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Overview

Evaluate CO, Sequestration Potential in KS

- Deep Saline Arbuckle Aquifer in south-central KS

- Select depleted mature oil fields

Start Date - Dec 2009

No CO, will be injected in this 3-year project.

g from OXY-Chem
i, brine injection facility

l at El Dorado Field/
Frontier Refinery

Contours = thickness of Arbuckle Group (100 ft C.1.) .
50 miles

Regional study - ~20,000 sq. miles




Project Objectives

Build 3 geomodels

- Wellington field (Sumner County)
1 Depleted Mississippian oil field

1 Underlying Arbuckle saline aquifer

- Regional Arbuckle saline aquifer - 17+ counties (south-central KS)
Conduct simulation studies to estimate CO, sequestration capacity

Arbuckle saline aquifer - 17+ county area
— ldentify potential sequestration sites

— Estimate sequestration capacity of Arbuckle saline aquifer in KS
Risk analysis related to CO, sequestration

Technology transfer




Ozark Plateau Aquifer System (OPAS)

OxyChem Well #10

= O allte (sa OP3 O 0]0
g Pennsylvanian
| : - Mississippian o, h
: = | I+ ¢ -
r i i ey - =
4= l 3 =
A-- | g =
< | . * :}
’ Chatt_anoogg’:}ff ] Outllne Of . ‘_i; h -;
=§ [smoson [ii 17 county EFEe
- .; - " s > R
== study area . o
&= ] dsi i
5 Arbuckle ” ol
B aquifer EF LN ot n
| |Wichi
N e
£ Liberal k. :
= S *
— Watney et al. (1989
m.I_'_.;: :;- —Iilil. '-! Lamotte F_E: aneye - ( )
800 ft L 528, H | Precambria) Total Permian evaporite thickness ranges from 400 to 2000’
south-central KS. These evaporites serve as ideal cap rocks
. being located between shallow freshwater aquifers and
W hydrocarbon bearing strata and deeper Arbuckle saline

r aquifer.




Regional Study — Tasks Completed and In Progress

Arbuckle Mapping and Areas of Interest

Initial
Arbuckle
modeling
site
Southern
Sedgwick
County

Wellington Field

|
50 mi

D € AREAS OF

INTEREST
ARBK Penetrations

Super Type Well (91 wells)

P-C Tests {292 wells)




Regional Study — Tasks Completed and In Progress
Arbuckle and Potential Fields Mapping

3rd Order Structural ReS|duaI - Top Arbuckle
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Regional Study — Tasks Completed and In Progress

Arbuckle Saline Aquifer Hydraulically Connected to Outcrop
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Arbuckle Saline Aquifer

Open or Closed System?

1 Arbuckle aquifer is hydraulically connected
to outcrop in Missour|

— North-central edge of Ozark Uplift (~200 mi. NE)

1 Arbuckle is the preferred disposal zone for
produced oil field brine in Kansas

— No loss of injectivity reported due to increased
backpressure after 75+ years of injection

1 Majority of Arbuckle hydrocarbon reservoirs
produce under strong bottom water drives

1 Arbuckle serves as preferred disposal zone
for Class 1 hazardous liquid waste
— Routine measurements at observations wells

show minimal to no increase in reservoir pressure
after decades of injection




Regional Study — Tasks Completed and In Progress
Re-processed Gravity & Magnetics +

Remote Sensing Analysis on Interactive Web-based Project Map
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Wellington Field Study — Tasks Completed and In Progress

Landsat Lineaments and Magnetic Tilt Angle near Wellington Field

Modeling Carbon Dioxide Sequestration Potential in Kansas
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Wellington Field Study — Tasks Completed and In Progress

3D seismic P-Wave Processing, Initial Interpretations,

. . ) & Borehole Site Selectiop,. . . . .
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Wellington Field Study — Tasks Completed and In Progress
3D Seismic P-Wave Processing, Initial Interpretations,

& Borehole Site Selection
Arbitrary Profile to Compare Test Borehole Locations
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Wellington Field Study — Tasks Completed and In Progress
Porosity Fence Diagram
Mississippian Oil Reservoir

Porosity

Petrel Model
using N-D
porosity logs




Initial Simulation Studies — Tasks Completed and In Progress

Arbuckle Flow Unit Characterization using depth- constralned clusterln
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Initial Simulation Studies — Tasks Completed and In Progress
9 Township Model — centered around Oxy-Chem #10

Grids: 330’ by 330’
Injection pressure < fracture pressure (3000 psi)
Injection from 2010 to 2060. Run till 2200.
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Initial Simulation Studies — Tasks Completed and In Progress
2D Model around Oxy-Chem #10 — 20 Layer Model Inputs

Approximately 300 core
analysis archived from
Arbuckle reservoirs —

Byrnes et al 2003
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Initial Simulation Studies — Tasks Completed and In Progress
2D Model around Oxy-Chem #10 — 20 Layer Model Results

4b InfAq+Hyst+Sol{SalVar)
Gas Saturation 2200-01-01  J fayer: 1 AbintntHysts Sol Salvon
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Initial Simulation Studies — Tasks Completed and In Progress

2D Model around Oxy-Chem #10 — 20 Layer Model Results
Pressure Leakage (brine) through Cap Rock

Jan 1, 2010 - Pressure, psi Jan 1, 2010 - Sg

Jan 1, 2035 - Pressure, psi 2,600 Jan 1, 2035 - Sg

Jan 1, 2060 - Pressure, psi Jan 1, 2060 - Sg




Gantt Chart Review

2010 Tasks - Completed, In Progress, & Scheduled for 2011

Regional geomodel development of Arbuckle saline aquifer
Collect, process, interpret 3D seismic data - Wellington field

and magnetic data - Wellington field

0 interpre
i Scheduled for 2010
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Complete Wellington geomodels - Arbuckle and Mississippian reservoirs
Evaluate CO2 sequestration potential in Arbuckle underlying Wellington
Evaluate CO2 sequestration potential in CO2-EOR in Wellington field
Risk assessment - in and around Wellington field

Regional CO2 sequestration potential in Arbuckle aquifer - 17+ counties
Technology transfer

CO;-Seq Potential
+Wellington

CO, Seq Potential
- Arbuckle 17+ Counties

Yearl Year2 Year3




2010 Budget
Planned vs. Actual Expenditure

| 4how2oos | 1stQw2010 | 2ndQtr2010 | 3rdQr2010 |  4thQtr2010 |
| becoo | Mari0 | Juni0 |  Sepi0 | Decio
Actual DOE Cost | 84,0993 $84,603.07] Saoadzesy] [

Revised Schedule

Sites selected for test bore holes #1 & 2
Industry partner (BEREXCQO) completing land/lease legal work

Rig to move to location for drilling test bore hole #1 — 34 week of Nov
2010

Rig reserved for 3 months
— Will drill test bore hole #2 after completion of #1 — back to back
2D shear wave survey shot after drilling test bore hole #1
— Complement multi-component 3D seismic survey (already surveyed)
Core Analysis — mid-2011
Geochemistry — mid-2011
Revise Geomodel & Simulation — later half of 2011
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