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St1 Helsinki project

Deepest EGS (6100 m bsl) with OTN-2 / OTN-3 well doubl_e? =
Aims to provide a sustainable baseload for local heatmg\n etwor
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Controlling induced seismicity a St1

Near-realtime monitoring of seismic and hydraulic energy

100m

M., evolution follows pressure-controlled models of M, ,, < AV3/2

(Galis et al., 2015; Shapiro et al., 2010; van der Elst et al., 2015)
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(Kwiatek et al.,
2019, SciAdv)
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Motivation

Successful control of maximum magnitude M, ., at St1 Helsinki (kwiatek et al., 2019, SciAdy) :
 Adaptive injection strategy limiting hydraulic energy input rate

(see follow up works for other EGS systems and Lab: Bentz et al., 2021 GRL; Wang et al., 2020,3,b GRL)

e Favorable reservoir structure and tectonic stress conditions
(Leonhardt et al., 2021 Solid Earth)

» Limited stress transfer between earthquakes ?
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This study

* Does seismicity only responds to hydraulic energy input?
* Does seismicity display evidences for stress transfer?
* What are implications for seismic hazard assessment at St1 Helsinki?
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Hydraulic stimulation campaings
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Seismicity evolution

Spatial expansion of seismicity observed only at high WHP
Seismic energy proportional to hydraulic energy input

10 16
10 ; — 5 — ——— e 10°
OTN-3 2018 OTN-2 2020 Enhanced Geothermal Systems [ GAK O,/‘ [=
oy BAS - Basel (Switzerland) O
P1 open hole f o CBN - Cooper Basin (Australia) RAF z.
— = STZ - Soultz-sous-Forets (France) .
2, P2 ‘E Hydrothermal reservoirs =1 P P 1015 c
I BER - Berlin (El Salvador) YO “" ASH =
> P3 o 4 NBY - Newberry EGS (USA) CBN ,oy,/ s} ,‘Q;',"-- g
9 P4 4y Scientific = XSH~ Ptk
Q = KTB - Ultradeep well (Germany) ,O/ /fD g
c 8L P5 = e e 110"
o 10 = L e o
o E 3t Srad £ AP I=
[b] [e) ) /,// @\’5& 1T B
© E A Ay Y )
— - e -
pe; 8 B vk BCS) H /’/ O .‘\J{BQ & 10° « o
£ - SR # 3
o Q 2¢ A" o PA OTN3 (2018) . c
= 6 2 OTN:2{2020)” 20 - BER 1029 °
u— E P g b P! 4
[0} 1 0 o KTB e % P:,i’ Wastewater disposal (1 o]
=] = o A P17 _ASH - Ashtabula (USA) o
£ 5 \O! & - " GAK - Guy (USA) £ @
o e RAT - Raton basin (USA)
= E 1 e ot e RMA - Denver (USA) w =
@] - (/,r’?r e YOH - Youngstown (Usa) 3107 E
w7l -~ Fracking =3 =
= | N BUK - Bowland Shale (UK) ©
7,.’_.'_ /Q" GAR - Garvin County (USA) s
1 04 . i 0 e ‘ . 10" g
108 1010 1012 10? 10° 10* 10° 108

Hydraulic energy [J] Cumulative volume injected [m’]

HewmuoLTz CENTRE POTSDAM

EGU2021 General Assembly GFZ GERMAN RESEARCH CENTRE

FOR GEOSCIENCES



2020 Catalog selection
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2020 Catalog selection @

Time-varying magnitude of completeness |mportant for the analysis!
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Stationary b - value

* No indications for
deviatoric stress change

or fractures coalescence
(cf. Scholz, 1968; Main et al., 1991)

* Seismic hazard
controlled by a-value
changes
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No magnitude correlations

* No cascading deceleration/acceleration of seismic energy release
« Correlation of magnitudes (deceleration) visible only after shut-in

Stimulation P2-P4 OTN-2 Post-stimulation
N = 1254 Mc=-1.25 N =98 Mc='1'25

AM = [AM;] = M1 — M;

AM™ = [AM;] = My — M;
M; randomly drawn from {M;}
(e.g. Davidsen et al., 2012, PRL)

dp(m) = p(AM < m) — p(AM* < m)
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No significant temporal clustering

USing interevent-time ratio R statistics (van der Elst and Brodsky, 2010)
» No significant temporal (anti-)clustering observed
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Summary and conclusions

» Statistical and source properties of IS covering 2018 and 2020 stimulation
campaings are comparable

* No indications for static or dynamic stress transfer between induced earthquakes

* Seismicity as a passive response to injection operations following quasi-stationary
Poisson process

* Seismic hazard and maximum magnitude is controlled by seismicity rate changes
(a-value), and likely linked to the hydraulic energy rate

* Limited possibility for runaway ruptures
* Hazard assessment through probabilistic methods - tapered G-R works just fine
* Importance of accounting for rapid changes in magnitude of completeness
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Thank you very much
for your attention!

Presentation:
https://youtu.be/In2xPrAg-2k

contact:
kwiatek@gfz-potsdam.de
see also:
https://induced.pl/st1
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Supplementary information

More about St1 Deep Heat project research:
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