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El Dorado Oil field
• Oil sips were reported by State Geologist, 

Benjamin F. Mudge before 1860
• After Civil War, in 1892 – first well Norman 1 

was drilled in Wilson County, searching for 
gas

• Largest oil producer/supplier among single 
fields during WWI

• Influenced aviation industry in Wichita, KS
• Stampelton #1 well – first well which was 

drilled using geological characterization 
technics 

• Oil was discovered on October 6, 1915 at 
depth 2,497 ft

• Operators: Standard Oil, Gulf Oil, Gypsy Oil, 
and other “majors” of the time

http://www.kansastravel.org/kansasoilmuseum.htm

https://www.kshs.org/



CO2-EOR Potential in Kansas
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Numerous Potential Sites for EOR

Basin
EOR

Potential  
(millbbl)

Net CO2
Demand
(MMT)

Direct  
Jobs  

Created

Illinois-
Indiana

500 160-250 1550-3100

Ohio 500 190-300 1550-3100

Michigan 250 80-130 800-1800

Kansas 750 240-370 2300-4600

2000 670-1050 3200-12400

InjectionRate  
(Mt/yr)

CO2 Storage  
(Mt)

Primary and  
Secondary(MMBO)

CO2 EOR  
(MMBO
)

Basis forEstimate

Shuck 0.4 1.5 7.9 3.6 DE-FE000256

Cutter 0.5 1.3 5.4 2.8 DE-FE000256

N Eubank 0.6 1.5 7.4 4.6 DE-FE000256

Pleasant Prairie 0.3 0.5 4.7 2.2 DE-FE000256

Hall-Gurney 1 11.3 62.5 26.8
DE·AC26-00BC15124
and PilotC12 Energy

Trapp 0.5 4.3 31.3 10.3 KGSreports

Wellington 0.6 2.2 16.2 5.3 DE-FE0002056 andPilot

3.9 22.8 135.4 55.7

Kansas Oil Production is Falling• Kansas oil production has 
been in decline since 1960s

• Uptrends happened due to 
technological innovation

• A few commercial and pilot 
CO2-EOR projects exist

• Several fields are 
characterized, with 
geologic and simulation 
models developed

• KGS is creating a database 
with waterflood 
information that will be 
available soon to CUSP
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Kansas Energy Production Profile 



Kansas Geological Survey
• “A Research and public service unit of the University of Kansas”
• 132 years young, ~100 employees of which ~30 are scientists
• Data Resource Library has multiple staff and students who scan 

and LAS-digitize well logs
• Kansas GIS Clearinghouse & Web Publishing Staff
• Full-time archivist oversees publications, core, cuttings
• We can research anything geological, 

as long as it is relevant to Kansas



Why CCUS in Kansas?
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Large point 
sources of 

CO2

Rapid 
development 
of renewable 
energy (#2 in 

% wind)

How do we 
avoid 

junking 
expensive 

investments?

Abundant 
subsurface 

data 
Abundant 
Reservoirs

Mature oil 
and gas 
industry 

EOR  
Potential

Mature 
underground 

injection 
industry 

Saline 
Storage 

Potential

Evergy’s Lawrence Energy Center
Often shut down due to low demand for coal-fired power



DOE Funded CCUS Research at KGS 
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Title Dates Funding Status

Pilot CO2 EOR in the Lansing-Kansas City Formation 2000-2010 $5.4M Complete

CAP -CO2 and SWP consortium  for CO2 EOR feasibility study 2009 $2.3M Complete

Regional Arbuckle Saline Aquifer Characterization Study 2011-2015 $11M Complete

Volumetric Curve Tool for Modeling Reservoir Compartments 2014-2016 $1.5M Complete

Small Scale Field Test at Wellington Field 2011-2017 $10.5M Complete

CarbonSAFE Phase 1 2017-2018 $1.7M Complete

CarbonSAFE Phase 2 2018-2020 $13M Total
$6M spent in KS Complete

Carbon Utilization and Storage Partnership 2019-2022 $340k In Progress



Gabbro/
diabase

Arkose/
siliciclastics

Depth (in feet) Below Ground Surface to Top of Arbuckle Basement geology and structure (Midcontinent Rift System)

Maximum Allowable Increase in Pore Pressure Salinity of Cambrian-Ordovician Arbuckle Group in Kansas



• Injected 1398 MMCF (74 m tonnes CO2) in 2005
• Produced an estimated 27.9 MBO incremental oil
• US DOE Grant DE-AC26-00BC15124

Hall-Gurney Pilot CO2 EOR - 2005



Bemis Shutts Field

1. southwestern Bemis-Shutts Field
2. Field discovered in 1928
3. Cumulative production ~265 MMBO
4. Production Lansing–Kansas City and Arbuckle
5. In 2011, 615 producing wells
6. Note “sinkhole” geometries

Objectives:
• Land well outside paleocavern
• Drill through paleocavern
• TD in “flat-lying” host strata
• Run Triple, Sonic, Image tools

Structure  Map



Cutter KGS #1 Wellington KGS #1-32

Computed Kh & Kv in Arbuckle Group for 
Digital Type Wells (   )

- Correlation of flow units based on Kh & kv
- Between Cutter and Wellington Fields (350 km apart)
- Testing log-derived permeability with Class I buildup 
test data

Simulation sites for commercial storage

350 km 

220 mi
(350 km)

datum

KGS 
Cutter #1

Wellington 
KGS #1
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• Demonstrated that 99% permanence of injected CO2
 20K metric tonnes injected into KGS #2-32 into Mississippian siliceous dolomite reservoir between January-June 2016
 CO2 plume and EOR response as forecast by model  (Class II UIC permit)
 Up to 40K metric ton injection into underlying Arbuckle Group dolomitic saline aquifer (attempted Class VI UIC permit)

• Demonstrated reliable and cost effective MVA (monitoring, verification, and accounting) tools and techniques 

• Developed best practices for effective and safe CO2-EOR and CO2 saline storage

13
Low relief structural dome

underpressured

Injection zone

~30 km2
KGS #2-32

• 30% oil cut
• Compared to ~1-2% 

field average 

Wellington EOR and UIC Class VI Project

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


Available Data and Assessments
• Geological and engineering data and studies

• Reservoir characterization for fluid storage and EOR
• Core and cuttings repositories, adjacent analytical laboratories
• Well log databases
• Several wells drilled specifically for CCUS projects: Wellington, Cutter, Patterson, 

and other sites:
• Core, well logs, well tests, 3D seismic, passive seismic, long-term pore pressure 

monitoring, etc.
• Geologic and numerical models for multiple potential sites (15+)
• Pilot EOR projects
• Fluid injection history in the state
• USDW data

• Preliminary studies for CO2 emission sources
• 45Q-qualified sources have been identified and mapped
• Several coal power plants, refineries, ethanol plants

• Preliminary studies for pipelines and infrastructure
• Legal and regulatory developments

• CO2 infrastructure bill in Kansas Senate (pending)
• Kansas CCUS Task Force Lead
• UIC Class VI permit experience with Wellington and Patterson sites

• Economic and site risk assessment studies 
• Outreach activities

• Annual KS CCUS Conference with stakeholders (Oil and gas, utilities, ethanol, agri, 
regulators, investors, etc.)
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Coring Operations at 
Patterson KGS 5-25

April 2020



Patterson Site 
Characterization and 

preparation for UIC Class VI
• Stacked storage concept: 

multiple saline formations + 
potential CO2-EOR

• 26 square miles of new 3D 
seismic data were acquired in 
July 2019 

• 2 new wells were drilled and 
logged

• ~800 ft of core recovered 
• Advanced well testing program 

is planned summer 2020
• Close proximity to several CO2

sources
15

200M tonnes
storage potential



Storage complex

Stratigraphy illustrated by wireline log from a key well in 
the Patterson Site (Longwood Gas Unit #2 well). 

Sealing 
intervals

Barrier 
intervals

Storage
intervals

Depth (ft)
2000

2500

3000

3500

4000

4500

5000

5500

6000

6500

Caprock
Evaporite
and Shale

Multiple 
Shale 
Barriers

GR       Nt Phi

Bottom Seal
Precambrian

Osage

Viola

Arbuckle

GR               Phi-ND

SIMPSON Barrier Tight Ls

Stone Corral

Barrier Tight Ls

Primary Seal

Barrier Tight Ls

Regan?

Bottom Seal

H≈150 ft
Φ≈30%
K≈13 mD

H≈180 ft
Φ≈15%
K≈1 mD

H≈570 ft
Φ≈8-10%
Up to 30%
K≈3 mD

Vuggy porosity of
Arbuckle reservoir

Osage

Viola

Arbuckle

Verified 15 bbl/min flow in all 
three potential sink formations: 
Arbuckle, Viola, and Osage 

Meng et al., 2020 
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Facility
Capture Rate 

(Mtonnes/
annum)

Best Case 
($/tCO2)

Worst Case 
($/tCO2)

Jeffrey Energy Center 2.70 $45 $67

Holcomb Station, Case 1a 1.70 $46 $72

Holcomb Station, Case 1b 1.20 $50 $79

Holcomb Station, Case 2 1.70 $35 $61

Holcomb Station, Case 3 1.70 $46 $71

CHS SMR refinery 0.80 $60 $94

Integrated CCS for Kansas (ICKan); Award Number: DE-FE0029474
DUNS NUMBER: 076248616 Final Technical Report

Westar Energy Jeffrey Energy Center, Eastern Kansas
• 3 separate 800 MWe coal-fired units
• Annual CO2 emissions – 12.5 million tonnes
• Units were built in the 1980s but fitted recently with selective 

catalytic reduction (SCR) based NOx removal, activated carbon 
sorbent-based Hg removal and scrubber-based flue gas 
desulfurization (FGD)

Sunflower Electric Power Corporation’s Holcomb Station
• Single subcritical 348 MWe unit (387 MVA; 0.9 PF)
• Annual CO2 emissions – 1.5-2 million tonnes
• Began operation in 1983; uses low sulfur, sub-bituminous coal 

from Wyoming
• Plant is fitted with environmental controls including low-NOX

burners, over-fire air (OFA), a powdered activated carbon 
(PAC) injection system, a dry scrubber, and baghouse

CHS Refinery, South-Central Kansas
• 2 steam methane reformer (SMR) hydrogen plants
• Annual CO2 emissions – 0.76 + 0.62 million tonnes

17

CO2 Source Economics

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


Scenario
Distance 

(mi)
Distance 
(mi) X 1.2

Volume 
(MT/yr)

Size 
(inches)

CapEx 
($M)

Annual 
OpEx ($M)

Jeffrey to MidCon Trunk part of 1 151 181 2.5 12" $164 $3.8

Jeffrey to Davis Ranch and John Creek 2 42 51 2.5* 12" & 8" $47 $1.3

Jeffrey to CHS and Pleasant Prairie 3 294 353 3.25** 12" $323 $8.0

Jeffrey to Pleasant Prairie 4 294 353 2.5 12" $322 $7.2

• Modified FE/NETL CO2 Transport Cost Model
• 7 inputs (e.g., length, pumps, capacity, pressures, etc.)

• 12 outputs, including CapEx and OpEx

CO2 Transportation Assessment

Nearman 
Creek

CHS

Jeffrey

Holcomb

Pleasant 
Prairie 
Oil Field

Davis Ranch 
and John 
Creek Oil 
Fields

Nearman 
Creek

CHS

Jeffrey
Holcomb

Pleasant 
Prairie 
Oil Field



KGS CarbonSAFE Projects Phase I and II
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Many Potential 
Pipeline Routes 

Cross Kansas
• Potential pipeline 

scenarios RCCDI
• Several commercial 

operators expressed 
interest in building 
pipelines connecting CO2sources in Upper 
Midwest and KS, OK, TX, 
and NM

• Kansas can become a 
CCUS hub with multiple 
businesses and 
communities benefiting 
from this technological 
breakthrough

20

Elizabeth Abramson, Great Plains Institute, 2020



Permit  
application  
submitted  
April 2014

Prepares  
Quality  

Assurance and  
Surveillance  
Plan (QASP)

Operation Plan  
for Safe and  

Efficient  
Injection  
(OPSEI)

prepared as a  
monitoring  

response plan.

Wellington Seismic  
Action Plan  
prepared in  

response to EPA’s  
concern about  

induced seismicity

Constructed 3  
shallow wells at  
EPA’s request to  

prove absence of  
USDW

Conducted  
analytical studies to  

demonstrate  
absence of USDW  

at site

Prepared Opinion  
on Induced  

Seismicity in Kansas

Installed Wellington  
Seismic Array

Prepared Site  
Structure and  

Induced Seismicity  
Report

Conducted  
modeling for  

26,000 tons and  
prepared new  

report

Respond to Request For Information on all sections of permit

Work with EPA to prepare permit documents

At EPA’s
request,  

prepare plan
for monitoring  

pressures in
Mississippian  

reservoir

Permit  
reformatted,  
resubmitted  

using new GS  
Tool

Kickoff meeting  
in August 2014

Conducted  
STOMP

simulations to
assist EPA in  

AoR  
evaluations

Address  
Financial  

Responsibility  
requirements –

Lower cost  
estimate

Water Quality  
Testing and  
Analysis at  

shallow wells

KGS Experience with UIC Class VI Permitting

7

Apr 14 Aug 14 Dec 14 Apr 15 Aug 15 Dec 17 Apr 16 Aug 16 Dec 16 Mar 17



EPA Class VI Review Process

• RAI Tables
• Ad hoc reports

• USDW Waiver
• Seismicity

• Requests through GS Tool

Class VI Guidance documents: https://www.epa.gov/uic/class-vi-guidance-documents

The GS Data Tool and the Input Advisor: https://epa.velo.pnnl.gov

Completeness
Review

Technical Review and  Decision
Making Finalization

• Draft Permit
• Public Comments
• Public Outreach
• Town Hall Meeting

http://www.epa.gov/uic/class-vi-guidance-documents


Wellington Rapid Response Plan
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Fluid Disposal 
History in Kansas

• 49 Class I and 2381 
Class II Arbuckle wells 
across Kansas

• Volumes increase in 
2005, peak in 2013-
2014 to >750 million 
barrels, and drop to 
500 million barrel in 
2015

• Equivalent of 9M CO2tones/year for one 
county

• Class I wells show 
increase in pressure 
and SFL

• Class II would show 
similar tendencies if 
data is available

24



Increases In Pressure And Static Fluid Level

Bidgoli et al., 2019

• Class I wells show 
increase in pressure 
and SFL

• Class II would show 
similar tendencies if 
data is available 

• Pressure increase more 
pronounced near 
Harper and Sumner 
counties

• Reno County 
well(orange) shut-in for 
two decades

Static fluid levelPressure (P*)
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2013 2014 2015

2016

Earthquakes over time

2017 2018



Earthquake Monitoring Array

• Monitor baseline local seismicity near Patterson and Hartland 
fields in Kearny Co., Kansas

• Detect small magnitude (Mw > 1), local (10-20 km distance) 
events

• Installed network of eight seismic stations April 22-23, 2019

Seismic station locations PK1 through PK8 
(yellow triangles) shown with the outlines of 3D 
seismic surveys (green outlines).

Patterson

Hartland

Patterson field seismic station installation 
of a Sercel L-22 Short Period seismometer



Seismicity Monitoring

28

• Seismic monitoring network at Wellington 
pilot injection site

• Mc ~1.2
• Smallest measured has been Mw 0.4

• No earthquake has been detected within 
Wellington field in association with the CO2
pilot injection into KGS #2-32

Coda for nearby 3.0 earthquake 12-2-2014

Event
frequency 
spectrum

J. Hollenbach
KGS & KU Geology

Wellington

Patterson



Risk Assessment using NRAP Tools

• Fluid injection history evaluations

• Experience with local geology, resources, and trends 

• Seismicity monitoring

• Access to well records

• Experience with UIC programs, including Class VI

• Development of MVA program, specific to local needs

29

http://www.kgs.ku.edu/HighPlains/HPA_Atlas/InteractiveAtlas.html
High Plains Interactive MapperOther Risk Assessment Techniques 

http://www.kgs.ku.edu/HighPlains/HPA_Atlas/InteractiveAtlas.html


KGS has been central in CCUS Outreach in Kansas
• Effective public outreach is critical to support state  regulatory 

changes and for public acceptance
– Induced seismicity
– Infrastructure development
– Economic impact and opportunity

• 3rd Annual Kansas CCUS Conference
– October 14-15, 2019, Lawrence, KS
– More than 70 participants from industry, regulators,  and academia
– Main conclusion of a conference: economic  opportunity is there 

but legal/regulatory framework  is not ready
• Heartland US CCUS Forum

– Two sessions Spring 2021
– Near 300 participants from industry, regulators,  and academia
– Main conclusion of a conference: we need to continue efforts on 

legal and regulatory framework
• Kansas CCUS Task Force

– Meetings since September 2019
– Infrastructure bill: 

http://kslegislature.org/li/b2019_20/measures/sb395/

http://kslegislature.org/li/b2019_20/measures/sb395/


Kansas Legal and Regulatory Framework

Challenge CO2 EOR Storage/ Sequestration Possible Remedies

Statutory framework Adequate Not developed Statutes for Sequestration

Pore Space

Ownership Minerals owner Surface owner Statute to make definitive

Aggregation  
(pooling / 

unitization)

Covered (KSA 1301-
1303), but is rather weak Needs to be addressed

Make less difficult to unitize (EOR). 
Expand for Sequestration. Eminent 

domain under a utility model 
(Sequestration).

Regulatory Well permitting Class II; State primacy; no 
issues

Class VI; EPA primacy; Tough 
to get permitted States may file for Class VI primacy

CO2 ownership
During operations Determined by contracts Determined by contracts Sequestration - utility model would 

simplify
Post-closure, long-

term liability No issue? Long-term liability Sequestration - utility model could pass 
liability to State

Few issues for EOR
Multiple challenges with saline aquifer storage

Source: Mostly condensed from results from ICKan legal and regulatory studies (Steincamp, Schremmer, et.al.) 
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Lessons Learned and Recommendations
• Kansas is centrally positioned to become a distribution HUB for CO2

• Competition for resources means that careful site selection is essential
• Alternative resources for disposal/storage are likely available, more research is needed
• CO2-EOR option is important for CCUS success in the Mid-Continent
• Source to sink problem: nation-wide infrastructure is required
• State-level legislation is necessary

• Next steps? 

La Cygne Generating Station, KS, 1.5 gigawatts, 4.2 Mt CO2



Salina Basin - ?



Basalts in Kansas - ?

Midcontinent Rift’s southernmost 
expression is in Kansas

One type well (Poersch #1 ) shows
~4000 ft of plus 

interbedded feldspar-rich 
sand/siltstones

Depth is over 3000 ft Texaco Poersch #1



Precambrian Top – Basement Research -?



Hydrogen Infrastructure?

Forbes: In Utah, Hydrogen And A Massive Salt Dome Are Winning
The West For Renewable Energy

https://www.theworldofhydrogen.com/

https://www.entrepose.com/en/geostock-sandia/

• Global hydrogen energy boom is coming? 
• According to Forbes, CNBC, Popular Mechanics, but also 
• US DOE, IEA, EU Commission, and others

• Infrastructure boom is inevitable – scalability is critical
• Commercial technology exist but not wide spread and depends 

heavily on geology and resources

https://www.forbes.com/sites/mitsubishiheavyindustries/2020/03/13/in-utah-hydrogen-and-a-massive-salt-dome-are-winning-the-west-for-renewable-energy/?sh=1ad452845c52


H2Salt: Geography of Storage in Kansas
Yaggy Cavern 

Storage
Hutchinson Salt 
Bed Thickness

Gordon Evans 
(Evergy) 375 MW

Hutchinson 
(Evergy) 342 MW

Wind Turbines

Refineries

Other Fossil EGUs



Hutchinson 
Salt Bed

Cimarron  & 
Blaine Salt Beds

Ninnescah
Salt Bed

Gordon Evans 
(Evergy)  540 MW

Hutchinson 
(Evergy) 514 MWHolcomb 

(Sunflower)
325 MW

H2Salt: Kansas Salt Beds



Critical Minerals
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Critical Minerals: Cherokee-Forest City Basin

• Stretches across several Midwestern states 
and Indian nations

• Legacy of coal mining and reclamation
• Close to industry

40



Summary & Conclusions
• CCUS is rapidly developing and becoming commercially viable technology thanks to 45Q and other 

incentives. There is a strong momentum building in many industrial sectors to use CCUS, hydrogen 
generation, energy storage, and other technologies as an alternative to “business as usual”.

• KS is a strategic region due to available resources
• Geographic position
• Developed power generation, ethanol, agriculture, infrastructure, and oil & gas 
• Geological resources: available and accounted 

• If positioned correctly, KS could become a HUB platform for many future sustainable energy 
projects 

• CCUS R&D projects performed by KGS and partners are strategic resource:
• Industry connections 
• Geology and engineering know-how 
• Regulatory and policy issues: UIC Class VI, 45Q, etc.
• Economics

• Characterization, assessments, data, and analysis performed for CCUS projects could be used as 
leverage for other industries including other waste-fluid injection operations
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Questions?

43
Jeffrey Energy Center, KS, 2.16 gigawatts, ~12Mt CO2

http://www.kgs.ku.edu/PRS/petroProj.html

http://www.kgs.ku.edu/PRS/petroProj.html
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