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Regional Scope

DOE-CO2 Project Study Area
Wellington Field (Sumner County) + 17+ Counties

from OXY-Chem
brine injection facility
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Wellington Field — Analytical Elements

m Multi-Component 3D Seismic Acquisition
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Wellington Field — Analytical Elements

Multi-Component 3D Seismic Acquisition
(Paragon Geophysical)

Gravity Data Acquisition & Processing
(Lockhart Geophysical)

Magnetic Data Acquisition & Processing
(Lockhart Geophysical)

P-Wave Seismic Processing

(Echo Geophysical, FairfieldNodal)
Converted Wave Seismic Processing
(FairfieldNodal)

2D Shear Wave Acquisition / Processing
(Paragon Geophysical) / (FairfieldNodal)




3D Multi-Component Acquisition Design

Active channels per VP:

Active Recelver Lines:
Channels per line:
Receiver Interval:
Receiver Line Interval:
Energy Source:

Source Interval:
Source Line Interval:
Total receivers:

Total Sources:
Subsurface Image/VP:
Maximum offset:
Production Sweep:

Total Acquisition Time:

1152

18, 9 on either side of VP

64, Single 3C digital phones
165 ft

495 ft

2-60,000# Vibrators

165 ft

660 ft

3831

2811

3.11 sq mi (10,331 ft x 8,415 ft)
13,324 ft

6-150 Hz, 3dB, 2x40 sec, 3 sec listen
38 days (~73 VP’s/day)




3D Multi-Component Acquisition Field Layout
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Field Test Schedule

Sweep Tests Wellington 3D
February 18, 2010
Murmber of Wibs Wary Revision 1
Listen time 3 sec
Start Taper = varies 3D3C P-Wave
End Taper 300 sec |
# Low end High end
Sweep Sweep of Taper Taper
Number of Vibs File # Test# Frequencies Length Sweeps Length Length
Low end Frequency tests & sweep length
2 vih 71 (+3dbioct) Sweep 10-130 10 Seconds 5|0.3 Seconds |0.3 Seconds
2 vih ?| 2 |i+3dbfoct) Sweep 10-130 20 Seconds 410.3 Seconds |0.3 Seconds
2 vih ?| 3 |i+3dbfoct) Sweep 10-130 20 Seconds 410.6 Seconds |0.3 Seconds
2 vih ?] 4 |i+3dbfoct) Sweep 10-130 20 Seconds 411.2 Seconds |0.3 Seconds
2 vih ?] &5 |i+3dbfoct) Sweep 10-130 40 Seconds 210.3 Seconds |0.3 Seconds
2 vib ? B |i+3dbfoct) Sweep 10-130 40 Seconds 210.6 Seconds |03 Seconds
2 vib Z 7 |i+3dbfoct) Sweep 10-130 40 Seconds 2|1.2 Seconds |03 Seconds
2 vib Z 8  |i+3dbfoct) Sweep 10-130 40 Seconds 2|24 Seconds |0.3 Seconds
High Frequency tests
2 vih 7] 9 |{+3dbfoct) Sweep 10-110 40 Seconds 2|0.3 Seconds |0.3 Seconds
2 vih ?| 10 |{+3dbfoct) Sweep 10-120 40 Seconds 2|0.3 Seconds |0.3 Seconds
2 vih 2?1 11 |{(+3dbfoct) Sweep 10-140 40 Seconds 2|03 Seconds |0.3 Seconds
2 vih 2| 12 |i+3dbfoct) Sweep 10-150 40 Seconds 210.3 Seconds |0.3 Seconds
2 vih 2| 13 |i+3dbfoct) Sweep 10-160 40 Seconds 210.3 Seconds |0.3 Seconds
Test number of vibs
1 wvib 2] 14 |{+3dbfoct) Sweep 10-130 40 Seconds 210.3 Seconds |0.3 Seconds
3 vib Z1 15 |i+3dbfoct) Sweep 10-130 40 Seconds 2|0.3 Seconds |05 Seconds
4 wvib ?] 16 |i+3dbfoct) Sweep 10-130 40 Seconds 2|0.3 Seconds |05 Seconds
Test dh/octs
2 vibh 21 17 |(+1db/oct) Sweep 10-120 40 Zeconds 2|0.3 Seconds |0.3 Seconds
2 vih 7] 15 |(+1db/oct) Sweep 10-130 40 Seconds 2|0.3 Seconds |0.3 Seconds
2 vih ?] 19 |{(+1db/oct) Sweep 10-140 40 Seconds 2|0.3 Seconds |0.3 Seconds
2 vih 2| 20 |{+5db/oct) Sweep 10-120 40 Seconds 2|03 Seconds |0.3 Seconds
2 vih 2?1 21 |{+5db/oct) Sweep 10-130 40 Seconds 2103 Seconds |03 Seconds
2 vih 2| 22 |{+5db/oct) Sweep 10-140 40 Seconds 210.3 Seconds |03 Seconds
Additional Low Frequency Test
2 wvib ? 23 |Linear Sweep 10-130 40 Seconds 2|0.3 Seconds |05 Seconds
2 vib Z 24 |(+3db/oct) Sweep 6-130 40 Seconds 2|0.3 Seconds |05 Seconds
2 vib ?| 25 |Linear Sweep 6-130 40 Seconds 210.3 Seconds |0.3 Seconds




Representative Field Record
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m Field Record — Frequency Analysis
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Gravity Data to Estimate Near Surface Density / Velocity

Gravity Station Locations, Wellington Survey Residual Bouguer Gravity (reduction density 2.45 g/cc)
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Figure 4: Contour map of the residual Bouguer gravity anomaly (contour interval 0.03 mGal), calculated by
subtracting a least-squares plane from the observed Bouguer gravity anomaly.

Courtesy Lockhart Geophysical / Allen Cogbill — Geophysical Software

Figure 2: Map showing the locations of the 1290 gravity stations acquired during the Wellington survey.




Estimated Near Surface Densities / Velocities

Estimated Near-Surface Densities Estimated Near-Surface Velocities
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Figure 5: Color contour map of the estimated near-surface densities for the Wellington survey. Contour Figure 6: Color contour map of the estimated near-surface velocities for the Wellington survey. Contour
interval 0.05 g/ce. interval 500 fi/s.




Noble Energy Merge-Refraction Statics

Refractor Velocity Weathering Thickness




Forward Modeling
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Forward Modeling - Velocity
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Forward Modeling — Amplitude / Velocity
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Arbitrary Profile — Real Data
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Dual Processing Comparisons

m MairfieldNodal ®m FEcho Geophysical
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Ff KC Time — KC Depth - Echo KC Time
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m Cherokee Time m Miss Unconformity Time
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Shallow — Deep Structural /Stratigraphic Linkages
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Shallow — Deep Stratigraphic Linkage
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Miss Uncf — Time vs Amplitude
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Miss Uncf Depth Converted Structure vs Time
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Miss TDepth — Time - Profile

P »B5 5 7| [NoHoer v| & e o [ W 5 $ 7 FiMergeMiss-PSTH AP SNP v|iE a5 s

T R IRVEA A LV = [, =3 e Y i 23 Y SR PV - T = (I PE L RTTE REAAE rR A L\= [[  =d Y a2 R R

= = . . . 3 PGy
| FE 5 || FiMergeMissPSTM-TD_Depth SM G ~ | B 2 B [ 10 v |<Nosicedd: ZE FE B | Mo Grids v B oo E e |3 qy‘s‘@ o s

il —— § <P$,$l»$@ 5

Defined 2435 - -2 et Defined (530 - B O
49%ainlgow3 V| e e v F
2452 314 . g * é
-2489 E31 0.41_ 135 143 14% 184 (80 |163 177
-2486 E32- 100 120 149 140 Q80 [zoo zzo0
33313 ggg— 0.00_ _‘Ih||||||||||||||||||||;|“|||||||_|h|_||| whunlin
K 2 - - . S—_——
-2478 £33+ =

2475 L W3]

2472 f34-

2459 635

-24B5 B35

-2463 536

2450 g7 30

2457 637

2454 5384 o

2452 636 ;

2449 £33

2445 640

-2443 5404 ull

-2440 541

2437 2 lead

2434 ] B2

2431

2428

2425

2423

-2420

2417

2414

24114

2408

2405

2402

-2399

2395

2394

23914

2305

2365

2382

-2379

2376 O

2373 =

2370

2367

2365

2362




Volumetric Curvature Analysis

m Susan Nissen, Chuck Blumentritt / Geotexture

m Independent of Horizon Picking

B A Parameter Controls Detail
(Higher ‘@’ = Finer Detail)
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Mississippian Time & Most Negative Curvature
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Miss Time vs Miss-Arbk Curvature Overlay

Courtesy of Susan Nissen / Geotexture
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Geomodeling

m Jason Rush, Kansas Geological Survey
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Geomodeling
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m Seeking Highly Accurate Porosity Volume

KANSAS GEOLOGICAL
SURVEY
The University of Kansas




Geomodeling

m Jason Rush, Kansas Geological Survey
m Seeking Highly Accurate Porosity Volume
m Will Integrate Well Control, Seismic
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Seismic vs Geomodel
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Porosity Model Building

KANSAS GEOLOGICAL
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Future Processing & Analysis

m 2D Shear Wave Acquisition to Assist / Verify Converted Wave
Processing
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m Well drilling in immediate future to include coring the entire
Mississippian and Arbuckle to Basement on one well




Future Processing & Analysis

2D Shear Wave Acquisition to Assist / Verify Converted Wave
Processing

Converted Wave Processing, Event Registration & Interpretation

Well drilling in immediate future to include coring the entire
Mississippian and Arbuckle to Basement on one well

Impedance Inversion to assist and feed Geomodel
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