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Wellington Field
Sumner County
Kansas

« Site at rural oilfield operating since
* 55 current operatingwells, 20.7 MM

» Effective waterflood, ready for COy-

1929
bbls produced, 46k bbls annually

EOR

* Phase ! - Approximately 26,000tons to

be injected inthe Mississippian
dolomite reservoirfor EOR (2015)

* Phasell-—- Approximately 26,000 tons

to be injectedinthe Arbuckle dolomite
aquiferfor CO, sequestration (2016)
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Risk management in DOE Is incorporated In
new, large cross-cutting program - NRAP

National Risk Assessment Partnership

NRAP

Initiative

Research Products Tools

Approach

Science-based prediction of engineered—natural systems is a core competency of the U.S. Department of Energy (DOE) that cross cuts
many of today's energy challenges. Over decades, DOE has built a unigue set of resources for predicting how these complex and

heterogeneous systems behave under extreme conditions and over large ranges in time,
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The National Risk Assessment Partnership (NRAP)—an initiative within DOE’s Office of Fossil Energy and led by the National Energy
Technology Laboratory—applies DOE's core competency in science-based prediction for engineered—natural systems to the long-term
storage of carbon dioxide (CO;).

MRAP relies on integration of expertise and resources across five national labs (LAML, LBNL, LLNL, NETL, and PNNL).
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NRAP is using Science-based Prediction to

Quantify Potential Risks

e Science-based predictions for quantitative risk assessment are based on models.
* Models need calibration, validation, and need to be appropriately applied in order to be useful.
* Model parameters used to assign risk are ideally based on first principles, eg., understanding of the

fundamental processes or their proxies —> robust, portable, reliable models, reduce their own uncertainty




Monitoring based Rapid Response Plan

Meonitoring Activity

Wellhead | | g icmometers|| <GPS InSAR CASSM ID_& 3_D
Pressure Seismic
Continuous Weekly X
Hall Plot Pressure ISS. U-Tube Pause
MIT ‘ R . . .
Analysis | [Fall-Off Test Sampling||Sampling| [Sampling| |Injection

- Injection Control Plan
- Wellington Seismic Action Plan
- Monitoring-based Rapid Response Plan

- Emergency Remedial Response Plan

L |

+  Wellbore plugging
* Boundary
+  Offset injection well
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w,.-‘_. - /{ Fracture near the well ‘

*  Enhanced injectivity
*  Opening of pay zone
*  Fracture extension

Hall Integral, Cumulative (AP*At), psi-days

Hall Plot

lllustration of Hall Plot
depicting normal radial
flow and changed
reservoir conditions

Cumulative injected water, W; (bbl)

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

- as recommended by
EPA

Under review
by EPA

The success of the Monitoring
and Rapid Response Plan
developed for the Wellington
Project is based on prioritizing
the monitoring technologies:

1) Reliability of the data and
approaches used to analyze
the data,

2) Frequency that the data is
acquired during injection

3) Sensitivity and precision of the
monitoring method and its
ability to detect small changes
in CO2 plume behavior;

4) Location and therefore
resolution from which the data
Is collected,

5) Spatial resolution and
coverage of the CO2 plume;
and

6) Ability to detect movement out
of the injection zone both
above and below the injection
zone.
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Benefits to the Program

Program goals being addressed —

Demonstrate that 99 percent permanence of injected CO,

~26,300 tonnes of CO, in each —
Q 1. (2015) Late Mississippian siliceous dolomite reservoir
deposited on a marine shelf to shelf edge ramp (Class 1l UIC permit)

Q 2. (2016) 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
KGS 1-28\ ,KGS 1-32

Wellington Field
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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

Preview of some of the MVA and readiness of team for the Class VI injection
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Readiness to test monitoring technologies in BP2
- field deployment began in Auqust 2014

1) Shallow water well monitoring

2) 18- seismometer array for passive seismic
monitoring

3) cGPS and InSAR surface deformation to monitor
pressure changes in reservoir during CO, injection
4) Monitoring wells in underpressured
Mississippian reservoir overlying the caprock

5) High resolution 2D seismic survey to verify any
leakage through the caprock (baseline in late
August 2015)

SEN N, _ e 6) Engineering analysis of CO, injection

e oo o B g o performance

gggg'ffﬁ"dvﬁﬂncgg;a;; S2ea #2-32 drilled in March 2015 7) Use Mississippian CO2-EOR as dress rehearsal
’ > CO,-EOR injector for the Class VI injection




Small Scale CO,-EOR In Mississippian

- 26,300 tonne CO, injection into a biosiliceous dolomite reservoir

(equivalent to 142,000 bbls of fluid over 7 mo. or ~650 bbls per day)

YENay -___
Berexco LLC 21t COJ 2 | BN

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

DEVILBISS

A CORING
| SERVICE, INC.




No Osage or Kinderhook Mississippian = mid ramp Mississippian pay zone in
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KGS #2-32 Mississippian reservoir interval,

composition

Wellington KGS 2-32 (15-191-22770) T: 315 R: 1'W 5: 32

Latitude: 37.3105 Longitude: -97.4418 Flevation (GL): 1257.0 Depth: 3795.0
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http://www.corelab.com/

Mississippian Seismic Stratigraphy using PSDM

— complex progradational wedges in HST containing high-frequency cycles

Elevation depth [ft]
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injector |
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progradation (apparent) along
high stand systems tract (HST)

Complex progradation! ...albeit slope ~1°
Local antecedent and syndepositional
structures impact stratal terminations
Appears to compartmentalize the reservoir
suggested by preliminary baseline water
chemistry

actual progradational vector
' KANSAS
Jason Rush, KGS SORVEY

The of Kansas|




@brogradational wedge geometries help to explain
lateral changes in Mississippian reservoir

Projected location
SW KGS #2-32 KGS #1-32 KGS #1- 28 NE
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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.


Side View

5 well step-rate test| ——--

-- Confirm reservoir pressure :
-- Evaluate: _ ST
a) connectivity between wells, R —— s reservoir
b) fracture vs. matrix flow, el W "?‘;E | pressure
c) fracture closure pressure e fam ||| ~900 psi
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Figure 1: Contour map of Mississippian formation in Wellington field
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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 and confirm assessment of
UDSW, c) revise, 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 (PISC), obtain draft of Class VI permit for public
comment, application filed by Berexco, LLC & preparation managed by

KGS
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Information collected on -

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

o 2 basement tests (#1-32 & #1-28)
e 465 m (1528 ft) core Arbuckle Saline Aquifer Interval KGS #1-32
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Selected Core from Lower Ordovician
Arbuckle Group (portion of 1528 ft of core)
5089-92 ft  Porous and Permeable proposed Class VI Injection Interval

KANSAS . SR T N SR _ .y al g T @
SURVEV. Fine interparticle @

The University of Kansas




Kansas Geological Survey HH-50406
Weatherford Wellington - KGS - No. 1-32 Well

sumner County, Kansas .
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Middle aquiclude/baffle in the Arbuckle is a shaly carbonate with intervals of little permeability. 
Extensive sampling of brines demonstrate baffle is effectively isolated the lower and upper hydrostratigraphic units. 
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permeability distribution in 16 Arbuckle flow units,
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Entire Arbuckle saline aquifer as it varies across the regional study area. 
Brown colors are over 100 md. Greens are less. 


Phillips Exploration Co. Harmon #1-17 (1994 completion)/triple combo logging and full Arbuckle section

HARMON #17-1 (15-077-21211)
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Milestone 3. Pre-injection MVA baseline recordlng

Obtaining data from a 18 seismometer

Collecting data from cGPS and inSAR
for processing since August 2014
Sampling 3 shallow monitoring wells
around KGS #1-28

Obtained baseline fluid geochemistry

o O 0O O

array since Fall 2014 Network Sensitivity

in 10 wells from Mississippian oil [ M ropae s e o e epring 2+ g o
o recorded in Welingon Fisid ) : ' .
reserVO"' * Research underway fo improve location of hypocenters of Tinitial recording over one weeks time

Local Activity

Events detected at 27 stations?

- Earthworm software for
automated detection of

R. Miller and S. Peterie, KGS

T I
L

KRGS Smidy Area - Sumier County

& seamonneer Lotanoss
’ﬁ/ KGOS 128 COZ Injection Wl

ST Propesed Miv 1nj Wl

@ KOS 132 Chanscrorization Well

------

Housing setupfor Sercel (Mark Products)
L-22D-3D sensors, ~5ft below surface to
minimize surface noise; installed below
frost line in bedrock
R. Miller &
A= S. Petrie, KGS

PASSCAI installation

Valid input is now:

2014-12-02-1239-00M.1EH___021

r: Replot f: Foresard or next trace
q: Quit %: Make spectrel modeling

Mouse click to select 3 poimts in spectrum G_ TSOﬂiaS, B_ Graham,

WiDs EH Z 201412 21239 0.13

A. Nolte, J. Victorine,
J. Raney,

Codafor nearby 3.0 earthquake 12-2-2014 |

KGS and KU Geology

SEC

Socmm—oHs @O

4014
Max amp:
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[ Event
g frequency
~ spectrum
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1 1 1 Il 1

Gemeral paremeters, P-spectium
Vel 6.4 Dems 2.79 Dist 15 Depth 10
1 | | @0 500 Qelp 0.7 k 0.01 q<lHz 1.0 Spec model

0.100 0.316 1.0 32 10.0
Frequency He

Spectral frequescy band  0.010 90.000
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Additional Monitoring Technologies

= CASSM & Croswell Seismic Tomography
| U-Tu be s ; '"We:?“ 0 q:&m {m) 5 Dbsir;ﬂuan

:T— Ball Check Valve R pume % -I

i

i

L

Inlet Filter:
40um sintered|
stainless steel

|
[l . B. Freifeld, LBNL

5000

Depth (R below GL)

5050

,Change, in ve-]oc,wy {km.'sp:]
-10 0%

|

T. Daley, LBNL

Stress Pressure Coupling Simulation

3 Miles Analysns of INSAR Data

O cGPS recording since August

a

2014

SAR data being collected ~20
day intervals

Prospect remains to secure
distributed Fiber Optic Arrays
for repeat VSP

(R. Trautz, DE-FE-O012700)

F'rellrmnary verllcat 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 sur!aoe dafarmatlon (color clrdes) on a map

MlSSISSippIal"I

" ol
e, g
o /
a8 |

Stress Prossurs Coupling

52
> H = 1 g
‘ /

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 (@)

and earthquakes ()

in 2014, Harper and Sumner Counties, Kansas

B4

o oWelli A
/ —: G Fleld ) M”"lﬁ'mm‘“ £

Mayfield oW
Ot Ot

Miles ~ Composite i | y\/_elh_ngton Field scheduled
0 5 10 20 ~ _ 1@ / /.| Injection 26,300 tons =
il BW/B\(__‘)EMT - e 7| 142,000 bbls of fluid over
shvitie, ¢ s Fonde "T (6 0% o||“-c_u];),._9m ﬁ ‘ 7 mo. or ~650 bbls per day
oy ~Lonway Springs ';{éi::f_ 5?1 ,-"‘Be“e i A dall

‘.%4'; O T‘. t@ il
%Qm‘ﬂ;ﬂm” ‘;.

T =l o
| ag ST
)_ \/“

Sumner |"

e

SWD and EOR'(CIQSS;II),:'per well in

Hazelto — 40
¢ L}

| l‘I‘:lldu.oII
" Sy |

‘Max. 8.5 Million BW (23k BW.

< day)
Mean 0.759 Million BW

Total brine injected = 128,25
~23 million-metric tons
(Harper + Sumner Co., !

1,699 bbls
Co,
2014)

Sources: Esri, DeLQﬁ‘ne, NAVT

Q. USGS Intermap, IPCENRCAN, Esri Japan, METT, Esri China (Hong
Kong), Esri (Thailand), TomTom, 2012

%,

NEIC Earthquakes (2014) Salt Water Disposal (2014) Total Oil & Gas Production (2014)

Wellington CO2 Injection Sik] e n n R an ey, K G S

Magnitude Million BBLS suis (BOE)
= L-205 ° 01 °©  0-2.000 .
B 2s5-30 ® s @ 10000 Min 1.9
D 3.0-40 . 5.0 O 20,000 Max 4.9
Mean 2.8
.4.0- 5.0 . 8.5 .200.000 127
earthquakes
in 2014

Statistics of NEIC_EQs_06152015

= earthquakes

mad Frequency Distribution
Statistics

Count: 127

Mirimum: 1.9

Mzxdimum: 4.9

Sum 3575

Mean:  2.814961

Standard Deviation: 0.447051

Nulls: 0




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_3DPIlot/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

@ KGS #2-32 : SW-3 SW-2 I 100 ft (30 m)

Lat: 0.0 Lat: 0.0
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Shallow aquifer distribution and
interaction W|th surface water _

Structural cross section shallow water well sample logs-
SW-NE -- from paleovalley (Holocene) (left side) :
> Pleistocene terrace = subcrop gfWellington Shale (right)
No horizontal scale = =
Total Length 7 mi (11 km
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Monitoring based Rapid Response Plan

Meonitoring Activity

Wellhead | | g icmometers|| <GPS InSAR CASSM ID_& 3_D
Pressure Seismic
Continuous Weekly X
Hall Plot Pressure ISS. U-Tube Pause
MIT ‘ R . . .
Analysis | [Fall-Off Test Sampling||Sampling| [Sampling| |Injection

- Injection Control Plan
- Wellington Seismic Action Plan
- Monitoring-based Rapid Response Plan

- Emergency Remedial Response Plan

L |

+  Wellbore plugging
* Boundary
+  Offset injection well

~N

o
K
*
*

,."'. e
w,.-‘_. - /{ Fracture near the well ‘

*  Enhanced injectivity
*  Opening of pay zone
*  Fracture extension

Hall Plot

Hall Integral, Cumulative (AP*At), psi-days

lllustration of Hall Plot
depicting normal radial
flow and changed
reservoir conditions

Cumulative injected water, W; (bbl)

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

- as recommended by
EPA

The success of the Monitoring
and Rapid Response Plan to
provide early warning is based
on prioritizing the monitoring
technologies by establishing:

1) reliability of the data and
approaches used to analyze
the data,

2) frequency that the data is
acquired during injection

3) sensitivity and precision of the
monitoring method and its
ability to detect small changes
in CO2 plume behavior;

4) location and therefore
resolution from which the data
is collected,

5) spatial resolution and
coverage of the CO2 plume;
and

6) ability to detect movement out
of the injection zone both
above and below the injection
zone.




e Baseline water sampling at

T surface and in the
S i Mississippian oil reservoir

-

South-central Kansas CO, Project

KGS #1-28 !
i Brine Data Types Database Table Contents

3

- Cations 1 Anions. Other Data
L] ID_|Mnemonic, Description i Description ID_[ Mnemonic | Description
R 0 i Silicon 110_JCO2 ueous CO2
: 1 |NH4 JAmmonium 111 _|H2S ueous H28
2 H3o [Hydronium [Chioride 112_j02 ueous 02
. 3 i ithium Bromide
: [ a Sodium lodide pecific Conductivity
Potassium [Hydroxide pecific Conductivity 2
z Rb Rubidium Borate PH

- . 1 Lo arbonate [Temperature (degrees F)
3 i Bicarbonate [Temperature (degrees C)
[ . IHypochiorite

Initial Temperature

il hlorite Final Temperature
E 1 mi j__Pr [Strontium Chiorate Average Temperature
i 12_|Ba Barium Perchlorate Pressure (psi)
, _ 1 l.AI JAluminum Cyanide nitial Pressure (psi
, |14 n [Tin Cyanate |Fmal Pressure (psi
z § =0 ' [15 n2 [Tin(ll) Isocyanate (
i TR ] S — 16 Jona [Tin(iv) I?mucyanate
X 17 _IPb Lead Nitride
http://www.kgs.ku.edu/PRS/Ozark/Software/google-maps/brine_data_by_wells.html 8 _|pb2 Lead(il) [Azide
19 |Pb4 Lead(IV) Nitrite 16 _|T Estimated Total Dissolved Solids
JAntimony INitrate 217 [TDSc [Total Solids Computed
Antimony(iil) Amide memly
. . . - - - - - . JAntimony (V) Permanganate Redox Potential
Pre-injection Mississippian baseline sampling Prosns
P03 Phosphite
r for Dete: 2015-07-27 — — T o ) e PO4 Phosphate
Ll Moo for Fepored ‘. ‘- - - — Chromium HPO4 [Hydrogen phosphate FLUID |sample Volume
ST i I8 N3P A0 Chromium(il) H2PO4__|Dihydrogen phosphate lgmMcc Fluid Density
i - Kansas Geological Survey hromium(lil) JArsinide ALK Alkalinity-Spectrometer
WK/ Colorlith Brine Data Map [Manganese [AsO4 JArsenate JALK2 [Alkalinity-Test Kits
=m@5#1'2‘8”“5‘ Manganese(n) 03 [Arsenite FORM _[Formation
HH“ Reported Date: 2015-07-27 Manganese(/ll) [Selenide AGE [Formation Age
R — an TS apn ALKNTY ™ iron Sulfide [TOP [Top Depth
L dhd e i swoomg—— 14— 33 _JFe2 iron(il) Hydrogen Sulfide [BASE Base Depth
Fed Iron(ill) IS03 [Sulfite eg-Multi emperature Multi-meter
i s 35 _co [Cobalt HSO3 Hydrogen Sulfite eg-Cond _[Temperature Cond-meter
1 36 |Co2 (Cobalt(Il) 203 [Thiosulfate JAmmonium-SPEC
Lt soeeed B37_|co3 Cobalt(lll) S04 Sulfate ron-SPEC
+ 1 ™ | 8 i ickel HSO4 Bisulfate itrite-SPEC
- 139 Ni2 lickel(ll) 'axnde itrate-SPEC
M 40 i3 ickel(lll) 03 |lodate Sulfate-SPEC
oy 12 41 _ICu Copper(l) Bro3 Bromate |Manganese-KIT
e AXKRERS 42 |Cu2 ICopper(ll) Br Hypobromite ron-KIT
+ Macimam K3 JAg Silver ICrO4 IChromate Chloride-KIT
{44 JAu Gold(l) ICr207 [Dichromate Phosphate-KIT
- i ‘ uppex 954 YT e cHacoo Ace(al_ =
+ e Uppex 75% K6 |Zn I%mc HCOO fformal Bren am e ance
b7 lcd Cadmium oz Perox t C pb ” Ch
m | ——Mean 48 |Hg2 Mercury(l) IC204 [Oxal 2
= 49 |Hg IMercury(ll)
o o | | he——jmoimen Reese, Saugata Datta KSU,
Lowex 25% 101 JTe [Tellurium
102 |Ti [Titanium 1 H
- Jhaies 8 — (T John Victorine, J. Raney,
Ty 10; U Uranium
105 [V ‘anadium
128 — John Doveton, KGS
107 Htrium

TDS_, al k_alinﬂy, pH = : :
http://chasm.kgs.ku.edu/ords/igstrat.co2_brine_

http:/AWwww kgs.ku.edu/PRS/Ozark/Software/GRID/index.html data_type_pkg.build_web_page




KGS CO, online web dashboard provides
Integrated view of monitoring activity

nodule.
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http://www.kgs.ku.edu/PRS/Ozark/Summary/CO2_II.html
http://www.kgs.ku.edu/PRS/Ozark/Software/KS_Earthquake_2DPlot/index.html
http://www.kgs.ku.edu/PRS/Ozark/Software/KS_Earthquake_2DPlot/index.html
http://www.kgs.ku.edu/PRS/Ozark/Software/KS_Earthquake_2DPlot/index.html
http://www.kgs.ku.edu/PRS/Ozark/Software/KS_Earthquake_2DPlot/index.html

Workflow for reservoir simulation and geomechanical
analysis

Data Reservoir
Characterization

Well logs Multi-mineral FE
Tops —

FZI-SWPHI

K prediction via ANN

K, and K, relations

Group 4 - K, > K,

1000
100
10
1
T 01
0.01

0.01 04 1 10 100 1000

Ky, (mD)

Dynamic data Flow units

Static model

Structural model

o

Upscale logs

Statistical analysis

Property models

Geomechanical
model

Dynamic
model

Reservoir
simulations

Geomechanical
simulations

Sv
Shmin

SHmax

“Evaluating Potential for Induced Seismicity Through Reservoir-Geomechanical Analysis of Fluid Injection in the Arbuckle

Saline Aquifer, South Central Kansas *“

Annual Meeting AAPG 2015, Denver ---T. S. Bidgoli, Y. Holubnyak, M. FazelAlavi



Presenter
Presentation Notes
So how have we accomplished this? Well this is a generalized workflow that shows the data we have incorporated into this study including the well logs and tops data, core data, and dynamic data, including well tests and injection pressures and volumes.  These data have been analyzed using a wide range of techniques in order to characterize the porosity, permeabilities, water saturations and flow units, that have been incorporated in to a static geologic model and dynamic simulation models of the Arbuckle and the basement.


Accomplishments to Date in BP2
(September 2014 - present)

e« Class VI permit review —
— AOR through simulation
— USDW evaluation
— Financial assurance
— PISC
— Only RAIs, no NODs
— Obtain Class Il UIC permit, drill KGS #2-32, 92 ft of core with
whole core routine and special analyses, comprehensive wireline
log, test including 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 with consistent point scatterers and two geomechanical models
to simulate surface deformation with potential correlation with reservoir
pressure



Future Plans and Expectations

Complete repressurization of the Mississippian reservoir for CO%-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 CO, Injection
— Complete CO2 injection -- September 30, 2016
— Requested 1 yr. PISC
— Validation of models and predictions
— A final report in 2017!


Presenter
Presentation Notes
- EPA and financial assurance. Presenting evidence for no USDW. Plan to work closely with EPA using open communication and targeted reasoning. 


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 with results
Optimize CO, utilization and storage

Test concept of coupling the oll field and underlying
saline aquifer to increase long-term safe & dependable
CO, storage

34


Presenter
Presentation Notes
- MVA & detection of plume, resolving CO2 movement/fate of the plume.


Synergistic Activities

Continue 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

— Potentially deploy in two new enhancements to MVA --
» downhole strainmeters and tiltmeter in an Arbuckle observation well
* Introduction of a metal ligand slug into the CO, stream to improve seismic imaging

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 and geophysical applications, display and integration of MVA data,
general data management and archiving to facilitate more collaboration

— Extend users and test software e



Schedule — Wellington Small Scale Injection

DE-FEO006821

Mississippian CO,-EOR

Budget Period #3
2015 ~

2016

|March April May June July AugustSept Oct Nov Dec

Jan Feb March April May

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

Drill #2-32 Miss injection well, pressurize, install surface CO2 equipment
Task 11.
Task 16.
Task 17.
Task 19.
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 Aguifer 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 Miss injection well, pressurize, install surface CO2 eguipment
€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) » Target schedule called for a
Retrofit Arbuckle Injection Well (#1-28) for MVA Tool Installation
Complete EPA review with draft permit for public comment
Obtain permit to drill

Fabricate Utube and CASSM

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

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

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

DOE end of funding Sept. 30, 2016

of December 2015 (now estimate January 2016)

» The application for a Class VI geosequestration well permit remains under

review by U.S.EPA
draft version of Class VI permit to be issued by
August 315t (now estimate October)

* Public comment period follows with approved Class VI permit targeted for end

Sept. 30, 2017 with repeat 3D
EPA Site Closure
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