[bookmark: _GoBack]Supplementary Text S1 – Rate and state friction model of the Slochteren base case scenario

S1.1 Rate and state friction model methodology
To simulate fault reactivation and dynamic slip, we use rate-and-state dependent friction laws in our models (Dieterich, 1979, 1981; Ruina, 1983). The rate-and-state constitutive equations relate the evolution of the friction coefficient along the fault to the slip velocity and the change in the state of the fault surface over time. These principles are based on laboratory tests, in particular velocity-stepping and slide-hold-slide experiments.
In a general form that quantifies the dependence on slip history with a single state variable, the rate and state laws can be formulated as follows
 	(S1.1)
	 (S1.2)
where  is the friction coefficient along the fault given as a function of the slip rate,, and the state of the fault, . The latter parameter is associated with any parameter suitable for the characterization of the sliding surface, e.g. the average size of the asperity contacts, grain size distribution or porosity of the fault gouge (Segall, 2010).
An important observation in velocity-stepping experiments is the so called “direct effect”, which is represented in the rate-and-state laws as the condition
	(S1.3)
which means that a sudden increase or decrease of the slip velocity  results in an increasing or decreasing friction coefficient , respectively (Lapusta et al., 2000).
The most commonly used form of equation (S1.1) is
	(S1.4)
where  is a nominal coefficient of friction (usually ) at the reference slip rate ,  and  are scaling parameters describing the direct effect and the evolution effect, respectively, and  is the characteristic distance over which the frictional resistance develops after a sudden change in slip velocity (Segall, 2010).
The state evolution law, eq. (S1.2) has been formulated by several authors in different ways. The evolution equation we use in this study is the slip law (Ruina, 1983):
	(S1.5)
Due to the logarithmic form of equation (S1.4), the shear stress is not defined at  along the fault, i.e. immediately before reactivation occurs. To solve this problem, regularized rate and state equations were suggested by Rice and Ben-Zion (1996), so eq. (S1.4) can be  rewritten as:
	(S1.6)
and the slip law (eq. S1.5) takes the form of
	(S1.7)
where  is the static friction coefficient at .

To simulate fault reactivation, stress balance along the fault is described as
	(S1.8)
where  and  are the shear stress and effective normal stress induced on the fault due to interaction with the reservoir,  and  are the quasi-static shear stress and normal stress components corresponding to the elastic stress transfer due to fault slip.  is slip the velocity and  is the radiation damping factor. To obtain the shear displacement, , along the fault, the system of ordinary differential equations consisting of equations (S1.6), (S1.7) and (S1.8) are solved jointly (iteratively) for the slip velocity vector that provides the displacement vector along the fault. The system of these equations is implemented in the fully-coupled, finite element numerical simulator, GOLEM(Cacace & Jacquey, 2017). 

S1.2 Rate and state friction model setup
The Rate- and state friction Slochteren _Base Case model is the same as the Slip Tendency model except for the additional constitutive fault slip behavior described above. The additional model parameters are summarized in Table S1. The dynamic fault slip behavior requires a higher time step resolution. Therefore, a different time stepping algorithm was used as compared to the ST model.
Most fault gauges tested by Hunfeld et al. (2017) showed velocity-strengthening behavior except for some cases of the Basal Zechstein anhydrite-carbonate material at the top of the Slochteren reservoir, which thus shows the highest seismogenic potential. However, as indicated above, we are using the same Rate-and-state friction (RSF) parameters for the entire fault.
[bookmark: _Ref81836410]Table S1: Rate- and state friction parameters for the Slochteren Base Case model.
	RSF a-value
	0.005 (Hunfeld et al., 2017)

	RSF b-value
	0.0025 (Hunfeld et al., 2017)

	RSF (a-b)-value
	0.0025 (Hunfeld et al., 2017)

	RSF critical slip distance dc
	1e-5 m (Hunfeld et al., 2017)



S1.3 Rate and state friction model results
In the rate- and state friction model the dynamic fault slip behavior is additionally considered. That means that the slip velocity (Figure S1), friction coefficient (Figure S2), cumulative seismic moment (Figure S3) and cumulative slip (Figures S3 and S4) can be evaluated. The RSF parameters determined by Hunfeld et al. (2017) for Slochteren faults mainly show velocity neutral to velocity strengthening behavior. The resulting maximum slip velocities are thus extremely low and indicate aseismic creep-like behavior. That means, while the slip tendency model may indicates that the fault becomes critically stressed and may slip after ~13 years, this slip is likely to be aseismic as a result of the RSF model. Velocity weakening RSF parameters may show a decisively different behavior. If the cumulative seismic moment after 30 years shown in Figure S3 would be released in a single seismic event, this event would have a moment magnitude of 3.6.
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[bookmark: _Ref81842057]Figure S1: Maximum slip velocity on the fault in the base case Slochtern model during 30 years of fluid circulation.
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[bookmark: _Ref81842069]Figure S2: Maximum friction coefficient on the fault in the base case Slochteren model during 30 years of fluid circulation.
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[bookmark: _Ref81842091]Figure S3: Cumulative seismic moment and average cumulative slip resulting from the RSF base case Slochteren model during 30 years of fluid circulation using the area of the fault where the slip tendency is above the friction coefficient of 0.6. Slip starts after 10 years. If the cumulative seismic moment would be released in a single event, this would equal to a Mw 3.6 event.
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[bookmark: _Ref81842104]Figure S4: Maximum cumulative slip resulting from the RSF base case Slochteren model during 30 years of fluid circulation. Slip starts after 10 years and increases after ~14 years when the part of the fault intersecting the bottom layer experiences higher temperature changes and resulting thermal stresses.
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