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Introduction

2

Tractebel assess the ‘extension’ project : excavation of 

new underground plant next to existing one 

Objective: extend an existing pumped-storage station 

capacity

New Underground 
excavation needed
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Prefeasibility technical study - Content

 Geological context 
& rock mechanics 
(A. Gauffriau)

 Underground 
infrastructure 
design (S. Godart)

 Conclusion
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Figure 1. Plan view of one possible design. DTM based on LiDAR 

acquisition.

 Prefeasibility : Field geology structural mapping and cross 
sections => rock mass quality assessment & infrastructure 
design
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Geological data

 Past projects geological 
archives

 Geotechnical investigation 
(water intake, lower 
bassin)

 Exhaustive surface 
geological observations 
(200 points – litho
structural & rock 
mechanics)

 Lidar (2019) derivate 
geomorphological maps

 All integrated in GIS data 
base

 SPW geological maps
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Lamberty P. et al (2016) -Harzé-La Gleize n°49/7-8 geological map

extract – Draft version 
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Geological mapping at project scale

 Flysch units of various
proportions (mudstone, 
siltstone, quartzite)

 Data scale issue to 
extrapolate structures from
surface => underground 

 Coo and Pignon faults : 
documented during
previous excavations (dips 
45°-60°)

 Central zone : characterized
by open folding

 Xhoris fault : dip and 
rooting of the faults at 
depth impacting the 
project; surface trace 
inferred toward the west
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Cross section

 Stratigraphy : Lack of 
reliable reference level

 Structure : ENE-WSW folds
imbricated evolving from
open to very tight towards
contact with the thrusts 

 Suggests: ramp at depth

 Xhoris fault rooting -
impact the project area

 => 3 main rock types 
(flysch affected by 
deformation): 

 tectonic zones, 
 near tectonic zones
 central open fold with low

disturbances zone
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 Ramp model consistent with historical data : pluri-decametric thrusts zones 
with rock mass degradation (impact on tunneling works)
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Rock mass degrading factors –
Exemple of the Pignon fault
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 Water intake tunnels : 160m section – Key 
observation very precisely documented on technical
drawing (1960’s and 70’s- ULg)

 Northern tunnels : issues during excavation (landslides) and tunnelling
works caused by the presence of irregular tectonic structures
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Rock mass degrading factors
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 Northern tunnels (zoom) : extreme
deformation characterized by rapid change 
of structure orientation, shears, quartzite 
boudinage, water and alteration.

 => To be avoided for the new project!

5m
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Rock mass grading  - Calculation
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 Input parameters: 
 3 lithologies / rock types 
 3 alteration intensities/ structural disturbance levels
 Structural data base orientation
 Joint parameters (field data)
 Ground water inflow…

 ‘Sensitivity’ analysis : RMR + GSI + Q-Barton values estimations.

 Results : 

 Regardless of the lithological proportion in the flysch units (mudstone, siltstone, quartzite), 
structural disturbance and alteration intensity are the dominant factors degrading the rock mass 

 Q values (Barton et al., 1974) significantly drop in highly deformed tectonic zones due to the 
presence of secondary folds, conjugated faults, tectonic lenses, shear zones, quartzite boudinage 
and irregular structures. 

 Q-values in fault zones also drop as a result of preferential fluid circulation (observed within fault 
zones)

 Results are consistent with past observations

Sound 

rock

Slightly 

altered

Deeply 

altered

Phyllades (shale, mudstones) 50 30 20

Quartzophylades (shales, siltstones) 60 30 25

Quartzites (>50% quartzite) 50 40 25

Alteration =>

Li
th

o
lo

gy

RMR Values
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Rock mass grading  - outcomes
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 Cross section along the water ways & RMR values leading to defined rock classes

 According to our assumptions the Xhoris fault should be located under the cavern. 
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Underground infrastructure design
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Water intake

Headrace Tunnel
Powerstock/cavern

Tailrace tunnel
Penstock

Steel 
Reinforced Shaft
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Underground infrastructure design
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Water intake

Headrace

Powerstock
cavern

Tailrace

Shaft

Upper shaft
Access Tunnel

Lower shaft
Access Tunnel

Main 
Access tunnel

Upper cavern
Access tunnel

Underground infrastructure design
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Underground infrastructure design
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Rock type along the water ways
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 The proportion of rock types (III, IV and V) has been finally defined along 
the waterways in order to account for geological uncertainties (70-80% 
type III, 15-25% type IV, 5-15% type V). 

 Low Q and RMR values have been applied for linear infrastructures shaft 
and tailrace tunnel, but not for the cavern. 

GEOTECH RMR % / longueur ouvrage

Zone Type Ouvrage RMR>40 30<RMR<40 RMR<25

PE Vertical PE verticale (Hydro HP amont) 40 60

Amont shaft Hydro HP amont avant deviation 80 15 5

Hydro HP amont après deviation 80 20

Shaft Hydro HP 70 15 15

Base shaft-caverne Hydro Amont 90 10

Hydro Amont 90 10

Caverne Caverne 85 15

Hydro aval Hydro aval 65 25 10

Galerie hors Hydro Galerie principale (+ cables), coté caverne 85 15

Galerie principale (+ cables), coté BI 80 20

Galerie d'accès base shaft 85 15

Galerie d'accès Top shaft 85 15

Caverne top shaft 85 15

Galerie secondaire secours 70 20 10
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Pre-Design Methodology

16

Design of primary support has been conducted with Barton (Q-system for rock 
class III) and Beniawski (RMR-system for rock classes IV and V) methodology.

Barton Beniawski
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Pre-Design Methodology
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Tailrace Pre-Design
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Cavern Pre-Design
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Conclusions
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 Geology & rock mechanics
 Geological mapping and archives data integration allowed to propose a 

layout and to define RMR and Q values along the project infrastructures

 Geological hazard related to the inferred presence of ramp thrust rooted at 
depth, with low RMR/Q values, have been accounted for the project 
feasibility

 Underground infrastructure design
 Regarding rock type, tunnel length and excavation diameters, drill & blast 

excavation method have been proposed

 Full-face excavation and multiple drift excavation methods have been 
proposed for tunnel diameters ranging from 7.5 to 9.0 m and  9.0 to 12.0 m, 
respectively 

 Complementary geotechnical investigation program 
 Deep drillings & in situ mechanical tests, seismic reflection, etc. to be 

implemented

 Should account for remaining uncertainties and validate final layout
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Safety f irst ! – Thank you for your attention.
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Rock class III – Open folding structure


