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Development of Groningen seismicity
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Year Mmax

1993 3.3
1997 3.7

2003 3.9
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Annual cumulative frequency
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From gas production to seismicity
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Induced seismic risk

AObiject related Individual Risk (OIR):

The risk an individual is exposed to when residing in a
building or when exposed to possible falling objects.

ADutch law stipulates a norm for the OIR:

OIR < 10/yr :

Consistent to building code norms for storms and flooding

ADamages need to be avoided as much as realistically possible
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Groningen risknanagemensystem:

The Measurement and contrplotocol

Waakzaamheidsniveau

Grondver-
snelling (PGA)
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Activity rate’
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Aardbevings-
dichtheid?
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Peak Ground
Velocity (PGV)
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@ >0.05 g >15 (M=21.5) >0.17 (Mz1.0) ;5821;15/?
oo g . N M >50 mm/s
0.08¢g 20 (Mz1.5) 0.25 (M=1.0) 1% kans op DS2
Interventieniveau
o+ >80 mm/s
O* >0.10 g >25 (Mz1.5) >0.40 (M=1.0) 10% kans op/DSZ

' Bevingen = 1,5 per jaar
2 Bevingen = 1,0 per km2-jaar

s Onverwacht veel :

DS1 meldingen

Onverwacht
DS2

Onverwacht
DS3
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Production measures taken

A January 2014:
A January 2015:

A June 2015:

A November 2015:

A Oktober 2016:

A April 2017:
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Reduce production center field by 80%
54 bcm 2013> 49,5 bcm/yr 2014

Reduce production SW to level 2012

-> 37 bcm/yr 2015
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Scheemderzwaag

Tusschenklappen

Reduce production evenly to 33 bcm/yr; diminish seasonal fluctuations

If possible

Counsil of State ruling: 27 bcm/yr; diminish seasonal fluctuations if

possible

Reduce production evenly to 24 bcm/yr; minimize fluctuations in

production

Reduce production evenly to 21.6 bcm/yr; minimize fluctuations in

production
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Impact production measures on seismicity

March 2013March 2014 March 2014March 2015

March 2015March 2016 March 2016March 2017
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Pressure development and seismicity

pressure (har)

Wirdum earthguakes
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A 1 = production reduction Loppersum
-> depletion is interrupted, temporary
Increase In pressure

A 2 = pressure returns to level of prior to
measure

A For 1 year depletion was interrupted

A Since 2015 pressure is in decline again and
stress on the faults is increasing.

A However, stress is accumulating at a lower

rate
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Pressure development and seismicity

Wirdurm increased event density

depletion rate (barfyr)

1
]
T

I
T

&
T

at

=
T

1

— depletion rate ||
event density

= = o =
[ (] = i

earthguake density (events/km2/12 months)
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A 1 = production reductioh.oppersum
A 2 = short production increase

Dec 2014 Jan2015
-> M2.7 event on January 8, 2015

A 3 = increasén seismicity Nov 2016

The faults are so critically stressed that small
that small accelerations in the depletion can
trigger either a cluster of events and/or a
larger magnitude event.
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Groningen gas production and seismicity

Van 1990 tot en met 2017

Gasproductie in

Bronnen: KNMI en NAM miljard Nm?3 (TQ)
f 60
@ Magnitude ] 2,5-3,0 ©
Wi5-20 W30-35
1 20-25 B>35

1990 1995 2000 2005 2010 2015 2018

Groningen Symposiurtebruary 1, 2018



State Supervision of Mines
Ministry of Economic Affairs and Climate

Most recent developments

December 201&ecember 2017 4 Januari 201¢ 4 januari 2018

Source: TNO
Groningen Symposiurfebruary 1, 2018



