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The role of models in the context of NSGE in 

alpine areas 

Challenges and risks 

• Limited space, subsurface growth of infrastructure 

• Risks and problems, i.e. freezing, interactions, technical problems 

• 30% of installations with problems 10after years of operation 

 

Consequences 

• Some Communities prefer large installations, combining heat and 

cold 

 

Solutions  

• Regional and local planing subsurface resources water and energy 

 

• The role of geological and hydraulic models 
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Increasing Nr of facilities, limited space 
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Risks 
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Bassetti et al., Geowatt 

“Direkt risks”:  Outflow of  seal material, thermal transfer fluids

    

“Indirekt risks”:  

  Changing water pathways 

 Groundwater contamination 

 Changing hydraulic system 

 Connecting aquifers 

 Swelling and dissolution (Evaporites) 

 Confined or artesian groundwater 

 Hydrocarbons, gas 

Crack, Staufen (D) 
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Risk based spatial subsurface planning  

Criterias 
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Are Present protection concepts adequat?  
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GW circulation 3D 

• Complex tectonic setting 

• Complex 3D interactions of aquifers and aquitards  

• Interaction of aquifers in quaternary sequences and regional aquifers in 

the bedrock 

• Motor of groundwater circulation: Topo driven groundwater flow 
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3D Geologic models of aqifers and aquitards 

Tektonische Interpretation  nach 2D Wyss & Isler 2007 
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Energy for conference and sports facilities, hotels etc. 

Davos prefers the use of geothermal systems for 

large faciites such as hotel complexes, sport 

 facilities and conference centers  

Flexibility to combine different energy sources 
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Potentielle und bestehende Entnahmen 
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Elements of planning anf resource management  
 

 

• Conceptual model, geological and hydraulic models 

 

• Boundary conditions, legals aspects 

 

• Subsequent complement of monitoring system, Adative approach 

 

• Experiments, calibration 

 

 

Example Davos 
 

 

 

Planning and resource management concept 
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3D Geological 

Model 

From Geology to hydrogeological understanding 

Hydrogeological 

Model 

 Tektonics 

 Stratigraphy 

 ? Fazies 

? Kinematics  

? Fracture distributions 

Hydraulic Model 

Hydrogeological 

properties (K-value, 

porosity, (single- und 

multipoint statistics) 

 

Parametrisation of geol. Properties 

 

Definition boundary conditions 

discretisation (Mesh) 

 

Process equations (Darcy and  

conservation of mass 

 

Calibration 

Continuum 

defined 

geographic 

position 
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Geological setting 
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Presentation is vertical exageration 
Tectonic zones: from WMS service geology, Canton Graubünden 

Davos Project Area:  Geology 

Geothermal drilling Davos 



Department of Environmental Sciences 

Basel University 

Applied & Environmental Geology 

PH/UNIBAS 

Motor der Grundwasserzirkulation 

modified from Tóth, 1999 

Topographie und andere 

Randbedingungen als Motor  

 

plus Geologie 

 

ergibt Fliessfeld 
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Boundary conditions 

• Basis Quartär als 

halbdurchlässiger Rand 

= Austausch zwischen 

Quartär und Aroser Dolomit 

über Semipermeable 

(«Conductance») Schicht mit 

definierter Durchlässigkeit  

 

0

200

400

Jan Mrz Mai Jul Sep Nov

[m
m

/a
] 

Grundwasserneubildung 

Grundwasserneubildung

• Flux über Topographie  

= Grundwasserneubildung über 

Niederschlag 

 

Q = AΦ(href-h) 

Q: inflow or outflow to/from the model 

A: relevant area 

Φ : transfer rate 

href: reference water level 

h: current hydraulic head in groundwater 

• Quartär:  

Grundwasserstände sind 

als «head» Randbedingung 

fixiert 
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Conclusions 

• Geothermal use of alpine aquifer part of spatial 

planning (limited space) 

 

• Development of tools for adaptive resource 

management 

 

• Tools include groundwater and heat transport models 

and monitoring systems 

 

• Definition of the role of private investors and public 

services 
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