Recent seismicity In the northern German gas fields - induced and tectonic?

Gregor Mokelke?, Zaneta Heinrich?, Benjamin Sick?, Rolf Hafner!, Marco Walter?, Patrick Blascheck!, Manfred Joswig"

1 Institute of Geophysics, University of Stuttgart, Germany, gregor.mokelke@geophys.uni-stuttgart.de ; 2 Seismic Solutions, Tubingen, Germany

. un ,0...000‘000‘0. -
et 0000 0 0, - L
st U tat Stuttgart
0:0:0:0:0:0:0:0:0 nlverSI a u gar
- NOVOOOLOCS
* ‘0.0.0 0.0 .00 *
eophysi R
*e et

Overview: Seismicity in northern Germany and existing seismological networks Increase of Network performance

During the last decades seismic events consistently - e
- occurred in the vicinity of the natural gas fields and
currently there are over 50 documented earthquakes
_ with magnitude range M, 0.5 — 4.5 (Fig.1). Due to their
P 0 spatial vicinity, many of them are interpreted as the
@ Mo 20 | consequence of hydrocarbon recovery and ranked as
- Induced events. |
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Longitude ; Fig.4: Overview of the current network arrangement in the region
g surrounding Visselhévede. The super-arrays KIR and LOEV are set up

Fig.1: Seismicity in northern Germany. Gestermann, BGR 2015. at former military sites in remote low-noise areas. The former BGR-

station BKSB had its place at KIR, but was abandoned in the
beginning of 2016. (Map data provided by NIBIS-Server (LBEG).
Edited with QGIS.)
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Fig.5: Array configuration (top) and array

response (bottom) of the new super-array

KIR in comparison to the well-established
LOEV-super--Array. The stretched SW-NE

Seismicity related and not related to gas-production orientation of KIR-seismometers feads to a

perpendicular orientated, elongated beha-

viour of the Array-Response values

distribution.
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Fig.8: Walsrode cluster event overview, event window length is 10 s. Fig.9: HypoLine screenshot of deep seismic event in northern Germany (23.01.2016, -
The cluster consists of 9 timely clustered events with local magnitudes 04:57, M, 0.6). From the selection of clearly visible P and S arrivals (left windows) the time KIR1-C-shn . . 1 - : | .
between 0.3 and 1.7. All events apart from the one of 02/11/14 are also difference ts-tp has been received and displayed here as circles (right middle window). 200000 s ’ e s
clustered closely in space. The epicenter of the outlier event is around Hyperbolas represent Equal Differential Time derived for each pair of tp-tp onset times. ot S B L I S
5 km to the south of the main cluster and its depth Is around 26 km Only the coincidence of ts-tp circles with hyperbolas can give us a depth estimation. In this Fig.6: Raw data example from KIR: comparison of unfiltered waveform
Instead of less than 5 km from the other events. example a good converge has been received for a depth of 27 km (right lower window). data of an event at Bothel/Helmsbiinde in the year 2015 recorded at BKSB

(a BGR-Station) and from May 28th in the year 2016 as recorded by the
KIR-array (University of Stuttgart). The similarity of the onsets and of the
behaviour of the horizontal traces is obvious and leads to the conclusion

Y | o g . S in that the focal mechanism is comparable.
. Events
% 31 shallow
&ne_burg * * 21d92p" ) . .. .
e, s * I Gl ﬁ‘n%rgr:gr?twgggits —¢ Sohlingen Pool —4&— Helmsbiinde Pool Walsrode Pool Flg' 7 SelsmICIty-tIme-p/Ot for a part Of
* Mo Cumulative gas . Cumulative gas Cumulative gas the northern german gaS-erIdS' The
A S * i‘;ﬂ : production production production changes in detection threshold led to a
2 pw&% D%asﬁ’ wess i 1 [ *M 3 2,50E+06 4,50E+04 IaneaSIng number Of ObSGI’V&tIOnS dUI’Ing
| 1977 Soltau PALOE e the last decade and especially during the
'[ A; — L sgsom ], o | Magnitude i e last years (due to the installation of the
| * i ] ms WEG/DMT-network and the network of the
\____l\Ce"e * S _ By University of Stuttgart).
! | \.--\L * 2 000+ 0050 - wac 2000 2010 2020 °%F+9°
‘ i 1 . | : Source: Crude Oil and Natural Gas in Germany - Annual Reports of LBEG
g_arlgggr_l_\_“__ _ : _? 1 1 :: * .ﬁfﬁfem
) - - __--‘ . i r.:over\ ! ; ;"/' 5800km | | | . 35
500km 550km 600km 0 1020 30 .05 DCHRC leonotk 2 * A
I | | ! Eepth Tkl Zﬁ g?\ls :: * r
' 2 : * **% * % * :13 E A ZﬁEgrﬁgtwork ; :
L s : N ik ‘ :20§% /\ BGR Network 0:
et " s i | * 30
Fig.10: Localisation of events in the region of Walsrode gas field. Yellow stars Fig.11: Localisation of all seismic events from DGMK project 761 in wider
indicate shallow earthquakes detected and localized during DGMK project 761. region. Red and blue stars indicate shallow and deep earthquakes (respectively) . . _
The blue star represents deep event on 02.11.2014, 11:34, M, 1.7 [background detected and localized by USt. Yellow stars represent older events like Soltau Although the DGMK Nanos?lsmlc Monltorln_g n_etWOVk Is scattered on a sr_naII
map: NIBIS Kartenserver http:/nibis.lbeg.de] event (1977, M, 4.0), Rotenburg (2004, M, 4.5) and Visselhévede earthquake area and all stations contain the same seismic sensors, there are a slight
(2012, M, 2.9). differences in noise level between them. The quality of data depends not only
on local traffic but also on the type and thickness of substrate.Development
and adaptation of automatic detection methods to the specific network
SHEE i configuration has significantly improved monitoring and detection of seismic
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Northern Germany is regarded as a typical low strain intraplate area with 7 < N [ . Continent collisions in the Alps local earthquakes 2004 M_ 4.5 Rotenburg and 2012 M, 2.9 Visselhdvede.
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Fig.12: Tectonic situation and latest ice-shield extension in northern Germany. Ladage, S., et al. (2016): Schieferél und Schiefergas in Deutschland - Potenziale und Umweltaspekte. Hannover : BGR, 2016.
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