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Introduction

Objective: extend an existing pumped-storage station
capacity

o Upper basin
9 Upper basin

o Pressure pipes
£ Engine room New Underground
Connection to the lower basin excavation needed

Lower water intake
Dawn basin

o Dawn dam
o High voltage lines

Tractebel assess the ‘extension’ project : excavation of
new underground plant next to existing one
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Prefeasibility technical study - Content

* Prefeasibility : Field geology structural mapping and cross
sections => rock mass quality assessment & infrastructure
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Figure 1. Plan view of one possible design. DTM based on LIDAR
acquisition.

Belgian Society for Engineering Geology and Rock Mechanics — Brussels, 9th September 2022



Geological data [ =

= Past projects geological
archives

= Geotechnical investigation
(water intake, lower
bassin)

= Exhaustive surface
eological observations
200 points — litho
structural & rock
mechanics)

* Lidar (2019) derivate
geomorphological maps

= All integrated in GIS data
base .

= SPW geological maps

N © a o
g 2 8 2

Coupe SPW - Extrait de la coupe géologique (1:1)

TRACTEBEL _

eeeee

P.0136999.0500 Coo Il ‘ Extrait de la carte géologique et de la coupe (Feuille de Harzé - Non publiée)

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 oo nain Sttt g g |
proportions (mudstone, B i opmgen =
siltstone, quartzite) SISO R

" | Hypothetic

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

/" Antiform fold axis

= Coo and Pignon faults :
documented during \ d Wi e
previous excavations (dips | fe 2 | tbelinal £/ - ———— — —
45°-60°) % il [ ——

= 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 verly; 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

Stratigraphic synclinal-anticlinal model

2
i =8 5

Xhoris 2 3q

N Fault g8 3¢

Stratigraphic sequence delicate to validate
(thickness of Rn1b, Rn2a, Rn2b ? Absence of reference level)

Xhoris
Fault
N Tectonic zone ?

Ramp model Tractebel 2019

+240m

Deformation erases potential stratigraphic references
Key issue of ramp rooting at depth => impact fro the project

_____ Faille de Xhoris
4

enranipg7 -~ -~

" Quartzite (red), quartzophyllade (grey) - Sure / Extrapolated

Quartzites (massif) : Rn2b Folding & deformation

g Increasing deformation : shear zones, closed folding, etc.
(/! Extrem deformation, recristallisation

s, Fault plans (sure / interpreted / inferred)

| Tectonic Zones (faults / folds, etc. of various orientations)

evolving from very open to tight folds
towards the contacts with the thrusts

Cross section legend

Cavern

Projection of the
cavern position

TRACTEBEL

CNGiIe

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

= Water intake tunnels : 160m section — Key
observation very precisely documented on technical

drawing (1960’s and 70’s- ULg)

Quartzite & Quartzophyllades dominantes & |'affleurement o _ _ _ _ _ _ _ _ __ _ _ _ _ _ > Absence d'observation de terrain i
>

Niv route +249m
T ' T

......

-
ib: & la structure Barres de quarlzites discontinuent (boudins) Pl i les Q
| mais sub parralléles

= 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

AT

44444

= 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!
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Rock mass grading - Calculation

* Input parameters:
= 3lithologies / 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: Alteration =>
RMR Values Sound Slightly | Deeply
rock altered | altered
§ Phyllades (shale, mudstones) 50 30 20
E’ Quartzophylades (shales, siltstones) 60 30 25
£ |Quartztes (>50% quartzite) 50 40 25

= 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

= Quvalues (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—valt;es in fault zones also drop as a result of preferential fluid circulation (observed within fault
zones

= Results are consistent with past observations
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Rock mass grading - outcomes

Alteration=>
RMR values Sound Slightly  Deeply
BASSIN SUPERIEUR 1, rock __alterated alterated
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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

Water intake
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Underground infrastructure design

PUIT VERTICAL TUNNEL PUIT VERTICAL
ADDUCTION D'ADDUCTION EN PRESSION
BLINDE

TUNNEL BLINDE TUNNEL
D'EVACUATION
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Underground infrastructure design
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Underground infrastructure design
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Rock type along the water ways

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 apres 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'acces base shaft 85 15

Galerie d'acces Top shaft 85 15

Caverne top shaft 85 15

Galerie secondaire secours 70 20 10

= The proportion of rock types (lll, IV and V) has been finally defined along
the waterways in order to account for geological uncertainties (70-80%
type lll, 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.
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Pre-Design Methodology

Design of primary support has been conducted with Barton (Q-system for rock
class 1ll) and Beniawski (RMR-system for rock classes IV and V) methodology.

ROCK MASS QUALITY AND ROCK SUPPORT Support
Rock Rock bolts
G F E D |C| B A mass class Excavation (20 mm diam., fully Shotcrete Steel sets
Exceptionally| Extremely Very P . Very | Extremely lExcep. bonded)
oor | Fair | Good
poor poor poor good | :good. "{good 1. Very good rock | Full face: Generally no support required except for occasional spot bolting
 EEE] 28 25m T RMR: 81-100 3 m advance
l 2. IBEE| "
ith St* I = S ! 2. Good rock Full face: Locally bolts in crown, 3 | 50 mm in crown | None
m
50 n:ﬂc‘ AR 21 1 11 o@| RMR: 61-80 1.0-1.5 m advance; mlong, spaced 2.5m | where required
9 Ave ) e 1y 4 / AR g Complete support 20 m from | with occasional wire
am| |l f ; T face mesh
£ gm : | @3 |3. Fair rock Top heading and bench: Systematic bolts 4 m 50-100 mm in None
c| 20 8 5 4 F| rRMR: 41-60 1.5-3 m advance in top long, spaced 1.5-2min | crown, and 30
= {l 5 heading; crown and walls with mm in sides
f,, RRS Il RRS Il RRS | ll 3 Commence support after wire mesh in crown
0% 10 : =4 each blast;
<@ Q Commence support 10 m
o feono foco
S 5 | 4. Poor rock Top heading and bench: Systematic bolts 4-5m | 100-150 mm in Light ribs spaced
& 7 RMR: 21-40 1.0-1.5 m advance in top long, spaced 1-1.5min |crown and 100 1.5 m where
J 4 1 M- ! eTe s I T heading; crown and walls with mm in sides required
\ L7 Ao 7 /| | A s | | Install support concurrently | wire mesh
> b% Ss" IRYZ% T trrmm 18 with excavation - 10 m from
s
1 s | fce
1+ } 4 <l I ! ! 5. Very poor rock | Multiple drifts: Systematic bolts 56 m | 150-200 mm in Medium to heavy
RMR < 21 0.5-1.5 m advance in top long, spaced 1-1.5min |crown, 150 mm |ribs spaced 0.75
0.001 0.004 0.01 004 0.1 0.4 1 4 10 40 100 400 heading; crown and walls with in sides, and 50 | with steel lagging
Install support concurrently | wire mesh. Boltinvert | mm on face and forepoling if
RQD J J with excavation; shotcrete as required. Close
Rock mass quality Q = —— X — X —= soon as possible after invert
JJ, SRF blasting

Barton Beniawski
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Pre-Design Methodology

7 Type of excavation

A | Temporary mine openings, efc. ca. 3-5
Vertical shafts*: i) circular sections ca. 2.5

B i) rectangular/square section ca. 2.0
* Dependant of purpose. May be lower than given values.
Permanent mine openings, water tunnels for hydro power (exclude high pressure

C ) : . : 1.6
penstocks), water supply tunnels, pilot funnels, drifts and headings for large openings.

D | Minor road and railway funnels, surge chambers, access tunnels, sewage tunnels, etc. 1.3

E Power houses, storage rooms, water freatment plants, major road and railway tunnels, 1.0
civil defence chambers, portals, intersections, etfc.

= Underground nuclear power stations, railways stations, sports and public facilitates, 0.8
factories, etc. '

G Very important caverns and underground openings with a long lifetime, = 100 years, or 0.5
without access for maintenance. '

Belgian Society for Engineering Geology and Rock Mechanics — Brussels, 9th September 2022




Tallrace Pre-Design

Rock class lll support
Q>04 // RMR>40 //ESR=16

\..
i 83.8 m2 1
' 10.25m o

Design support description :

Bolting length : 3 m
Bolting density : 1.7 x 1.7 m
Fiber shotcrete thickness : 10 cm

Rock class IV support Rock class V support
Q<04 //f RMR>20 //ESR=1.6 Q<04 // RMR<20 #/ESR=1.0

89.0

Design support description : Description du souténement

Steel ribs : HEB 220 steel archs spaced 1.2 m Steel ribs : HEB 220 steel archs spaced 0.8 m
Confining fiber shotcrete thickness : 5 cm Confining fiber shotcrete thickness : 5 cm
Structural fiber shotcrete thickness : 20 cm Structural fiber shotcrete thickness : 25 cm

Invert : 10 cm of fiber shotcrete with steel mesh
Forepooling with R32 bolts, 6m long, 3m overlap,
spacing 0.5 on roof and 0.8 on walls
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CAVERNE SALLE MACHINES
LONGUEUR DES BOULONS = 7m

DIAMETRE DES BOULONS = 25m ECH. 1:100
ESPACEMENT BOULONS = 1.5 X 1.5m
EPAISSEUR BETON PROJETE FIBRE = 15cm

LONGUEUR DES BOULONS = 4m

DIAMETRE DES BOULOMS = 25mn
ESPACEMENT BOLLONS = 1.5 % 1
EPAISSEUR BETOM PROJETE FIBR

Cavern Pre-Design
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Conclusions

= 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 t0 9.0 mand 9.0to 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 first | — Thank you for your attention.

Rock class Il — Open folding structure

L
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