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Outline

® Current state of seismicity and waste disposal in
Sothern Kansas

® Waste disposal targets? Arbuckle group
properties

® Modeling and observations
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Kansas Disposal Wells
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Seismic and Waste Disposal
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Kansas

Conperation Comiission

Saltwater disposal wells
in earthquake zones
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What Do We Know About Arbuckle?

® ~1000 ft thick carbonate

® ~5-7% porosity

® ~200 mD permeability

® Under-pressured (location dependent)
® Basement conditions? Faults?

®* \Waste disposal target for over 30 years

www.ccusconference.com HCCUS
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East African Rift is a Modern analog to Bouguer Gravity -- with rift and sub-elements, terrain boundary through Kansas (Kruger, 1999)

the Midcontinent Rift System
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Basement geology from sample rock types in the area of the induced seismicity
= thick arkosic sediment fill indicative of the Midcontinent Rift System (MRS)

Kansas Interactive Online Geology Mapper (KIOGM)

Kansas Geological Survey

Study Area | Zoom to Location | Filter Wells | Labal Wells | Download Wells | Filter Fields | Print to PDF | Clear Highlight | Help () Cross Section Tools
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Small Scale CO, Injection Project

® \Very limited data on Arbuckle group existed
® Several wells drilled, cored, logged, etc.

* Well tests performed

® 3D and Seismic

www.ccusconference.com HCCUS



Lower Arbuckle Injection Zone

Core from Lower Arbuckle Injection Interval o v gz

Lower hydrostratigraphic unit
Flow unit=

5089-92 ft Pepe s iion

31-19

|

[oes S



Reference
(ft)
1:1000

= 4100 5

Bimpson GroupgZONATION

- |E a150 -

- 4200 -

- 4250 -

- 4300
Horizontal Permeability, md SPTTE

® Arbuckle BrjCl =——Hypothetical Mixing Curve A Mississippian Br/Cl" # Arbuckle 50,7/Cl O Mississippian 50, /CI = 4400 -

0.07 £ 4450 -

Arbuckle Formation Brines Mississippian Formation Brines - £ 4500 -
- 006 f

0.005

E 4550 -

Isotope ratios used to R

. N o A
confirm vertical separation oo wem T
of Arbuckle units '

£ 4600 -
0.004 E
£ 4650 -

Arbuckle Group

I £ 4700 -
0.003 1128m - 0.04 E
= 4750 =

0.03 = 4800 =

Br/Cl" weight ratio
S0,%/Cl- weight ratio

0.002 - 4850 -

F 002 £ 4900 -

1332 m

0.001 - - 4950 -

- 0.01
1129m = 5000 -
m 1119m [ E

1128m a | £ 5050 -
——— ———— 0 E
65,000 85,000 105,000 125,000 145,000 £ 5100 -

1486m
ry 152

1502m 1535mn

15821

0

Scheffer, 2012




Depth, ft

3630

3830

4030

4230

4430

4630

4830

5030

Core Features/Fractures (count)
0 20 40 60

?—

! 3630

Upper Mississippian

3830

Lower Mississippian

4030

Cap-Rock

Tight Arbuckle

4630

AQ2n

Injection zone

5020

Fracture height (ft) Fracture height (ft)

0.00 1.00 200 3.00 4.00 5.00 0.00 5.00 10.00 15.00 20.00

| | | | | 2620 | | |

3830

4830




2,308,000 2,310,000 2,311,000 2,312,000

KGS 1-28

No-flow boundary ( Ground surface elevation is1257 ft

Kelly bushing elevation is 1270 ft

Top Reservoir

Carter-Tracy boundary

Baffle Zone

Arbuckle Group

Carter-Tracy boundary

Injection Interval

No-flow boundary (base)

1000.00 2000.00 feet

~n
~
[=]
o
~
fus]
o
o
L2
w
o
o
w
[=]
o
o
)
o
o
w
o]
o
o
w
w
o
=]
w
N
o
[=]
w
[43]
o
o
w
@
o
o
w
-1
o
o
w
[ax]
o
o
w
w
o
o
*
(=
(=
c




Workflow for reservoir simulation and geomechanical analysis
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PRESSURE VS TIME

Company: KGS
Location: Wellington 1-28
Test Description: Monitoring induced seismicity near the Wellington oil field CO2 injection in the Mississippian and Arbuckle reservoirs
Serial# 61799
Comments: 3 runs merged into one
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Summary

®* Arbuckle/basement interface?
® |njection management strategies

® Production strategies and water cut
Improvements

® Produced water treatment?

www.ccusconference.com
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