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2.uvoyn

» Ti gival n ETTayouevn ZelopikoTnTa
» Emayopevn Zeiopikotnta otnv Kevrpikn HITA

» [llapatnpnocig ETTayONEVNG CEICHIKOTNTAC ATTO EYXUOEIC UYPWV
atmmoBARTwy ot1o Kavoacg kal Tnv OkAaxoua

» ATTOTEAEOUATA JEAETNG ETTAYONEVNG OEIOHIKOTNTAG OTNV TTEPIOXN
Wellington, Kavoag

» Meiwaon Tou KIVOUVOU ETTAYOUEVNG CEICUIKOTNTAG

» 2UJTTEPACUATO




EtTayopevn ZeIopIKOTNTA - AVOPWTTOYEVIC ZEICHIKOTNTA
Biounxavikeg dpaoTnPIOTNTES KAl PUOIKOI NXAVIOUOI
(Grigoli et al., 2017 — Reviews of Geophysics)

MpouUTtTdpxoVTa PriyMOTO NTTOPOUV VA ETTAVEVEPYOTTOINBOUV:
» AtoBrikeuon kal e€6pun udpoyovavlpakwyv

« Eyxuon uypwv attoBAATWY

»  EkpeTrdAAeuon yewBEPUIKNG EVEPYEIDC

e MeTaAAeUTIKEC DPaCTNPIOTNTEG

» AtoBnikeuon dioeidiou Tou dvBpaka

* 2UYKPATNON VEPOU O€ PppAyuaTa




ETrayopevn 2€I0UIKOTNTO
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(Grigoli et al., 2017 — Reviews of Geophysics)



USGS mpoBAeWn yIa KATAOTPOPEC ATTO PUOIKOUC KAl ETTAYONEVOUGS
ociopoucg oTig HINA

USGS Forecast for Damage from Natural and Induced Earthquakes in 2016
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Y Based on natural and
induced earthquakes

Based on the presumption
carthquakes occur naturally

Chance of damage

Highest chance

l 10% — 12%

5% — 10%

2% — 5%
1% = 2%

' (USGS, 2016)

< 1%

Lowest chance



2. EIOUIKOTNTA OTO KEVTPIKO KAl AVATOAIKO Tunua Twv HITA
atrd 10 1973 €wg 10 2022
M3+ Earthquakes in the Central US 1973 - 2024
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Number of M3+ Earthquakes

902 M3+ Earthquakes 1973 - 2008

20074898 M3+ Earthquakes 2009 - 2024

1980 1990 2000 2010 2020
(United States Geologial Survey (USGS), 2024)



2. eI0uIKOTNTa 01O Kavoag — 1867-2018

Modified
Mercalli
Intensity

magnitude
o 1

o 2
O 3
O 4

O historic (1867-1976) ® Historic (1977-2012) O Recent (2013-2018)

« 1867-1976: ~30 felt earthquakes within Kansas
« 1977-2012: > 200 earthquakes recorded
« 2013 -2018: > 7000 earthquakes recorded

(Kansas Geological Survey (KGS) 2022
https://www.kgs.ku.edu/Geophysics/Earthquakes/q_gifs/Kansas_Earthquakes.jpg)




Sept. 3, 2016, Mw 5.8 Pawnee, OK
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Approximate Depth to Basement
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f BREAK!NG NEWS [h' 5
S\\i EARTHQUAKE FELT IN KC METRO

6 MAGNITUDE EAHTHUUAKE CONFIHMED
THERE HAVE BEEN AT LEAS

FeIt > 1500 km: Denver CO, Chicago IL




i ' -

&
:A..-g.____l

s,

<

I
[
I
[
I
:
1 /1 MISSOURI
I 7 1
1 1
I I
1 1
I I
1 1
I 1
1 1
I I
: 1
. o

-

Y
% ARKANSAS

| Area(km?) | Population

Kansas 213.100 3,0M
Oklahoma 181.200 4,1 M
Greece 132.000 10,5 M




Eyxuon uypwv ammoBAnTwyv oto Kavoag kai TV
OkAaxoua

@ Pressure @ Number of

, , high low earthquakes
Eyxuon vypwy
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(Schoenball et al., 2018 — The Leading Edge)



Etrayouevn ZelopikotnTa 010 Kavoag kail Tnv OkAaxoua
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(Langenbruch et al., 2018 — Nature communications)

Average pressure increase at 6.5 km depth (MPa month“}



Etrayouevn ZelopikoTnTa 010 Kavoag kail Tnv OkAaxoua
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(Langenbruch et al., 2018 — Nature communications) , _
Real-time Rapid Rapid

—_—

monitoring hazard analysis risk analysis

US EPA edappuoose | | |
AeltoupyLkn Slaxeiplon
ETIOYOULEVNC OELOULKOTNTOLS
LECOW ZUOTHAHOTOC
“Owtevou Inpotodotn”

Threshold criteria: list of ohservations or results to increase level
Actions: further modification of operation and communications

Threshold criteria: list of observations or results to increase level
Actions: modification of operation and communications

Observations: list of acceptable baseline observations and trends
Actions: normal operation and communications




2 elopoAoyiko diktuo, Wellington Qil Field,
Sumner County, Kansas

AP, R ElDorado———

fAugusta—-
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e 18 local stations at Wellington Field
Sercel L-22 Short Period, 3-C 2.0 Hz sensor
e 3 USGS stations

Seismometer installation
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KatdAoyoc oeiouwy Tou 0iktuou Wellington
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Etrayouevn Zelcle(’)TnTa oT1o Kavoag
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(Kansas Geological Survey, 2025 https://maps.kgs.ku.edu/earthquake_mini_viewer/)



Wellington tpigdidotarn JEAETN TOU UTTEOAPOUGC
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Monthly injected saltwater volume (m® morﬁh“)

Meiwaon Tou Kivduvou Etrayouevng ZelopikOTNTAC

National Risk Assessment Partnership

Traffic Light System

US EPA edappuooe
AeltoupyLkn Slaxeiplon
ETIOYOULEVNC OELOULKOTNTOLC
LEOW ZUOTAHOTOC
“OwTtevol Znuatodotn”

Real-time Rapid Rapid

monitoring hazard analysis risk analysis
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Threshald criteria: list of chservations or results to increase |leval
Actions: further modification of operation and communications

Threshold criteria: list of observations or results to increase level
Actions: modification of operation and communications

Observations: list of acceptable baseline observations and trends
Actions: normal operation and communications
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(Langenbruch et al., 2018 — Nature communications)

30

Tiun TTETPEAQioOU

©2011-2013: mavw and 100S/BapeAt
©2014-2016: nttwon Katw arnd 50S/Bapeit
0 ©2018: avakapn ota 71S/BapeAt

©2020: ttwon ota 41S/BapéAt

o
n

o
o
w

Monthly number of induced earthquakesfM = 3 month
Average pressure increase at 6.5 km depth (MPa month™)




2UMTTEPOO O

2.EI0MOI UTTOPOUV va TIPOKANBoUvV atrd avOpwTTIVEG
OpaCTNPIOTNTES

21NV Kevipikny HITA Ttraparnprbnke peyaAn aucnon
OEIONIKOTNTAC AOYW uwnAou pubpou £yxuong uypwyv
ATTOBANTWYV

H Ttomk peAétTn oto Wellington Field €0cice
OEIOMIKOTNTO  TTOPA TNV ATrouacia KOVTIVWV
YEWTPNOEWV UPnAou pubuou £yxuong

O KivOuvog €TTaYOUEVNG OCEICPIKOTNTAC MTTOPEI VO
MEIWBOEI pe OikTUO TTapakoAoUONONG Kal €@ApPOYN
OUOTNUATWY BIaXEiPIoNC OTTWG TO «CUCTNMA PWTEIVOU
oNUATOOOTN»
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