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Abstract

The Arbuckle Group (Cambro-Ordovician) consists dominantly of shallow shelf carbonates overprinted by karstic features developed during
repeated subaerial exposure. The Arbuckle saline aquifer in southwestern and south-central Kansas is an ideal candidate for CO, sequestration
because of thickness (600-1000 ft), supercritical depth (>3500 ft), stratigraphic isolation from freshwater aquifers, and limited oil and gas
production. In addition, this formation has an extensive history of waste and back flow water disposal in Kansas and Oklahoma. Moreover, the
Arbuckle is noticeably underpressured which potentially allows for higher volumes of disposal fluids to be accepted without risk of
overpressuring of the reservoir. Previously published estimates of CO, sequestration capacity in the Arbuckle Group in Kansas vary between
1.1 to 8.8 billion metric tons based on static CO, solubility in brine under in situ pressure and temperature. This work provides a more detailed
and comprehensive approach to regional CO, storage capacity estimations.

A detailed geological characterization was performed where existing well log and core data was analyzed and new exploratory wells were
drilled in central and western Kansas with extensive logging and coring programs. Based on this analysis, ten potential commercial-scale

CO; injection sites were selected, characterized, and modeled. Accurate calculation of CO, storage capacity for south-central and southwestern
Kansas was performed where researchers used several different approaches including volumetric calculations (proposed by Department of
Energy and Carbon Sequestration Leadership Form Task Force of CO, Storage Capacity Estimation), extrapolation based on CO, storage
capacity of selected ten modeled sites, detailed regional model numerical simulation, and using statistical approach. Modeling scenarios
included maximum allowable pressure, which was estimated based on calculated fracture pressure gradient, various pressure maintenance
scenarios, and boundary conditions. Depending on the proposed scenarios and assumptions for system conditions, estimates for CO, storage
capacity for south-central and southwestern Kansas vary between 0.66 to 2 billion metric tons.
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Top Arbuckle Structure Map showing
Study areas




Core from Lower Arbuckle Injection Interval
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Presenter’s notes:
Gr — Gamma Ray log
Lithology
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@ — porosity (red dots — core data, blue line — log analysis)

Kv — vertical permeability calculations (red dots — core data, green line — log analysis)

Kh — horizontal permeability calculations (red dots — core data, green line — log analysis)

Note baffle zone and low vertical permeability in certain areas of Mid. Arbuckle (areas around 4900 ft, 4750 ft, 4270-4450ft)
Calculated reservoir permeability from log analysis is ~ 500-5000 md
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Arbitrary seismic impedance profile — Wellington Field
distinct caprock, mid-Arbuckle tight, lower Arbuckle injection zone
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Presenter’s notes: This is seismic data which was used for geologic model construction. This data also suggests that there are barriers for vertical flow in
Mid. Arbuckle



Step Rate Test Analysis
Pressure-Time plot
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Presenter’s notes: This is the Step Rate Test (SRT) analysis. A series of constant-rate injections (“Steps”) increasing from low to high, designed to
determine the Formation Parting Pressure (FPP) and to estimate reservoir properties and injectivity. Based on SRT analysis, reservoir permeability is 3750
md which is in agreement with log analysis, but not the core data. Core data does not take into account fractures, only matrix.



Model Layering

* Type log shows the 7 principal
flow units:
— Low KV 4 Model Layer 1
— High KV 3 Model Layer 2
— Low KV 3 Model Layer 3 P
— High KV 2 Model Layers 4-7 fﬁ
— Low KV 2 Model Layer 8 ?“ il
— High KV 1 (Inj) Model Layers 9-11 =
— Low KV 1 Model Layer 12 t |
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Summary of Simulation Model Areas

Multiple |Alternate | Multiple Water

Area Inum Jnum | Knum | Pressure | Well Well | HZWell | Injectors | Aquifer |Flow Unit
1 155 119 12 4 v v v v
2 160 145 12 % 4 v

3 200 180 12 4 v

4 200 200 12 1% 4 v

5 190 160 12 v 4 v

6 250 300 12 v v v v

7 200 120 12 v v v v

8 240 200 12 % 4 v

9 200 180 12 % 4 v v

10 180 190 12 v v 4
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Area 2 Simulation Cases

Aquiler
PewdoWell

Well Constraint Specified Frod Simalation Max

Max Ijection Rofin] Initial Reservoie Constraint | Cumulatve | CORinjRate

Atea 7 Rate [MCFC - | Max BHP [psic | wells well1 Well2 wellz Fiold - | Pressura [psi - | WaterInjRst - [8BL/Day] - | Injection [ton - MMCFOjday -
G5 _SalineAguifer_Jul10-2014_ 00001 AREAZ 1 500 1 1851 18514 233 1,085,950 114
GS_Salinesguifes_Jul10-2014 00002 100 3000 1 B 84950 233 8,956,660 13
K65 _Salinehguifer_Jul10-2014_00003 100 3000 1 Ba.621 Ba 621 233 3,886,760 39
IKGS_Salineguifer_Jul10-2014_00004 AREAZ 100 2500 1 1591 15975 33 81975 0388
1K6S_Salinefiguifes_Ju9-1014_0_00025_Hz ARER2 100 3000 1 fan am 2,108 18128 0021
G5 _Salineguifer_lundS-2014_0_00036 AREAZ 1 3000 1 “ “ 108 284 L)
KGS_SalineAguifer_lun30-014_00001 AREA2 100 2500 1 % % 233 1488 it}
G5 _Salineguifer_jun3(-2014_00003 AREAZ 100 300 1 148 148 233 630 L1t}
IKGS_Salnehgulfer_May11-2014_00008 AREAZ s 3500 1 128 12 2,08 1490 oo




Area 2 CO, Spatial Distribution
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Area 4 Grid
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Area 4 Simulation Cases

Well Constraint
Maxinjection ot inj Cumulative | €02 Rate
it i © Aea T Rate[MMCFL-|MaxBHPlpci| Wielk -  Well - Well | wWel3 |  weld - Field -|Pressurepsic- - Injection [ton +| MMCFD/day -
K65 _Salinequifer_Junts-2014_0_00018 AREAY 100 500 1 50 L2510 2003 2000 (784833
K5 Salinedquifer_JundB-2014_0_00022 AREAY 10 50 1 7 867,342 20m 0502000 |SSET1L
HGS Salinequifer_Jun-2014 0_00040 AREAL 100 30 1 740 15T 208 50 100
WS Salinequifer_May11-2014 00001 AREAL il 50 1 .;1 3,395,400 20 S0 1318
G5 _Salinequifer_May20-2014 00003 AREAY 100 3000 i ks.m 03,070 2873360 2003 .5@ 63002
K5 Salinerquifer_May20-2014_ 0001 AREAY 0 50 1 @@ 207,450 om0 20m l;aasm 1568
HGS Salinequifer_May31-2014_ 00002 AREAL 100 30 3 140 ST 2003 -; 295758
K5 Salinerquifer_May31-2014_ 00007 AREAY 10 500 3 fmen 732307 A10 1Rz 2003 F.wu 158052




Area 4 CO, Spatial Distribution




Injection into 10 study areas plus 1 injector per
200 Sq mile pattern across area
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Southern Kansas CO, injection model
Gas saturation - 100 years after injection stops
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