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http://energy.gov/index.htm

Overview - CO, Projects in Kansas

1. Southwest Kansas CO,-EOR Initiative -- Chester and Morrow
Reservoirs & deep Arbuckle saline aquifer

2. Capacity for CO, sequestration in regional, deep, saline Arbuckle
aquifer in southern Kansas and by CO,-EOR in Mississippian chert
reservoir in Wellington Field, Sumner County

3. Small-scale field test demonstrating CO, sequestration
Wellington field, Sumner County, Kansas (pending)

4. Horizontal well to test lateral heterogeneity in Arbuckle oil
reservoir defined from seismic attributes, Bemis-Shutts oil field,
Ellis County
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Modeling CO, Sequestration Potential in Kansas

Regional distribution of Arbuckle saline aquifer and caprock
— Caprock continuity and integrity
— Storage

e 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

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 & stratigraphic constraint of
commercial scale CO, plume in saline aquifer
-- Improved efficiency and effectiveness of CO,-EOR

CO,-EOR Potential

— Wellington Field, Sumner County Kansas and Chester/Morrow sandstone reservoir
(TBN) in SW Kansas

— Multicomponent 3D seismic

— Gravity/magnetics & remote sensing

KANSAS
— 3D geomodels [< ! lEim_a;a(;uﬁ:_.-u
. . . SURVEY
— Reservoir simulation

The University of Kansas




Industry Partners — Western Annex
SW Kansas CO, Sequestration Consortium
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http://www.meritenergy.com/Default.aspx
http://www.glorioil.com/
http://www.sunflower.net/default.aspx

Western Annex

Evaluating CO2-EOR in Chester/Morrow
Sandstone Oil Reservoirs and deep saline
aquifer sequestration in underlying Arbuckle
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Dubois & Youle (Next Step Seminar 2011) --
http://www.kgs.ku.edu/PRS/Ozark/Reports/2011/SwKsCO2
KsNextStep_Dubois-Youle_0804-2011.pdf



http://www.kgs.ku.edu/PRS/Ozark/Reports/2011/SwKsCO2_

VALLEY MORPHOLOGY: North End of Study Area

Pleasant Prairie
South Field
4.36MBO

Valley Incised through the SE end of Pleasant Prairie anticline.
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Valley Fill Facies: Pleasant Prairie Pool Oxy Moody 2 15-27s-34w
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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 (OPAS), South-Central Kansas”

Original DOE-funded Project --
website: http://www.kgs.ku.edu/PRS/Ozark/index.html

 Paleozoic-age Ozark Plateau Aquifer System (OPAS)
— Thick and deeply buried Arbuckle Aquifer

— Overlying Mississippian carbonates contain large oil and gas
reservoirs

— 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
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Presenter
Presentation Notes
Evaluate feasibility for miscible CO2-EOR  in the Mississippian tripolitic chert reservoir and CO2 sequestration potential in the underlying Arbuckle Group saline aquifer.
Activities at Wellington Field are being carried out through BEREXCO, a subcontractor, who is assisting in acquiring seismic, geologic, and engineering data for analysis. 
Activities in the regional study are carried out by Bittersweet Energy, Inc., who is characterizing the Arbuckle Group (saline) aquifer in southern Kansas 
IHR/Marty Dubois is managing the industrial partnership to prove up potential of CO2-EOR in select Chester/Morrow fields in SW Kansas 
Over 200 mi2 of donated 3D seismic is being reprocessed and depth converted in the Western Annex and 10 mi2 of new multicomponent 3D will be acquired to assist in choosing a well location. 
A basement test will be drilled in southwestern Kansas in early 2012 to augment two recently drilled basement tests at Wellington Field. 
Sunflower Electric Power Corporation in Hays has endorsed the project. 



http://energy.gov/index.htm
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Regional Characterization of OPAS
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collaboration with the
Ks Geol. Society



Hydrostratigraphy — Ozark Plateau Aquifer System
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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
» Subsea contours; Contour interval = 100 ft.




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

Modeling Carbon Dioxide Sequestration Potential in Kansas

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

() Cross Section Tools

Kansas Geological Survey
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Quantitative Characterization of Arbuckle
in southern Kansas

Quantitative Reservoir Characteristics

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



Arbuckle saline aquifer is an open system

Arbuckle Saline Aquifer Connected to Outcrop

Permian Hugoton Gas Field — 1
Western Kansas ' B

KA

§ Original SIP = 435 psi 3 E
M § 3
+3000 ft -E\ Present. OKLAHOMA :

+2000 ft =

=

Colorado

1000 ft |-

Depth (ft)

Kansas
River
+950 ft

+1000 ft
Hugoton
i 435 psi
Sea Level

Pressure (psi)
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Sea Level

} HUGOTON I
-1000 ft = FIELD

L — = Sorenson (2005)

Arbuckle exposure at base of Missouri
River, north-central Missouri —

Elevation 450 ft; surface exposures
located ~200 mi northeast

Assume hydrostatic gradient =
0.435 psi/ft




Lower porous zone in Arbuckle Gerlach et al.
ISOPACH GASCONADE to GUNTER SS

T N NN L R S R
; - B 2 3 s " 1" e ¥ may
._m-—-m__‘_‘_ﬁh‘%- \ .\ \ \ E- .‘8 Y ol s - - ,.“J ’§.' §
§ * * LA LI " EREErIpre ] B B g
U RN S WA m sk R\ RL
o =y -\ \ -..\ 3 3 SR s IE A S AR e,
i %-%. . ¥ (0 s N

S— v 4
%. @ -
\k_‘_'_'//.&///. §/ 9- &, o
L] . Vs VA / 2 “/.p e CU* e
- . - - - 47 o . ; ". % ’. . ARl
This isopach interval would contain o4 /ﬁ_‘ / W e
. : ::.l, R . —
Gasconade minus the Gunter 55 e /ﬁ This isopack appears to be similar to Franseen’s work.
C - Van Buren-Gascona§e dolomites /
CN RA [ile] NT SM Jw RP MS NM | /BR »
NS o]
B TH S0 [6n [ro \JoB [ |° [ov [RLZeT A
= @Jg LV
s
c QT e S ~
WA LG GO TR EL -: A oK e W 5 15 4
. [e]
. W VA B8[0S
GL [wH [sc [ [ns RH BTe Ly £ N"eoa
S —— MP MN
T PN . /@ B jF N NN ®
Fi HG SF ) ﬁ \
_‘l——l RN /éHV BU ) pwo AL |8
Gy ED 7 =
KE FO . of% /
ST |aT [ms o I3 . e — A <)
ME  [CA ‘---.__a:\) B ﬁ:\ CR *
MT SV [sw oM |BA HE . % G [es°[G N
%, \coJ /00 I
NN
Early Ordovician (approx Gasconade time) | ® Location of wells used ¢ = ol
Thicl

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



Wellington Field ° °
wellseu:'?a?cgrrocl:tions Weulnton Fleld
SR SE I “pme——ground level 1) Mississippian tripolitic

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

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

¢ Using to assess --
r ——0Oread

“w ———Heebner Shale e Integrity of caprocks

| zais  geoinaker Sandstone e Porosity types, injectivity,
1600 and storage

Kansas City Limestone  Model potential for C02-EOR

=210———Base Kansas City . . . .
T Marmaton in Mississippian saline aquifer

T ﬁ?;;g';?;pian P e Sequestration in Arbuckle
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J——————Simpson Shale contract being negotiated with DOE
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LIDAR/INSAR, shallow GW monitoring

3600 » Mississippian reservoir - pressure,
' geochemistry, strategic 2D seismic

= Arbuckle - in situ cross hole
210000 X.axis tomography, U-tube plume sampling,
2300000

Yoasis CASM (continuous seismic imaging),
repeat 3D seismic
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Step rate test completed and preliminary perforate & swab intervals in Arbuckle and Simpson Groups
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ZONAL FRACTURES AND AUTOCLASTIC BRECCIAS
IN THE POROUS INTERVALS OF THE ARBUCKLE




Small Scale Field Test Demonstrating CO2
sequestration in Arbuckle Saline Aquifer
and by CO2-EOR at Wellington field,

Sumner County, Kansas
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Wellington Field
Mississippian tripolite/chert reservoir (underpressured), lower

Mississippian & Simpson sealing strata, & Arbuckle aquifer

Wellington Field KGS 1-28\ /KGS 1-32
1 s, - ¥ - I I&
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Upscaled average porosity (effective ® from NMR)
for Arbuckle Group
in vicinity of KGS #1-32 & #1-28

structure contours =
top Arbuckle
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2308000
2308500
2309000

2309500

2310000

Cell size =60 x 60 ft

2311000




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

2307500
2308000
2308500

2309000

Cell size =60 x 60 ft

2310500

2311000




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

Total CO, injected into Arbuckle ~ 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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Arbuckle Penetrations

Arbuckle -ss

FMTOPS - AR

POSTED WELL DATA
BUCKLE[RWK] [22) {FEET)

i Well Numb: or

Well Name

WELL SYMBOLS
Loc-Biue

£02 Monfior

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



KU .|  Bemis-Shutts Field

U.S. DEPARTMENT OF

Ellis County, Kansas

N=TL
Vess Oil Corporation

"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 Oil 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


http://energy.gov/index.htm
http://www.murfininc.com/index.php

Bemis-Shutts Field, Ellis County, Ks.
Seismic reprocessing including volumetric curvature and pre-stack
depth migration. Seismic and well data used to locate site for
horizontal well in this large, mature oil field

T P
------ ’ "
: .
o
l"n: b
e - ¢ o,
TR s Fd i

379

1277is:
T .
U TN i
w .
ﬁ\.‘.\ é hlj - ”
e ‘QE‘S %ﬁ&t\%ﬁm}}u’w 4‘\-"‘1’;) 11‘%‘;&@:3% g};&%ﬁw
o -
Q\\\ T e | s iof 2 <0
LS LAY #OTIER| < %&
R N T oE .y
g : .
¢ e . o o S &
%251.9‘%3”% e Woae e 1oy T11§5’}§'§.3§mm‘471 16
\: ] + b o . i
ey . . s o w0 " . w
PR =
& \.\iu. 4\0 & g & X ¢¢‘¥;ﬁts
LSRRI RTRY Segtiarind Taifisrion Lea i rrtiv THiariaw [Sessrion
o & s Rl g e |
bo om0 e b .i)\\ 4] (}\@;. LR g i 4
I PLSNICUS U * e .
RS faa .
s | e PRI D NN OO S A Geii 2 mi.
O¢'s1-7‘?’35¢51s$?1 ss-ﬂ%&j’?\n@f\ssm}sﬁ\ it §%<§”W\ %15&&7\:\1‘# \E?&Q;WM | et racdriow | s6T12s R1GW | a5 T R1ew e § 70 A
e At et . |2 et -
[;f&:wg‘? VAN S AL \ S e
IRET o (=4 I N e o b N e




Map showing test borehole targets in relation
to paleokarst feature
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Cross line 182 showing planned test boring trajectory.
Offsetting well control, paleokarst dimensions, and
structure are ideal for meeting project objectives
(i.e., ~1500-ft paleokarst feature)
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Kansas State Plane Northern Zone (NAD 83)

Target X Y Depth (TVDSS)
1 (surface location) 980890 | 270500 1800
2 (top Arbuckle) 979690 | 270500 -1467
3 (intermediate target) | 978810 | 270500 -1550
4 (TD) 977755 | 270500 -1550




Summary of Findings 1<U

e Injectivity and Storage in Arbuckle
— Discontinuous fracturing compliment matrix porosity

The University of Kansas

— Karst overprinting

— Lithofacies control porosity & permeability in widespread, correlatable stratal
packages

— Arbuckle is an open hydrologic system

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

— Characterizing flexures & fractures from new processing of gravity-magnetics,
structure mapping, multicomponent (converted shear wave) 3D seismic, and
lineament analysis from remote sensing

— Developing a mechanical stratigraphy to better characterize and model (predict)
fractures and faults affecting reservoir, aquifer, and caprocks

e Simulation of commercial scale CO, injection
— Estimated footprint for 10 MM tonnes CO, injection with plume size < 2 mi radius

— Preliminary simulation of CO2 injection for small scale field test at Wellington Field,
40,000 tonnes with plume size <300 ft radius

— Internal aquitards in Arbuckle being evaluated as possible baffles and barriers to
vertical migration of CO, plume

— Preliminary results of pulse test in lower Arbuckle at Wellington Field that at 20 ft
flow unit is laterally connected at distance of 3000 feet
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Basement Faulting in #1-32
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Bemis-Shutts Field
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.

e 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).



Wellington Field

3D Seismic & New Basement Boreholes

Arbitrary seismic profile to compare borehole locations
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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

- Reservoir facies

|:] Mon-reservoir facies

-
i

D VS,
o1

r Argillaceous
tight

Franseen et al. (2004)

Discontinuous fracturing, karst overprinting,
lithofacies control porosity & permeability
In persistent stratal packages

y o -~ P

Autoclastic Breccia
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NMR log showing

locations of pulse test &

swabbing intervals in
lowermost Arbuckle of

well #1-32

- Pulse Test 4995-15 ft

5049.7; 4997.7; NO Core RECOVERY

Swab #3 =

5040-45 ft

5049.7; 4997.7; NO Core RECOVERY

Swab #2 =
5130-45 ft

5143.4; 5128; 5Y 4/1; olive gray; sandstone with
micritic dolomite matrix; frosted grains; medium

grade; rounded; increasing amounts of dolomite
mud towards the top; bivalves; bioturbated; sm-
scale mottling; scattered black lithoclasts; patchy
vugs filled with pink dolomite; porous towards the

bottom couple feet; gradational contact




U-Tube In Situ Sampling of CO2 Plume

 Handling of multiphase fluid collected at
high frequency

fl Ground Level
[ it Sample Leg <—16 5/8 in. Nominal Borehole
. Drive L =
U Rt 17.5m <«——10 3/4 in. OD Steel
‘ Conductor Casing
= EXPLANATION
t Ball Check Valve
= = Cement Grout
m i55 [ Bentonite Grout
;EL 1=0d4m W =3 Granular Grout
= [ Silica Sand (8/12 Mesh)/
ﬂ 139.3 m Granular Bentonite (8 Mesh)
142.4 m— (~2:1 by weight)
6 1/2 inch—>| B3 Well Screen Silica Sand
Nominal Borehole < > (8/12 Mesh)
&1 Well Screen (0.02 in. slots
Sliding End Packer a0 _h i i : ;
236.8m— » 2 in. Sch.10 Stainless
263.7 m Steel Well Casing
266.3 m= =l |
[ﬂ | Upper U-tube Filter Screens
' 351.6m

s Lower U-tube Filter Screens
Inlet Filter:
40 um sintered 4252 m—
stainless steel



LiDAR and InSAR

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

-

* Injection depth =6000 ft

* Injection interval = 60 ft thick

* Max pressure ~10 Pa above ambient

* Injection rate = 1 MM tons per year

* Observed surface displacement = 10 mm

DD

o4
{11k

D3

Coupled reservoir-geomechanical analysis of CO2
injection at

In Salah, Algeria

Rutgqvista, Vascoa, Myera

(2009)

DD 3

DD2 |
D5

D01

il bos




Depth (m)

Seismic Tomography & CASSM
In situ CO2 plume movement to validate simulation

Injection  Distance (m), . Monitor
Well 0 0 well
15D5 ' e =====
1530 B - HEE
SSSiE==s B rllﬁm = ——
CO, Plume
|

40 05 00 05 1.0
CHANGE IN VELOCITY (KW'S)

Detailed view of the injector region
of the P-wave tomogram along with
repeating logging for between
monitoring and injector well.

+  Experiment . Seismic
Geometry I ~__Gather
Packer %
1645 m »
Peifs "-"W\fﬂ'\m
1647 w4
1657 m 1
—.ﬁw‘ﬁf‘
> 4
¢ — WA
< L |
‘g -—WMN—‘
- BT 0.014 0018
Well Spacing = 98 1t Time (s)
Injection Observation
Well Well

Schematic representation of CASSM
survey (left) as deployed for the
Frio-Il  experiment, along with
example seismic gather (right).
Daley et al. (2008)



Overview - CO, Projects in Kansas

e 1.Southwest Kansas CO2-EOR Initiative Chester and Morrow
Reservoirs -Western Annex to Regional CO, Sequestration

Project
— CO, EOR technical feasibility study —Chester IVF and Morrow
— Five industry partners (operators of fields)
— Part of larger KGS-industry CCS and EOR study
— Will not inject CO, —paper study only
— Get fields in study “CO,-ready”

e 2. Evaluating CO, sequestration capacity of the deep saline
Arbuckle aquifer and CO,-EOR potential in the Mississippian
(Osage) chert/dolomite reservoir — regionally and Wellington
Field, Sumner County, Kansas

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

— Original grant from DOE/NETL -- FED002056 supported by cost-sharing

partners, including Berexco et al. w



Overview — CO, Projects in Kansas

e 3. Small-scale field test demonstrating CO, sequestration in
Arbuckle saline aquifer and by CO,-EOR at Wellington field,

Sumner County, Kansas

— Current budget negotiations through end of September, scheduled for
October 2011 start -- Funding Opportunity Number: DE-FOA-000441

— Small volume injection into Arbuckle saline aquifer and Mississippian
(Osage) chert oil reservoir at Wellington Field not scheduled until mid
2013

— CO, injection in saline aquifer accompanied by best practice
monitoring methods

e 4. Bemis-Shutts, Ellis County, KS —Horizontal well scheduled

for November 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

— Drill horizontal well in October-November 2011 framework w—

of Kansas

e University
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