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FCC Civil Engineering

91.2 km tunnel

5.5 m internal diameter
Complex geology

Lake crossing

150 - 400 m deep

= LHC D Study boundary Molasse
=== FCC shape Limestone

Molasse subalpine
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Geology in the FCC region

Main geological units

Molasse

* Mixture of sandstones, marls and formations of
intermediate composition

* Relatively weak rock (Average compressive strength: 5.5-
48 Mpa)

» Considered good excavation rock

* Relatively dry and stable

% * Faulting due to the redistribution of ground stresses

Bellogarde y - « Structural instability (swelling, creep, squeezing)

Schéma géologique
(Au niveau du sol)

Moraines (Quaternary Deposits)
» Glacial deposits - gravel, sands silt and clay
* Water bearing

Bassin molassique
de Bellegarde

TV Ew Limestone
I:, Molasse du Genevois —_— Failes ° Hard FOCk
et des Bomes . .

: B 7o ces vorons i «  Normally considered as sound tunneling rock
- Molasse charriée = "= _ Surfaces de charriage .

: [ ] calalre des Bomes * Fractures and karsts likely
B v vm oo SO « High inflow rates measured during LEP construction

(600L/sec)

+ Clay-silt sediments in water
* Rockmass instabilities
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Conclusions from the Placement Review Workshop

Selected scenario to be studied: 91km PA31-1.0 (8 points)
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Areas of Geological Uncertaint

N

)
v

Lac Léman

* Moraine/molasse interface uncertain

» Soils and rock properties uncertain

» High uncertainty in the hydrogeological
conditions and water pressure

» Good knowledge of the ground (e.g. LT s ’_ﬁ
information from LEP/LHC projects) : £
» Good confidence - alignment in molasse

Jura
« Limestone/molasse interface uncertain.
* Risk of karts and high water pressures

Vallée de I‘Arve
* Moraine/molasse interface uncertain.

. + Lack of reliable boreholes
r

Le Rhone

+ Moraine/molasse interface not certain. Bornes

+ Proximity to protected area + Insufficient deep borehole information
\. + Complex faulted region, thrust zone.

* Quality of molasse is uncertain. High

-

Vua_che _ _ overburden.

» Limestone/molasse interface not certain.

» Risk of karts and high water pressures
L Proximity to main active fault

Mandallaz

* Fractured limestone formations, karst
properties unknown.
* High water pressures

Les Usses
* Moraine/molasse interface not certain.
« Low tunnel rock cover

—Quatemary

P28 —Lake

1600m —wildflysch

~—Molasse subalpine

reem —Molasse
Limestone

—Shaft

000m - -Alignment
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Types of Site Investigations

Lake Geneva
Geophysical Surveys

Credit: www.swissdrilling.ch



3 seismic reflection lines parallel to the alignment

1 seismic reflection line perpendicular to the alignment

4 fully cored boreholes
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UNIGE geological model

Collaboration with University of Geneva to develop a 3D geological model
(October 2020 - Ongoing)

SOLSTISS (GESDEC)

Received an updated molasse and limestone rockhead map
Updated fault lines layers

Ongoing analysis of new boreholes and data integration in the
model

New acquisition of BRGM seismic lines and reprocessing
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8 Point FCC
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Credit: Angel Navascues Cornago
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[ Mot to scale ]

8 surface sites

Sectors of 11 km

14 shafts

Klystron Galleries at Point H and L
Point H & L tunnel widening to 6.3 m
diameter

4 Experimental sites

4 Technical sites

Tunnel widening at experiment sites
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SPS to FCC Transfer

Schematic

FCC Tunnels
Experimental points
Access points
Service caverns
Connection tunnels
Electrical alcoves
Transfer tunnel 1
Transfer tunnel 2
LHC

Credit: Angel Navascues Cornago
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Existing Transfer Tunnels

Beam junction
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Offset Shaft - Point F

Schematic

Shaft offset 400 m inside ring
and 430m anticlockwise

Surface constraints -
residential

Access tunnel from

shaft to service cavern

e
("
~
\C'o eé\
@\P‘ X Offset shaft adds approx.
Credit: Angel Navascues Cornago \‘('\G \Oo 6 months to construction
20 2

programme
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Offset Shaft - Point H

A \!

Surface constraints -
b residential and site access

Credit: Angel Navascues Cornago

Klystron gallery
centred on FCC
straight section

Shaft and service
/ cavern offset 800 m

clockwise
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KIyStrOn Ga”ery = POint L KIySt;?Snxg;?lllex\ Service staircase

1990 m length Klystron gallery

Service tunnels to both Klystron
gallery and machine tunnel

.....

Klystron gallery o ¥~ Service cavern in centre
‘ of straight section

Machine tunnel, 6.3 m dia

Credit: Fani Valchkova-Georgieva

Machine tunnel
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Tunnel Widening — Experiment Points

Tunnel widening
length approx. 1000 m

Taper from 5.5 mto 11 m

Credit: Angel Navascues Cornago internal diameter. TBC T T oo
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Main Tunnel Cross Section

3770 .
©5500

Smoke extraction duct Precast concrete tunnel segments

Tunnel monitoring /
maintenance robot

In-situ concrete floor — 100mm tolerance boundary

Tunnel invert drainage Ventilation duct

1110_! 3?’01

1

Credit: Fani Valchkova-Georgieva
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Tunnel Heat Recovery

600 m of tunnel equivalent to 35n0. 100 m geothermal boreholes

Half the cost

Lining and Tunnel

energy tunnel anchor

compressor

S )

evaporator

condenser
<
s

expansion
valve

absorber tunnel lining consumer

energy base slab

& Support cage

Credit: Stemmle, et al. 2022

Credit: ARUP
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FCC Long Section — PA31-1.0

— Quaternary
1800m _ Lake
incli ° i H __Wildflysch
1600m FCC inclined at 0.5% Limestone unavoidable MR oo
o gradient to minimise between G-H — — Molasse
g - . @ Limestone
B 2 g depth of point F = ~me
Soom 8 g z _ . Alignment
zann < g §

20km

Okm 10km

40km 50km
Distance along ring clockwise from CERN (km)

FCC passes below

Lake Geneva moraines FCC passes above

limestone

Shaft depths:
A:202 m B: 200 m D: 177 m F: 399 m G: 228 m H: 139 m J: 251 m L: 253 m

Total shaft depth = 1849 m
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N FCC Tunnels
s Experimental points
I Access points
. Service caverns
i ! Connection tunnels
S Electrical alcoves
Klystron galleries
I Tunnel widening
Cryo cavern
LHC

Credit: Angel Navascues Cornago

Baseline FCC underground structures to be frozen
by end of 2022.

Updated cost / schedule to be provided ahead of
mid term review (2023).

Site investigations commence 2024.
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