field for post-project
monitoring (offered by Berexco who operates unitized field)

e Separate, offset pilot CO2 for EOR evaluation in Mississippian
reservoir

e Leveraging current research at Wellington Field, site of extensive
aquifer, caprock, and oil reservoir characterization that began
December 2009.

e |njection & Monitoring, Verification, and Accounting of CO, will be
evaluated as appropriateness and cost-effectiveness for MYVA in
Kansas with potential to be utilized by local petroleum industry.

N=TL
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