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Overview 
 • Evaluation of CO2 storage and utilization in 25,000 mi2, 33-county area 

in southern Kansas, DOE-NETL contract DE-FE0002056 and partner cost 
share 
– Southwest Kansas CO2-EOR Initiative  
– CO2 utilization in oil fields and storage in Arbuckle saline aquifer in southern 

Kansas 
– Cutter Field site characterization, Stevens Co. 
– Wellington Field site characterization, Sumner Co. 

• Pilot CO2-EOR injection began January 9, 2016 in Mississippian dolomite 
reservoir in Wellington Field, Sumner County, Kansas (DE-FE0006821) 

• Pilot CO2 injection into Arbuckle at Wellington, pending EPA Class VI 
permit  

• Steps toward implementing CO2 Utilization and Storage (CCUS) in 
Kansas 

• Summary 
 

Close Class VI Arbuckle injection 
August 30, 2018 with repeat 3D seismic  

TENTATIVE SCHEDULE SMALL SCALE PILOT CO2-EOR AND SALINE CO2 INJECTION, DE-FE0006821 2016 2017 2018
Jan Feb MarchApril May June July Aug Sept Oct Nov Dec Jan Feb Mar April May June July Aug Sept Oct Nov Dec Jan

Drill #2-32 Miss injection well, pressurize, install surface CO2 equipment
Task 11. CO2 Transported to Mississippian Injector and Injection Begins 160 tons per day CO2 for EOR pilot
Task 16. Drill Monitoring Borehole (2-28) for Carbon Storage in Arbuckle Saline Aquifer

Task 17. Reenter, Deepen, & Complete Existing Plugged Arbuckle Borehole (Peasel 1) 
Task 19. Retrofit Arbuckle Injection Well  (#1-28) for MVA Tool Installation
EPA hold information public meeting on Class VI application 
Obtain Class VI permit to drill 

Fabricate Utube and CASSM 6 months to fabricate
Task 21. Retrofit Arbuckle Observation Well (#2-28) for MVA Tool Installation

Task 22. Begin Injection at Arbuckle Injector 26,000 tonnes 6 months injection 
Task 26. Post injection MVA - Carbon Storage
Task 29. Closure of Carbon Storage Project in Arbuckle Saline Aquifer at Wellington field



Total annual CO2 emissions in Kansas in 2015 
45.92 million tonnes 

Potential Saline storage capacity for 210 to 1,853 years of KS emissions 
Oil and gas reservoir storage capacity for 271 years (volumetric based estimates) 

Electrical  
Generation 





Geologic Carbon 
Utilization & Storage 
 
The 2015 United States Carbon 
Utilization and Storage Atlas – Fourth 
Edition (Atlas IV)  
DOE-NETL 

Global annual CO2 emissions ≈ 
8 * 109 tons 

Earth Policy Institute 
Coal 

Petroleum 

Saline aquifer       



CO2-EOR Technology & Carbon Management Research in Kansas 
• Utilize oil and gas field Infrastructure  
• Utilize comparable approaches to characterization and 

simulation of oil and reservoirs  
• Evaluate regional CO2storage capacity of deep saline 

aquifer 
• Conduct small scale CO2-EOR injection at Wellington 

Field, Sumner County Kansas 
• KU & partners have performed extensive research on: 
  -monitoring 
   -verification  
  -accounting of CO2 over the long term 

 
 
 
 

 
 

SW Kansas CO2-EOR Initiative 

70,000 metric ton (small scale) CO2 injection test at Wellington 
                            433,000 bbls equivalent (620 bbsl/day) 
 



Completed evaluation of CO2 storage capacity of a 
25,000 mi2, 33-county area in southern Kansas  

• Southwest Kansas CO2-EOR Initiative  
• CO2 utilization in oil fields and storage in Arbuckle saline aquifer in southern Kansas    

(8-70 billion metric tonnes CO2, P10/P90; volumetrically; 4 billion by simulation based 
on injectivity and storage) 

• Site characterization  Cutter Field site, Steven Co., Wellington Field, Sumner Co. 

Project workflow Maximize new information gained to quantify key 
variables in CO2 injection and storage in Kansas 

Interactive mapper: http://maps.kgs.ku.edu/co2/ 



Regional Scale CO2 Storage Capacity Simulation in the Lower 
Ordovician Arbuckle Group 

• South Western and South Central Kansas 
• 10 areas – benchmark sites 
• One “mega” model  
• Utilized database for simulating large scale brine disposal to understand 

induced seismicity in south-central Kansas 

1 MM tons 
Storage 

by simulation 

~180 MM 
tons 
By  

simulation 

Wellington  
Field 

Harper 
Co. G. Williams (2015) 



West-East structural cross section showing  
permeability distribution in 16 Arbuckle flow units,  

southern Kansas  

• Based on realizations of horizontal 
permeability, md  

• Calibrated with core, logs, test data 
at Wellington and Cutter Fields 
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Index map, Kansas 

100x Vertical Exaggeration 

Sedgwick Basin 
- Focus of MLP 
- high volume & rate disposal 

1000 ft 
300 m 

VE = ~132x 
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Wellington 

Lower k 

Higher k 

Williams, Gerlach, Fazelalavi, Doveton, KGS team, KS CO2 

Nemaha  
Uplift 

Cutter 
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Presentation Notes
Entire Arbuckle saline aquifer as it varies across the regional study area. 
Brown colors are over 100 md. Greens are less. 



Rock types mapped in Arbuckle  
at Wellington Field Based on RQI 
𝑅𝑅𝑅𝑅𝑅𝑅(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) = 0.0314 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃�  

Subregional highly porous and permeable  
hydrostratigraphic unit with local compartmentalization 



Vertical permeability (mD) distribution in the 
Arbuckle saline aquifer beneath Wellington oil field 

-- east-west cross section through the injection well (KGS 1-28) 

Class VI CO2 Arbuckle  

Subregional highly porous and permeable  
hydrostratigraphic unit with local compartmentalization 



DOE-NETL Contract #FE0006821 

L. Watney (Joint PI), J. Rush (Joint PI), T. Bidgoli, J. Doveton,  
E. Holubnyak, M. Fazelalavi, R. Miller, D. Newell, J. Hollenbach 
(static & dynamic modeling, well test analysis, high-resolution 
seismic, passive seismic, accelerometers, geomechanical analysis, 
project management)  

Tom Daley, Barry Freifeld  (CASSM, U-Tube, cross well seismic) 

KANSAS STATE 
UNIVERSITY  

Jennifer Roberts, Leigh Stearns (cGPS), Mike Taylor (InSAR), George Tsoflias (passive and active seismic) 

Brian Dressel, DOE Project Manager 

Dana Wreath & Adam Beren 
(field operator and operations, 
repeat 3D multicomponent seismic) 

T. Birdie (Class VI permitting, monitoring, 
synthesis, reporting, closure)  

CO2 supply 

 donated 15 seismometers 

http://www.lindeus.com/en/


Wellington  
Field 

Top Mississippian Structure, 10 ft C.I. 

10 km 

Wellington Field 
Site of Small Scale Field Test  

20 Million Barrel Oil Field above Arbuckle Group 

Cutter Field 

Presenter
Presentation Notes
American Recovery & Reinvestment Act (ARRA)

http://en.wikipedia.org/wiki/File:Map_of_USA_KS.svg


Wellington Field has experienced an excellent waterflood 

J. Victorine, KGS 

# wells 

2014 1938 

Hyperbolic decline curve 

Monthly oil production 

Year 

Annual production of oil (barrels x1000) 



Wellington Field – eastern calibration site 
Mississippian siliceous dolomite reservoir &  

Arbuckle aquifer saline aquifer 

CO2- 
EOR 

Saline aquifer 
CO2 Sequestration 

Inject in deep Arbuckle 
Class VI Permit applied for 

0.04 

0.11 
Ø 

J. Rush (KGS) 



Pilot CO2-EOR well drilled in 2015 and injection began 
in January 2016 

Mississippian dolomite reservoir in Wellington Field 
Sumner County, Kansas 

 Berexco LLC  
Wellington KGS #2-32  
2680'FSL & 709'FEL, Sec 32, T 31S, R 1W 
Sumner County, Kansas 

Drilled in March 2015  



Wellington Field site characterization  
Sumner County, Kansas under DE-FE0002056 

Montalvo, KU & Barker, KSU 



Berexco Wellington KGS #2-32 showing well logs, lithologic interpretation from logs, core 
analysis, lithology from core description, and moveable oil (green, residual oil saturation). 

J. Victorine (KGS) 

~23% residual  
Oil saturation 



Top Mississippian structural elevation (25 ft contour interval), (upper right) forecasted CO2 movement after 
26,000 tonnes, (lower right) pore pressure distribution used to control the sweep of the CO2, and (lower 
left) relative permeability curves determined for each reservoir rock type (reservoir quality index).  

M. Fazelalavi (KGS) 

Y. Holubnyack (KGS) 



Chat----------- 
top porosity- 

CO2-EOR injection in area of reservoir with  
uniform porosity profile of reservoir 

• Porosity thickening indicative of low-angle, 
westward progradational wedges  

• Confirmed by 3D seismic 

50 ft 
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J. Rush (KGS) 

Small fault acting as barrier to flow on east 
side of pilot site (250 ft from the fault) 

West-Southwest East-Northeast 

Presenter
Presentation Notes
~E-W line-of-section passing through proposed 5-spot CO2 EOR pilot.
Notice general increase (40 to 60 ft) in porosity thickness from east-to-west.



• Petrel-based map of permeability for the Mississippian oil reservoir.  
• CO2 injection well is red colored vertical line. 
• Lower permeability noted east and south of the injection well, KGS #2-32.  
• Thin north-northwest trending yellow line is the trace of the medial fault. 
 J. Rush (KGS) 

Small fault 



Wellington Mississippian CO2-EOR Small Scale Injection began January 9, 2016 
                          operated by Berexco, LLC  



Wellington Field small scale CO2-EOR 
Jason Bruns (Canon Well Services) and Dana 
Wreath (VP Berexco, LLC) with KGS staff 



CO2 utilization in  
enhanced oil recovery (EOR)  

CO2 mixes with 
oil and CO2 is 

recycled 



Combined pH, temp brine, and alkalinity 

B. Campbell (Berexco), C. Jackson, K. Graham, J. Hollenback, J. Victorine  (KGS) 

660 ft 

Some CO2 being vented, but less that 2-day’s supply in total, 4,500 MCF 



CO2 vented at well 

B. Blazer (Berexco), J. Victorine  (KGS) 



Barrels of oil per day 

B. Blazer (Berexco), J. Victorine  (KGS) 

660 ft 



Modeled pressure 
(psi) map and 

profile  
CO2 injection at KGS 

2-32 
vertical cross-
section view 

Modeled supercritical CO2 at  
KGS 2-32 vertical cross-section 



CO2 injected (MCFD) 

Cumulative oil (barrels) 

Incremental oil (barrels) 

Ratio MCF CO2 vented to 
barrels of oil recovered 

Cumulative CO2 injected (MCF) 

Cumulative CO2 vented (MCF) 

CO2 vented (MCFD) 

CO2 injection 
starts 1-09-16 

Oil recovery 
starts 2-26-16 

Minor CO2 venting  
starts 2-29-16 

Cumulative CO2 injection through 4-14-16 = 101,600 BBL., ~13,500 tons 

Gap in CO2 
injection  
-- went to 

water 



Y. Holubnyak  (KGS) 

Ideal oil recovery with 26,000 tonnes of CO2 injected 

Value of incremental oil  to be offset by added cost share 



A) 18- Seismic Array (Sept 2014) – KGS, KU 
 CGPS & InSAR  (Sept 2014) & 3D seismic interp. 
 – KU/KGS 

C) Drill Arbuckle Monitoring 
Well (Fall 2016) - Berexco 

B) Drill Miss Injection  
Well (April 2015) & 
Inject CO2 (January 2016)  
- Berexco, Praxair, Linde 

D) Equip KGS 2-28 for MVA (CASSM, Utube) 
& KGS 1-28 for CO2 Injection 
(~October 2015 to March 2016) 
– LBNL (Daley, Freifeld), Berexco 
-- Distributed Fiber Optic Arrays,  
pending, EPRI (Trautz) 

E) Begin Arbuckle CO2  
Injection (26,000 tons), 2017? 

F) Fluid sampling & 
analysis  of 
Mississippian for 
Pre- and post-
Injection  
Monitoring 
-- Berexco, KGS, KU 
 
 

CGPS 

G) Geomodeling, 
simulation,  and 
testing (ongoing 
since 2011) 
-- KGS Energy Research  
Section (KGS - ERS) 

H) Class  VI permitting & project 
reporting – KGS, Birdie Consulting, Berexco 

J. Hollenbach, KGS 

200k bbls or 0.4 BCF  CO2 



18 seismic seismometer array operating at 
Wellington Field to monitor CO2 pilot tests 

G. Tsoflias 
Alex Nolte 
KU Geology 
J. Hollenbach & 
J. Victorine, KGS 



Map showing magnitudes of earthquakes recorded 
by USGS in NEIC catalog during the period 7-17-15 

and 3-27-16 in Harper and western Sumner Co.  

Wellington Field 

J. Victorine (KGS) 

Harper Sumner 



Proposed area of reduction of disposal for 
management of induced seismicity 

Kansas Corporation Commission 
&  

Kansas Induced Seismicity Task 
Force 



Possible basement controls on clusters of 
seismicity in south-central Kansas 



Operational plan for safe and effective injection  
in the Arbuckle at Wellington Field 



Implementing CO2 utilization and storage (CCUS) 
in Kansas 

• Carbon storage and utilization offers significant potential to 
revitalize Kansas’ oil fields.  
– A 2010 report for the Midwest Governor’s Association with input from 

Tertiary Oil Recovery Program and KGS indicated more than 750 
million barrels of oil are potentially recoverable in Kansas with 
enhanced recovery methods using carbon dioxide  

– Over 50 million metric tons of geologic sourced CO2 are injected 
annually into oil reservoirs in the US, mainly in West Texas, with 
roughly 400,000 bbls of incremental oil recovered per day using the 
available supplies of naturally occurring CO2.  

• Why now?  
– Improved reservoir characterization with the widespread use and 

availability of cost-effective 3D seismic 
– Improved geoengineering models and monitoring technologies 
– All combined will likely overcome the decades of inertia that have 

faced the implementation of CO2-EOR in Kansas 

Are you ready? 



•  Major oil and gas reservoirs as candidates  
         for CO2-EOR & existing CO2 sources in Kansas 
• Regional study area of the  Arbuckle saline aquifer (yellow box) 

Cumulative Oil Produced (2013) 
Wellington Field 
(small scale field test & calibration)  

Kansas concept of large-scale  
commercial carbon storage via CCUS 

J. Hollenback, KGS 

Presenter
Presentation Notes
Concept – use oil fields to initiate carbon storage and use of underlying extensive Arbuckle saline aquifer to dispose of CO2
Oil fields identified by producing reservoirs best suited for CO2-EOR – include Arbuckle, Upper Pennsylvanian Lansing-Kansas City, and Mississippian
Cutter and Wellington fields serve as calibration sites for regional estimate of storage capacity (yellow are in southern Kansas)
Points – Concept of future pipeline. Relates to promising fields w/ sources of CO2 suppliers (developing source-supply network)

Points: efficacy for eor co2 recovery, 




Kansas oil and gas fields are currently isolated 
from the major regional CO2 pipeline systems  

Geologic sources of CO2 

Oil fields favorable to CO2-EOR 
CO2 pipelines 

Jackson  
Dome 

Bravo 
Dome 

McElmo 
Dome 

Sheep 
Mtn. 

LaBarge 

Great Plains 
Coal Gasification  

Plant 

Coffeville 
Fertilizer 

Plant 

~3 billion cu feet (~156 million tonnes) CO2 
injected daily into oil fields for EOR 



Summary 
• Accomplishments 

– Regional geology & estimate of CO2 storage capacity in the Arbuckle saline 
formation in southern Kansas 

– Source-sink network for CO2 utilization and storage 
– Calibration sites for CO2-EOR and Arbuckle saline formation 

• Wellington Field, Sumner County  (3 wells, multicomponent 3D seismic) 
• Cutter Field, Stevens County (1 well, multicomponent 3D seismic) 
• Pleasant Prairie South, Eubank North, and Shuck fields (120 mi2 of 

donated seismic data and  
• Small scale field test at Wellington Field 

– Assessment of CO2 injection zone, caprocks, and isolation from USDW 
– CO2 plume management through simulation, monitoring, verification, and 

accounting 
– 52,000 metric tons CO2 pilot injections from Praxair and Linde sources 

• Spin-off research on the Mississippian Lime Play, 
        lower Paleozoic hydrocarbon system, induced seismicity 
• Are you ready for CCUS in Kansas? 

KSCO2
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