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Tunnelwater inflow 

from boreholes drilled 

for explosives 



          Die Neue Eisenbahn- Alpentransversale (NEAT), mit den Kernstücken 

Gotthard –Basistunnel (GBT, 57 km) und Lötschberg-Basistunnel (LBT, 36 km) 



Tunnel trace (57 km) of 

 Gotthard Base Tunnel 

(GBT) 



From «Tunneling the Gotthard» 

© 2016 FGU Fachgruppe für Untertagebau Schweiz (TG 2016) 

Gotthatd Base Tunnel: Geologic profile; cumulative  water inflows 





Fracture zone 



TDS and pH of water inflow, investigated section of GBT 



Bucher et al. (2012) 



From TG 2016 

Sulfates Sulfate content of inflowing waters  to GBT 

Defined  aggressivity limits of sulfate-containig 

waters and prescribed protective measures  

Aggressivity limits: > 600 mg/l (Norm SN EN 206-1, 

2000); > 2000 mg/l (GBT project requirement) 

Aggressivity Sulfate content (mg/l) Measure 

Light 200 – 600 none 

  

Medium 

  

  

600 - 3000 

> 600 mg/l: use of 

concrete with higher 

sulfate resistance 

High 3000 – 6000 > 2000 mg/l: zero 

pressure full lineing 



Aus TG 2016 

  

Concrete varieties: ER: early resistance; WT: 

water-tight; CR: chemical resistance 

  

Variety Marking Class Properties 

Lining 

concrete 1 

LC 1 B40/30 ER, WT 

Lining 

concrete 2 

LC2 B40/30 ER, WT, CR 

Sprayed 

concrete 

SC1 B35/25 ER, WT 

Sprayed 

concrete 

SC2 B35/25 ER, WT, CR 



From TG 2016 

Sprayed concrete 

Concrete linig 

Concrete types/functions, Gotthard Base Tunnel   



Inflow water drainage system 

Gotthard Base Tunnel 

Inflowing waters are captured and piped (under gravity) to the portals 

water 

  inflow  

local drain 

Main drain 



Disposal options for outflowing warm tunnel waters 

at the portals (into nearby rivers) is limited. 

Without energetic use (at least during contruction), 

cooling ponds (or even towers!) would be needed due to 

environmental regulation in Switzerland.  

 

The tunnel operators are therefore generally interested 

in use of the warm tunnel waters. 

 

The prerequisite is that possible users of the heat exist 

in the neighborhood of the portals.  

 
 



ENVIRONMENTAL PROTECTION ISSUES 

In case of no use of outflowing tunnel  waters, they need to be 

disposed to nearby rivers. Swiss environmental regulation 

does now allow to  warm a river –at its lowest flow-rate– , by 

more than 1.5 °C (=DTreg). 

 

The maximum permissible disposal flow-rate Qmax of the 

tunnel water can be calculated by: 

 

Qmax = DTreg * Qrmin / (Tp – Trmin – DTreg) 
 
 

Qrmin is the minimal river flow-rate and Trmin the lowest river 

temperature (usually both in winter), Tp the temperature of the 

outflowing tunnel water at the portal. 
 



  

Portal 

  

Nearest river 

Qrmin 

(l/s) 

Trmin 

(°C) 

Tp 

(°C) 

Predicted 

outflow 

(l/s) 

Qmax 

(l/s) 

Erstfeld (N) Schattdorf 3000 3.5 31.5 60 -  555 170 

Bodio (S) Pollegio 610 3.9 29.0 80 - 460 39 

Maximum disposable tunnel water–flows Qmax, Gotthard 

Base Tunnel, to nearest river, calucalted with DTreg = + 

1.5 °C. 

Data from the Report Wärmenutzung Tunnelwasser BFE (2002) 

  

It turns out that the disposable tunnel water outflow at the  

portal Bodio of GBT is too high, see below:  



Cooling ponds at portal Bodio, GBT 

Tunnel warter outflow 

at Portal Bodio: 

 

85 l/s, 27 – 30 °C 

Solution: 

Cooling ponds ! 

7400 m2 



Disposal options for outflowing warm tunnel waters 

at the portals (into nearby rivers) is limited. 

Without energetic use (at least during contruction), 

cooling ponds (or even towers!) would be needed due to 

environmental regulation in Switzerland.  

 

The tunnel operators are therefore generally interested 

in use of the warm tunnel waters. 

 

The prerequisite is that possible users of the heat exist 

in the neighborhood of the portals.  

 
 



ENERGETIC USE OF TUNNEL WATERS 

The simplest (and cheapest) tunnel water use is based 

on the heat content of the waters – outflowing free of 

charge. 

 

 

Some Hydrogeology: 

 

Inflow water temperature ≈ local rock temperature 

 

Initial inflow >> stabilized inflow. 

 

 



Rock temperature vs. Temperature of inflowing tunnel waters. 

Data from the Simplon railway tunnel (dots) und  the Gotthard 

highway tunnel  (open circles). R2 = 0.996 
                                                                                                                   Rybach I(1995) 

Twater ≈ Trock 

 



Initial inflow >> stabilized inflow (Simplon tunnel) 

MANY TUNNELS IN SWITZERLAND !

Their heat potential is estimated to be greater 

than 30 MWth. The flow rates range from 360 

liters/minute (Ascona) to 24’000 l/min 

(Grenchenberg), the outflow temperatures from 

11.9  C (Ricken) to 24.3 (Rawyl). Six heating 

systems are already in operation near the portals 

of the St. Gotthard, Furka, Mappo-Morettina, 

Hauenstein, Ricken, Grand St. Bernard, and 

Lötschberg Base tunnels. 



Lötschberg Base Tunnel (LBT), 36 km  



From Geologic Final Report LBT (2013) swisstopo 

N S 

Geologic profile, Lötschberg Base Tunnel 

Water inflows (cumulative) 



GEOTHERMAL USE OF TUNNEL WATERSGEOTHERMAL USE OF TUNNEL WATERSGEOTHERMAL USE OF TUNNEL WATERS

Relevant factors are: the available thermal power 
and the outflow temperature at the portals.

The thermal power P (e.g. in MW
th

) is given by

P = c Q DT

where c ist the heat capacity of water (4.2 . 103

J/l,°K), Q the flowrate (l/s) and DT the useful 
temperature difference (T – T

o
).  T is the fluid 

temperature, T
o

the reference temperature 
(usually 10 °C).



Thermal power of outflowing tunnel waters the northern 

portal Frutigen, Lötschberg Base Tunnel / TROPENHAUS 

Q    =  100 l/s 

Tw   =    17 °C 

To   =    10 °C 

P = 4.2.10-3 . 100 . (17 – 10) =  4.2 MWth 



Energy supply to Tropenhaus Frutigen 

Q = 100 l/s 

T = 17 °C  

Tunnel 

water 



               Greenhouses of Tropenhaus Frutigen/BE. 

Tropcal fruits and flowers grow in the middle of the Alps! 

GEOTHERMAL BRINGS TROPICS TO THE ALPS ! 



Tropenhaus Frutigen / BE 

Warm waters outflowing from the Lötschberg Base Tunnel  (100 l/s, 17 °C) 

is the energetic base. Warmwater fish Sturgeon is raised in special ponds, 

tropical fruits like banana, pineapple, mango and exotic flowers grow in 

greenhouses. 

The sturgeons provide caviar…...  
(Source: www.tropenhaus-frutigen.ch) 



Caviar production im Tropenhaus Frutigen 

quite a business…. 



CONCLUSIONS, OUTLOOK 

Deep tunneling usually experiences some (sometimes 

ample) inflowing water. The waters are collected and 

channeled to the portals. 
 

The chemical composition of the waters on one hand and 

their temperature on the other can lead to technical 

problems as well as economic benefits. 
 

As demonstrated by Swiss examples, especially effects of 

high Cl or SO4 contents of the inflowing waters (Gotthard 

Base tunnel) can be coped by special composition of 

sprayed and lined concrete. 
 

Inflowing waters with elevated temperature can be used 

for geothermal heating, greenhouses, fish farming (even 

for caviar production), as demonstrated by Tropenhaus 

Frutigen, Lötschberg Base Tunnel. 
 

For future deep tunnel projects, the planning should 

already include the search for portal-near potential 

customers of geothermal heat. 
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