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Abstract

To model the seismicity at the Groningen gas field we test if the statistical response of fault networks with rate-and-state dependent frictional
behavior can describe the spatial and temporal pattern of the observed seismicity. The long and detailed data set from Groningen is ideal to test
the model in regard to the changes in production history and to different parameters like fault density. The Rate-and-State model (RS) is compared
to two simpler models: a stationary Poisson model and the Coulomb model with the seismicity rate proportional to the induced stressing rate. The
RS model can spatially and temporally well explain the observed seismicity and yields better results as the other models. The results of the RS
model are for the different input data consistent and can be improved by taking the fault density into account.

The Groningen gas field The Rate-and-State seismicity model

The Groningen gas field is located in the Northeast of @ The Rate-and-State model (RS) is based on the experimental derived rate and state
the Netherlands (Fig. 1). The reservoir is in the Upper  dependent friction law which is transferred to earthquake nucleation on heterogeneously
Rotliegend Group in about 3000 m depth covered by  distributed faults. The observed earthquake rate can be described as (Dieterich, 1994):
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reservoir thickness and fault density are considered.
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Fig. 1: Location map and the Groningen gas field with the normalized selsmicity

fault density map based on shown faults and observed earthquakes.

Model results and comparison to alternative models

The results of the RS model are compared to a stationary Poisson model and the Coulomb model (CFS), where the seismicity rate is direct
proportional to the induced stressing rate. Fig. 3 shows the temporal variations in the seismicity rates of the three models summed for the
complete field for two time periods based on pressure changes. For each model the best solutions for the temporal fit and the spatial and temporal
fit are shown. The seismicity rates of the RS model look for the model results in Fig 3 similar, but comparing the seismicity maps in Fig. 4 (b) and
(d) distinct changes are found. Most prominent is the focusing of seismicity at the zones of high fault density due to the weighting with fault

density.
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