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Abstract 
 
The Paleozoic-age Ozark Plateau Aquifer System (OPAS) in southern Kansas is centrally located to multiple major point 
sources of CO2 emissions and is considered a prime candidate for CO2 sequestration. The OPAS consists of the thick (>800 ft) 
and deeply buried (>3,500 ft) Arbuckle Group saline aquifer and overlying Mississippian carbonate reservoirs, such as 
Wellington field (Sumner County), many of which are in various stages of depletion. The Arbuckle saline aquifer consists of 
siliceous dolomite with interbedded shales, and appears to be well suited for supercritical CO2 sequestration because multiple 
regional caprocks isolate it from shallow freshwater aquifers. Demonstration of CO2-EOR potential in depleted Mississippian 
fields should spur infrastructure development for commercial scale CO2 sequestration in the OPAS. 
 
This study focuses on 1) developing a regional (≈ 20,000 mi2) geomodel for the Arbuckle saline aquifer, 2) constructing a local 
geomodel of the Mississippian reservoir and the underlying Arbuckle saline aquifer at Wellington field, 3) estimating the CO2 
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sequestration capacity of the OPAS, and 4) evaluating CO2-EOR potential of Wellington field. The regional Arbuckle 
geomodel was constructed utilizing wireline logs from 95 type wells and 1,400 key wells, five cores, DSTs, and 
gravity/magnetic and remote sensing data. The detailed Wellington geomodel integrates existing geologic and engineering data 
with newly acquired data: multi-component 3D seismic survey (10 mi2), gravity/magnetic surveys, and core and wireline logs 
from two wells drilled to basement. 
 
The regional Arbuckle geomodel has helped to understand factors, such as lateral continuity of Arbuckle strata including 
caprocks and shale beds, and relationship between underpressurization and hydraulic connectivity to the outcrop (northwestern 
flank of Ozark Uplift), critical to modeling sequestration capacity of the OPAS. Arbuckle flow units, indentified by depth-
constrained cluster analysis of petrophysical data and mapped over a 9-Township area over a monoclinal structure, were used 
in simulation studies, with CO2 injected in bottom Arbuckle flow unit, to demonstrate sequestration of significant tonnage of 
CO2 by solution, residual gas saturation, and mineralization. Intermediate shaly layers in Arbuckle appear to prevent vertical 
migration of free-phase CO2 to the lowermost caprock. Simultaneous brine injection from shallow Arbuckle flow-units 
increased residual gas trapping of CO2. 
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Outline
• Project Overview

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

• Regional distribution of Arbuckle saline aquifer and caprock
– Caprock continuity and integrityCaprock continuity and integrity
– Storage

• Continuity of hydrostratigraphic flow units
• Evaluating open or closed hydrologic system

Kansas is part of the Southwest Regional Partnership
on Carbon Sequestration (SWP)

• Structure
– Defining fractures/faults/flexure
– Deep‐seated structures 

• Preliminary simulation of commercial scale CO2 injection
– Footprint & stratigraphic constraint of 

commercial scale CO2 plume

• Wellington Field 
– Multicomponent 3D seismic
– Initial geomodels
– New injectivity & storage data (1st quarter 2011)New injectivity & storage data (1 quarter 2011)

• 1500 ft core, logs, drill stem tests,  and well tests – KGS  #1‐32 & #1‐28

• Summary



Project Overview
• Start Date ‐ Dec 2009 (3 yr.  study)

• Acquire data & build geomodels
Top Arbuckle Group and Producing Wells in Arbuckle

Acquire data & build geomodels 

‐ 1. Wellington field (Sumner County, KS)

Depleted Mississippian oil field 
Regional 
Study Area

Underlying Arbuckle saline aquifer 

– 2. Chester/Morrow  oil field in SW KS

i l b kl li if– 3. Regional Arbuckle saline aquifer

• Conduct simulation studies for EOR & sequestration 

• Arbuckle saline aquifer – 29 county area (southern Ks)q y ( )

– Identify potential sequestration sites

– Conduct large scale simulations

All Oil and Gas Fields

– Estimate sequestration capacity 

• Risk analysis related to CO2 sequestration

Rock heterogeneities

Chester /
Morrow Wellington

– Rock heterogeneities

– Unplugged abandoned wells

• Technology transfer http://www.kgs.ku.edu/PRS/Ozark/index.html



Hydrostratigraphy – Ozark Plateau Aquifer System
Mississippian to Cambrian Age Strata 
Overlain by Multiple Caprocks & AquitardsOverlain by Multiple Caprocks & Aquitards
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Regional Study – Mapping the Arbuckle

Structure top of Arbuckle  Group
Initial
Arbuckle 
modeling 

Finney Co.

site
southern 
Sedgwick 
County

Butler Co. 50 miCI=100 ft.

Wellington 
FieldHugoton 

Embayment
Sedgwick

Basin

Isopach Arbuckle  Aquifer
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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Regional Study – Continuity of Aquifer System and Caprocks
Interactive Web-based Project Mapper and Well Data Analysis Tools

Zoomed in View
• Cross section
• Type well filterOverlay map, configuration top Arbuckle

with cross section index

http://maps.kgs.ku.edu/co2/?pass=project
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Arbuckle Saline Aquifer 
Hydraulically Connected to Outcrop – Open System

P i H t G Fi ld Arbuckle exposure at base of  
Missouri River, north-central 
Missouri – Elevation 450 ft 

& ~200 mi northeast

Permian Hugoton Gas Field 
Western Kansas 
Original SIP = 435 psi

& ~200 mi northeast 

Assume hydrostatic gradient =       
0.435 psi/ft The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

Evaporite Caprock

Index map

Map of the difference between estimated hydraulic head at base of Arbuckle test interval and measured shut-in pressure
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Sorenson (2005)

50 miInitial
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Wellington Field



3rd Order Structural Residual - Top Arbuckle
Regional Structure
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Regional Structure – Deep‐Seated Faults & Shallow Expression 
Re‐Processed Gravity & Magnetics +  Subsurface structural mapping + local 3D seismic + 

Landsat‐Derived Remote Sensing Analysis ‐‐‐
I d i i I i W b b d jIntegrated view via  Interactive Web‐based Project Map

Oxy-Chem Brine Injection

Southern Kansas – project area
Tilt-angle magnetic (thick black/red/blue lines)  + Total magnetic field 
intensity (color tones) + Surface lineaments (thin black line segments) +

Wellington 
Field 

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

intensity (color tones) + Surface lineaments (thin black line segments) + 
Structure contours top Mississippian

50 mi
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.



Initial Simulation Study – Dimensions of Commercial-Scale CO2 Plume
Arbuckle flow unit (hydrostratigraphic unit) characterization 
Depth-constrained cluster analysis of petrophysical logs 
Java-based WELL PROFILE

Arbuckle  Structure

JCC 4 aquifer

Java based  WELL PROFILE
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Initial Simulation Study to Estimate Size of Commercial CO2 Sequestration 
(10 million tonnes CO2, Supercritical)

9 Township Model – centered around Oxy-Chem #10 brine injection facility
Grids: 330’ by 330’

Injection pressure < fracture pressure (3000 psi)
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Initial Simulation Study
2D Model around Oxy-Chem #10 – 20 Layer Model Inputs

EAST

Oxy-Chem core and 
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5 15 3222.5 1491 3432 148526 0.09 10
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Initial Simulation Study
2D Model around Oxy-Chem #10 – 20 Layer Model Results

Jan 1, 2010 - Pressure, psi Jan 1, 2010 - Sg

J 1 2035 P i

Psi

J 1 2035 S

Sg

Jan 1, 2035 - Pressure, psi Jan 1, 2035 - Sg

Jan 1 2060 SgJan 1, 2060 - Pressure, psi Jan 1, 2060 - Sg

Pressure Leakage (brine) 

through cap rock
Est. plume footprint <2 mi radius for 10 million tonnes CO2



Wellington Field
1) Mi i i i t i liti1) Mississippian tripolitic 

chert/dolomite 
reservoir

2) Arbuckle  saline (ft) )
aquifer

3) Intervening caprocks

• New core and logs from KGS g
#1-32 and logs from #1-28 
obtained in Jan-Feb. 2011
• Using to assess --

• Integrity of caprocksIOR g y p
• Porosity types, 
injectivity, and storage 
• Model potential for C02-
EOR in Mississippian 

Sequester
KGS #1-32 KGS #1-28

N
pp

saline aquifer 
sequestration in Arbuckle 



Arbitrary seismic profile to compare borehole locations

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

Arbitrary seismic profile to compare borehole locations
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Faults & Flexure in Phanerozoic Strata 
Overlying Deep‐Seated (Precambrian) Faults

Wellington Field “Red”Wellington Field Red     
fault/flexure zone? 
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A (NW) B (SE)

pp
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Wellington Field
Porosity Fence Diagram

Mississippian Tripolitic Chert Oil ReservoirPorosity
0.275

Mississippian Tripolitic Chert Oil Reservoir

0.275

Test Borehole 
T t B h l00.0 ~Location #32-1 Test Borehole 
~Location #28-1

0
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End‐member Arbuckle reservoir types

New Injectivity and Storage Data in Wellington Field
End‐member Arbuckle reservoir types
observed in KGS #1‐32 core (1500’) and logs 

A l i B i
Argillaceous

tight

Autoclastic Breccia
Ø

Franseen et al. (2004)

Discontinuous fracturing, karst overprinting, 
lithofacies control porosity & permeability 

in persistent stratal packages



Coates
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Total & 
Effective

Coates
& Bin

Total & 
Effective

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

Permeability 
(NMR)

Porosity 
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Top Arbuckle
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Prospective disposal zone
(4900 ft to 5030 ft)

Log data and upscaled hydrostratigraphic units in Arbuckle Group in KGS #1-32 (left) and #1-28 (right)

Precambrian
Basement

100 ftKGS # 1-32 KGS # 1-28



Permeability Geomodel of Arbuckle Group
in vicinity of KGS #1‐32 & #1‐28

Upscaled Using geometric Mean of k (Coates NMR), Porosity Used for Trendp g g ( ), y
‐‐ Contribution of fracture Ф & k yet to done

100

0 010.01

structure contours  = 
top Arbuckle

Cell size = 60 x 60 ft



Summary
• Injectivity and Storage

Discontinuous fracturing– Discontinuous fracturing
– Karst overprinting
– Lithofacies control porosity & permeability in persistent stratal packages
– Arbuckle is an open hydrologic systemp y g y

• Structure
– Deep‐seated, basement structures/faulting abundant in Midcontinent 

cratoncraton
– Evidence of flexure & fractures from gravity‐magnetics, structure 

mapping, multicomponent 3D seismic, and inferred from remote sensing
– Studies underway to resolving structural controls on reservoir, aquifer, 

d kand caprock integrity

• Simulation of commercial scale CO2 injection
– Estimated footprint for 10 MM tonnes CO injection < 2 mi radiusEstimated footprint for 10 MM tonnes CO2 injection < 2 mi radius
– Internal aquitards in Arbuckle may act as baffles and barriers to vertical 

migration of CO2 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
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