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Statewide Overview: 2021-2022

total earthquakes =1692
(2020-2021 = 1180)
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Magnitude Distribution
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Notable Observations

Saline County
— three M 4+
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Monthly Earthquakes

statewide
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Relation to CSTS Member Facilities

2021-2022 = |57 within 20 mi (283 last year)
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2021 Disposal Volumes

HP Annual Disposal

Harper Co.




2021 Formation Pressure
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Formation Pressure Change

D20 pressure change 2020 to 2021
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Kiowa County

Magnitude

* Central Kansas Uplift
5
— southwest margin

4 — west of Pratt Anticline

L

* Mapped faults

— None

* Historic earthquakes
— None

[

— Influenced by pore pressure

— Sparse recent seismicity
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Kiowa County

* Local Earthquakes (<20 mi)

FO — None
- — ~30 miles away in Comanche and Barber
KW A * Subnetwork events
X — 17 events (8/yr average)

~ M-1.5t0 0.1
— < 5 mi from KwW02

CM * More subnetwork events, sparse
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O KGS/CSTS network (2021-2022)




Rice County
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* RC02
— northeast RC

— pasture
— Little River

- RCO3

— between Lyons and Sterling
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Rice County

magnitude 1

@ Historic (1977-2014)

* Eastern margin of the CKU

* Mapped structures
— Geneseo Uplift
— bounded by faults

* Historic earthquakes
- M27in 1981
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Rice County
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@ Historic (1977-2014)

* Local earthquakes (< 20mi)
— M 2.9 on June 28,2022
— only detected by KGS/CSTS
— first since 1981

* Subnetwork events
— RCO02:26 (22/yr avg.)
= M-1.5t0 I.1
= distance: |-11 mi
= Geneseo Uplift
— RCO3: 15 (19/yr avg.)
= M-1.5t00.6

= distance: 5 mi




Ellsworth County
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Ellsworth County

magnitude 1

@ Historic (1977-2014)
O KGS network (2015-2021)

* Eastern margin of the CKU

* Mapped structures

— faults

* Historic earthquakes

— M 1.7 to 2.0 in 1980s
—~ M 1.4in 2018 (Barton)




Earthquake Migration

Russell County Earthquakes
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Ellsworth County
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@ Historic (1977-2014)
O KGS/CSTS network (2020-2021)

* Local earthquakes (< 20 mi)
— M 2.9 in Rice Co

— events in Russell Co > 20 mi

* Subnetwork events
— 13 events (9/yr avg.)
-~ M-09to I.5

— 2-12 mi from station

* Consistent with past years




McPherson County
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McPherson County
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* Midcontinent Rift System

* Mapped structures
— Voshell Anticline
— bounded by faults

* Previous earthquakes
-~ M28in 1981
- M I1.7in 1983
-~ M26in2014

— Recent seismicity near MP-SA
county line

— Cluster in southeast corner

magnitude

@ Historic (1977-2014)
O KGS network (2015-2021)
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McPherson County
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@ Historic (1977-2014)
O KGS/CSTS network (2021-2022)

* Local earthquakes
— 22 earthquakes, M |.] to M 2.2
— mostly near Saline cluster

— largest in SE corner near previous cluster

* Subnetwork events
— MPOI:42 events (12/yr avg.)
= M-15t0 0.4

= avg.4 mi away, corresponds to historic
earthquakes

— MPO02: 37 events (24/yr avg)
*“" M-15t0 04
= 0.5-7 mi away

= corresponds to anticline, SE cluster




Reno County

R85 -97.0
— |
SA
EW —l
38.5 T::i = M &S - 38.5
wh | b,
— Ax
pl——
RN x| |A [HV
38.0 BU -
] SG |
3754 | \\ ! \ § = -“'
98, \ Bl

* RNOI

— west of Hutchinson

— cemetery
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— Sand Hills State Park




Reno County

Conway Syncline
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O KGS network (2015-2021)

* Geologic Setting
— CKU and MRS
— structural low
— Conway Syncline

— faults bounding uplifted areas

* Historic earthquakes
— None (M 3+)
— Recent seismicity (2015-present)

= progressed north

= structural low
= three M 4+ in 2019-2020




40 1

39 1

38

37 1

Reno County

-102

-100

-98

-96

-102

-100

-98

-96

|40

39

38

37

S o [o)
o o o

N
o

Arbuckle dP (psi)

-20
2000

—e—RN4
—o—RN8

RNY/1

—e—RN5

2005

)
i

2010

Year

2015

2020

2025




Reno County

* Local earthquakes (w/in 20 mi)
— |6 events
~ M 2.7 on July 17,2021
— M 2.6 on May 17,2022

— fore/aftershocks

. | - Subnetwork events
— RNOI
= 42 (400/yr avg.)
* M-1.5t0 0.6
= corresponds to Hutchinson cluster
— RNO3
magnitwde  °© ° O O = 22(19%yravg)

1 2 3 4 « M-15t007
O KGS/CSTS network (2020-2021) R

= Hutchinson fault




Hutchinson Cluster
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Sedgwick County
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Sedgwick County

Valley Center Anticline

* Nemaha Ridge

* Mapped structures
— Valley Center Anticline

— likely associated faults

* Previous earthquakes
— Historic
* none recorded
= felt events in early 1900s

— Recent seismicity recorded by KGS
network

= predominantly NE trends
= migrated from KS-OK

magnitude = likely induced

* dozen M 3 2021-2021
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@ Historic (1977-2014)
O KGS network (2015-2021)
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Sedgwick County

Valley Center Anticline
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Local earthquakes

- 102

- MO0.7to 3.7

— clusters identified previously

Cheney
— ~40, largest was M 3.7

Wichita
— 34, largest M 2.5

Subnetwork Events
— 29 events (27/yr avg.)
-~ M-1.5t0 0.4
— 0.5-11 miles
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Butler County
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— northeast of El Dorado

— pasture
— El Dorado State Park




Butler County

magnitude

@ Historic (1977-2014)
O KGS network (2015-2021)

* Nemaha Ridge

* Mapped structures
— Nemaha Ridge/Humboldt FZ
— anticlines/synclines

— mapped faults

* Previous earthquakes
— 7 historic events (M 3 in 2001)

— Recent seismicity recorded by KGS
network

= clusters in northern and southern BU
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Butler County
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* Local earthquakes
— | | earthquakes
-~ MO0.8to23

— previously identified clusters

* Subnetwork events
— 11 (8/yr avg.)
—~ M-1.5t0 0.7
— 0.5-1'1 mi
— Consistent with mapped faults

= likely natural

* Overall reduced earthquake
magnitudes and rate




Johnson and Atchison Counties
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Johnson and Atchison Counties
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Summary

* Uptick of Earthquakes in some areas
— Saline County

— Jewell, Dickinson
* Formation pressure stable

* CSTS network seismicity
— Earthquake rates continuing to drop
— Notable events

= Rice County M 2.9
= McPherson County M 2.2
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Recent Publications
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Recent Publications
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300 4o “ Wastewater Disposal Has Not Significantly
270 270 . Altered the Regional Stress State in Southern
Kansas
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— shear wave anisotropy
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Recent Publications

1{]-15 (a) Oklahoma & Karimi and Davidsen (2020): Aftershock

| sout hern Kansas Triggering and Spatial Aftershock Zones in
m € (2.8,5.8) Fluid-Driven Settings: Discriminating Induced
2 i L
107 o = 0.68 : Seismicity From Natural Swarms
] Wi X 1
p-val= 0.982 | * Inter-event triggering (aftershocks)

10"

Natural earthquakes
— a few large triggers (main shock)

100

— fewer aftershocks

Induced earthquakes

— many small triggers

— more aftershocks




Recent Publications

C.  Pragie | .-
' -'///“.-’ .

> Shah and Crain (2018): Aeromagnetic
Data Reveal Potential Seismogenic Basement
Faults in the Induced Seismicity Setting of
Oklahoma

<

* OK earthquake sequences aligned with
aeromagnetic lineaments

* Intrusions locally inhibit induced seismicity
due to fault termination or changes in
permeability
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