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“STUDY CASE: THE LA LÍNEA TUNNEL”
INTRODUCTION
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 FIELD WORK

 Sampling campaigns in 2010 and 2015 (60 samples).

 Collection of water samples in surface and inside the tunnel following the Colombian regulation (IDEAM).

 Primary physico-chemical parameters were measured in field (pH, electrical conductivity, temperature and dissolved oxygen) using portable 
multi-parameter probes.

 Samples were collected in 1000 ml plastic bottles for physico-chemical analysis and 250 ml ambar plastic bottles for the stable isotopes.

 Laboratories for the physico-chemical and Stable isotopes analyses:

 Accredited laboratory of Environmental Engineering of Universidad Nacional de Colombia in Bogotá. 

 University of Waterloo in Canada.

 Measured parameters:

 DATA ANALYSIS

 Statistical analysis were performed in samples with charge balance error below 10%.

 Multivariate statistical analysis (Güller et al. 2002, Montcoudiol et al. 2014 and Ghesquiere et al. 2015).

 Graphical analysis

 Stable isotopes analysis

 RESULTS

METHODOLOGY
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METHODOLOGY

Clark, 2015

Global Meteoric Line, Craig, 1961

• Its introduction to the

hydrologic cycle was first in

1952,as a result of large-scale

atmospheric testing of

thermonuclear bombs.

Tritium evolution (Ingeominas, 2001)
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DATA ANALYSIS
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 Carbonate reacctions

 Weathering of silicate or

carbonate rocks

S : Surface samples /  T : Tunnel samples

I : 2010 / II : 2015

 Leaching of igneous or
sedimentary rocks

 Higher in 2010 than in 2015

 Storage water in the massif

DATA ANALYSIS
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 54 samples were kept in order to
guarantee the quality of the
analysis (charge balance error
below 10%).

DATA ANALYSIS

S : Surface samples /  T : Tunnel samples

I : 2010 / II : 2015

11 parameters were considered:

Normally distributed

Positively skewed
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Rodríguez, 2004
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 Hydrogeochemical and isotopes analysis are useful tools for a better understanding of 

the hidrogeological behaviour of a highly fractured massif like La Línea mountain.

 Fractures defined preferential flow paths, connecting surface sources like creeks with 

underground infrastructure works like tunnels.

 Most samples are classied by cations as Ca2+ in a major proportion followed by Mg2+ 

dominance. According to the anions, all samples are HCO3- type.

 Factor Analysis (FA) and Hierachical Cluster Analysis (HCA) combined with graphical 

analysis let us to identify seven clusters for each year and to relate with the geology of 

the zone.

 It is observed an evolution of the water type related with the interaction with the host 

rock.

CONCLUSIONS
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