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Project Overview

Benefits to the Program

Technical Status
Future Plans and
Expectations

Wellington Field
Sumner County
Kansas

* Oil field in rural area operating

« 55 wells, 21 million barrels

since 1929

produced, 46,000 barrels annually

» Effective waterflood, ready for

CO2-EOR

Phase | — Completed June 21,
2016-> 20,000 tonnes CO2 injected
into Mississippian dolomite for
EOR

Phase Il — 26,000 tonnes CO2 into | &

Arbuckle saline aquifer, pending
Class VI permit (2017)
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Project Objectives

* Test Monitoring, Verification, and Accounting (MVA) technologies -
partially addressed

— National Labs tools:

e U-Tube

« Continuous Active-Source Seismic Monitoring (CASSM)
— Other methods:

« Surface and reservoir water analysis

« 18- seismometer array for passive seismic

e« cGPS and INSAR

e 2D and 3D Seismic

CO, storage trough EOR and saline aquifer
Commercialization plan

Technology transfer

US EPA UIC Class VI permit application



Benefits to the Program

DOE Program Goals

4 )

Goal 1: Develop & validate

technologies to ensure 99 %
storage permanence,

\_ J

Goal 2: Develop technologies
to improve reservoir storage
efficiency while ensuring

containment effectiveness
\__ J

Goal 3: Support industry’s
ability to predict CO, storage
capacity in geologic
formations to within £30 %

\_

4 )
Goal 4: Develop best
practices for commercial-
scale CCS
\_ J

. )

\

This Study
4 h
Sub-basinal
characterizations
\_ J
4 h
Ideal testing site for
screening tools
(i.,e., NRAP)

\_ J
4 N
Reservoir & simulation
models for geological
storage
\_ J
4 N
Field test to verify
characterization,
modeling, and MVA
\_ J




Benefits to the Program

Demonstrate that 99 percent permanence of injected CO,
- 20,000 metric tons tonnes injected into KGS #2-32 into Late Mississippian siliceous dolomite reservoir

between January 9 and June 21, 2016 - CO, plume and EOR response as forecast by model

(Class Il UIC permit)
—> 20,000 metric ton injection into underlying Lower Ordovician Arbuckle Group dolomitic saline aquifer

(Pendiing Class VI UIC permit)

Demonstrate reliable and cost effective MVA (monitoring, verification, and accounting)

tools and techniques
Develop best practices for effective and safe CO,-EOR and CO, saline storage

KGS 1-28\ ,KGS 1-32

Wellington Field
well surface locations

Topeka Limestone
4———0Oread
Tome ——Heebner Shale
f—"==__stainaker Sandstone

1600
T—HKansas City Limestone

+-mm——Base Kansas City

Marmat .
rmaton _ ¢SS0 8RSE Arbuckle

Cherokee
Mississipplan

Chattanooga

| -ff—— Porosity Models




Technical Status

Task 15. Evaluate Potential to Move Oil and Optimize for Carbon Storage
« Begin CO, injection into KGS #2-32 on January 9, 2016
« Completed injection on June 21, 2016

« 1,101 truckloads, 21,784 US tons, 19,803 metric tons, average of 120 tonnes per day,
approximately 374,000 MCF of CO,

« Total expenditures for purchasing CO, were $1,964,000. Our overall price for CO, was
$90.16 per US ton from Linde Group

Behaving as forecasted by gemdel/simulation

TSNS, o\ VY ~2 N I\ E———
) S

Monitoring technologies during Class Il injection

1) Surface water analysis

2) 18- seismometer array for passive seismic

3) cGPS and InSAR

4) Weekly analysis of 17 wells surrounding injector

5) Repeat 2D seismic survey (July 2016)

6) Post-CO, injection well performance around Class Il well
7) Arbuckle pressure monitoring since April 2016

igure 1: Contour map of Mississippian formation in Wellington field

Original field O/W contact =-2494 ft #2-32 drilled in March 2015

@ 3763 ft in Wellington KGS #2-32 -
150 ft oil column > CO,-EOR injector

o

¥ BEREXCO &




Targeted area 2High CO,-EOR potential

Ky ) = KGS #2-32
~70 ft of

~23% Sor
Y05 TR0

o K >_.. _ I I_ 3 - ' :J
| mall fault
A, :;" -‘:_ -h.q...__- l.-n.
P >

Perforatons

" ~12 mi2

(30 km?)

ie Nl ] North
Permeability - P

J. Rush

TR

« Petrel map of permeability distribution in the
Mississippian dolomite

 CO, injection well is red vertical line

« Lower permeability noted east and south of the injection well,
Berexco Wellington KGS #2-32

 Residual oil saturation in cored injection well averages 23%




BEREXCO |

THE LINDE GROUP

i t0 ~1-2% &

G era%e

Wellington Field small scale CO,-EOR
Jason Bruns above (Caanon Well
Services) and Dana Wreath upper right
(VP Berexco, LLC) with KGS staff

b

Gas separator

!

.

SCADA System installed on wells
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Web Applications Built to Display and Analyze Data

“In Real-Time” by the Team During Monitoring -
time lapse maps, cross plots, analytical tools, csv download

South-central Kansas CO, Project
CO; Sequestration
Summary Pages and Web Apps

Select the bubble button below to display respective module.

CO, Brine Data
Gridding & Mapping .
. Field Animation Brine Data
5 Principal
\ Components

/ CO,Brine Data
Gridding & Mapping
. Lab Animation

CO2 Seismic
Array Data \
Summary Page \

€O, Sequestration &S0 !
€O, Brine Data @ PSW
f L A = ave
\ G"ddlng & . | Compute Subsurface Sonic
. \Pdwave & 5-wave Average

Mapping
y - Times & Velocities

Fluid Level Database Tables \
| BrineData | SeismicData Plot2D
Log ASCII

. Gridding & Mapping
| Plot Kansas Earthquakes

South-central Kansas CO,Project

Animation \
by Magnitude versus Date Standard
\ (LAS)
Pressure Catalo : ver. 0
Fluid Level Data I Summary Pageg Plot3D Flle
0
Summarv Page : | Plot Kansas Earthquakes
by Location [Latitude,
y Y - Longitude & Depth)
BemisField - Plot3D
i - B Java Web Apps CO2 Brine Data p \_ Animation )
Summary Page Plot Kansas Earthquakes
— Summary HTML Pages ' g Eyiinntion




100,000.000 - .

CO, Injection

CoO,
Injection
Ends

/

CO, Injected and
Recovered &
Oil Produced

Through 7/31/16

A
/”LA y)

A

—o—CO2 Purchased Daily (MCF)
4—CO02 Produced Daily (MCF)
—+—Cumulative CO2 Produced (MCF)
=eo=|ncremental Oil Daily (bbls)
—#-Cumulative Incremental Oil (bbls)
===Cum. Ratio Produced/Purchased

CO2

—i=—Daily Ratio Produced/Purchased
CO2
=x=Efficiency, injected CO2 (MCF)/ oil
produced (STB)
|

Beins 1-09-16 Pause in
egins 1-U9- C02
Injection
10,000.000 - /
> niz“: .‘
”;‘wl 2
1,000.000 - 00 '
),
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100.000 A
co, 53
Production
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10.000 -
Oil Recovery
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0.100
0.010
A
0.001

~18% of CO, injected
has been produced

Jan-16 Mar-16 Apr-16 Jun-16 Aug-16 Oct-16 Dec-16 Feb-17 Apr-17

Kscoa




Time Lapse
Alkalinity

== During and Post CO, Injection

B Gridding & Mapping Plot Animation
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Re-processed 3D seismic analysis: 1 - june 17, 2016

discrete fracture network vs. == KGS 2-32 Injection well
field CO., MVA data mm Significant CO, production
2 [

Detection of CO,
No detection of CO,

|

250

e CO, production g IS T DD
& i {:j‘{.;:s {‘\\\Q“\: - . .

F e % Discrete fracture

2 & g ' network map

-§150 ?%f.?in \ m \

g TN

G. Tsoflias &
B. Graham



Faults cut Mississippian, Arbuckle,
and basement

Wellington-Anson Bates Fields, Sumner Co.
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18 seismometer array since Fall 2014

cGPS and inSAR for processing since August 2014
Five shallow monitoring wells around KGS #1-28 and

domestic wells in vicinity

Weekly baseline geochemistry and production data from

17 wells during CO,-EOR

Static bottom hole pressure in lower Arbuckle from KGS

#1-28 since April 2016

KGS Smdy Area - Summner County, KS 1 8

T J— Locations
”/ KOS 1-28

S Proposed Miv by we

@ KOS 132 Cluscommizssion Well
¢ Kosiamw

CO lapection Wl

Housing setup for Sercel (Mark Products)
L-22D-3D sensors, ~5ft below surface to
minimize surface noise; installed below
frost line in bedrock

R. Miller &
S. Petrie, KGS
installation

spoad Memstonsg Well

Valid input is now:

2014-12-02-1239-00M.880__021

r:
q:

Mouse click to select 3 points in spectrum
f: Foresard or next trace
Quit #: Moke spectral modeling

Feplot

G. Tsoflias, B. Graham,
A. Nolte, J. Victorine,

J. Hollenboch

WEDs EH Z 201412 21239 0.13

KGS & KU Geology

Codafor nearby 3.0 earthquake 12-2-2014 |
g y Uncorrected
¥ Event
s frequency
u 3.0
L spectrum

1.5
1.0

__h__/‘x/

General paremeters, P-spectium
Vel 6.4 Dems 2.79 Dist 15 Depth 10
|| 90 500 Qelp 0.7 k 0.01 qcIHz 1.0 Spec model

0.100

0.316 1.0
Frequency Hz

Spectral frequency band  0.010 90.000
3.6 100.0




| | No earthquake has been detected within Wellington
=g | field in association with the CO, injection in KGS #2-32
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Induced Seismicity Southwest of Wellington Field

Total salt water injected by well (@), BOE produced by oil lease (@)

and earthquakes () in 2014, Harper and Sumner Counties, Kansas

Hazelto

It
h\lll\lﬁllﬁt y o
o3 g
I Al —
| o

Miles B _ | Wellington Field Arbuckle
— . Compos ,_|t_e sagwe | | Injection 26,000 tonnes =
Kingman, BWBDLE = 16, 1= “ 142,000 bbls of fluid over
e g et SW%Q}“‘T i (6 % oil. CU..L) \” | s & 7 mo. or ~650 bbls per day
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8 ‘ » Salt Water Disposal (Class Il) in
Nov."14|  Harper and Sumner counties in 2014
o < 128,254,699 bbls
0T/ % Equivalent to ~23 MM tonnes CO,
- |+ Oklahoma salt water disposal in 2014
o o (NS < >4,000,000,000 bbls
) < >20 billion tonnes CO,

Sources: Esri, DeLorme NAVTEQ, USGS, Intermap, |PL NRLAN Esri Japan, METI, Esri China (Hong

NEIC Earthquakes (2014) Salt Water Disposal (2014) Total Qil & Gas Production (2014)
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Kansas Regional
Pressure Increase

* On 4-25-16, BHP in lower Arbuckle
was +31.4 psig higher than what
was recorded on 8/23/11.

» Since April, 2016 the pressure has
risen to +32.9 psi - 1.5 psi
(0.0147 psi/day or 0.44 psi/mo).

 Increase in pressure forecast by
simulation of 2-county brine disposal

 Requlators express concerns
about storage capacity

Simulation model: A pressure (psi)
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Accomplishments of Kscoz )

the Wellington Project during BP2

ACTIVITIES CARRIED OUT TO DATE BY THE KANSAS TEAM

« Successful CO, injection in the Mississippian carried out by
Berexco, LLC, Wichita, KS

e Injection done in a highly controlled and monitored environment

* Linde Group, a leader in CO, capture and supply, an excellent
partner for the project, provided steady supply of CO,

« Assisting in defining safe disposal and economic potential for
Kansas reservoirs

« Rapid-response detection & mitigation procedures being tested
are as part of a comprehensive operation & risk management
plan

« Advanced monitoring technologies
« Wellington Field is proving to be a viable field laboratory



Synergistic Activities

e Collaboration with Susan Carroll, PI, LLNL

Lawrence Livermore National Laboratory

Enhanced porosity and permeability in carbonate
CO, storage reservoirs: An experimental and

modeling study

Project Number: FWP-FEW0174 — Task 5

— Task addition = Experimental calibration of NMR well logs to determine pore
connectivity in the injection zone at the Wellington CO, storage demonstration
site, Kansas

o Site twining at ENOS and UK MEMOIR projects

« Data rich site with considerable data sharing with all data publically available

» Carbonate and caprock cores, modern wireline logs, tests -> KU, KSU et students and faculty;
industry consortium

» Water and oil samples
* Multicomponent 3D - new processing techniques - KU, KSU, BEG
» Earthquake catalog being built from operating IRIS/KGS 18-seismometer array

» Monitoring and risk analysis from operational plan for safe and effective injection and adaptation
by EPA for this project

e Test NRAP tools

« Extensive Web (Java) application tools and development, petrophysical application
focus, data archiving

— Need more users and explore incorporation into NATCARB 20
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