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Overview

* Wellington Field, Sumner County, KS -- Evaluating CO,
sequestration capacity of the deep saline Arbuckle aquifer
and CO,-EOR potential in the Mississippian (Osage)
chert/dolomite reservoir.

— Two basement tests drilled in January-Febrary 2011, including a
1638 ft core from the Pennsylvanian Cherokee Group through the
1000 ft Arbuckle Group.

— Funded by DOE/NETL under grant DE-FEO000002056 and cost-sharing
partners. Industry partners - Berexco et al.
* Bemis-Shutts, Ellis County, KS —Horizontal well scheduled for
October 2011 in the Arbuckle reservoir

— Evaluate effectiveness of seismic attributes, namely volumetric
curvature, to identify the presence, extent, and impact of paleokarst
heterogeneity on CO, saline aquifer sequestration and oil production.

— Funded by the U.S. Department of Energy under grant DE-FEO004566
and cost-sharing by its industry partners -Vess, Murfin
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Industry Partners — Western Annex
SW Kansas CO, Sequestration Consortium

HReoc - "B [EZZL74

Improved Hydrocarbon Recovery LLC
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Modeling CO, Sequestration

Definition of Mississippian-Cambrian “Ozark Plateau Aquifer System (OPAS)”

Regional distribution of Arbuckle saline aquifer and caprock

Dec 2009 through August 2013 (3.5 yr. study)

— Caprock continuity and integrity
— Storage

Structure

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

Preliminary simulations of commercial scale CO, injection
— Footprint & stratigraphic constraint of
commercial scale CO, plume in saline aquifer
-- Improved efficiency and effectiveness of CO2-EOR

Wellington Field
— Multicomponent 3D seismic

Continuity of hydrostratigraphic flow units
. . Kansas is part of the Southwest Regional Partnership
Evaluating open or closed hydrologic system on Carbon Sequestration (SWP)

Capacity via volumetrics and compositional
simulation
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— Initial geomodels

— New injectivity & storage data (15 quarter 2011)

1500 ft core, logs, drill stem tests, and well tests — KGS #1-32 & #1-28 [< ! | _:?i;;\!;;’\:"‘— i

The University of Kansas




Project Study Area

Wellington Field (Sumner County) + 25,000 mi? (33 Counties)
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Wellington Field

1) Mississippian tripolitic

chert/dolomite reservoir
2) Arbuckle saline aquifer
3) Intervening caprocks

e New core and logs from KGS #1-
32 and logs from #1-28 obtained in
Jan-Feb. 2011
e Using to assess --
e Integrity of caprocks
e Porosity types, injectivity,
and storage
e Model potential for C02-EOR
in Mississippian saline aquifer
e Sequestration in Arbuckle

Small scale field test (70k tonnes CO2)
proposed to DOE - Surface ( May 5,
2011) — MVA deployment and testing --
LIiDAR/InSAR, shallow GW

Mississippian reservoir - pressure,
geochem, 2D high resolution seismic

Arbuckle - in situ cross hole tomography,
U-tube plume sampling, CASM (continuous
seismic imaging), repeat 3D



Weekend July 315t @ Wellington

2D-9C survey
by Paragon

Followed by selective perf & swab in #1-32

i Aimee Scheffer-
I Microbial studies of
: & Arbuckle brines
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Wellington Field

3D Seismic P-Wave Processing, Initial Interpretations, & Borehole Locations

Arbitrary seismic profile to compare borehole locations

Test Borehole Test Borehole
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Synthetic of #1-32
fit to seismic
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Step rate test and preliminary perforate & swab intervals in Arbuckle and Simpson Groups
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Top Arbuckle Group
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* Published faults are being compiled and new ones are under investigation
* Focus of quantitatively assessing CO2 sequestration capacity of Arbuckle saline

aquifer is within dashed blue area




Arbuckle saline aquifer is an open system

Arbuckle Saline Aquifer Connected to Outcrop

Permian Hugoton Gas Field — B' | | Arbuckle exposure at base of Missouri
Western Kansas !

w - P E River, north-central Missouri — Elevation

& Original SIP = 435 psi g
+3000 ft -E\ Present. OKLAHOMA £ 450 ft
e

+2000 ft -

Colorado

& ~200 mi northeast

1000 ft -

Depth {ft)

#1000 1 4 1000 t Assume hydrostatic gradient =
Hugoton .
R 0.435 psi/ft
Sea Level Fressura (pel) Sea Level
wond | FRE . — =4 Sorenson (2005)

Map of the dlfference between estimated hydraullc head at base of Arbuckle test mterval and measured shut-in pressure
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Regional Characterization of OPAS

A Total well database
S SR v o including those
5 N M used for tops only
(black), e-logs
(green)

i P S R
+ e d

Primary regional study area

Current status of
supertype well (5-19-
11) — wells with nearly
complete penetration
of Arbuckle with
1 _ . modern log suite —

S B ' creating digital LAS

et - - . files, strat type log
linked by cross
sections in
collaboration with the
Ks Geol. Society



Interactive Project Mapper
http://maps.kgs.ku.edu/co2/?pass=project

Modeling Carbon Dioxide Sequestration Potential in Kansas
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() Cross Section Tools

Geological £

[+] i kDt
|| r I Layers Info Wells Legend
REGIONAL GEQLOGY a Transparency
REMOTE SENSING FEATURES Gravity | M tic M SEISMIC
["1Heebner Subsea Elevation Sww agnetic flaps O
| Local Scale Features Gravity Anomaly 2-10 Mile Arbuckle Time Structure, b i
[ I Mississippian Subsea Elevation t b | el ion Lines
. P Anson-Bates-Wellington
[] Linears [ Gravity Tilt Angle
~ | Clchattanooga to Miss. Base Isopach
[#] ovals Residual Bouguer Gravity 700m
[[1 Kaskaskia Isopach v
/| Tonals ilt Angle Gravity Anomaly 2-10 Mile ]
[T Tippecanoe Isopach B L 1 ¥ ) ields
¥|Medium Scale Features TildNngle Total Magnetic B i
[C] Arbuckle Faults = g g _ ic Map
| Karst Tilt AndNg Total Magnetic 2-10 Mile =
i [] Arbuckle Subsea Elevation g Is
I . ; Linears [C] Total Maghetic Anomaly 2-10 Mile
on City-Cotter to Roubidoux |sopach i
Regional Scale Features [C] Total MagnetiNo Pole 910 Meters (<) ¢ layer
[V] Karst
Layers
[V] Linears
1

Current maps can
accessed and
compared via
overlays and use of
transparency
function

.

Wellington

Arbuckle subsea elevation with surface lineaments



Quantitative Characterization of Arbuckle
in southern Kansas

Quantitative Reservoir Characteristics

Correlated to
Internal Arbuckle Stratigraphy

S s < b)
2 450 = | 4s00 14 : 4300 1
T ROUBIDOUX [ = : i # ROUBIDOUX f‘,, ROUBIDOUX [~
S S 4465 = I b 4606 | | % 4307 <
N i 4500 = == e - £
a—— 5 s _ - 4650 | [ 7 350 2
|| ;( P é = (] il 3
> / ) S ¥ - >
< | ] ¢ I 2 Foghys Lo ! = ~
3 4550 == — ! a4 {
a e - 4700 4 % : — 00 .
= = - ol S =
= _a Van Buren Gasconade Van Buren Gasconade
4500 = 1L 4719 = £ 4414 2
= e L aro0 & : 4450 5
1 =1= ! < \
= o s P . < I
= e :
Van Buren Gasconade —_— = % ) ‘_1{
: 4640 f— = o [ 4800 14 M = 4500 rd
=12 ! 7
= % Sy a2 1 rd
= - - : e
1 = Y rall I - 4850 A “’i'T = 4550 e ;
=T Gunter SS of VB~ et = T = :
i 47221 e Tl iy e . j
TRt — = ? 3 Gunter SS of VB_L], L=
%_ E | PRE-CAMB i1 < *Gunter SS of VB[= : 4589 ¢ .
= r 475 — s as | 4898 | P L } !
— ) . TS ' e Z
00 e o — . == = ==
= R T eaal Pe PRE-CANB PRE-CAMB = ;i .
[ — LA o, T e 4646 E
cormeon Seom ResEl Fornsty ‘. " t 4945 ~ '% ]' I 4 5
= ™D RELS(RFOC) BHNOG e = 1 ) 1 -
] GAP 5 pz - 2000 VN < [P ALeATY: - 5000 ¢ Comeann Ceom Resisauty Foosty
5 e RO8(2IB: ¥ e e ™D REE5(NA AN
» W W pETTTTTTTTG 358 =) ’: 3, GAP Y bz o
CALICAL Ll or ; ~ SRNA e ), L]
. é| T == BAEE ; - 5050 - 100 E S 2000k0 =]
CRXTINA, L] S 2557 T [ I R G D S ——— N N -T._A_. _________________ ResOLD OTINA
200 BE '“-. oy 3 o =
PHO(FORT] | ;‘:-x’;'ﬁjh I ‘i:%g CGXTINA; e
SRSUEGEAd 5100 {0 :

Example cross section of lower Arbuckle from top Roubidoux to
basement including new and old well data (insoluble residue logs,
georeports, and modern suite of logs managed as LAS files)



lowernorouszongmAtauekle
ISOPACH GASCONADE to GUNTER SS
TN S LY Y (T e o o Y
g m‘I\%\ \\ \ \i\- “:jﬁ\-{..ﬂ.' — } o \FI

..t
o ole
.t e A
.
. 3
- - 1

. \ <o & /.
2 » &
s YL

" Thisisopach interval would contain
Gasconade minus the Gunter SS

C - Van Buren-Gasconade dolomites
L]
CN RA Dc NT PL SM Jw RP MS NM /BF{ >
L]
= o) WS o]
s TH SO |GH [ro  [0B [MC oY [ALZPT  [JA 4
~ ;9.15, LV
WA LG GO ¥ LC K sy~ W
TR EL g [RS DK |GE W oalls =
o ° EW SA MR B|DS
GL |WH Isc TLE [ns RH BTs LY F Méba
> MP, MN
g = S F N NN ®
HM e Fi HG i _|s:= A j ﬁ \
— RN 7,7 141V BU j iwo |AL |8
. KE GY IFo Eo . n? Q o 5;/ 7 Y (
! ST et |ms o LT == ] .
S e (A
ME LCA CR
wT[SV [sW cw|PA ——1SU TN s, G |(8e® N
Y, Nca J .
o NN\ e |
Early Ordovician (approx Gasconade time) d ® Location of wells used g s e

Paleogeography, Chenoweth, 68 " Van Buren Gasconade Isopach, Franseen et al., 2004



lllustration of tilt angle computation
to locate discontinuities and ~depth to gravity
and magnetic anomalies as an aid to identifying

0 =tan™

arctangent of
the ratio of the
1st-order
vertical
derivative

by the 1st-order
horizontal
derivative

possible basement faults

ntensity (nT)

Total magnetic i

Tilt angle (degrees)

Depth (km)

Distance (km)

~ Edge discontinuity
possibly fault

Salem et al., 2007

Geobody
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; using
_potential fields
@ Reference scale bar




Tilt angle map of the total magnetic field intensity overlain

by isopach Gasconade to Gunter Sandstone interval

isopach -> Red contour = thin, blue to purple = thick Field

Snapshot from http://maps.kgs.ku.edu/co2/?pass=project
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Tilt Angle Total Magnetic with 2-10 mi bandpass filter overlain by
surface lineaments and time depth map of Arbuckle (Wellington Field)

I Modeling Carbon Dioxide Sequestration Potential in Kansas
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Paleozoic structures closely tied to basement faults
deformation as flexure and later faulting (reactivation)
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Index map, Isochron between base
Lecompton Ls and top Oread Is.
delimiting carbonate bank margin
of Oread Limestone

N S I

Selsmlc time section (left) and index map for sectlon (right) showing location of the downlap (thinning) of the Oread Limestone to the west portion
of the cross section. Map depicts time thickness of the shale that overlies the Oread Limestone, which thickens to west. Estimate depth of the
change from thick limestone to thick shale corresponds is 750-800 meters (2400 to 2600 ft).



KGS 1-32 Wells 3000 ft aparl KGS 128
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Log cross section is located along similar location as the preceding seismic image. Logs
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Arbuckle Time

Volumetric Curvature

Used as criteria in borehole site selection
Smaller scale fracture systems/karst? — Objective of horizontal well in Bemis-Shutts
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MAXIMUM HORIZONTAL COMPRESSIVE STRESS
from imaging and dipole sonic logs (KGS #1-32)
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Basement Faulting in #1-32

“Tombstone” Granite

Reached T
in snowstorm
Jan. 2011







1000 ft Arbuckle at Wellington Field is complexly

stacked

lithofacies in persistent stratal packages

End-member Arbuckle reservoir types
observed in KGS #1-32 core (1500’) and logs

B Reservoir facies
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Discontinuous fracturing, karst overprinting,
lithofacies control porosity & permeability
in persistent stratal packages
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West side

Hartner Field
Barber Co.
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Mississippian Chert Embayment

Internal sequences and porosity with intervening sealing strata
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Wellington Field
Mississippian tripolite reservoir (underpressured), underlying
Miss-Simpson sealing strata, & Arbuckle aquifer
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Upscaled average porosity (effective ® from NMR)
for Arbuckle Group
in vicinity of KGS #1-32 & #1-28

top Arbuckle
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Permeability Geomodel of Arbuckle Group

in vicinity of KGS #1-32 & #1-28

Upscaled Using geometric Mean of k (Coates NMR), Porosity Used for Trend
-- Contribution of fracture ® & k yet to done

structure contours
top Arbuckle
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Simulated hypothetical injection
started on Jan 1, 2011 (for 9 months)
Grid cells 60’ by 60’

Total CO, injected ~ 40,000 tons

Injection layers — L25 to L30, each ~20 ft thick, 120 ft total
Gas Saturation 2015-01-01

File: rund kgs3
User: Saibal
Date: 3/18/201

Z/X: 10.00:1

Top of injection interval
(radius of CO2 plume <300 ft)
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Fossil Energy Techline, “Confirming CCS Security and

Environmental Safety Aim of Newly Selected Field Projects.”
July @ DOE-NETL News Release

the SNSRGY lab

Where energy challenges converge and energy solutions emerge

Release Date: July 8, 2011

Confirming CCS Security and Environmental Safety Aim of Newly
Selected Field Projects

Washington — The U.5. Department of Energy’s (DOE) portfolio of field projects aimed at confirming that long-
term geologic carbon dioxide (CO2) storage is safe and environmentally secure has been expanded by three
projects selected to collectively receive $34.5 million over four years.

Researchers will conduct small-scale injection testing of CO2 into promising geologic formations. Project data will
be incorporated in the National Carbon Sequestration Database and Geographical Information System
(HATCARB), an interactive online tool that integrates a wealth of information on worldwide efforts to deploy
carbon capture and storage (CCS) technology.

The total award value of the new projects is more than 245 milien, with approximately $10.5  million provided by
the recipients. The work will be managed by the Office of Fossil Energy’s National Energy Technology Laboratory
(NETL}).

CCS is the process of capturing greenhouse gases from large stationary sources, such as power plants, and
storing them in ways that prevent their release to the atmosphere, and is a key element in national efforts to
mitigate climate change. Members of the public and industry can use NATCARB to assess future opportunities for
developing commercial carbon storage projects throughout the United States.

Brief descriptions of the projects follow:

+ Blackhorse Energy, LL (Houston, Texas)—Blackhorse Energy plans to inject approximatety 53,000 tons of
CO2 into a geologic formation located in Livingston Parish, Louisiana. The project will assess the suitability of
strandplain geologic formations for future large-scale geologic storage of CO2 in association with enhanced oil
recovery. Additionally, they will test the efficacy of increased storage using short-radius horizontal well
technology to inject supercritical CO2 and CO2 foam into the reservoir. A best practices manual for CCS
activities will be developed during the project to help reduce storage risk by documenting the uncertainties
related to this specific formation. (DOE share: $11,500,000; recipient share: 54,457,237, duration: 4 years)

University of Kansas Center for Research, Inc. (Lawrence, Kan.}—The University of Kansas will inject at
least 70,000 metric tons of CO2 into multiple formations. The project will demonstrate the application of state-
of-the-art menitoring, verification, and accounting (MVA) toels and technigues to moniter and visualize the
injected CO2 plume and establish best practice methodologies for MVA and closure in "shelf clastic™ and "shelf
carbonate” geologic formations. This will help reduce storage risk by documenting the uncertainties related to
these specific formations and menitoring technigues. The proposed small-zcale injection will advance the
science and practice of carbon storage in the Midcontinent. (DOE share: $11 484,499, recipient share:
$3,235,008; duration: 4 years)

Virginia Polytechnic Institute and State University (Blacksburg, Va.}—The Virginia Polytechnic Institute
and State University will attempt to reduce uncertainty, test the properties of coal seams, and evaluate the
potential for enhanced coalbed methane recovery by injecting approximatety 20,000 tons of CO2 into

unmineable coalbeds. The results of the injection and monitering will help to better understand the effect of

On July 6, 2011, DOE announced the
selection of three small-scale CO2 injection
field projects to collectively receive $34.5
million over four years. The total award
value of the new projects, which aim to
confirm that long-term geologic CO2 storage
is safe and environmentally secure, is more
than $45 million, with approximately $10.5
million provided by the recipients.

University of Kansas Center for Research,
Inc. (Lawrence, Kan.)—The University of
Kansas will inject at least 70,000 metric tons
of CO2 into multiple formations. The project
will demonstrate the application of state-of-
the-art monitoring, verification, and
accounting (MVA) tools and techniques to
monitor and visualize the injected CO2
plume and establish best practice
methodologies for MVA and closure in
"shelf clastic" and "shelf carbonate" geologic
formations. This will help reduce storage risk
by documenting the uncertainties related to
these specific formations and monitoring
techniques. The proposed small-scale
injection will advance the science and
practice of carbon storage in the
Midcontinent. (DOE share: $11,484,499;
recipient share: $3,235,009; duration: 4
years)




KGS

KU

Project Team

Lynn Watney (Joint PI)
Jason Rush (Joint PI)
Rick Miller

John Doveton

et Small scale field test
Wellington

Mike Taylor, Structural Geology, InSAR and LiDAR

Lawrence Berkeley National Laboratory

KSU

Tom Daley, Geophysicist, has been involved in GCS MVA activites at the Frio-l and Frio-Il pilots, the Otway Stage-1 experiment, the SECARB
Phase-Ill Cranfield project, the Weyburn project, the InSalah project and other CO2 EOR experiments

Jennifer Lewicki, Hydrogeologist, specializing in near-surface monitoring of geologic carbon storage sites for CO2 leakage using integrated
field measurements and geostatistical methods

Barry Freifeld, Mechanical Engineer, geological sequestration of CO2, particularly field demonstrations in saline and depleted gas aquifers,
development of fiber-optic DTS techniques for monitoring subsurface processes

Patent Holder for U-Tube Sampling System

Saugata Datta, geohydrology, geochemist, Current DOE project

Sandia Technologies, Houston

Dan Collins, geologist, management of installation of in situ monitoring devices

* Sandia’s current involvement in the Southeast Regional Carbon Sequestration Partnership (SECARB) Cranfield Phase Il and Phase IlI
project, as well as the recent award by DOE for geologic characterization of the Triassic Newark Basin, further solidifies our abilities
and commitment to the industry.

e Feasibility and risk assessment studies

*  Project management and procurement

*  Project field supervision and health, safety and environment (HSE) supervision
*  Well design, drilling, completion, and operation

*  Monitoring, verification, and accounting (MVA) technologies

Berexco
Abengoa Ethanol - Colwich



Summary KU

Injectivity and Storage

— Discontinuous fracturing

— Karst overprinting

— Lithofacies control porosity & permeability in persistent stratal packages
— Arbuckle is an open hydrologic system

Structure
— Deep-seated, basement structures/faulting abundant in Midcontinent craton

— Evidence of flexure & fractures from gravity-magnetics (tilt angle), structure
mapping, multicomponent 3D seismic, and inferred from remote sensing

— Studies underway to resolving structural controls on reservoir, aquifer, and
caprock integrity

Simulation of commercial scale CO, injection
— Estimated footprint for 10 MM tonnes CO, injection < 2 mi radius
— 40,000 tonnes <300 ft radius

— Internal aquitards in Arbuckle may act as baffles and barriers to vertical
migration of CO, plume

New injectivity, storage, and caprock data for Wellington

— Core, logs, drill stem tests, and well tests being used to refine geomodel and
simulations of the Arbuckle and obtain properties of main caprocks



Bemis-Shutts Field
Ellis County, Kansas

* "Prototyping and testing a new volumetric curvature tool for
modeling reservoir compartments and leakage pathways in the
Arbuckle saline aquifer: Reducing uncertainty in CO, storage
and permanence.”“

Collaborative study of the Kansas Geological Survey with its industry
partners Vess Qil Corporation and Murfin Drilling Company

Funded by the U.S. Department of Energy under grant DE-FE0004566 and
cost-sharing by its industry partners

Seismic data has been donated to the project by MV Partners, Vess,
Noble Energy, Berexco, Lario, Damar, Jolen, and Diehl

Other participants include Hedke-Saenger Geoscience, Ltd., Susan Nissan
Geophysical Consulting, Geotextures, Tres Management Services, and
Saugata Datta, K-State along with staff members in the Energy Research
Section of the Kansas Geological Survey



lllustration from Petrel from Wellington Field shows the
hypothetical location of a lateral to investigate a prospective
compartment as identified by volumetric curvature
= Bemis-Shutts project
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Prospective paleokarst
compartment



Project Objectives

 The project is evaluating the effectiveness of a new
seismic tool to identify the presence, extent, and
impact of paleokarst heterogeneity on CO,
sequestration.

* The selection of the test site in Bemis-Shutts Field
also has significant implications for oil production
from this field and on the Central Kansas Uplift.

* This proposed project will also provide a valuable
data set to complement the DOE-funded regional
assessment of Arbuckle CO, sequestration potential
focused on south-central KS (DE-FE0002056).



Study area is located in eastern Bemis-Shutts Field, Ellis
County, Ks. Seismic reprocessing including volumetric
curvature will be used to select location of the horizontal well
in this large, mature oil field. Red squares on lower map are
ection lines.
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and

icks (red spheres) shown in Petrel 3D window

Large diameter (>2000 ft) sags cIearIy visible

’

Top Arbuckle surface, PSDM cross lines, GR logs
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High resolution, most negative curvature at
Arbuckle using enhanced PCA conditioning
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Local-Scale Remote Sensing Interpretation

|‘--.

. Workmap; Ellis __Co.unty Bemis-Shutts Field
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Bemis-Shutts AOL: Surface lineaments based on
Landsat ETM imagery at 1:25,000 scale. '/
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/ * Stress-Strain Ellipsoid superimposed on lineament
. f ~ orientations indicates maximum compressive stress
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; /” / proposed drillsite...consistent with near N-S axial

P trend of Fairport Anticline. - -
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Orange = High BHPs
Pressure study from DSTs by M. Dub0|s

__Workmap; Ellis County Bemis-Shutts Fleld
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Bemis-Shutts AOL: Surface lineaments based on

Landsat ETM imagery at 1:25,000 scale, '/
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" Remote Seﬁsmg Photogeology =
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Tilt angle total magnetic field intensity with
migration to the pole at 910 m above sea level

Tiltangle Degree

-~ 45

Zero crossing
o | = edge of
discontinuity

45

39.00 | |
99.25 99.20 99.15 99.10 99.05

Half the physical distance between +45° contours provides depths to tops of
possible magnetic contacts (~3000-5000 ft = basement)
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Horizontal Well
American Energies Corporation
Slocombe-Rood #1-19

Unger Field

Marion County, Kansas

Marion County, Oil and Gas Fields
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KGS Well Viewer
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Water Saturation and Conductive (Open) Fractures

Slotted liner completion

SLOCOMBE-1 & SLOCOMBE-2
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o Background
Objective —

» Drill 1000 to 1500 ft lateral through porous Hunton dolomite residing at roughly 2800 ft
MD
« Section 19-Range 21 South- Range 4 East of Unger Field in Marion County, Kansas

Unger Field —
» Discovered in 1955 has produced 8.6 million barrels
« 17 wells produced 16,191 bbls. in 2009, 2.6 BOPD per well

Wells on the Section 19 anticline originally produced several 1000’s of barrels of oil per day
«  Wells average 2.6 bbls/day with high water cut (strong water drive)
» Qil production can increase as wells pumped off suggesting oil still being drained outside
of cone of depression

Lateral paralleled east flank of % mile long northwest-trending anticline
« Local structural relief is 30 ft
» Oiriginal oil column around 40 ft.

Porous Hunton reservoir
» Thickness ranges = 11-25 ft
« Lithology — Dolomite - fractured, vuggy, intercrystalline @
« Tight caprock above reservoir = 0-10 ft thick

The Hunton dolomite is overlain by a thick (~130 ft), relatively hard Kinderhook-Chattanooga
Shale.
« Sufficiently hard rock for making turn of the lateral.



Hunton Structure — south Unger Field
Geology by Gerry Honas
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Hunton isopach — south Unger Field

Geology by Gerry Honas
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NW-SE Structural Cross Section

with flow units (H1, H2, H3) of Hunton dolomite reservoir

MWW-5E Structural Cross Section
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January Field trip for students and industry with the boss Alan
DeGood, American Energies Corporation
John discussing MWD- azimuthal gamma ray tool

\




KGS colleagues and co-authors Jason Rush and Saibal Bhattacharya with
KGS Interim Director Rex Buchanan and DOE’s Brian Dressel




Geologist Doug Davis hard at work running samples







Azimuthal Gamma Ray
ran while drilling to assist geosteering

e Focus/azimuthal Gamma (sensor)
Pan Amer'can -- To avoid shale caprock above reservoir

DRILLING SERVICES L.L.C. | nd shale below reservoir

DETECTOR WINDOW

\SHALE
W

——
Surface of tool

—_——
4 inches of radius

CBG Azimuthal
Gamma-Ray
Response

Using a Natural
Uranium Source,
Angle relative to
Window

RESERVOIR

TUNGSTEN SHEELD
-
FIG. 1

Drilling is paused while detector window on azimuthal gamma ray tool
is rotated and measurements taken every 45 degrees through 360
degree rotation.
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Slocombe-Rood #1-19 Cross Section: Water Saturation & Open Fractures

1E|50 24}0 3?0 490 . 4E|30 5@0 6110 . ?2.0 . 8[?0 8§0 . 96|0 . 10.40 . 11|20 . 12.00 . 12|80 . 13|60 . 1440
S Run 4.5" tubing with slotted =
liners, set packers to produce
3 between 3880 — 4060’ 3
- ARO —nan
g Rood #1-19 s
0 50 100 150 200 250ftUS 1
S — 09 iy
< 08 s
e 0.7 =
06
05
o 0.4 ey
‘ér_f- 03 s
: z : ; y y IK\ : : ; ; z : : ; ; y y ; ; : : : ; : z
160 240 320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360 1440
Symbol legend
[0 10-t [ 120t — Rood #1-19 LD SLOCOMBE-5 — SLOCOMBE-6

Petrel presentation of lateral in subsea



NMR (Nuclear Magnetic Resonance Imaging)
to estimate pore size/capillarity and permeability

Relationship between T2 relaxation
time and Pore Size Distribution

Large Pore Size->
Slow Decay Rate
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Small pore size ->
Rapid decay rate




Role of Matrix Contribution to Porosity & Permeability in the Arbuckle Aquifer

KGS 1-32 [MD]

950 POMPHITA 001 [ceammens momgrsan:_2+2[0,DIZKECAT 200,00 [Fommiramm e =3

D (195 RHOB
0[0.45

Arbuckle S5

Harizon 215

Harizon 3

Horizon 45

Harizon 5

Harizon 6

Horizon 7

Harizon 8

X

KGS 1-28 [MD]

WD _[1.85 RHOB 2.85[0 20MPHITA .01 [y o

[0.0TZKCOAT 200.00 [F==raumrm e ==|

Horizon 9

Horizon 104

Haorizon 11

Horizon 12

Horizon 135
Basementd:

Loa data and upscaled hvdrostratiaraphic units i

400 ALl 1400]1:150 ull 0.00BinPerm __200.00 e 1:1500 0.0 [0.00BinPerm 200.00
¥ Total & Coates T Total & =l Coates
g | Effective | &Bin g — Effective & Bi
e Porosity Permeability 4 Porosity E Permeability
_A_ghn ~ (NMR) 1 (NMR ; g NMR) — (NMR) %‘32
=1, | | | il
i § i; = | l__ = ] § zii
GR| |PbiNG- = 3|/ |
e - ? - | — § :};,5, Horizon 3
3 -x; : I = 1 iE_ f
;é__j .I b n —H~-='Horizon 4
L < %E; %: N -_%E% . | A Horizon &
i- éj 23 I |
g ér ?h fi ‘ ] ] ‘ el
g | | = g = | % !
gf_ % i g 2 gﬁ % | =T Horizon 7
3 || - % [ }%: | S Horizon &
{i" % %E -: I __= f ====§ & : | '!’%?;#i Horizon 9
- = = | FE ospectiveldisp zon | =
i - = 4900 ft to 5030 ff) il
E - | || = I For l“ % = —— ! i = FHorizon 10
* - | thon]1] =
= | I ] o == ] [ T Horizon 11
{]f 8 B3 | || . = 3 iFiHorizon 12
-£ 7 5_ [ gég ] T
% fi bl = e = F:Horizon 13
= % il = = E | TBasement
rhbrian I TR P
Il 100 ft }
Basénient KGS #1-32 | . KGS #1-28

n Arbuckle Group in KGS #1-32 (left) and #1-28 (riaht)



Regional Study — Is the Arbuckle and open or closed system?
A psi (hydrostatic head - DST SIP) => Arbuckle underpressured
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“Modeling CO, Sequestration in Saline Aquifer and

Depleted Oil Reservoir (Wellington Field) to Evaluate

Regional CO, Sequestration Potential of Ozark Plateau
Aquifer System, South-Central Kansas”
http://www.kgs.ku.edu/PRS/Ozark/index.html
* Paleozoic-age Ozark Plateau Aquifer System (OPAS) in southern

Kansas

— Thick and deeply buried

— Overlying Mississippian carbonates contain large oil and gas

reservolirs

— Arbuckle -- thickness (600-1000 ft), supercritical P-T for CO,
(>3500 ft), stratigraphic isolation from freshwater aquifers, and
very limited oil and gas production.

— Published estimates of CO, sequestration capacity in the
Arbuckle Group in KS vary between 1.1 to 3.8 billion metric
tonnes based on static CO, solubility in brine under in situ
pressure and temperature.




Tilt angle map of the total magnetic field intensity
overlain by Isopach of Roubidoux to Gasconade
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Moldic, vuggy, = fabric selective
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