11t October 2016

FCC-ee MDI meeting

— Civil Engineering

J. Osborne, J. Stanyard



c Cost & Schedule Study
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Two companies have been awarded contracts to undertake a cost & schedule study:

* |ILF
e Gotthard Base Tunnel : Cost Analysis Elﬁ
* Ceneri Base Tunnel 15km tunnels
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ENGINEERS

* Brenner Base Tunnel :55km tunnels

e Geonconsult / Synaxis
* HSR Graz, Styria, Austria: 2x33km tunnels
Tel Aviv LRT, Red Line : 9Km tunnels, 6.5m diameter
CMS shafts/caverns
Lausanne Railway Station, East Exit
Several surface buildings at CERN (eg POPS, ISOLDE)




cEn Cost & Schedule Study

The study is split into 2 phases, the ee machine requirements are to be considered in
Phase 2.
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Estimate for baseline design Estimates for options including
ee machine requirements




w) Layouts considered for optimisation
Shape summary Circumference LSS A&G LSS F&RH&B&L ESS length Width Height
yp  Currentbaseline 99.97 1.4 1.4 42 3063 31.29
Widest (D to J)
V2 .7 ke dhen lbeselfine] 99.97 1.4 2.8 1.4 33.31 29.3
Shortest (A to G)
V3 [2.2km shorter than 97.75 1.4 2.1 1.4 32.16 29.07
baseline]
[Similar width to baseline
V4 but 1.2km shorter (A to GJ] 97.75 1.4 1.4 2.8 30.82 30.07
V5 Unsymmetrical 97.75 1.4 1.4 (BL) 2.8 (FH) 2.8 31.5 30.51




CERN

\ Geology of chosen layout
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Alignment Shafts Query Alignment Location Geology Intersected by Shafts Shaft Depths
Choose alignment option + Shaft Depth (m) Geology (m)
V4-97.75-30.82-30.07 '~ Point  Actual Molasse SA Wildflysch Quaternary Molasse Urganian Limestone
Tunnel elevation at centre:272mASL - A 253
B
Grad. Params . o
Azimuth (%) 205
Slope Angle xx(%): 0.6 v Ze
Slope Angle y-y(%) 0 E
LOAD SAVE CALCULATE F
Alignment centre G
X 2500180 ¥ 1107801 H
cP1 cP2 I
Angle Depth Angle Depth J
LHC 157m 185m K
sPS 231m 231m
T2 231m 231m L
T8 160m 221m Total 3264 196 a 542 2492 a a
Alignment Profile
1800m —Quaternary
—Lake
1800m —Wildflysch
—Molasse subalpine
1400m —Malasse
1200m Limestone
= =Shaft
= -Alignment
—

Okm 10km 20km 30km 40k 80km 70km 80km 20km

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

Geology Intersected by Tunnel Geology Intersected by Section

r

* Length=97.75 km

* Minimises length of tunnel in the limestone, apart from the unavoidable location between H & I, only a
small length of tunnel in Jura limestone.

* Avoids any tunnel length being in the moraines




Baseline Schematic




CERN

\ with naming convention




C\E/RW Dimensions
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Experimental shafts

Experimental caverns

Service caverns at experimental points

Regular service shafts
Machine lowering service shafts

Regular service caverns

Machine lowering service caverns

Alcoves

L,A,B,G

R ————

L,A,B,G
L,A,B,G

A,B,D,F,G,H,J,L 212 m

C,E, LK 218 m
D,FH,] 15(w) x 15(h) x 100(l)
C,E, LK 22(w) x 15(h) x 100(1)

Every 1.5 km 6(w) x 6(h) x 25(l)



CERN

\ Single tunnel cross-section
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6.0m tunnel 6.6m tunnel

FCC-hh POSSIBLE TUNNEL CROSS SECTION:

SINGLE TUNNEL SECTIONS
@6.0 m
Emergency extraction ighting
duet B1.2m Lighfin
Fixed Curtain Roller curtain
Dismaountable blocks
EL - 2 Cabile trays
20 mm, EL - 2 Cable trays
Crya Line @800mm 520 mm
Survey window ___Electronic racks + shieldin
Fire fighting water Ty ———— 6BkVcable
DN 80 . . —L Lightng | |~ | L @F8d e S
Demineralized water ey 4 | 2 -
h Fire Protection
DN 40

Helium recovery DN200
Safe passage

Transpaort Vehicle

Compressed air DN150

Safe passage ventilation

FCC - hh Machine ORS00

Caooling Water 2x
Transport zone DN400
Personnel Passage Drainage @1m

CENTER OF RING
—_—

6.0m adopted for 03/08/2016
C&S Phase 1
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Functional Sections of FCC-ee
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