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• One of the most challenging environmental problems within the 
Europe is hydrogeological risks arising from failure of river 
embankments. 

Hydrogeological risks

Secchia, Modena (January 2014) Serchio, Nodica (December 2009)
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• Geophysical methods have been 
increasingly applied in hydrogeological 
risk mitigation investigations to evaluate 
the stability conditions of dams, 
embankments and slopes.

• ERT monitoring has shown to be more 
suitable for hydrogeological studies to 
monitor the variations of water 
saturation.

Monitoring of geohazards

San Giacomo delle 
Segnate (MN)

Via DugaleVia Marconi
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San Giacomo delle 
Segnate (MN)

Control measurements

G.RE.T.A.

IRIS Syscal Pro
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Water content maps

The second site? 

A variety of candidate sites were explored in 2017-2018:

 Lombardy region

 Emilia-Romagna region 

Panperduto dam
30/1/2018

Castelletto di Cuggiono
5/7/2017

Gessate
16/8/2017

Vaprio d’adda
19/9/2018
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Site investigations

Site investigations
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Site investigations

Site investigations
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Site investigations
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Colorno, Parma (December 2017)

Site investigations
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Site investigations

Colorno, Parma

Site investigations
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Site investigations

Site investigations
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Site investigations

Site investigations
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Site investigations
144 m

System installation

Colorno, Parma (26 November 2018)

Wenner array
a=2m
48 plate electrodes (20×20cm)

23

24



5/2/2019

13

System installation

Colorno, Parma (26 November 2018)

Electrodes buried at 50cm.

System installation

Colorno, Parma (26 November 2018)

A solar panel is assembled with the system for 
energy supply.
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System installation

System validation

26 November 2018

Comparison measurements with the commercial IRIS Syscal Pro.

11 December 2018
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System validation

G.RE.T.A.

IRIS Syscal Pro

Permanent measurements

.

.

.

The system can be programmed remotely.

Datasets (injected current, measured voltage, used quadrupoles, quality 
factor, apparent resistivity values) are sent to the Cloud platform through 
internet connection.
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Permanent measurements
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Data processing

Buried electrodes:
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Data processing

3D effects:

AirWater and/or air

Data processing

Temperature (for seasonal analysis):
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San Giacomo (2017)
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Data processing

The first rain after installation of the system 

• A cost-effective autonomous prototype system was developed and 
installed for permanent time-lapse ERT monitoring of an earthen levee 
in Colorno. 

• The datasets measured with the customized system show stable 
subsurface condition of the river embankment until now. 

• The reliability of the apparent resistivity pseudosections measured by 
the prototype is supported by control measurements with a 
commercial IRIS Syscal Pro. 

Conclusions
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Conclusions

• Challenges to reliably use ERT data for real-time monitoring of structures:

 Development of site-specific data processing algorithms 
(buried electrodes, 3D effects, temperature)

 Calibration of petrophysical relations based on the 
construction material of any specific site

 Calculation of water content maps from corrected 
ERT data

 Defining threshold values of instability

EARLY WARNING ALARM )))))

• Collecting samples from the site to calibrate the relation of water 
saturation with the inverted resistivity values. The sampling will also 
improve the site-specific algorithm that is being used for correcting the 
3D effects. 

• Having calibrated the equation to calculate water saturation maps, the 
user-friendly software of the system will be developed to immediately 
illustrate time-lapse water saturation maps from ERT data.

Future studies
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