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7 Hazard Assessment 
Hazard Metric 
Different metrics have been proposed to describe the hazard resulting from seismic activity.  Most commonly 
used are the peak ground velocity (PGV) and peak ground acceleration (PGA).  Because PGA is a widely used 
metric for ground shaking intensity, it was chosen as the most appropriate hazard metric for this seismic 
hazard assessment. When extending the assessment to encompass risk (i.e. the response of buildings to 
ground shaking), spectral acceleration (SA) will be used ς this takes into account the response period of the 
building being considered.  Figure 7.1 shows the measured acceleration near the epicentre during the Huizinge 
earthquake of 16

th
 August 2012.  In addition to the peak PGA values, the duration of the event is also 

important for the seismic risk.   

 Huizinge Event 16-8-2012 (Westeremden station)  

P
G

A
 [
c
m

/s2
] 

 

V
e
rt

ic
a

l C
o

m
p

o
n

e
n

t 

 Time [s]  

P
G

A
 [
c
m

/s2
] 

 
T

ra
n

sv
e
rs

e
 C

o
m

p
o

n
e
n

t
 

 Time [s]  

P
G

A
 [
c
m

/s2
] 

 

R
a

d
ia

l 
C

o
m

p
o

n
e
n

t 

 Time [s]  

Figure 7.1 Accelerogram of the earthquake near Huizinge recorded at the 16
th

 August 2012 by the accelerometer 

located near Westeremden (near the epicentre).  

Peak Ground Acceleration 
For the probabilistic description of the ground accelerations (PGA, or generalised to Peak Spectral 
Acceleration, PSA), a hazard map is used. On this map for each location the acceleration is plotted that could 
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occur, with a prescribed annualised probability of exceedance (exceedance level), during a prescribed analysis 
period. Hazard levels are shown using a gradual colour scale.   

The hazard maps shown in the section were constructed according to the following procedure. Each location in 
the analysis area during the analysis period is subjected to ground motion accelerations resulting from induced 
earthquakes. At some locations, e.g. near Loppersum, the chance of exceeding a given peak ground 
acceleration threshold is higher than at the periphery of the field. Equally, at any one location, the chance of 
exceeding some value of peak ground acceleration decreases with increasing peak ground acceleration. An 
example of a set of hazard curves is shown for a number of locations in figure 7.2. Each declining line indicates 
the hazard curve for a single location in the field.   

 

Figure 7.2 An example of a set of hazard curves showing average annual exceedance rate for peak ground acceleration 

at different locations in the field.  Each line corresponds to a location in the field.  The bold line indicates the 

maximum PGA anywhere within the field for a given exceedance level (bounding envelope). In this figure, 

the red line indicates that for an exceedance level of 0.2%/year the highest PGA in the field is 0.21g.   

To prepare a hazard map, an exceedance level needs to be chosen.  This is not a purely technical choice.  
However, inspired by Eurocode 8

1
, part of the current technical standards for structural design in Europe, it 

has become common practice to prepare hazard maps for an exceedance level of 0.2%/year.  This exceedance 
level is equivalent to a 475-year return period for stationary seismicity. The same exceedance level is also used 
by KNMI for their hazard maps.   Hazard maps can be made for different production scenarios.   

                                                                 
1
 The Eurocodes are the current technical standards for structural design in Europe, and it is now compulsory for the 28 countries in the Eurocode zone to 

adopt these. Eurocode 8 specifically deals with earthquake-resistant design of structures (CEN, 2006). Each country adopting Eurocode 8 must develop a 
National Annex to indicate how the code is implemented; the National Annex for the Netherlands is being developed.  Eurocode 8 uses a standard practice to 
represent seismic hazard via PGA maps associated with ground motions having a 10% probability of exceedance during 50 years, equivalent to 0.2%/year for a 
stationary process, or a return period of 475-years. 

At an 0.2% annual exceedance 
probability the maximum PGA is 0.21 g.
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Probabilistic Hazard Assessment 

Seismic Event Rate and Total Seismic Moment Rate with time 
Starting at the first step of the causal chain, from gas production via the resulting compaction, seismicity can 
be assessed.  Seismicity is interpreted in this context as the event rate density of earthquakes larger than M җ 
1.5 and the frequency-magnitude distribution characterised by its slope (b-value) and upper bound (Mmax).  
This minimum earthquake magnitude of M = 1.5 corresponds to the minimum magnitude of an earthquake, 
which the installed KNMI geophone network was historically able to record reliably (independent of its 
location within the field boundary or time of day). Earthquakes with smaller magnitude may not always be 
detected, because the signal may not be distinguished from the background noise.   

 

Figure 7.3 Expected annual event density maps over from 1995 to 2020 according to the seismological model. The 

forecast period is based on the production plan for 33 bcm/year and the linear compaction model. Grey dots 

denote the observed epicenters of M җ 1.5 events. 

Expected event density maps for the period from 2016 to 2020 for various combinations of annual production 
volume, distribution of production over the field and compaction model are shown in figures 7.4A, 7.4B, and 
7.4C. As the event density maps through time are very similar for the linear and RTCiM compaction models, 
the event density used for the hazard and risk assessment in the winningsplan 2016 is based on compaction 
calculated using the linear compaction model.  
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Figure 7.4A Expected annual event density maps for the 33 bcm production scenarios. 
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Figure 7.4B Expected annual event density maps for the 27 bcm production scenarios.  
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Figure 7.4C Expected annual event density maps for the 21 bcm  production scenarios.  

The difference maps based on the annual event density maps for these production scenarios, show the impact 
of the changes in annual field production (fig. 7.5) and of the distribution of the production over the field (fig. 
7.6).    
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Figure 7.5 Reduction in the expected event density due to reduced gas production for the linear compaction model: (a) 

27 bcm - 33 bcm, and (b) 21 bcm - 33 bcm. Please note that the variation in colour denotes a small 

fractional variation in density differences.   
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Figure 7.6 Reduction in the expected event density due to reduced gas production for the linear compaction model: (a) 

33 bcm - 33(optimised) bcm, (b) 27 bcm - 27(optimised) bcm, and (c) 21 bcm - 21(optimised) bcm. Please 

note that the variation in colour denotes a small fractional variation in density differences.   

 

  


























