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The city of Sallent is located in the 
Ebro Basin. As a geological point of 
view is within the Potassic Catalan 
Basin. Which  is formed by a great 
saline unit, composed by an 
intercalations of potash salts layers 
(sylvinita and carnalita mainly). 

IDRC International Disaster and Risk Conference 2008
Davos, Switzerland. August 25-29 2008. 3



Generalitat de Catalunya
Institut Geològic
de Catalunya Antecedents

The potash salts have been traditionally exploited since 
ancient times, being still the most important mining activity 
in Catalonia. Sallent as other towns in the area as 
Balsareny, Cardona, and Súria are the main towns in the 
Bages area with mining activities
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A significant system of sinkholes are present in 
the subsoil, either as a direct consequence of 
the exploitation of the saline units, or as the 
result of the dissolution processes caused by 
subterranean water flows. 
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Sallent that, according to the 2004 population census has 6,417 inhabitants, is affected 
by subsidence phenomena related with an old underground mine, called Enrique Mine.  
Two areas of the town, L’Estació and La Rampinya neighborhoods are located within the 
limits of the old exploitation zone of the potash mine.
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ENRIQUE MINE (Sallent) active from 1932 
to 1974. Max. depth 260 m.

1954. CAVITY (120 m height x 40 m wide).
It was caused by underground water 
circulation.  Located under the SE sector of 
Estacio neighborhood. 

1957 – 1962. Two WATER UNDERGROUND 
FLOODS from Llobregat River. Located under 
Rampinya Quarter.  

1973. ABANDONMENT of Enrique Mine 
(flooding problems). 

1976.  FILLED UP with saturated salty water, 
to avoid dissolution processes.  
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In the 1990’s several building damages were 
reported in L’Estació neighborhood and so the 
Catalan Government started a series of studies, 
through the Geological Institute of Catalonia 
(IGC), to investigate the causes for the damages 
and propose possible solutions.
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Many studies and monitoring actions have been implemented since 1997 in order to:

1. Determine the causes of the ground subsidence at the 
Estació and Rampinya neighborhoods.

2. Detailed measuring and monitoring of deformation to 
evaluate the areal extension and its evolution in time.

3. Determine the adequate preventive and corrective measures 
to reduce the risk due to ground deformation.

Implement and improve security plans and soil use regulations
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From the beginning of the study in the 1990’s to the present day, the implemented 
monitoring techniques and surveys have consisted of:

Monitoring

Implementation of a high precision surveying network
Ground deformation measuring through remote sensing 
techniques: DInSAR and Ground Based Radar.
Monitoring deformation with a network of extensometers 
at different depths

Geological Methods

Geological, geotechnical and hidrogeological
studies
Geophysical prospecting campaigns
Core drilling to identify geological stratigraphy

Modeling and Simulation

Geomechanical numerical modelling
for evaluations of ground stability
Scenarios of structural damages

Extension and 
evolution

Preventive or 
corrective measures

Causes
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Geological, Geophysical and Geotechnical Techniques
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Subsidence measurements 
from topographic surveying

Objectives and methodology
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Geomechanical Modeling
   Barri

de l’estació

With all gathered geomechanical data  a 
numerical model was carried out to analyze 
the origin of the subsidence processes and to 
predict future scenarios   
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1. The structural problems of buildings 
are the results from large ground 
subsidence phenomena that extends 
within the former exploitation limits of 
the Mina Enrique.

2. Data from extensometers and results 
from geological and geophysical 
studies showed that ground 
subsidence is related mainly to the 
mining cavities.
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3. The largest vertical 
ground deformations, 
up to 5 cm/year, 
occur over the above 
mentioned large 
cavity. Subsidence 
decreases at 
increasing distances 
from this cavity. 
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4. The largest values of absolute subsidence is not at the zone with the largest 
building damage.
It is well known that buildings are 
specially vulnerable to angular 
distortion (Skempton and MacDonald, 
1956). The largest building damage 
are related with the largest differential 
settlements. it is where angular 
distortion induces the largest 
differential settlements.

Distorsió angular = d
l
SS tan21
=

−
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5. Decrease of the deformation is not expected in the nearest future and damages in 
buildings within the neighborhoods are expected to continue.
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Building damages (50 years)
Structural damages
Cracks developed
Probable cracks
Without significant damages 

Simulation – Damage scenarios Risk assessment

This angular distortion can be used to 
establish levels of building structural damage 
and thus to assess risk criteria.

Simulation under the hypothesis of linear 
movement (from angular distortion computed 
considering a 4m spacing grid) 
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Different technical solutions were discussed but none of the solutions was technically and 
economically feasible. 

The only option was to establish a program for long term evacuation of inhabitants of the 
neighborhood and relocation in new urban areas. 

This solution requires some time for the construction of new houses, and evacuation is 
not being performed immediately and temporal preventive measures have been adopted 
for securing people:

1. Demolition of the most damaged buildings (in 2004).

2. Continue with the monthly topographic surveying and the implementation of an 
alert system and an emergency plan for an organized an efficient response of the 
civil protection authorities.  The system is composed by two independent automatic 
monitoring networks one of extensometers and  the other one by topographic 
station. 
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The institutions participating in 
the plan development involved 
different government levels and 
different scientific institutions. 
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Triggering levels for the plan are defined on the basis of deformation rates 
automatically detected by a surveying network of monitoring points
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Automatic underground monitoring network with 18 extensometers, at depths between 
50 and 140 m to measure deformation velocities and accelerations
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Automatic topographic surveying (taquymetric) network  at the area with the largest 
subsidence rates (the southwestern section of the Estació neighborhood). 
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7/29

EDIFICI ADREÇA Nº DE PRISMES
A Tarragona/Gaudí 4
B Tarragona 45 2
D Tarragona 43 4
E Tarragona 41 4
F Tarragona 37 4
G Tarragona 35 2
H Gaudí 3
I Tarragona 29 4

Prismes de 
Control

Caseta de salmorres, Ermita de Sant 
Sebastià i Antenes de telefonia 5

Prismes Totals 32
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Data from both measuring networks are continuously recorded locally and sent to the 
reception center at the Geological Institute (IGC) who is in charge of informing 
immediately the civil defense centre for executing the actions established in the 
emergency plan.

Leica Taquymetric

Optic fibre

Civil 
Defense
Centre

GSM

ADSL

IGC 
Barcelona

Extensometers

Sallent PC ControlGSM
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1. The analysis of the data obtained by different techniques, satellite radar 
interferometry, and high precision topographic surveying, has been crucial for
determining magnitude and extension of ground subsidence.

2. Geological, geotechnical and geophysical prospection have aided for identification of 
the existing materials and the conditions that produce ground movements. 

3. The information acquired allow to conclude that ground subsidence will not stop in the 
nearest future and will continue affecting buildings. 

4. The performed studies are the scientific-technical basis for the development of the 
present protection measures that have been implemented. 

5. The automatic monitoring network which is operative in the area is the basic element 
to eventually activate the emergency plan in the case that acceleration in the 
subsidence process is detected.
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THANK YOU
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