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[To mannpIM caiita https://inducedearthquakes.org/ xk HacTosiIIeMy BpeMeHH yke HacunuThiBaeTcs 6osee 1370
CJIy4aeB BOBHUKHOBEHUS TEXHOT'€HHBIX U TPUTTEPHBIX 3eMJICTPSICEHU, U3 KOTOPBIX puMepHO 70% cBsI3aHBbI
C BO3/elicTBUEM Ha (UIIOHIHBIE cUCTeMbl B HeApax. Ciiydan KatacTpoQUUYECKUuX 3eMIIETPSICEHUI MPH 3TOM
PEAKH U HE BCErla UX TPUTTEPHBIN XapakTep sABseTcs qokazaHHbIM. K kaTacTpoduueckum 3eMIeTpsICeHUsIM,
BBI3BAaHHBIM 3aKayKOW JKHUJKOCTH, OTHOCSTCS, Oe3ycimoBHO, 3emuerpsicenne 15.11.2017 r. B Iloxane,
tOxnas Kopest (M 5,5, riybuna oyara 4.5 KM), 3€MJIETPsACEHUE ¢ MAarHuTy10i4 M 5.6, mpousoruesnuiee B
Havase ceHTs10ps 2016 1. B mtaTe Oxnaxoma (CIIA). OnmacHOCTh TEXHOTEHHBIX 36MJIETPSICEHH 00y CITOBJICHA,
MMOMHMO MPOYETO, TEM, YTO OYard ATUX CEHCMUYECKHX COOBITHI pacmoiaraloTcsi B 30He BeACHUS paboT WK
Ha HEOOJBIIIOM YAQJICHUH OT HMX M MMEIOT, 3a4acTyl0, HeOOJbIIyto TyouHy. Tomuku gake HeOOJbIION
MHTEHCUBHOCTU TPUBOIAT K pa3pylICHUSM 3[aHUM, MOCTPOCHHBIX 0€3 MPUMEHEHHS Mep IOBBIIIEHHOM
CEHCMOCTOMKOCTH, BBI3BIBAIOT OECTIOKOMCTBO HaceneHus. Kpymueiiee B EBporie ra3oBoe MECTOPOXKICHHE
I'ponunren (Hunepnanasl) ObUIO BBIBEIEHO M3 AKCIUTyaTallMM UMEHHO B CBSI3M C Pa3BUTHUEM TEXHOTEHHOM
ceiicMuuHOCTH. VIMeBIIMeCs] OIEHKH HE MPEIoJiaraiy MOsSBICHUS 3eMJICTPSICEHUN OONBIION MarHUTY/IBI,
OJIHAKO MPOTECTHI HACETICHUS BBIHYAUIU MPEKPATUTh pa3paboTKy MECTOPOXKICHUS.

OrpanuydeHus, BBOAUMBIE B psAJie PErHOHOB MHpa Ha JOMyCTUMbIe 00BEMBI BO3ACHCTBUS Ha (DIIIOUTHBIC
CUCTEMBbI, CHeJaJii aKTyaJbHOM pa3pabOTKy HaydyHO OOOCHOBAaHHBIX METOJOB OLIEHKH CBSI3U MarHuTy
TEXHOTEHHBIX 3E€MJICTPSICEHUN C XapaKTepUCTHUKAMHU BO3JIEUCTBUM. MccienoBaHnio MEXaHU3MOB Pa3BUTHUSA
WHIYITUPOBAHHOW CEHCMHUYHOCTH TOCBSIICHO OOJBIIOE KOJWYECTBO MyOnuKanuid. BakHbpIM (dakTOopom
SBIIAETCSA CHUXEHHE 3(PPEKTUBHBIX HOPMAJbHBIX HANPSOIKEHUI Ha pas3ioMax IMpH MOBBIIIEHUH MOPOBOTO
JABJICHUS, OJIHAKO AITOr0 HEAOCTAaTOYHO: CEHCMUYHOCTh PETHUCTPUPYETCS M MPU OTHOCUTEIBHO HU3KHUX
napieHusx 3akaduku. C. A. [llanupo ¢ coaBTopamMu BBEIW MapameTp, Ha3BAHHBIN CEMCMOTEHHBIM HUHICKCOM,
KOTOPBIM CBSI3bIBACT MAarHUTyAy HWHAYLUUPOBAHHBIX 3EMIIETPSICEHHM C CyMMapHbIM OOBEMOM 3aKaukKH
KHUAKOCTU. DTOT MapaMmeTp MPUMEHsUICS I pa3HBIX PErHMOHOB, HO HAKaIUIMBAIOIIMECS JlaHHBIE He
MTOATBEPAMITN HATMIUE OUCBUIHON CBS3M 00BEMOB 3aKauKH C MAarHUTYIaMH CEHCMUYECKHUX COOBITHIA. J[pyroit
METO]l OLIEHKH MaKCHMAaJbHOM 0’KMJAaeMOW MAarHUTYAbl TEXHOTEHHBIX 3E€MJICTPSICEHUI CBSI3aH C MOHCKOM
3aBUCHUMOCTH MarHUTYZbl 3€MJIETPSICEHUM OT CKOPOCTH W3MEHEHHUS MOPOBOTO JABJICHHS, ONpeaAesieMoi
pacxoa0M 3aKaurlBaeMOM JKUKOCTH.

B mpencraBieHHOM JOKJIaJ€ paccMaTpUBAIOTCS 3TH JiBa CIOcO0a OIEHKM MaKCHUMAaJbHBIX MarHuTy.
3eMJICTPSACEHUN, WHIYLIHMPOBAHHBIX 3aKauyKoW KuAKOCTU. bonee neTanpHO TpelcTaBiIeHAa MOJENb
MHUIUUPOBAHUS CKOJIBKEHHSI Pa3jioMa 3aKauKoi >KUIKOCTH, OCHOBAaHHAs Ha 3aKOHE TPEHUS THIIA rate-and-
state. IlyreM aHanmu3a pe3yJbTaTOB PacyETOB OINpEAENICHBbl YCIOBHUS IMepexoda aceiCMHUUECKHX MOIBUKEK
B CEHCMOTCHEPHUPYIONINE, TIOJYyUYCHBI OIICHKH MarHWTY] BO3MOXHBIX ceiicMuyeckux coObiTuil. [TokazaHo,
YTO B paMKax PacCMOTPEHHON MOJENU MPHU POCTE CKOPOCTU 3aKAYKHU MPOUCXOAMUT HACHIIIEHHE CKOPOCTH
CKOJIbXKEHUSI U, COOTBETCTBEHHO, MAarHUTYJ BO3MOKHBIX 3€MJIETPSICEHUN, YTO MOXKET OBITH IMOJIOKEHO B
OCHOBY OIIEHKH MaKCHMaJbHbIX 3HAUEHUN MarHUTY UHIYIIUPOBAHHBIX 3eMJICTPSICEHUH.

Paboma sevinonnena 6 pamkax eocyoapcmeennoo 3aoanus Munucmepcmea HayKu u 8bicuie20 00pa3o6aHusl
P® (mema Ne 125012100531-7).

226



Tpurrepusie 3¢ dexTs B reocucremax (18-22 mas 2026 r., Komomua, Poccust)

A POSSIBILITY TO ESTIMATE MAXIMAL MAGNITUDE OF INJECTION INDUCED EARTHQUAKES
S. B. Turuntaev:*, V. Y. Riga"2, N. A. Baryshnikov'

ISadovsky Institute of Geospheres Dynamics of Russian Academy of Sciences, Moscow, Russia
’Dukhov All-Russian Research Institute of Automatics, Moscow, Russia
*E-mail: stur@idg.ras.ru

According to the website https://inducedearthquakes.org/, there have been over 1,370 cases of induced
and triggered earthquakes to date, approximately 70% of which are associated with impacts on subsurface
fluid systems. Catastrophic earthquakes are rare, and their trigger nature is not always proven. Fluid injection
catastrophic earthquakes include, without a doubt, the November 15, 2017, earthquake in Pohang, South
Korea (M 5.5, focal depth 4.5 km), and the M 5.6 earthquake that occurred in early September 2016 in
Oklahoma, USA. The danger of man-made earthquakes is related, among other things, to the fact that the
foci of these seismic events are located in the work zone or at a short distance from it and are often shallow.
Even low-intensity tremors lead to the destruction of buildings constructed without seismic safety measures,
causing public concern. Europeys largest gas field, Groningen, Netherlands, was decommissioned precisely
due to the man-made seismicity. Existing assessments did not predict the occurrence of large-magnitude
earthquakes, but public protests forced the cessation of field development.

Restrictions imposed in several regions of the world on permissible impacts on fluid systems have
necessitated the development of scientifically grounded methods for assessing the relationship between man-
made earthquake magnitudes and impact characteristics. Numerous publications have been devoted to the
study of the mechanisms of induced seismicity. A key factor is the reduction in effective normal stresses
on faults with increasing pore pressure, but this is insufficient seismicity is also recorded at relatively low
injection pressures. S. Shapiro and co-authors introduced a parameter called the seismogenic index, which
relates the magnitude of induced earthquakes to the total volume of fluid injected. This parameter was applied
to various regions, but accumulating data did not confirm a clear relationship between injection volumes and
seismic event magnitudes. Another method for estimating the maximum expected magnitude of man-made
earthquakes involves finding the relationship between earthquake magnitude and the rate of pore pressure
change, determined by the flow rate of injected fluid

This paper examines these two methods for estimating the maximum magnitude of earthquakes induced by
fluid injection. A model for the initiation of fault slip by fluid injection, based on the rate-and-state friction law,
is presented in more detail. By analyzing the numerical calculation results, the conditions for the transition
from aseismic to seismogenic slip are determined and estimates of the magnitudes of potential seismic events
are obtained. It is shown that within the framework of the considered model, with an increase in the injection
rate, the sliding velocity and, accordingly, the magnitudes of possible earthquakes are saturated, which can be
used as a basis for assessing the maximum values of the magnitudes of induced earthquakes.
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