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Who is Injecting in Arbuckle?

* UIC Class | — Kansas Department of Health and

Environment (KDHE)
— Wells used to inject hazardous wastes or dispose of
industrial and municipal fluids beneath the lowermost

formation containing, within one quarter (1/4) mile of
the well bore, a source of fresh or usable water

— “On vacuum” — no WHP

e UIC Class Il — Kansas Corporate Commission (KCC)

— Class Il wells are used only to inject fluids associated
with oil and natural gas production. Class Il fluids are
primarily brines (salt water) that are brought to the
surface while producing oil and gas

— Some WHP is allowed (~500 psi)
e UIC Class VI-???




Class 1 & Class II Disposal Volumes (2015)

—(:ﬁé,keyenne

. Brown
Republic Washington Marshall Nema,

. A @
; Cloud Jackson

Mitchell Clay Porrawatomie
3 Riley

g .
 Bhillips {Symith Jewell

o B
_g‘l} @
L]

Atchison

Sherman

Ottawa @

Lincoln Shawnee

Creary
Wallace

o, Dickinson Y
- -

R e
I

Millions of Barrels Millions of Barrels
=25 =25

e 25-5 \') 25..5

N
0 25 50 100 Miles 5+ 54
L+ 1+ 1 1 1 1 |
Map printed 3/1/2017 Sources: Kansas Department of Health and Environment. ESRI

USGS, Kansas Corporation Commission, Kansas (reological Survey



R T a — T s T
2013 | L iy
|20i3 o \‘_4| e || ‘. :‘—L ¢T = :—‘ T'{__\]\ B _:;\7\
I S N bt | 3]
| 11T - Earthquake
\7\7ﬁ#7—¥ T iJ ‘I_f‘,_ | ‘ | ‘_ \

USGS Earthguakes 2013 USGS Earthquakes 2014
MAG MAG
o =20 o =20
O 20-30 O 20-30
30-40 O 30-40
N . “* . 4
] 25 50 100 Miles Nllo 25 50 100 Miles
A I Y Y Y O Y | A I Y IR N N RO N
Wap printed 2/6/2020 Sources: Kansas Geological Survey, USGS, ESRI Wap printed 2/6/2020 Sources: Kansas Geological Survey, USGS, ESRI

USGS Earthquakes 2016
USGS Earthquakes 2015 MAG
MAG 5 =20
o =20 20-30
O 20-30
O 3.0-4.0
N . Q.
= i i 0 25 50 100 Miles
0 25 50 100 Miles T W | L |
‘I IR NS Y E—— Map printed 2/6/2020 Sources: Kansas Geological Survey, USGS, ESRI

Map printed 2/6/2020 Sources. Kansas Geological Survey, USGS, ESRI



017 | 1 TJa ] LIt | go8 [
e S kEarthuakees over time

USGS Earthquakes 2017 USGS Earthquakes 2018

MAG > - MAG
o 220 o 220
O 20-30 O 20-30
3040 3040

N . a* N . 4+
0 25 50 100 Miles 0 25 50 100 Miles

A\II\\IlII A\II\\IlII

Map printed 2/6/2020 Sources: Kansas Geolegical Survey, USGS, ESR/  Map printed 2/6/2020

Sources: Kansas Geological Survey, USGS, ESRI

201

—wi
4~_4
|
-
i
@]
B
—
|
\T;
|_4
N
o
T_&J
N
—+—
|
-
q
B
—
|
-

USGS Earthquakes 2019 @ ° Q)% USGS Earthquakes 2020|

MAG MAG
o >2.0 o >20
Q 20-30 Q 20-30

O 30-40 O 30-40
N i . “ N . “
0 25 50 100 Miles |0 25 50 100 Miles

A\Ilwllll A\Ilwllll

Map printed 2/6/2020 Sources: Kansas Geolegical Survey, USGS, ESR/  Map printed 2/6/2020

Sources: Kansas Geological Survey, USGS, ESRI



Kansas Arbuckle disposal wells

e 49 Class | and 2381 Class Il Arbuckle wells across Kansas

* Volumes increase in 2005, peak in 2013-2014 to >750
million barrels, and drop to 500 million barrel in 2015
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Bidgoli et al., 2019



pressure increase (MPa)
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Increases in pressure and static fluid level

Class | wells show increase in pressure and SFL
Class Il would show similar tendencies if data is available

Pressure increase more pronounced near Harper and Sumner counties
Reno County well(orange) shut-in for two decades
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CCUS in Kansas
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Why
Arbuckle?

Although some
shallower formations
are used for disposal
or could be used as
disposal targets,
Arbuckle Group tops
all other formations

in the MidCon region:

- Continues extent
through the
region

- Thickness

- Under-pressured,
or pressure
potential

- Reservoir
properties

- Alternatives?
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Geologic Setting

EXPLANATION
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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)
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Depth (in feet) Below Ground Surface
to Top of Arbuckle




Salinity of Cambrian-Ordovician
Arbuckle Group in Kansas
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Maximum Allowable Increase in Pore Pressure from

Ambient Conditions

Based on UIC Class VI rule limitation of pore pressure to not exceed 90% of
fracture gradient
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Patterson Site Location and Infrastructure
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® Reverse faults identified in the Patterson area
offset the reservoir intervals, but not interrupt
the Morrow Formation primary seal.

Time structure map on top of the Arbuckle Group of the Patterson-Hartland area.



Storage
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Additional SWDW
Resources

Cedar Hills — 820 SWDW
Lansing-KC — 326 SWDW
Mississippian — 264 SWDW
Glorietta — 101 SWDW
Stalnaker — 86 SWDW
Topeka — 54 SWDW
Hunton — 51 SWDW

Maybe it is time to update
inventory?

Precambrian
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CO, EOR in Kansas

Kansas Oil Production is Falling Numerous Potential Sites for EOR
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Alternatives and Underutilized Resources

Hugoton Gas Field for SWD?
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Resource Management

Vertical profile of pressure increase at shut-in
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Many Potential Pipeline Routes Cross
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Summary

Competition for resources means that careful
site selection is essential

Alternative resources for disposal/storage are
likely available but reevaluation and research
is needed

CO,-EOR option is important for CCUS success
in the Mid-Continent

Better design of disposal well sites and
management strategies are needed

Nation-wide infrastructure could help to solve
the logistics
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