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 Evaluation of CO, storage and utilization in 25,000 mi2, 33-county area
in southern Kansas, DOE-NETL contract DE-FE0002056 and partner cost

share

Overview

— Southwest Kansas CO,-EOR Initiative

— CO, 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 CO,-EOR injection began January 9, 2016 in Mississippian dolomite

reservoir in Wellington Field, Sumner County, Kansas (DE-FE0006821)
* Pilot CO, injection into Arbuckle at Wellington, pending EPA Class VI

permit

e Steps toward implementing CO, Utilization and Storage (CCUS) in

Kansas
e Summary

TENTATIVE SCHEDULE SMALL SCALE PILOT CO2-EOR AND SALINE CO2 INJECTION, DE-FE0006821
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Drill #2-32 Miss injection well, pressurize, install surface CO2 equipment

Task 11.
Task 16.
Task 17.
Task 19.

CO2 Transported to Mississippian Injector and Injection Begins

Drill Monitoring Borehole (2-28) for Carbon Storage in Arbuckle Saline Aquifer
Reenter, Deepen, & Complete Existing Plugged Arbuckle Borehole (Peasel 1)
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

Retrofit Arbuckle Observation Well (#2-28) for MVA Tool Installation

Begin Injection at Arbuckle Injector

Task 21.
Task 22.
Task 26.
Task 29.

Post injection MVA - Carbon Storage
Closure of Carbon Storage Project in Arbuckle Saline Aquifer at Wellington field

6 months to fabricate

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



Total annual CO, 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)

NatCarb =
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About Help

RCSP | ATLAS | Field Projects  WCCUS | Brine | USGS
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Layers

Total Emissions: 45.92 mmt
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Kansas Oil Production
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Geologic Carbon
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CO,-EOR Technology & Carbon Management Research in Kansas

_SW Kansas CO,-EOR Inltlatlve e Utilize oil and gas field Infrastructure
lI—lR - 7

“ e Utilize comparable approaches to characterization and

simulation of oil and reservoirs

*  Evaluate regional CO2storage capacity of deep saline
aquifer

e Conduct small scale CO2-EOR injection at Wellington
Field, Sumner County Kansas

* KU & partners have performed extensive research on:
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Completed evaluation of CO, storage capacity of a
25,000 mi?, 33-county area in southern Kansas

* Southwest Kansas CO,-EOR Initiative
e CO, utilization in oil fields and storage in Arbuckle saline aquifer in southern Kansas

(8-70 billion metric tonnes CO,, P10/P90; volumetrically; 4 billion by simulation based

on injectivity and storage)
e Site characterization = Cutter Field site, Steven Co., Wellington Field, Sumner Co.

. Maximize new information gained to quantify key
Project workflow . : . . .
variables in CO, injection and storage in Kansas
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1 MM tons
Storage
by simulation

~180 MM
Regional Scale CO, Storage Capacity Simulation in the Lower tons
0 ° By
Ordovician Arbuckle Group simulation

e South Western and South Central Kansas
e 10 areas — benchmark sites
e One “mega” model

e Utilized database for simulating large scale brine disposal to understand
induced seismicity in south-central Kansas




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

southern Kansas
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Presenter
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 RQl

RQI(reservoir quality index) = 0-0314\/Perm/Porosity
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Vertical permeability (mD) distribution in the

Arbuckle saline aquifer beneath Wellington oil field
-- east-west cross section through the injection well (KGS 1-28)
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NGTON FIELD PILOT DEI

DOE-NETL Contract #FE0006821

(
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The University of Kansas

L. Watney (Joint PI), J. Rush (Joint PIl), T. Bidgoli, J. Doveton, Brian Dressel, DOE Project Manager
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)

Dana Wreath & Adam Beren
(field operator and operations,
repeat 3D multicomponent seismic)
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Making our planet more productive

CO, supply

Tom Daley, Barry Freifeld (CASSM, U-Tube, cross well seismic)
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Program for Array Seismic Studies of the Continental Lithosphere
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epartment of Geology

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

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


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

Wellington Field
Site of Small Scale Field Test

20 Million Barrel Oil Field above Arbuckle Group
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American Recovery & Reinvestment Act (ARRA)

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

Wellington Field has experienced an excellent waterflood
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Wellington Field — eastern calibration site

Mississippian siliceous dolomite reservoir &
Arbuckle aquifer saline aquifer

KGS 1-28\ ,KGS 1-32
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well surface locations
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Pilot CO,-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, R1W
Sumner County, Kansas

Drilled in March 2015

|l p)
Fossil'Drilling
iV
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Wellington Field site characterization

Sumner

T A R .
6 mi (10 km)

20 MM Barrel Oil Field above Arbuckle Group KU

Cherty Sucrosic Dolomite
Sedimentary Features Have Been Masked During
Dolomitization

Convoluted dark gray chert nodules are
scattered in the matrix and appear

autobrecciated Montalvo, KU & Barker, KSU

County, Kansas under DE-FE0002056

Wellington Field

Mississippian Qil Reservoir & Arbuckle Saline Aquifer
Showing Mewly Drilled Wells and Wells with Modern Logs

KGS 1-28, KGS 1.32
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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)



Forecasted CO, Movement in Reservoir
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KGS 2-32 injects water at 500 bbl/d

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).



- CO,-EOR injection in area of reservoir with

uniform porosity profile of reservoir
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\ Small fault acting as barrier to flow on east
side of pilot site (250 ft from the fault)

* Porosity thickening indicative of low-angle,
westward progradational wedges
e Confirmed by 3D seismic
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~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.


.\\.

Permeability =~ 9

.

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)



Wellington Mississippian CO2-EOR Small Scale Injection began January 9, 2016
— operated by Berexco, LLC
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Wellington Field small scale CO2-EOR
Jason Bruns (Canon Well Services) and Dana
Wreath (VP Berexco, LLC) with KGS staff




CO, utilization in
enhanced oil recovery (EOR)
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Combined pH, temp brine, and alkalinity

r|é_f_;| Gridding & Mapping Plot Animation — -

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

Colorlith Brine Data Map
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B. Campbell (Berexco), C. Jackson, K. Graham, J. Hollenback, J. Victorine (KGS)



KEansas Geological Survey
Colorlith Brine Data Map
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Kansas Geological Survey
Colorlith Brine Data Map
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Cumulative CO, injection through 4-14-16 = 101,600 BBL., ~13,500 tons
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Ideal oil recovery with 26,000 tonnes of CO, injected

Forecasted Oil production Rates and
Cumulative Production for
Wells 53, 61, & 62

Total oil production for CO, EOR: 81,064 bbls

.
]

Total oil production for incremental waterflood: 12,456 bhls

Value of incremental oil to be offset by added cost share
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18 seismic seismometer array operating at
Wellington Field to monitor CO, pilot tests
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Resolution of Hypocenters from IRIS
Seismometer Array at Wellington

Refining location of eperational seismicity Mississippian and Arbuckle injection zones
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evaluate feasibility of methodology
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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.
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Proposed area of reduction of disposal for
management of induced seismicity

Large Volume Arbuckle Injection Wells
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Possible basement controls on clusters of
seismicity in south-central Kansas

Kansas Interactive Online Geology Mapper (KIOGM)
Study Area | Zoom to Location | Filter Wells | Label Wells | Download Wells | Filter Fields | Print to PDF | Clear Highlight | Help (+) Cross Section Tools
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Operational plan for safe and effective injection
in the Arbuckle at Wellington Field

Monitoring based Rapid Response Plan Under review

by EPA

W@ﬂﬂgﬁ@ n itori 2 Operstional plan for safe and efficient CO2
PT@j@@‘E injection as part of

Draft emergency and remedial response plan
Wellhead
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Week 2x
Continuous ly the Wellington Project is based on
prioritizing the monitoring
technologies:
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i + Wellbore plugging CO, plume behavior;
F Z';,i:f?.:}'mmwyd ¢ Enbanced mjctvey 4) Location and therefore
= - Opening o zone . . .
g ~N Frecture stonsion resolution from which the data is
<
s Radisl flow _.v:; "—- /| Fracture near the well COIIeCted’
3 = 5) Spatial resolution and coverage
5 lllustration of Hall Plot of the CO, plume; and
& depicting normal radial 6) Ability to detect movement out
£ flow and changed L. .
: Hall Plot reservoir conditions of the injection zone both above
- as recommended by and below the injection zone.

Cumulative injected water, W; (bbl) EPA

http:/iwww.epa.govirSwater/uic/ntwg/pdfs/induced-seismicity-201502.pdf




Implementing CO, 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 CO, 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 CO.,.

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 CO,-EOR in Kansas

Are you ready?



Kansas concept of large-scale
commercial carbon storage via CCUS

* Major oil and gas reservoirs as candidates - - - — N
for CO,-EOR & existing CO, sources in Kansas L N
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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 CO, pipeline systems
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Legend
—— CO2 pipelines
Oil fields favorable to CO2-EOR :
* Geologic sources of CO2 4 3 billion Cl:l ft?et ( 156 million tonnes) CO,
1 | injected daily into oil fields for EOR

Oil-bearing formations favorable for CO_-EOR, onshore lower 48 states.
{(Source: ARl disaggregated database, Ventex Velocity Suite Database)



Summary

Accomplishments

— Regional geology & estimate of CO, storage capacity in the Arbuckle saline
formation in southern Kansas

— Source-sink network for CO, utilization and storage

— Calibration sites for CO,-EOR and Arbuckle saline formation
e Wellington Field, Sumner County (3 wells, multicomponent 3D seismic)
e Cutter Field, Stevens County (1 well, multicomponent 3D seismic)

* Pleasant Prairie South, Eubank North, and Shuck fields (120 mi? of
donated seismic data and

Small scale field test at Wellington Field
— Assessment of CO, injection zone, caprocks, and isolation from USDW

— CO, plume management through simulation, monitoring, verification, and
accounting

— 52,000 metric tons CO, 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? IQJ

The University of Kansas

I:HJ“" I
| i

BEREX

KSCO2

EXCO




Acknowledgements & Disclaimer

Acknowledgements

The work supported by the U.S. Department of Energy (DOE) National Energy
Technology Laboratory (NETL) under Grant DE-FEO002056 and DE-FE0006821, W.L.
Watney and Jason Rush, Joint Pls. Project is managed and administered by the Kansas
Geological Survey/KUCR at the University of Kansas and funded by DOE/NETL and cost-
sharing partners.

Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.




	Geologic Carbon Sequestration Research in Kansas: Subsurface Storage Capacities and Pilot Tests for Safe and Effective Disposal�
	Overview�
	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)
	Slide Number 4
	Slide Number 5
	CO2-EOR Technology & Carbon Management Research in Kansas
	Completed evaluation of CO2 storage capacity of a 25,000 mi2, 33-county area in southern Kansas 
	Regional Scale CO2 Storage Capacity Simulation in the Lower Ordovician Arbuckle Group
	West-East structural cross section showing �permeability distribution in 16 Arbuckle flow units, �southern Kansas 
	Rock types mapped in Arbuckle �at Wellington Field Based on RQI
	Vertical permeability (mD) distribution in the Arbuckle saline aquifer beneath Wellington oil field�-- east-west cross section through the injection well (KGS 1-28)
	Wellington Field pilot demonstration
	Wellington Field�Site of Small Scale Field Test 
	Slide Number 14
	Slide Number 15
	Pilot CO2-EOR well drilled in 2015 and injection began in January 2016�Mississippian dolomite reservoir in Wellington Field�Sumner County, Kansas�
	Wellington Field site characterization �Sumner County, Kansas under DE-FE0002056
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	CO2 utilization in �enhanced oil recovery (EOR) 
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	18 seismic seismometer array operating at Wellington Field to monitor CO2 pilot tests
	Slide Number 33
	Proposed area of reduction of disposal for management of induced seismicity
	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
	Slide Number 38
	Kansas oil and gas fields are currently isolated from the major regional CO2 pipeline systems 
	Summary
	Acknowledgements & Disclaimer

