
In-situ Stress Distribution within a Fractured Rock Mass:
Revealed by Cross-sectional Ellipticity of an Array of Boreholes
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At the Bedretto Underground Laboratory in Switzerland, hectometer-scale 
hydraulic stimulation experiments have been conducted in a borehole array, 
which intersects a prominent fault zone and numerous pre-existing fractures. 
The purpose of these experiments is to understand the relationship between 
fluid injection and induced seismicity. However, this ramains challenging due to 
the limited understanding of stress heterogeneity within the rock mass. We now 
present a method to infer continuous stress variations along a borehole, and 
apply it to this borehole array to obtain stress distribution in its vicinity.

Figure 1. Bedretto Tunnel and borehole trajectories. Stress measurements in SB boreholes 
indicate a transition from normal to strike-slip faulting, accompanied by a rotation in SHmax. 

major axis azimuth

A borehole will experience elastic deformation under in-situ stress. Its circular 
cross-sections will be compressed into (very) subtle ellipses. This subtle 
borehole ellipticity can be detected using acoustic televiewer (ATV) logs. We 
employ the Neighborhood algorithm to invert stress state from borehole 
ellipticity, which is to search for a stress state that best fit the observed ellipse 
major axis azimuth of borehole cross-sections. By conducting this algorithm in a 
moving window, we can obtain continuous stress variations along the borehole. 
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Figure 2. Workflow for stress inversion from borehole ellipticity. The circumferential radius 
variation at 152 m of CB1 reveals an elliptical borehole cross-section.
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Figure 3. Variations in relative stress magnitude ( A�€), SHmax orientation, and fracture slip tendency along the eight boreholes.
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1. Continuous stress variations can be characterized using borehole ellipticity.

2. The stress state within this fractured rock mass varies between normal and 

3. NE-SW striking and steeply dipping (> 50°) fractures are optimally oriented for 

Stress state:
Normal to strike-slip faulting
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Mylonitic ductile 
shear zone

strike-slip; SHmax orientation ranges from N35°E to N119°E, averaging N84°E.

shear reactivation.
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