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Introduction

Surface subsidence related to fluid extraction, mining, or tunnel drainage is 

commonly experienced in loosely consolidated sediments or high porosity rocks 
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Surface subsidence related to fluid extraction, mining, or tunnel drainage is 

commonly experienced in loosely consolidated sediments or high porosity rocks 

2π ⇔ 11.8 cm @ 1.27 GHz 
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Ruhr region (Germany)



Surface subsidence related to fluid extraction, mining, or tunnel drainage is 

commonly experienced in loosely consolidated sediments or high porosity rocks 
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Lugano (Switzerland)



However, the development of surface settlements above low-porosity, fractured rock 

is less recognized, even though large reductions in pore pressure can occur when 

driving a deep tunnel  

1000 m
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We report the cases in Switzerland of:

1. the driving in 1978 of an investigation adit 1.5 km away of the Zeuzier arch dam;

2. the construction of the Gotthard highway tunnel between 1970 and 1980;

3. the construction of a headrace tunnel between 1993 and 1998 for the so-called 

Cleuson-Dixence hydroelectric scheme;

4. the excavation of the Gotthard Basetunnel from 1999 to 2011.

Although settlements of a few centimetres appear to be small compared to those 

associated with ground water or oil and gas withdrawal from more compliant porous 

media, they are large enough to adversely affect the structural integrity of sensitive 

concrete structures on the surface like thin arch dams. 

Content



At the Zeuzier arch dam 13 cm of vertical settlement were associated with the 

driving in 1978 of an investigation adit 1.5 km away through a confined, fractured, 

marly-limestone aquifer (Lombardi, 1988) 

http://en.wikipedia.org/wiki/File:Zeuzier.jpghttp://www.assoii-suisse.ch

Rawil tunnel

Zeuzier arch dam



Around 800 hundred meters above the Gotthard highway tunnel 12 cm of 

subsidence was observed in fractured crystalline rock by high precision leveling 

along the Gotthard pass road 25 years after tunnel construction (Zangerl et al., 

2008a, 2008b)

 

Gotthard highway tunnel



Gotthard highway tunnel

Around 800 hundred meters above the Gotthard highway tunnel 12 cm of 

subsidence was observed in fractured crystalline rock by high precision leveling 

along the Gotthard pass road 25 years after tunnel construction (Zangerl et al., 

2008a, 2008b)

 



Cleuson-Dixence hydro-scheme

2π ⇔ 11.8 cm @ 1.27 GHz 

JERS 19930914_19960805 319 m 1056 days



Cleuson-Dixence hydro-scheme

2π ⇔ 11.8 cm @ 1.27 GHz 



Cleuson-Dixence hydro-scheme
Displacement map in the line-of-sight direction between 1995.08.30 and 

1996.08.14 for ERS SAR data of ascending orbit

Strozzi et al., 
RSE, 2011



Cleuson-Dixence hydro-scheme

c → d → e
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Cleuson-Dixence hydro-scheme

c → d → e

19970903
19990629
ascending



Cleuson-Dixence hydro-scheme



Cleuson-Dixence hydro-scheme



Cleuson-Dixence hydro-scheme

g → f
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Cleuson-Dixence hydro-scheme

a → b



Gotthard base-tunnel

Our observations above the headrace tunnel 

indicate that the spatial and temporal evolution 

of surface subsidence associated with tunnel 

drainage induced pore pressure changes in 

metamorphic rock masses can be successfully 

surveyed with satellite SAR interferometry in 

alpine regions above the tree line, i.e. where 

only small vegetation is present. Current 

investigations are concentrated at the detection 

of transient surface settlements above the 

Gotthard Basetunnel.



Gotthard base-tunnel



Gotthard base-tunnel
ENVISAT ASAR PSI 2002-2010 descending orbit

-1           cm/year           0 



Gotthard base-tunnel
ERS-1/2 SAR PSI 1992-2000 descending orbit

-1           cm/year           0 



Gotthard base-tunnel

Ehrbar et al., 2010

ENVISAT ASAR 
PSI 2002-2010

-1           cm/year           0 



Gotthard base-tunnel

20070803_20100827
descending orbit

-3           cm/year           0 

20070819_20100912
ascending orbit

-3           cm/year           0 



Outlook

Temporal analysis of ENVISAT ASAR, ALOS PALSAR, TerraSAR-X and Radarsat-2 

data to measure the transient surface settlements above the Gotthard Basetunnel

-3           cm/year           0 

20070819_20100912
ascending orbit
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