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CERN Civil Engineering Works : Past and Future Projects

John Osborne
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Basic constituents of matter

Fundamental laws of nature
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CERN tunnels and geology

* Large Hadron Collider :

LHC-~ 27t

27km long
50-175m depth

North Area
2008 (27 km)

4.5m ¢ TBM tunnels
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o) ‘CERN’ Geology

NS A

Rock properties

Moraines

Glacial deposits comprising gravel, sands silt and clay
Water bearing unit
Low strength

Molasse

Mixture of sandstones, marls and formations of intermediate composition
Considered good excavation rock

Relatively dry and stable

Relatively soft rock

However, some risk involved

Weak marl horizons between stronger layers are zones of weakness
Faulting due to the redistribution of ground stresses

Structural instability (swelling, creep, squeezing)

Limestone

Hard rock

Normally considered as sound tunneling rock

In this region fractures and karsts encountered

Risk of tunnel collapse

High inflow rates measured during LEP construction (600L/sec)
Clay-silt sediments in water

Rockmass instabilities

(G=2)

Rock type Average ¢
(Mpa)
Sandstone  weak 10.6
strong 22.8
Very strong 48.4
Sandy marl 134
Marl 5.7

Molasse Compression strengths

Model of tunnel collapse caused by Karsts



LHC Civil Engineering 1998-2005
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LHC Civil Engineering 1998-2005

LHC PROJECT SURFACE BUILDINGS

POINT 4

SUX SDX &

L
mu w
SGX

SD

w.
I

POINT 5

S
POINT 3.3 S SHM |\ v
- POINT 6 \@

\

\ @
\
o

SF

X

%
1 Ay
%

SHB
SUX gp. SDH

POINT 7

+x
P+

BA4

BB4 BHA4

™~ POINT 8
“~.POINT 1.8

"""" X EER e .
.......... g y \J

POINT 1

— Existing Buildings
s | HC Project Buildings




LHC tunnel aligment
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LHC Civil Engineering 1998-2005




LHC Civil Engineering companies

=R - TEERAG-ASDAG (A)

1 POINT1  ATLAS - BARESEL (D)
-KNIGHT & PIESOLD (GB)  _ (L2 o)
- GIBB (GB)

2 POINT 5 CMS - GEOCONSULT (A) : [s):SC(;SDOS (E)
- SGI (CH)

All other ooint Tis - BROWN & ROOT (GB) ( gQ)Y LOR-WOODROW
. other points excep :
SA  OtherPoints i luding ALICE and LHC-b) Iisesi (2 " AMEC (GB)

- HYDROTECHNICA (P) - SPIE-BATIGNOLLES (F)

3B TI8 TI 8 tunnel DITO - LOSINGER (CH)



Tunnel excavation options

No explosives were used for LHC excavation



LHC Civil Engineering - CMS

POINT 5 - UNDERGROUND
AXONOMETRY
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POINT 5 - UNDERGROUND
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@[ LHC Civil Engineering -CMS

- All spoil generated was
. used for landscaping




LHC Civil Engineering - CMS

Roman Villa
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@]l LHC Civil Engineering - CMS
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@[ LHC Civil Engineering CMS ground freezing
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@)|| LHC Civil Engineering CMS ground freezing

ol
A

S ¢ " -
- - > * 4 oS4

Point S -Excavation commencement of PM54 shaft - July 09, 1999 -
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Point 5 - PM54 additional drilling for grouting - October 01, 1999 - CERN ST-CE









Shafts 12.1m and 20.5m diameters, both approx. 100m deep




@Yl |_LHC Civil Engineering CMS shaft
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rock cover

20 metres minumum
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Up to 55 metres of moraine overburden
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Point 5 - Shuttering for the first layer of pillar concrete - April 20, 2001 - CERN ST-CE



Pomt UXCSS cavern excav dthﬂ LEP demolmon - lanuar) 23 2002 CERN ST—CE : A :
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*FIDIC — the International Federation of Consulting Engineers.

*CERN used a modified version of FIDIC “Conditions of Contract for
Works of Civil Engineering Construction” 4t Edition, or “The Red
Book”. Re-measurement type of contract.

*This type of contract was well suited to the LHC type of construction
for the following reasons :

*Well recognised contract documents for International Projects

*Suitable for projects where main responsibility for the design
lies with the Client (or his Engineer).

*Work done is measured, payment via Bill of Quantities

*Scope to modify the works via Variation Orders

*Adjudication Process for Claims & Disputes



Adjudication procedure was deemed a great success.

A panel of 5 “experts” agreed with the Contractors.

3 disputes were referred to the panel (2 with the Contractors and 1 with the Consultants).

Several disputes settled without need for Adjudication because one party “feared losing
control”.

Decisions made very quickly (within 2 months) in accordance with Contract.
Each adjudication cost less than 1.5% of the adjudicated amount.
All disputes during LHC construction have been resolved.

No Arbitrations.




LHC Civil Engineering simplified schedule

LHC CIVIL ENGINEERING 1993 1999 2000 2001 2002 2003 2004 2005
Faoint 1 - Atlas
FPoint 1.8 - Prewessin{Surface buildings)
FointZ - Alice

L B® D43 M4 NT LING

T12- Injection Tunns
T18&- Injection Tunnse

Civil Engineering as-built schedule

« LHC : 3 years pre-construction preparation (Site investigation, Environmental Impact Study, Tendering etc.)
» LEP civil engineering approximately 6 years (27km tunnels)




LHC Civil Engineering costs

TOTAL COST IN THE ORDER OF 490 MCHF Consultants

Architects
Geotechnical

53.9 MCHF
12% (36.7 M€)

62%

26%

Surface works
Underground works 116.8 MCHF
272.4 MCHF (79.4 M€)
(185.3 M€)
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'LHCPomt 5 ASX5 ExtenS|on Bouchon Complete 20 Aprll 2004 CERN TS- CE
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I The Future Circular Collider Study (FCC)

I I _.'I.Camon of Vaud
Ea . 11

Collision energy:
100TeV
Circumference:
80km-100km
Physics considerations:
Enable connection to the LHC (or SPS) 4 A el
Construction: A Department
€.2025-35
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Jura

Canton of Geneva

Cost: { .
TBC A '

Aims of the civil engineering feasibility study: ( e S Depertmns

Is 80km-100km feasible in the Geneva basin? \__ )

Can we go bigger? T Jura Schematic of a5

80-100 km long

What is the ‘optimal’ size? B0 km on
What is the optimal position? -

o
G

Aravis



Potential locations : European Strategy : Krakow 2012 ((£E%))

Pre-feasibility study focused on: Result: for the 80km long tunnel location 2 ‘80km Lakeside’
* geology & hydrogeology, is most feasible.
* tunneling & construction,
* environmental impacts
Risk
water heaving weak hydro support ground hydrostatic Pollution effectof  effects of
ingress ground marls carbons & lining response & pressure & of shaftson  shafts on =
convergence drainage aquifers nature urban 2 o
areas Feasibility
Jurag80 5 3 0 0 5 4 5 5 4 2 - Low
Lake 80 2 0 3 3 3 3
Lake 47 1 0 2 2 2 2

LEGEND

Potential 80 km ‘Lakeside’ tunnel
= mun Tunnel

Shaft location

4o ‘.“:’
- = | HC tunnel 7S ;
John Osborne (CERN-GS)

Option 1: 80km Jura Option 2: 80km Lakeside

47
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* Optimisation studies for the project configuration have been the focus of
work since the Kick-Off meeting

* ARUP(UK) mandated to produce a 3D geological model to allow various layouts
for the machines to be analysed. This model will allow different tunnel shapes,
circumferences, inclinations etc. to be entered into the model and determine the
rock types housing the machine

Geology Intersected by Shafts Shaft Depths

User Inputs

Initially 6 Alignments Options
Interactive alignment location on map
Alter Shaft locations - slidebar

Select Tunnel Depth - slidebar

Select Tunnel Gradient - slidebar

Shaft Depth (m) Geology (m)

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Slope A

15
y 15
CALCULATE

X 2499688 Y. 1106998

LHC Intersection CP1 CP2
Angle
Depth

Outputs
Dynamic Chart:

. Profile surface elevation and geology

. Profile of tunnel

. Shaft Locations

. Warnings when tunnel above ground level

Dynamic Tables:
. Depth to tunnel (mASL)

. Shaft Length intersecting geology layer
. % age of tunnel intersecting geology

40km 50k o0km
Distance along ring clockwise from CERN (km)

Geology Intersected by Tunnel

83.5% 10.6%

John Osborne (CERN-GS) 48

2 The Digital Approach — ARUP & the Tunnel Optimisation Tool (TOT) <( == ))



CE considerations for input into the tool : topography @FCC )>

Lac Léman
300 — 372 m/mer

Plaine du genevois
350 — 550 m/mer

. Vallée flu Rhone
~330§m/mer

Plateau du Mon't io'n ;
550 - /860 *

John Osborne (CERN-GS) 49
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CE considerations for input into the tool : some critical areas (G

Rhone leaving the Geneva Basin

N

R ——
Y LY
B S,

SSW ) = Distance (km)

pt belov kake level (m]

U0: Molasse bedrock

5 km
vertical exaggeration: ~20x

Depth under lake Geneva
(in molasse or moraines)

Avoid Vuache faulting

John Osborne (CERN-GS) 51
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Feasibility Study — Study Boundaries E=D

— ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
: H/’:wl EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH
\\ /\‘ Laboratoire Européen pour la Physique de Particules
\ European Laboratory for Particle Physics
Ju ra GS/SE-DOP CH-1211 GENEVE 23 -Tel: central: +41 (22) 767 6111 - direct 41 (22) 767 3414
. Fcc Sl
High overburden Determination of the geological survey area Ly

Karstic limestone

Vuache
Highly fractured limestone with karst

Pre-alps
Rapidly increasing tunnel depth
Less well-known limestone

Lake Geneva
Lake depth increases quickly in NE direction

CHNstucly wwa
Legend = — =
2 . P ey ==
Machine Scenarios : o e
o 100k Gircular -8umorcuar  ==i4C [JCERN — ===
e 100k raCRY3CK &3%m racetrack —— e

Drawn by : ETL Date: 27/10/2014 | . ats L L
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Feasibility study — Lake Geneva

* Geology is not yet well understood

* Some seismic soundings performed for the possible construction of a
road tunnel

* Molasse bedrock covered by a deep layer of moraines

} ,ﬁlh
L] ul
I Fes W
|warer Lo
o Rhars gacer Roorw guser
l&mme Negon resdoance
T o S, S
ek U e D Utte
Hermanca = B ut S s : |
\,"Fnrm' A : == - = —
v SR e — = S
T e =5 ~
\ A\-v\ ——
(1 ey —
'\‘ﬁ_m
r oxo | s \\'_-
.I'r verCIRNaggerace ~200 ==t
," f Profil synthéfique longitudinal du Pefitlac d'aprés Fiore-Giracios el all (2010)
'5:51&100



Feasibility Study — Geology

Lake Crossing: Tunnelling Considerations

Medway
Tunnel
Immersed
Tube Tunnel



BIM — Tunnel Optimisation Tool (G,

[FPeronT| [Pe=mran

[ Tunnel Optimisation Too: % Yo%

« C [ glogis04/cern_ser php/optimiser# a3

@) | < G==> ARUP A M 2 Bao
S

st e RN G0 s B
NEAEREREERRE

own sam soum om o wam
Distance along ring clockwise from CERN (km)

Geology Intersected by Tunnel

I Y —— 57

Select chainage range to zoom in

Resst z0om

DOWNLOAD DATA

Streamlines the conventional approach

which is broadly linear and manual

Max value extracted from early project

data

Single Source of Data

Visual decision aid

Clash detection — Regional Scale

Iterative process and comparison of

options



Feasibility Study — Hydrology Rk




Feasibility Study — Environmental Considerations FCC




Feasibility Study — Buildings FCC




Feasibility Study — Geothermal Boreholes

GEOTHERMIE
2020 3

Faible Moyenne Grande
.. profondeur . . . . praofondeur. . | . profondeur . .. .. ....0. .. ... ..
(chaleur) (chaleur) - (chaleur + electricité) -

géothermique
verticale

)

: : 5 3 5 2 B b N
- JURA ! : Sonde Hydrothermal® Hydrothermal ~Pétrothermal SALEVE:

1000 —|

a1re
IO, - OO PO DU ... .
Geothermal drillings : - -
I crétace B Lios
! Maim © I Keuper
: ;q Argovien - | Muschelkalk 3
--4000 — [ pogger - M ‘Permo:carbonitére’

B rciénien . I socie

-3000 —|
: - 150°c

— 200°C

-5000

©.Profondeur (mdtres) G ...t ... ...t .. ... ... Tempéroture . -

REPUBLIQUE 2 » ¥ :: B - - E 4 4
. Repusuque e e e S N S BT e S e ST By
OF GENEVE : i : ; : : : : : ‘ “' .




BIM — Tunnel Optimisation Tool

User interface - Input parameters

"y//\ Q@C“C)) ARUP CERN @ ARU P
100km quasi-circular ¥

Alignment Shafts  Query
et s = | 100km circular
Alignment Shafts Query 100km racetrack 2
83km circular
100km racetrack 1
83km racetrack 1

[ s 4
L
Choose alignment option |

Choose alignment option

cP2
Depth

LHC

93km quasi-circular ¥

Tunnel elevation at centre:310mASL

Grad. Params

83km racetrack 2
80km circular

93km circular
107km circular
80km quasi-circular

B7km

quasi-circular

ses

™ Azimuth (7): -13 93km guasi-circular

" Y . 100km gquasi-circular
Slope Angle x-x(%): 0.5 Test admin

Slope Angle yy(%): 0

i LOAD SAVE CALCULATE

gt Alignment centre
- ) X 2499345 Yo 1106734 K
cP1 CP2 i
- Angle Depth Angle Depth
i TG 103m 102m
on B — 20km &ps 166m 166m i
Ti2 166m 166m '—
T8 124m e [

Geology Intersected by Tunnel Geology Intersected by Section




BIM — Tunnel Optimisation Tool (G

User interface - Input parameters
@{\(@)ARUP A & o2 0

Alignment Shafts  Query

i lent Location
*° " Alignment Location

Alignment Location

1 T Orthophotography (2012)
‘i o Satellite Image (2011)

Street map
Boreholes
GGE Calcaire extent
GGE Faults
Rivers
Hydrology

Protected Areas

Geology Intersected by Tunnel Geology Intersected by Section



BIM — Tunnel Optimisation Tool

User interface — Alignment profile

@) | G=) ARUP Al toao

Geology (m)
Quaternary Moissse Urgonian Colcaice

Alignment Qu

Shaft Depth (m)

Choose alignment option

93km quaskcircular ¥

Tunnel elevation at centre:310mASL
Grad. Params

Azimuth (*)

Slope Angle x-x(%)

Alignment Profile

—Quaternary

1000m

aoam

s00m

700m

Se0am

(m

7 500m

<

E400m
300m

200m

Okm 10km 20km 30km 80km 7Okm 80km 90km

i Soim
Distance aleng ring clockwise from CERN (km)

30km S0k 70km 80km 90

Geology Intersected by Tunnel




BIM — Tunnel Optimisation Tool

User interface — Outputs

|G AR

Geology Intersected by Shafts Shaft Depths

Choose lgament optn Shaft Depth (m) Geology (m)
93km quaskcircular v .
e L Point Actual Min Mean Max Quaternary Molasse Urgonian Calcaire
Grad_Params A
Azimuth (°) 13
Slope Angle x-x(%) 05 B
Siope Angle y-y{%) 0
[/} c
Alignment centre
X 2499345 Y. 1106758 D
ce1 cr2
Angle Depth Angle Dept E
rm 0o
SPS 166m
™m 166m F
T8 24m
G
H
I
J
K
Geology Interses
L
Total 2589 2422 2601 2799 602 1980 a a
oo 10km okm 0um om om wom o

o s
Distance along ring clockwise from CERN (km)

Geology Intersected by Tunnel




Feasibility Study — Early results
100km circumference : “LHC Intersecting option”

Alignment Shafts Query

Alignment Location

Geology Intersected by Shafts Shaft Depths

Choose alignment option Shaft Depth (m) Geology (m)
100km quasi-circular ¥ Point Mi Mean  Max Quaternary Molasse Urgonian Calcal
Tunnel elevation at centre:26TmASL A | 304 ¢
Geology Intersected by Shafts Shaft Depths
Grad. Params
. N Shaft Depth (m) Geology (m)
AZimith () 20 Point  Actual  Quaternary Molasse Urganian Calcaire
Slope Angle x-x(%): 0.65
Slope Angle y-y(%): 0

LOAD SAVE CALCULATE

Alignment centre

X: 2499731 Y: 1108403
cP2
Angle Angle Depth
LHC -64° 64 172m
SPS 241m
T2 235m 241m
Ti8 242m 170m 0

X & - I ® MmO 0 ® B

% &P % iy 8 i3 L
Alignment Profile Total 3211 s01 2710 0 0
1000m —Quaternary
—Lake
800m —Molasse
800m Calcaire
—Urgonian
700m = *Alignment
‘£900m —Shaft

T |
7 500m -

<
£400m

300m

Okm 10km 20km 30km 4

Dk’n» 9 50km z 80km T0km 80km 90km
Distance along ring clockwise from CERN (km)

Geology Intersected by Tunnel Geology Intersected by Section

86.5% 7.8%

. . Point A Campus: Prevessin (large potential area
Avoids Jura limestone: No P latiz ) )

Max overburden: 650m

Deepest shaft: 392m Challenges:
% of tunnel in limestone: 13.5% * 7.8km tunnelling through Jura limestone

Total shaft depths: 3211m *  300m-400m deep shafts and caverns in molasse



5 FCC Tunnel Lining Concepts

Alignment Profile

1800m

-~ Lining concept assumptions per sector:

1400m

800m
400m

200m

Okm 10km 20km 30km 40 0km

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

oo 1 2 1 2 1 1 1 3

70km

—Quaternary
—Lake

—Wildflysch
~—Maolasse subalpine
—Molasse

Limestone
—Shaft
- -Alignment

a0km

TBM Tunnel options

Option 1 Option 2

OPTION 1: PRE-CAST LINING

OPTION 2: PRE-CAST LINING WITH
OPTIONAL CAST NSITUINNER LINING

- NNRM CLEARRCE LNE

/e GASETID PAST
SEGUENTAL LINNG

INTERNAL STRLCTURES

oL TuNEL

- M CLENNGE LPE
/— caseETeD pegasT
T seauea e

= SHOTORETE
25L0NG ROGKBOLTS:
AT180S

EXCATIN LS
COOLING WATER PPES TRENGH
SATE PASSAGE VENTLATIN TRENGH
DRANAGE WEEPHOLE

Option 3

TYPICAL SECTION IN GOOD ROCK

Mined Tunnel
options

MINIMUM CLEARANCE LINE
PERMANENT CONCRETE LINNG
INTERNAL STRUCTURES
SXCAVATIONLINE

T sTRERE e s g
AT oW, el eEsieEr g
e . ot TUNEL DRANAGE —— < -
i = oeomevde BLNOING CONGR: 3
i Lo Nor \\\\\\\\\\ N

)
*It is assumed 50% will have
optional inner lining

Option 4

TYPICAL SECTION IN POOR GROUND

SHOTCALTE RENFORCED
WITH STEEL GIRDERS
EXCAVATION LNE
PRRMAVENT LNNG
VINIMUM CLEARANGE (N
NTE. STRUCTURES

CO0UNG WATER
PIPER TRENGH

L o DWPLE SHEET




@) FCC Baseline Schematic : Single Tunnel

FUTURE CIRCULAR COLLIDER (FCC) - 3D Schematic

Underground Infrastructure - Single Tunnel Design
John Osborne - Charlie Cook - Joanna Stanyard - Angel Navascués

W FCC Tunnels
s Experimental points
I Access points
e Service caverns
S Connection tunnels
s Electrical alcoves
—— L HC

Not to scale
Fi y of tion t Is for illustration only

FCC-hh POSSIBLE TUNNEL CROSS SECTION:
SINGLE TUNNEL SECTIONS 260m

Lgntn;

Rafler urtaes
Dunoursbie Mocks
L - 2 Cotde trops
S0 mm

N Elearons acks » sheidng

Copyright 2098 by CERN



FCC Baseline Schematic : Double Tunnel

FCC-HH POSSIELE TUNKNEL CROSS SECTION:

FUTURE CIRCULAR COLLIDER (FCC) - 3D Schematic DOUSLE TUNNEL LONG. VENTILATION 04 5

Underground Infrastructure - Twin Tunnel Design R
John Osborne - Charlie Cook - Angel Navascués

s m

BT Eintararca vtz in o
TSR -

I FCC Tunnels
I Experimental points
I Access points
I Service caverns
Connection tunnels
e L HC

FCGC-ee POSSIBLE TUNNEL CROSS SECTION:
ARCS, TWIN DICPOLE i Gf.0m

Not to scale &=
Copyright 2016 by CERN "7

Fraguency of cross-passages for iftustration onty



FCC Single tunnel — possible cross-sections €555

6.0m tunnel 6.8m tunnel

FGC-hh POSSIBLE TUNNEL CROSS SECTION:
SINGLE TUNNEL SECTIONS —

Emesgoncy patraction
ducs B1.2m .
Fized Curlzin L //:/, - Reller curtain
EL - 7 Cable rays S //.—‘/,_nmmmmmn
S — - EL - 2 Cabile trays
Cryo Line BE00MM L _ S0 mm
Sirvey windo T Elesciranic racs + shi
Fira fighting water T - T
- Lighling
Demineralized water - n Fira Protection
oK 40
e
Hellum recavery OH00 = . .
- — ranspor Vehicla
» Sale passags venlilation
ECC-nhMachme "
- Coaling Water 2x
Transpart zone T N - D400
-~ — —
Parsonngl Passage / — D & B
CENTER OF AING _
_—
FCC Tunnel 6m diameter survey Smoke/He Extraction

26000 Demineralized water DN250

Cable trays
HV transmission
(Fiber optics, LV distribution, control cable)
Cable trays
SC link DN 250 dral services/secured network,
Demineralized water filling DN 65 MV distribution)

Radiating cable E m e rge n Cy
Raw water/firefighting e S Ca p e u n d e r
floor ?

Compressed air DN 80

Warm He recovery DN 250
An FCC sector

He DN 100

First aid eqpt.

Ventilation Surface
Building

Ventilation Surface
Building

QRL DN 1200

Electrical box
Machine cryostat DN 1480

Transport vehicle

Shaft
Shaft

Fresh air duct

~ 440 m
wea | 441 i i Il i [ area

T unnel




FCC Shafts

- Several possible shaft excavation methods :

Traditional in-situ lining during excavation
Diaphragm walling or ground freezing
Slipform technique for lining shaft

- ~ = 3 ' '
TI2 Area - Start of excavation of PMI 2 shaft - February 17, 1999 - CERN ST-CE 3 Ground freezing technique used at P5



-CC Cavern spacing : Concrete

Pillar required

FCC Cavern Study - CERN
Basic Stress Analysis

Cavern situated in Good Molasse, Spacing 10m

. Depth df failuuré zbrie = 12 m
= Expected stresses in concrete Pillar = 35 MPa

" AMBERG

ENGINEERING



CERN

FCC Site investigation planning
and pre-construction planning

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

LHC Operation Period

Q2|03 Q4

Q1|Q2|Q3 |04

Q1|Q2|a3 |04

CERN feasibility

CERN conceptual design

Site Investigation

Consultant Contracts

Construction Contracts

Q1[Q2|Q3 |04

Q1|Q2 |Q3|o4

Q1|Q2|Q3 |04

Q1|Q2|Q3 |04

Q1|Qz2|Q3 |04

Q1|Qz2 (a3 |C4

Ql(Q2|as3 (a4

Feasibility SI Principal SI Additional Sl as necessary
Tender and Preliminary . . .
Contract and tender strategy Market Survey Award — Tender design Construction Design
Market |
< -» Tender and Award :
Survey

-
Vel
Ly

EIA and permitting documents

El and permitting documentation

Types of site investigation:

Collection of existing information

Walkover survey

Geophysical investigations (to define interfaces)

Boreholes

* Site testing (eg Insitu stress test, point load testing, SPT)
* Rock laboratory testing.

Phases:
Feasibility: Non-intrusive investigations to allow consolidation of alignment. Focus on
access points, Lake crossing and the Rhone and Arve crossings.
Principal: Substantial portion of the geotechnical investigations. As a result of this,
the alighment might need to be changed.
Additional: Any investigations required for the final design, emphasis on obtaining
date required for the contractors.
Administration

Start of Construction



CERN

" CERN Circular Colliders + FCC

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

- Constr. Physics LEP
Construction Physics LHC
Construction Physics HL-LHC

< 20 years >

Future Collider

Construction Physics

Michael Benedikt — Washington Workshop March 2015



Stage 1: CE Cost estimate: 5400 MICHF

FCC integrated project cost estimate

Domain Cost in

MCHF
Stage 1 - Civil Engineering 5,400
Stage 1 - Technical Infrastructure 2,200
Stage 1 - FCC-ee Machine and Injector Complex 4,000
Stage 2 - Civil Engineering complement 600
Stage 2 - Technical Infrastructure adaptation 2,800
Stage 2 - FCC-hh Machine and Injector complex 13,600
TOTAL construction cost for integral FCC project 28,600

Optional eh machine

Stage 2 CE Cost estimate: 600 MCHF CE cost estimate: 430MCHF
Two experimental points added including:

4 shafts, 2 caverns, beam dump tunnels

beam transfer tunnel and injection caverns,

survey galleries, linkage tunnels, surface _

structures CONSULTING
e EMGIMNEERS

Stage 2 FCC-hh Machine
and Injector complex

| Stage 1 Technical Infrastructure
: 8% 47%

(.

Stage 1 FCC-ee Machine and
Injector Complex
14%

Stage 2 Technical

p Infrastructure adaptation
—~ 10%

Stage 2 Civil Engineering

complement —
2%

*The expected accuracy range is between -30% and +50% for feasibility stage



International Linear Collider ILC : Northern Japan

ILC Site Candldate Locatlon |n Japan Kltakaml

P@o AR

Sendai

A. Yamamoto,
15/11/02



A New Borehole at a

Courtesy: T. Sanuki

A new boring test progressed
to demonstrate the “vertical

access feasibility” for detector
hall at IP

ALl VT VLY el T T 4]
: I o ety - ) NG T
Hitokabe Granite Senmayz-Ssanite «‘é - Orikabe Granite —-PHsss.

BDS, DR, DH




CERN/KEK Collaboration to develop TOT for ILC Optimisation

L e e e s

e Surface elevation: 305mASL
e Tunnel elevation: 110mASL
e Tunnel depth: 195mASL

e Geology: Se

wwwww

e Surface elevation: S88mASL
e Tunnel elevation: 141mASL
e Tunnel depth: 430mASL

e Geology: Hk

Many new features added
to the tool, such as:

* |P position can be
changed

* LINAC Rotation/Flip
e Access tunnels

New 250GeV
Layouts/costing in 2017

—

TOT now being developed
for ILC Japan Site and road
tunnel under Stonehenge




Legend

emme CERN existing LHC
Potential underground siting :

esee CLIC 380 GeV
esoe (CLIC1.5TeV
esee CLIC 3 TeV

' 3. :.n" ’ 3t  ~ "
Dol \‘@é‘ﬁ ¥ l %
2 ez810 ‘,OOR e.:ﬂ




CV - Extraction 1m2

CV - Air supply 1m2
------------- Power, Vacuum & BI for Transfer lines

500 GeV Delay Drive beam
(for 2.3km on e+ side)

Drive beam

[}

& Cable trays
Fire fighting water DN80 5 [DC MB :
Low Power & Signal 1 gg”é Services

orr.

BI, Survey & Vacuum 106 DB
Inner Telescope 1 |AC Power
Compressed air DN150 2 |DC TRIM (opt.)

Acces Dump bridge =

Main beam

Spreader (120mm)

Drive beam
CV pipes - Sector B

Main beam

Pre-alignment zone

Demineralized water DN40 CE Floor level +0Omm -100mm

Electronic racks + Shielding Safe passage

Separation joint

10mm compressible filler
CV pipe + Damping material - Sector A
Pipe

Transport train

CV Pipe + Damping material - Sector A
Drainage

CLIC - Typical Cross Section - Didmeter 5600mm - Junction with Turnaround - 1:25

Draft - J.0sborne / A.Kosmicki - August 9th 2010




€~ INJECTION DESCENT TUNNEL

CLIC Studies at CERN

COMBINER RINGS
DRIVE BEAM INJECTOR

New 380GeV, 1.5TeV and 3.0TeV

accelerator layouts to be developed in 2017
ready for next European Strategy update

RIVE BEAM LOOPS

- Klystron option also being studied.
INTERACTION REGION
MAIN BEAM INJECTOR C|_|C TOT
_DAMPING RINGS
New Infrastructure WG being set-up (CE,
EL, CV etc).
Longitudinal section 1:100'000 / 2000
A
TURN AROUND g ‘ | 1 Sands and gravels 0 Cleyey Moraines
| i ‘ [ Molasse (marls - sandstones) [S%] Limestones
4 _ neE on 1]
CLIC SCHEMATIC] % e
A - " Lo 3 TeV STAGE NE
EMAT \ sw [ - B
(not 10 scale) "“‘f\l - - _ - T “ J‘f - I — -
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“‘ I S 0.5 TeV STAGE | S /
| e ‘. “— — /
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Bt Otactors hall
\
e
=
\ o | suss —— |
o SN : P
\ e \ | L @ 5) @77\3 .
== L o & 9 © 3 S I B I
[sufac® T
[
Pl

cue

Longltudinal section
o




7

POINT 4
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POINT 5
cMs
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ATLAS

POINT 7

POINT 8
LHCB



- *High Luminosity LHC Project (HL-LHC)

Civil Engineering Design

E 6 delta architectes

* Building Permit (CH/FR) architects:

* Civil engineering Consultants started Preliminary
design in June 2016:

- Consortium ORIGIN at P1:
‘D setec CSDENGINEERSY Ayl

tpi INGENIOUS BY NATURE
- Consortium LAP at P5:

@ Lombardi .7 > . | pin sv@,
ARTELIA gngineers

Passion & Solutions
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* High Luminosity LHC Project (HL-LHC)
Construction Contracts

— Joint Venture Marti Meyrin (JVMM);

— Accepted Contract Amount = 67 million CHF; contract
duration of 53 months (until 31.08.2022)

— Country of origin: Switzerland, Austria, Germany;

= [l
* Point 5 Contractor: —
— Consortium Implenia Baresel (CIB);

BARESEL

— Accepted Contract Amount = 58 million EUR; contract
duration of 54 months (until 30.09.2022)

— Country of origin: Switzerland, Germany, France;
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@‘ The main ‘vibration’ activities are driving the civil engineering

N

planning

Results from Dr
Hiller’s (Arup)
studies - Vibration
from tunnelling

1
z |
£k
0.2 mm/s : I3
2x104 m/s &
200pum/s

New measurements
needed for concrete
pump, hydraulic
hammer, roadheader,
Jumbo

a.m

P | == === Chalk
| """"""" Clay; sand and clay

3 =—-==—== 5ands and cohbles

Rock

Digtance fram face {m) |45m

100

Roadheaders will be used for

excavation

At 45m, tunnelling vibration
would give ~200um/s peak






CERN

* High Luminosity LHC Project (HL-LHC)
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* High Luminosity LHC Project (HL-LHC
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Gathering Infrastructure Requirements
For example for CLIC : Civil Engineering, Infrastructure
& Siting (CEIS) Working Group Disciplines:

Chair & Civil Engineering J.Osborne & Matthew Stuart General Objective: Develop the existing layouts for the

CLIC Link Persons S.Stapnes/D.Schulte/C.Rossi/R.Corsi pg ‘i’,];icotff C ;ZCV a;’i\jlw e;ﬁir‘zigirt’ifcgrggzg’;icctaéri”{ (r) C\,:f;; ssCt:r 7
O EEE DY LT LA Ir)ealistic desig,n and project planning as needed for the ‘CLIC

Cooling and Ventilation (CV) M.Nonis/P.Cabral Implementation Plan’, due late 2018.

Electricity (EL) Davide Bozzini

Survey (SU) H.Mainaud Durand Meetings for the CEIS Working Group are taking place every 5 weeks to ensure

full integration of the work done by each discipline.

Transport & Handling (HE) I.Ruehl/Michal Czech
Interaction Region K.Elsener discipline.

Full Activity tracker updated at each meeting outlining the tasks for each

Logistics/Lab readiness M.Tiirakari
CE Layouts & Cross-sections SMB/CE Design Office

Health Safety & Environment S.Baird/S.Marsh
(HSE)

Schedule K.Foraz/Marzia Bernardini
ILC Link Persons J.Osborne/A.Yamamoto

92

CLIC Workshop 22-26/01/2017



Power available at grid level at horizon 2030

Wimr

// Botterens
e}

Col s Mosses

Oc,
Gstaad
AW

Chamoson

Riddes
'Q Kraftwerk

//
A & Cornier
Genissiat-Poste @& Y/Cruseilles,
-
1l

= T
\ O Cruseilles
N
Creys Albertville
Montagny

—— 400 Réseau autour du Lac Léman, base case 2022 e 2 3 0

mmo 0%
Fionnay

\\e¥=ama?  Valpelline
4

Power estimates are being updated and appear
not to exceed the available power.

,FCC service level” to be defined (full
availability, degraded modes, redundancy).
Local energy buffers could cover short (100 ms)
network interruptions and increase availability.

Future Circular Collider Study
w Volker Mertens
3rd FCC Week, Berlin, 29 May — 2 June 2017
g

Transmission alternatives
| I 1]

I I S T M M |
A B C D E F G H | J K L

400 kV to nearest FCC point and
underground transmission ring

il

I I
A B

T

F G H | J K L

™ ROH—

Radial feeding from existing sources

Powering by zones

Transmission line

Source Il

o
0
@

o 810

Study ongoing with cable company

Comparative study NC/SC foreseen.

3700



FCC Alcoves

Each 1.5 km, housing electrical MV/LV equipment,
HVAC, machine equipment (PCs);
dimensioned as LHC alcoves + 20 %

F. Valchkova-
Georgieva

Future Circular Collider Study

w Volker Mertens
\ 3rd FCC Week, Berlin, 29 May — 2 June 2017
ard

N




Logistics and transport

\

~ Fraunhofer

IML
FCC collaboration with Fraunhofer Institute for material flow and logistics (FIML, Dortmund)

on several work packages:
1) Design and evaluation of global supply chains for large and heavy components.
2) Logistics concept for storage, assembly, testing and handling of cryomagnets.
3) Vehicle concept for underground transportation and handling of cryomagnets.

1) Supply chain —investigating and assessing ...

* Transport options (seaship, barge/truck, ...)

* Constraints (road size, maximum weight, road blockage)

* Transport enclosures (non-standard containers, special handling equipment)

* Maximum tolerable g-forces during transport and loading, maximum tilt angles

3) Vehicle
* Rail vs wheel-based
* Track guidance (optical/wire/marker) vs sensor based free navigation
* ldeally covering/compatible with other transport needs
(other equipment, personnel, remote reconnaissance/interventions)

FIML, M. Tiirakari, |. Rihl

Future Circular Collider Study
Volker Mertens
\ 3rd FCC Week, Berlin, 29 May — 2 June 2017

NS




Ventilation

Safety considerations

| m=) Extraction Extraction <=
_- 4= Air supply Air supply mmm) -_

e Control of the pressure from both ends of a sector.
e Control of the pressure (overpressure or underpressure in each area).
e Fire detection per sector compatible to fire fighting via water mist.

e J1. Inigo-Golfin - C. Martel
e CERNTS/CV
e CLIC Workshop 15t October 2008



Ventilation

Tunnel section

| SUPPLY DUCT
EXTRACTION DUCT |
o
o
S Main bean
' ©«
)
EL - 3 Cable trays 520mm ' Drive beam
2 i1
Circuit C : Fire Fighting - Honora
1075
Circuit B : general cooling Y— —
I 2% 400 S
™~ - :
i I ok Transport train

Circuit D : compressed air

|

i

|

!
3%00

2270

Circuit A : Module cooling

0 700

Safe passage

Drive beam

CLIC - Typical Cross Section - Diameter 5000wm
Oraft - J.Osborne / A.Kosmicki - October 14th 2008
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Physics Beyond Colliders (PBC) I?

“Colliders

PBC is a programme aimed at exploiting the full scientific potential of
CERN's accelerator complex and its scientific infrastructure through
projects complementary to the LHC, HL-LHC and other possible
future colliders.

 Main studies:
Beam Dump Facility (BDF)
* electrons in the SPS (eSPS)
*  ForwArd Search ExpeRiment (FASER)
*  Neutrinos from STORed Muons (nuSTORM)
*  Plasma Electron Proton/lon Collider (PEPIC)
*  Advanced Proton driven Plasma \Wakefield Experiment (AWAKE)++
*  Electric Dipole Moments (EDM) Storage Ring
*  MAssive Timing Hodoscope for Ultra Stable neutral pArticles (MATHUSLA)


https://indico.cern.ch/event/523655/

Physics Beyond Colliders DR

Beyond
“Colliders

PBC Map - Meyrin 'Name FAS study

Existing experiment

VBN Other non-FAS study



https://indico.cern.ch/event/523655/

Physics Beyond Colliders &) L.

- *Beyond
“Colliders

FAS study

N\EInll Existing experiment
"‘"-,;L.,' '

North Area ' # | B\P Y Other non-FAS study
KLEVER, NA62++, NAGA++... © =/ " /

=
‘\ 1 254 b Y 4

.-« Gamma factory

CAST

«I' Fixed Target

N

LHCb MoEDAL
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https://indico.cern.ch/event/523655/

FASER Study Overview \ %

“Colliders

* Location
* Meyrin - 480m from ATLAS

* Description
* Magnet and detector to search .=

for dark photons, dark Higgs
bosons, heavy neutral leptons

* Status
* Currently under construction
during LS2
 Challenges
* Dust
e Vibration

* Tunnel stability
Work around existing LHC



https://indico.cern.ch/event/523655/

BDF Study - Overview %

‘Beyond
C()Illdus

e Location

* Prévessin Site
e Just off SPS
* Description
* Fixed target experiment

looking for dark matter :;"“'—Ex_w,mema,,\rea l T M“ .;. X

particles ' ‘l Lausanne
o
Status i _ Target Complex === % P ~
 Comprehensive design | Acces“s"‘é_{;”dmg 2
study complete Auxiliary Building &= . | -

 Challenges
* Very high radiation levels
e Existing infrastructure
 Considerations for target

Extraction Tunnel ==+



https://indico.cern.ch/event/523655/

CERN
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e-SPS Study Overview

Location

e Meyrin Site near ‘The Ear’

Description

 Reintroduce electrons in
SPS and search for light
dark matter and carry out
accelerator R&D

Status

* Concept Design

Challenges

 Work close to existing
experiments
* Removal of old magnets

|; PI’\ ics

- *Beyond
“Colliders

See detail 1

-12.51 =451 99

Project
_ground fevel

150mm clean top soil %

=
s
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] Removable

concrete s labs',

50 % Crane

nnnnnnnnnnn

., Toit de molasse SRy
L gy

I Back-filed with
| ~Fio-fines concrete
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https://indico.cern.ch/event/523655/

CERN
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MATHUSLA Study Overview

e Location

° Close to CMS’ Cessy’ Fra nce + Scintillators array : 5016 scintillators 2x1x0.1 [m]

-~ Roof array : 2508 scintillators
-~ Foor array : 2508 scintillators

* Description * e

Main building structure : consist in several blocks and
two base platforms

° Detector for decay partiCIeS - Materials: steel and concrete + air environment
from LHC interactions

Status

e Concept to develop in 2019
Challenges

. Political issues and relations [PerE—"sr"——"
with Cessy

14tev_pp_LLP_ev592 Hadronic jets

/

Decay vertex

s
'\ﬁ\
LLP

Simulation of a signal event



https://indico.cern.ch/event/523655/

CERN
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NUSTORM Study Overview ﬁ%

. “Colliders
* Location
* North of Meyrin
Site

* Description
 Project searching
for new physics

working with Ken
Long from Imperial

* Status
* Concept Design
. ChaHenges
Construction close
to existing tunnels

and connecting to
existing tunnels

Future far detector at
LHC point 2 pitch



https://indico.cern.ch/event/523655/
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Summary

 CERN have several studies underway

e All the mentioned infrastructure studies will be
reported at the next European Strategy meeting
2019/2020.

* Civil engineering and Infrastructure requirements
should be considered from very early stages of
feasibility studies

* Design of machines/detectors should be adapted to
suit local geology/environment

e CE and Infrastructure Costs/Schedule critical part of
projects
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And Questions

John Osborne (CERN SMB Department)
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