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Project Overview

Benefits to the Program

Technical Status
Accomplishments
Summary
Synergistic
Activities

Wellington Field
Sumner County
Kansas

« Site atrural olifield operating since

1929

+ 55 current operating wells, 20.7 MM

bbls produced, 46k bbis annually

+ Effective waterflood, ready for CO,-

EOR

+ Phase /- Approximately 26,000tons to

be injectedinthe Mississippian
dolomite reservoirfor EOR (2015)

* Phase !l Approximately 26,000 tons

to be injectedin the Arbuckle dolomite
aquiferfor CO, sequestration (2016)
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Benefits to the Program

Program goals being addressed —

Demonstrate that 99 percent permanence of injected CO,
+ ~26,300tonnes of CO, in each —
U Late Mississippian siliceous dolomite reservoir
deposited on a marine shelf to shelf edge ramp (Class Il UIC permit)
O Underlying Lower Ordovician Arbuckle Group dolomitic saline aquifer
deposited on marine shelf (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, disposal in a saline aquifer
well surfsce locations KGS 1-28\ /KGS 1-32
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Technical Status

* Milestone 1: Refined static and dynamic models of the

Mississippian oil reservoir

— Task 3 -- Obtained Class Il to inject CO, in Mississippian oil reservoir in February
2015

— Task 9 — Drilled, cored, logged, and tested Berexco Wellington KGS #2-32 in late
March and April 2015

— Task 10 — Complete #2-32 for CO,-EOR injection, re-pressurizing reservoir prior to
CO, injection and begin injection of 26,300 tonnes of CO, by October 1, 2015

) \u\u—

Ry G Readiness to test monitoring technologies in BP2

- field deploymentbeganin August 2014

1) Shallow water well monitoring
2) 18- seismometer array for passive seismic
"+ P B . monitoring

A== > 3) cGPS and InSAR surface monitoring of CO,
injection
W (e e [1owm. Mississippian reservoir ovenying the caprock

S %{\E/\.ﬁ——:% Q\ 5) High resolution 2D seismic survey to verify any
e 1:Coto map of Miispltn fomsion  Wellneen 6 leakage through the caprock (late August 2015)

Original field O/W contact =.2494 ft #2-32 drilled in March 2015 6) Engineering analysis of CO, injection
e & > COZ-EOR injector performance




Small Scale CO,-EOR in Mississippian

—->CO, injection into a biosiliceous dolomite reservoir

Berexco LLC
Wellington KGS #2-32
2680'FSL & 709'FEL,
Sec 32, T31S,R1W
Sumner County, Kansas

BEREXCO

DEVILBISS

SERVICE, INC. / :




No Osage or Kinderhook Mississippian = mid ramp

Mississippian pay zone in

Gamma Ray Resistivity
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KGS #2-32 Mississippian reservoir interval,
composition plot, core analysis, and moveable oll

Wellington KGS 2-32 (15-191-22770) T: 31S R: 1IW S: 32
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Mississippian Seismic Stratigraphy using PSDM

—> complex progradational wedges in HST containing high-frequency cycles

Elevation depth [ft]
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Progradational wedge geometries help to explain
lateral changes in Mississippian reservoir

Projected location
SW KGS #2-32
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Side View

5 well step-rate test| - o

-- Confirm reservoir pressure A«T

h=80.000 ft

-- Evaluate:

o = e Current
a) connectivity between wells, e | reservoir
b) fracture vs. matrix flow, EPTANY| ' %% 11| pressure
c) fracture closure pressure L RN i 1) ~900 psi

. nielgtion 4¢ N m_

%1300 0. rin : ~N=.

£ 1200 Simulated (inRed) |+ T~

oo versus Measured
pressure(in Blue) Fazelalavi
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Closure Pressure

The slope on the G-function derivative defines the closure pressure
where the derivative departs from the slope

Closure pressure is 1334 psi

Closure pressure
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Forecasted CO, Movement in Reservoir

CO, Concentration

e T . |
0.0 0.1 02 03 04 05 06 0.7 08 09 1.0

Water injectors 2 open

’\
(

Water injectors open

Imbibition Relative Permeability

Figure 1: Contour map of Mississippian formation in Wellington field

for each RQI range (Oil-Brine
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Technical Status
* Milestone 2 - Submitted Class VI application, June 2014

— Status of application — a) address remaining requests for information
(RAI’s), b) resample shallow water wells, c¢) synchronize and confirm
KGS Petrel/CMG and EPA STOMP simulations of the conservative

CO, plume

— Obtain findings by EPA on Area of Review (AoR), financial
assurance, post injection site care (P/SC), obtain draft of Class VI
permit for public comment, application filed by Berexco, LLC &

managed by KGS
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Information collected on

Arbuckle for saline aquifer
* Multicomponent 3D seismic under DE-FE0002056

« 2 basement tests (#1-32 & #1-28)
Arbuckle Saline Aquifer Interval KGS #1-32

465 m (1528 ft) core
« Extensive log suite
* Multiple well tests

200 ft
(60 m)

Multicomponent
3D Seismic Survey
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* Milestone 3. Pre-injection MVA baseline recording

U Obtaining data from a 18 seismometer o Local Activity
array since Fall 2014 Network Sensitivity ,
O Collecting data from cGPS and inSAR . ol evens =
for processing since August 2014 . m:::wm -
O Sampling 3 shallow monitoring wells e megrte 14
around KGS #1-28 aversgenagde 08
0 Obtained baseline fluid geochemistry . <Eartwomsofwarefor T
in 10 wells from Mississippian oil - i grile v S fum b ek e &+ magnitudeper || L-22D-3D sensors, ~5ft below surface to
. . W‘H S :_’:idm food being USGS convention. minimize surface noise; installed below
reservoir +  Research underway i improve locaion of hypoceners of it recording overone weeksime || frost line in bedrock
b el 5 R. Miller &
——— U= S. Petrie, KGS
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Additional Monitoring Technologies
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U cGPS recording since August
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Q

2014

SAR data being collected ~20
day intervals

Prospect remains to secure
distributed Fiber Optic Arrays
for repeat VSP

(R. Trautz, DE-FE-O012700)

Preliminary vemcal surface motlon along point
scatterers detected from scene to scene. Additional
scenes and processing will improve estimates and
quantify ground motion in x-y-z.

Forward model of expected surface deformatlon (color mrcles) on a map

New geomechanical
model #2 - predicts

Persistent Point Scatterers
being tracked from scene to scene
- potential remains to infer

Ap from surface motion

approximately 3 mm
surface deformation in
areal extent shown on
map above ~1,000 feet
by 1,000 feet — T. Birdie



Induced seismicity west of Wellington Field

Total salt water injected by well (@), BOE produced by oil lease (@)
) in 2014, Harper and Sumner Counties, Kansas

and earthquakes (
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Testing pseudo 3D display web app

to map solutions of hypocenters of earthquakes
in two county area SW of Wellington Field

Web app: http://www.kgs.ku.edu/PRS/Ozark/Software/KS_Earthquake_3DPlot/index.html ).
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SW-NE well log and sample cross section
extending from new CO,-EOR injection well
to the shallow monitoring wells
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Shallow aquifer distribution and '
mteractlon with surface water Structural cross section shallow water well sample Iogs—,_
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Monitoring based Rapid Response Plan

Monitoring Activity

LT PPPR——| H InSAR | | CASSM H“““

The success of the Monitoring
I . | | Wk} and Rapid Response Plan to
Lontinous |—h; provide early warning is based
on prioritizing the monitoring
technologies by establishing:

Hall Plot | [ Prassure | [yyy| [ ™= U-Ta _UW] ‘ Pausa || | 1) reliability of the data and
Analysis | Fall-Off Test Sampling [Sampling [Sampling |Injecticn| approaches used to analyze
the data,
- Injection Control Plan | 2) frequency that the data is
- Wellington Seismic Action Plan acquired during injection
- Monitoring-based Rapid Response Plan 3) sensitivity and precision of the
- Emergency Remedial Response Plan monitoring method and its
ability to detect small changes
£ - Wellbore plugging in CO2 plume behavior;
:_ . f,,"f‘;:,"?;}’,cmw,( ) [ Enbanced nectity 4) location and therefore
g N / +  Fracture extension resolution from which the data
‘f v_‘_..- N Frecursnearswet | : is co.llected, .
3 ) spatial resolution and
H lllustration of Hall Plot coverage of the CO2 plume;
and
3 Hall Plot - 6) ability to detect movement out
- as recommended by of the injection zone both
Cumulative injected water, Wi (b)) EPA above and below the injection
http:/lwww.epa.gov/rSwater/uic/ntwg/pdfs/induced-seismicity-201502. pdf zone.




South-central Kansas CO; Project
Brine Data By Well Summary Page

Click on Well Place Markers to Display Well Header Information in upper right hand c«

Click on Well Name URL Link in upper right hand

Map

KGS #1-32

Corner to view the Well Brine Data Summary Web Page.

Google map =

KGS #1-28

"

@ Wellington KGS 232

Baseline water sampling at
surface and in the
Mississippian oil reservoir

South-central Kansas CO; Project
Brine Data Types Database Table Contents

’ Cations Anions Other Data
2 D IMmmonlc| Description Description Mnemonic Description
: H 0__Isi Silicon Hydride ICO2 laqueous CO2
, z 1 INH4 JAmmonium Fluoride H2S laqueous H2S
2 H30 Hydronium Chloride 102 ueous 02
M, , ; , , 3 Li Lithium |Bromide Specific Gravity
: 14 a Sodium lodide ecific Conductivity
KGS #2 32 15 Potassium [Hydroxide ecific Conductivity 2
z Rb Rubidium Borate PH
H ] " ¥ 7 _ICs Cesium ICarbonate [Temperature (degrees F)
-4 Be Beryllium [Bicarbonate [Temperature (degrees C)
| I? Mg Magnesium Hypochlorite Initial Temperature
| 10 |Ca Calcium IChlorite Final Temperature
1 m i 111 _|Sr [Strontium IChlorate JAverage Temperature
b 12 |Ba Barium [Perchlorate [Pressure (psi)
, _ 1 Al JAluminum ICyanide Initial Pressure (psi)
, 14 n [Tin ICyanate Final Pressure (psi)
! ’ - g ‘ 15_|Sn2 [Tin(Il) Isocyanate Resistivity (Rw)
E— - 16 |Snd [Tin(IV) [Thiocyanate Resistivity at 75 deg F
17 _|Pb Lead Nitride Estimated Rw
http://www.kgs.ku.edu/PRS/Ozark/Software/google-maps/brine_data_by_wells.html 18_|pb2 [Cead(i) lAzide Total Solids
19 |Pb4 Lead(IV) INitrite [Estimated Total Dissolved Solids
0_ISb JAntimony INitrate [Total Solids Computed
1_JsSb3 JAntimony(lIl) JAmide [Trubidity
2 _|Sbs Antimony(V) Permanganate mV [Redox Potential
Pre-injection M|$5|$$|pp|an baselme sampling T—T
4 |Bi3 Bismuth(lll) [Phosphite HARDNESS |Total Hardness
L Map for Reported Date: 2015-07-27 l ‘ _— o o) el BiS Bismuth(V) [Phosphate RATIO JAnion/Cation Ratio
- 6 _|Cr Chromium [Hydrogen phosphate FLUID [Sample Volume
— A Cr2 Chromium(ll) [Dihydrogen phosphate IGMcC Fluid Density
- Kansas Geological Survey 8 |Cr3 Chromium(lIl) JArsinide ALK JAlkalinity-Spectrometer
Colorlith Brine Data Maj 9 _[Mn langanese JArsenate ALK2 Alkalinity-Test Kits
ms5#1 '2‘89""’55‘ ’ 30 _|Mn2 |an§_§nese(\l) Arsenite FORM [Formation
- Reported Date: 2015-07-27 3 in3 langanese(lll) Selenide AGE [Formation Age
gt TDS n/t ALKNTY 12 3 Fe iron Sulfide [TOP [Top Depth
o 15:101-10045 1000000— — 3 Fe2 Iron(11) Hydrogen Sulfide IBASE [Base Depth
34 |Fe3 iron(l11) Sulfite l(_}engum [Temperature Multi-meter
* o |F Co [Cobalt [Hydrogen Sulfite deg-Cond _[Temperature Cond-meter
" 36 |Co2 Cobalt(ll) [Thiosulfate H4-2 JAmmonium-SPEC
t| 10000 37_|Co3 Cobalt(lll) Sulfate Fe2-2 ron-SPEC
+ o n |§a INi ickel Bisulfate 02- itrite-SPEC
200 39 N2 ickel(Il) laxwde 03- itrate-SPEC
“ Ao l40_[Ni3 ickel(Ill) llodate SO4- Sulfate-SPEC
W00 “ 10507 41 _|Cu [Copper(l) [Bromate 0 _|Mn2-3 anganese-KIT
TS ALKNTMOS 42 |Cu2 ICopper(ll) Hypobromite Fe2-3 ron-KIT
o +  Maximum 43 |Ag [Silver IChromate ICI-3 Chloride-KIT
l4d_|Au Gold(l) Dichromate PO4-3 Phosphate-KIT
2000 100, 1 I | Uppex 95% b5 Thue Gold(l) [Acetay =
146 1Zn Zinc formal
"Il S — | Brent Campbell, Chance
S ——Mean 48 [Hg2 tercury(l) Oxala I
= 49 [Hg Aercury(ll)
SEREl o 00 oo iomaenu Reese, Saugata Datta KSU,
Lower 254 101 [re Tellurium
102 |Ti [Titanium a f
‘ | i (N T John Victorine, J. Raney,
S 104 |U Uranium
+ e 105 Vanadium
28— John Doveton, KGS
o 15191-43882 107 tirium

TDS, alkalinity, pH

http://www.kgs.ku.ed wPRS/Ozark/Software/GRID/index.html
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data_type_pkg.build_web_page




KGS CO, online web dashboard provides
integrated view of monitoring activity
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Accomplishments to Date in BP2
(September 2014 - current)

 Class VI permit review —

AoR through simulation

USDW evaluation

Financial assurance

PISC

Only RAls, no NODs

Obtain Class |l UIC permit, drill KGS #2-32, 92 ft of core with
whole core routine and special analyses, comprehensive wireline
log, testincluding 5-well interference test, complete and
undergoing repressurization

* MVA pre-injection baseline monitoring --

18-seismometers network

Geochemistry of brines in 10 Mississippian wells for Class Il and VI
monitoring

INSAR consistent point scatterers and geomechanical model to simulate
surface deformation



Future Plans and Expectations

Complete repressurization of the Mississippian reservoir for CO2-
EOR injection and inject CO, -- September 2015

— Meeting with public in Wellington town hall meeting following
commencement of Mississippian injection.

Obtain draft Class VI permit -- October 2015
— 6 mo. fabrication lead time CASSM, U-Tube, and Fiber Optic Array
(pending decision); 2 months equip, test, and prepare #1-28 for
injection
Obtain Class VI permit -- January 2016
Drill, complete, test #2-28 Arbuckle monitoring well -- March 2016
Inject CO2 into Arbuckle -- April 2016
— Employ Operational Plan for Safe and Effective CO2 Injection
— Complete CO2 injection -- September 30, 2016
— Requested 1 yr. PISC
— Validation of models and predictions
— A final report in 2017!



Summary

« Use of Wellington Field as a calibration site and field
demonstration

» Test best practice, cost-effective monitoring to aid in
applying next-generation CO,-EOR methods, refine
model predictions, and optimize CO, utilization and
storage

« Coupling the oil field and underlying saline aquifer to
increase long-term safe & dependable CO, storage

26



Synergistic Activities

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

Data rich

Carbonate and caprock cores, modern wireline logs, tests

Water and oil samples

Multicomponent 3D - Bob Hardage at BEG, new processing techniques
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

Test NRAP tools

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

Need more users 27
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Schedule — Wellington Small Scale Injection

DE-FE0006821

Mississippian CO,-EOR

2015

Budget Period #3

~

2016

|March April May June July AugustSept Oct Nov Dec

Jan Feb March April May

Drill #2-32 Miss injection well, pressurize, install surface CO2 equipment

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

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

Complete EPA review with draft permit for public comment
Obtain permit to drill

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

Fabricate Utube and CASSM

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

Begin Injection at Arbuckle Injector

Post injection MVA - Carbon Storage

Closure of Carbon Storage Project in Arbuckle Saline Aquifer at Wellington field

Arbuckle CO, Class VI

2017

April May June July Aug Sept Oct Nov Dec

|Jan Feb Mar April May June July August Sept |

Drill #2-32
Task 11.
Task 16.
Task 17.
Task 19.

Complete EPA review with draft permit for public comment
Obtain permit to drill

Task21.  Retrofit Arbuckle Observation Well (#2-28) for MVA Tool Installation

Task22.  Begin Injection at Arbuckle Injector

Task26.  Post injection MVA - Carbon Storage

Task29.  Closure of Carbon Storage Project in Arbuckle Saline Aquifer at Wellington field

Miss injection well, pressurize, install surface CO2 equipment

€02 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

review by U.S.EPA
Target schedule called fora

* Publiccomment period follo

Fabricate Utube and CASSM of December2015 (n ow esti

August 315t (now estimate Q

+ The application fora Class \{l geosequestration well permitremains under

DOE end of funding Sept. 30, 2016

draft version of Class VI permit to be issued by
ctober)

ws with approved Class VI permittargeted for end
mate January 2016)

Sept. 30, 2017 with repeat 3D
EPA Site Closure
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Kansas Geological Survey and KU
TORP Present Carbon Dioxide EOR

Applications for Kansas Operators

presented by

Kansas Geological Survey and Departments of
Geology at The University of Kansas and Kansas
State University

Wellington
Field
Operator

The University of Kansas

KIOGA Annual Meeting BEREXCO

Sunday August 2, 2015
10:00 am to 3:00 pm KSCOZ

Hyatt-Regency, Wichita, KS (downtown)




1. Highlight the work being conducted relatedto CO2-EORin the state (Lynn10:00-10:20am),
Regional and statewide CO2-EOR and storage assessments N a I Ag e N d a
Southwest Kansas CO2-EOR Initiative
Summary of Hall-Gurney CO2, pilot and commercial scale CO2-EOR
A new Kansas CO2-EOR Initiative
* Proof of concept needed with a successful CO2-EOR injection at Wellington
* Prospectus for Govemor’s Conference
2. Introduction toWellington CO2-EOR small-scale test (Lynn10:20-10:45)
»  Supportof DOE-NETL, Contract DE-FE0006821
* Participationin Wellington CO2-EOR Project by Kansas Independent Oil and Gas Industry and those serving the industry

— Berexco, LLC —operator of the field and field-based activities, Linde, Praxair— COZ2 supply, Fossil Drilling, MudCo,
Devilbiss Coring Services, Halliburton, Core Lab, Trilobite Testing, Schlumberger, CMG, Continental Analytical
Services, Inc.

— Othercollaborators — LLNL, LBNL, IRIS-PASSCAL, Tbirdie Consulting, Inc., KGS, KU Geology, KSU Geology

3. Characterization of carbonate reservoirs by “exotic”’ logs (NMR, microresistivity imaging, geochemical log, etc.) --John
Doveton (10:45-11:30)

11:30- 12:00 -- Examine 98 feet of Mississippian core from the KGS #2-32
(http://chasm.kgs.ku.edu/ords/qualified.well_p age.DisplayWelI?f_kid=1044998939)

LUNCH 12:00-12:30 p.m. -- Continue examination Mississippian core from the KGS #2-32
4. Site characterization—Lynn , Mina Fazelalavi and John Victorine (12:30-1:00)

— Summary of stratigraphy, sedimentology, and diagenesis of the Mississippian reservoir —Drilling, coring, logging, and testing the
Mississippian at Berexco Wellington KGS #1-32, KGS #1-28, #2-32

+ Coreanalysis and welltesting - routine and special; ties to well logs and use in the geocellular model (FZ/indices, flow
units)
*  Well completion — acidizing
5. Petrel geocellular model and seismic inversion —Jason Rush (1:00-1:20)
6. Reservoir characterization and well testing - Mina Fazelalavi (1:20-1:40)
— Capillary pressure and relative permeability
— Pulselinterference testin KGS #2-32
7. Compositional simulation of CO2-EOR pilot-- Eugene Holubnyak (1:40-2:00)
8. Monitoring performance of CO2 injection—2:00-2:20
—  Fluid monitoring—baseline and during CO2injection—Lynn, Saugata Datta & Brent Campbell (KSU), John Victorine,
Jenn Raney, Tiraz Birdie (Tbirdie) andLynn
— Microseismic monitoring— Lynn, George Tsoflias (KU), Alex Nolte (KU,KGS),Brandon Graham (KU, KGS),John
Victorine and Jenn Raney (KGS), Lynn
— InSAR-cGPS -Lynn, Mike Taylor (KU), Drew Schwab (KU, KGS), Tandis Bidgoli (KGS)
9. Open discussion of theWellington CO2-EOR projectand implementing CO2-EOR in Kansas —Lynn moderating (2:20-3:00)




