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1. Why is crustal stress important? 
2. What are the stress sources? 
3. How to decribe the stress state? 
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long-term & wide-scale short-term & local 

+ + 

Constant Parts 
density distribution 
remanent stresses 

plate tectonics 

Transient Parts 
seismic cycle 

aseismic creep 
erosion & sedim. 

Man-made Parts 
mining, tunneling, fluid 

injection/production 
thermal, chemical, etc. 
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Lund & Zoback (1999) 

Sh SV SH 



1. Stress data Switzerland  
 

- Approx. 300 data for SHmax orientation 
- Three boreholes with stress magnitudes 

2. Sensitivity study of in-situ stress 
 
- Case example on the basis of the geological 
   model of Nördlich Lägern* 
- 3D geomechanical elasto-plastic model 
- Impact of rock stiffness and strength  
- Impact of faults and topography 
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Outline 

* Equivalent geomechanical modelling is currently 
   being performed for the other SF/HLW siting 
   areas (Jura Ost and Zürich Nordost) 

World Stress Map Database Release 2008 
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107 New Data Records 
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NAGRA (2013) 

Swiss Stress Database Release 2013 
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NAGRA (2013) 



Pattern of SH Orientation 
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NAGRA (2013) 

Pattern of SH Orientation 



Stress Regime vs. Depth 
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NAGRA (2013) 

Stress Regime vs. Depth 
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Interim Summary 

Stress orientations 
- long wave-length and well known 
- controlled by Moho and topography  

Stress magnitudes 
- SV well-known from density logs 
- Sh estimates only at three sites in Switzerland 
- variability of Sh and SH is poorly known 

Stress regime  
- varies with depth from strike-slip to extensional 
- local and shallow resolution is low 

 Geomechanical models are helpful tools to 
study the 3D stress field and its variability 

1. Stress data Switzerland  
 

- Approx. 300 data for SHmax orientation 
- Three boreholes with stress magnitudes 

2. Sensitivity study of in-situ stress 
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Outline 

* Equivalent geomechanical modelling is currently 
   being performed for the other SF/HLW siting 
   areas (Jura Ost and Zürich Nordost) 



Location of the Local 3D Geomechanical Model 
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Location of the Local 3D Geomechanical Model 
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Model Workflow 
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Model Geometry: Formations and Faults 

BIH 
SA 
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Model Discretization into Finite Elements 

BIH 
SA 

Boundary conditions and loads 
• gravity is in equilibrium with an 

initial stress field 
• tectonic stresses imposed with 

kinematic boundary conditions 
• stress state corresponds to 

- overall SH orientation 
- transtension stress regime  
- Sh magnitudes Benken 

Resolution 
• 270,000 hexaeder elements 
• horizontal resolution: 100-300 m 
• vertical resolution:     10-50 m 

 
Rheology 
• effictive fault friction: 0.2 
• each layer has appropriate 

elasto-plastic properties 

EGT/ENSI Symposium Zürich, 14th February 2014  Slide 21 

Basis Model Results 

SH-Sh [MPa] 
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Basis Model Results 
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SH/Sh 

Impact of Topography 
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Impact of Formation 
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Impact of Fault Geometry 
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Impact of Fault Geometry 
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Potential Future NS Shortening 
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1. Stress data Switzerland show: 
      SH azimuth rotates ~40 anticlockwise 
      Mean SH orientation is at ~ 155  
      Stress regime is strike-slip/normal faulting 
 
      Stress pattern has long wave-length 
      Topography and Moho are key sources 

 
 
 

2.  Semi-generic model results show: 
      Formation stiffness is a key factor 
      Competent layers bear the stresses 
      Faults have only relatively local impact 
      Topography has little effect at depth 
 
 

“A model is only to sharpen the question!” 
(Albert Tarantola) 

Summary and Conclusions 
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