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Future Circular Collider

Feasibility Study Report

Volume 2

Acce]erators, Technical Infrastructure

Wear and Safety
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Explosive | Gloves | Safety Glasses

Submitted to the European Physics Journal ST,

4 joint publication of EDP Sciences,
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the Societa lialiana di Fisica,
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Electricity and Energy Management

Chair: Nicolas Bellegarde

Mario Parodi, New technologies for electrical transmission and distribution

Santiago Hernan Suarez, Integrating renewable energy and hydrogen storage into the FCC

Charline Marcel, Electrical grid and infrastructure update

Hannah Dostmann, Technical infrastructure availability: Challenges and opportunities from LHC to FCC-ee

M. Parodi, M. Colmenero:

The problem of power quality

Data from PMUs (phasor measurement units), detected e.g. instabilities before black-out
Unified Power Flow Controllers for FCC

S. Hernan Suarez:
Renewable energy (solar, wind); hydrogen storage
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Electricity and Energy Management

C. Marcel: Concept of the electrical grid for FCC-ee

Energy consumption of the FCC-ee machine

Power demand by systems in MW: Load mapping of the machine
P = H = 400 kV (RTE)

Beam energy, GeV 456 80 120 1825

Collider radiofrequency 146 146 146 146

Booster radiofrequency 2 2 2 2 .

Collider cryogenics 1.2 115 115 216

Booster cryogenics 0.35 0.8 15 7.4

Cooling and ventilation 25 26 28 33 e

Collider magnets 6 17 39 89 MW

Booster magnets 1 3 5 11

4 experiments, PA, PD, PG, PJ 10 10 10 10

4 datacenters, PA, PD, PG, PJ 4 4 4 4

General services 26 26 26 26 1oV gTEl

Total power during beam operation 222 247 273 357

Electrical infrastructure layout
Secured network concept
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RF Points and Cryogenics

Chair: Frank Gerigk

Fani Valchkova, Mark Timmins, Integration of RF points for FCC-ee
Davide Aguglia, Powering of RF for FCC-ee

Anita Petrovic, FCC-ee cryogenics status update from FSR

Laurent Delprat, FCC-hh cryogenics update for 1.9 K and 4.5 K options

F. Valchkova, M. Timmins: updated integration of PH, PL, based on new cryostat design



O FCC Klaus Hanke

RF Points and Cryogenics

FCC-ee RF Machine tunnel & Klystron Gallery cross section ¢w machine)
Pre-TDR Study HV Bunker

Klystron Gallery

Klystron /
L4 ’

i

Waveguide duct

Faraday cage

CO"ider Centel' €rG Cooling integration, Point H

Please follow Inigo Martin Melero’s

Acceleratortunnel presentation “Ventilation update®
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RF Points and Cryogenics

D. Aguglia, powering of the RF Powering concept baseline:
* new baseline Tristron 1. Centralized powering

2. Use of switching power converter

* Modular Multilevel Converter MMC
« existing facilities feature high

availability and efficiency (D7 e
« available technology, centralized amv | Point H
powering scheme seems to be the best D‘D

Il
1 I L1 RF Amplifier
HV Bunicer | | HV Bunlker | | HV Bunker G [[
+Tristrons | | +Tristrons +Tristrons a efj/’

1T T [T T

( FCC Tunnel ( )
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RF Points and Cryogenics

Cryoplant Architecture

(Gas State)
WCS: Warm F-

Compressor
Station [ Medium Pressure Storage

L

WCS WCS
[l [l
ucB ucse
|

UCB: Upper Cold
Box (20 K)

A. Petrovic, cryo system
for FCC-ee

CC: Cold Compressors

L. Delprat, cryo system  LCB: Lower Cold (For 2 K Cooling)

' Box (4.5 K)
for FCC-hh
baseline 1.9 K A Lcs i
QUI: Cryogenic
QRL: Cryogenic interconnection box
Distribution Line ﬁ /
—{ Cryo Modules }— Beam —| Cryo Modules }—
\ Cryogenic User / Client: )

Cryo Modules for Radio Frequency Cavities

> €C—> > C— 3

Surface

Shaft

Cavern

Tunnel
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L2 ) ca ica FOR CRYO (PH +PL) CM He Mass Total [t] 9.20 19.43
I s C i Full Power [MVY] 4577 Distribution He Mass [t] 5.01 6.04
o, Eco Mode [MW] 7.64 1287 Cryoplant He Mass [t] 3.20 7.22
- Electrical Energy / year with ECO MODE [GWh] 138.05 298.31 Total He Mass [t] 17.40 32.69
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Integration and Radiation

Chair: Sonia Bartolome

Fani Valchkova, Integration update

Federico Carra, Audrey Piccini, Arc half-cell mock-up status
Barbara Humann, Radiation environment in the FCC-ee arcs
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Integration of FCC-ee machine elements (regular arc) : :
Machine tunnel 5.5m in
Robot space reservation .
2.9m x 0.55m (LxH) , 3780 | L Alameter

Leaky feed

Booster ring
5 Cable trays

4 Cable trays

Chilled water
DN300

Magnet vehicle
Transport space reservation
2.2m x 2.25m (LxH)

Collider ring

Demineralized water
DN550 :
experimental Points

technical Points
RF sections
alcoves

service caverns
prain  €©1C.

He recovery line

3 Cable trays

Raw water
DN250

HV Cable
Main cross section as for FCC-hh

Main ring below of booster ring Reject water
Main ring and booster ring 1.03 m distant DN125
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F. Carra, A. Piccini, status of arc half-

cell mock-up

« arc represents 85% of the
machine

 installation at CERN in an existing
building

« preparatory works ongoing

ST2409890_01

Courtesy Y. Grislain
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B. Humann
radiation environment in the FCC-ee arcs
« challenges: dissipated power, ionizing dose, radiation to electronics

Feasibility Study Report (FSR): Current conceptual design:
+ Shielding enclosing the VC with 5mm gap for * Enlargement of photon stoppers (Ay = 6.3cm)
bakeout but in contact with photon stopper
(Ay = 3cm) is Removal of shielding next to busbars
I@ Complex shape around VC * Updated busbar dimensions

& Efficient shielding due to close location of shielding + Volume of plates on top and bottom as well as
lateral extension identical
+ Weight: ~400kg/shielding
(Total weight: ~10kt for the full machine) * Weight: ~340kg/shielding

2cm . 29cm 32cm

Pb94Sb6 e
A

130cm

Collider center
4—
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Safety

Chair: Benoit Delille

Andre Henriques, Review of the safety concept - pre-TDR roadmap

Giacomo Lavezzari, Radiation protection studies for the FCC

Oriol Rios, Reviewed fire safety concept and future studies

Guven Nergiz, ODH simulations: benchmark and access conditions to RF sector
Marc Nas & Hannes Gamper, FRS intervention: use of robotics



Safety concept

Review

« By experts experienced in large research / industrial
infrastructures

» From ‘notified body’, experienced in pre-construction
authorization processes

» External (expert) review of our studies and assumptions

» Outcome:
« Generic statement on the validity of the concept

(showstoppers Y/N)
» List of TODOs — basis for the pre-TDR work description

=1+ =

HSE

Health & Safety
Executive

@\ FTURE, —
) COLLIDER EDMS Document Number: 3167943

Rev: 0.1- Status: DRAFT

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
Laboratoire Européen pour la Physique des Particules
European Laboratory for Particle Physics

Occupational Health & Safety and Environmental Protection Unit

Report
4 October 2024

FCC Safety Concept

Feasibility Study Phase

prepared by: verified by: approved by:
A. Henriques (HSE-OHS) K.Hanke (ATS-DO) B. Delille (HSE)
O. Rios (HSE-OHS) J.P.Burnet (ATS-DO) M. Benedikt (ATS-DO)
T. Otto (ATS-DO) TIWG WP leaders
M. Widorski (HSE-RP)

G. Lavezzari (HSE-RP)
G. Nergiz (HSE-OHS)
T. Ladzinski (EN-AA)
M. Andreini (HSE-OHS)
G. Roy (BE-ABP)
M. Nas (HSE-FB)

Abstract

The first iteration of the safety concept for the FCC study was performed for the Conceptual
Design Report (CDR). Following the advancements of the study and the feedback from the Mid
Term Review (MTR), the Safety Work Package of the TIWG pillar performed additional assess-
ments and safety studies, including radiation protection, fire and ODH simulations, and evacua
tion modelling. This report provides an up-to-date overview of the FCC safety systems, offering
a comprehensive summary of the safety concept and serving as the primary reference for the Fea-

sibility Study report.

https://edms.cern.ch/document/3167943
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Cooling and Ventilation, Geodesy

Chair: Ingo Ruehl

Inigo Martin Melero, Cooling update

Inigo Martin Melero, Ventilation update

Armin Hafner (NTNU), Heat recovery perspectives with CO,
Benjamin Weyer, Geodesy update
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Ventilation update for FCC

1. Update on thermal Ioads
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Coollng update for FCC

Make up water

7N
- t
‘e 3
H Prima T
H water - o by ol
= Y | ¢ iy \
! ' ; !
industriol water j 7N H * = —
| -
Demineralised water |
SHAFT
Chilled water
- / Clear water
/=y, Industriol water -
\
N T
¢ Demineralised water
s
UNDERGROUND
Chilled water

o

1. Update on thermal Ioads
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Geodesy

Implementation of the primary surface
geodetic network

* IGN and Swisstopo are densifying their national
geodetic network. 7 out of 9 geodetic pillars built

fee Primary Geodetic network
— FCC Trajectory A Construction done IGN ©

77 2k radius
[ Approved new locat
around surface site n S

- New Permanent GNSS station

Progress made in collaboration with ETHZ and HEIG-Vd [ density maps

» Delivery of report: Database of methodologies,
instruments and auxiliary data for gravity field
determination

«  Computation of a local geoid model using Groops
toolkit. Investigation on the effect of digital terrain
model and topographic density variations

ETHziirich

SN HE"
o I E

* Development of a gravity field closed-loop

Swiss Accelerator
Research and
B2
A Technology
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Transport and Logistics

Chair: Benedikt Maller / FIML

Damien Lafarge, Transport concept (personal and material)
Hannes Gamper, Robotics update

Milosz Zielinski, Magnet production

Sarah Fleury, Installation schedule

~ Fraunhofer

IML
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Transport and Logistics

max speed 30 km/h
autonomous driving
driveway width is 2.2 m

Transport and installation of a quadrupole
with two sextupoles and the supporting girder
(QSS unit)
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H. Gamper, robotics update

T T, T

—
S———

s

Maintenance Search and Rescue Machine Automation and Control



S. Fleury, updated installation schedule

Overall mstallatlon schedule FCC-ee

Acteterstnt Marcwars commanng

FCC-ee overall installation schedule

Civil engineering excavation is scheduled to begin in
January 2033. The first technical shaft will be
released in 2038, with the last area expected in 2041.

These initial technical shaft releases will be the
starting point for technical infrastructure installation.

The installation of radio frequency systems at Point H
and Point L is not on the project’s critical path and will
therefore not impact the overall schedule.

Total duration for installation including hardware
commissioning: 2038-2046, 8 years.
Readiness for operation in April 2046.




Big thanks to the chairpersons and speakers
of the Infrastructure sessions
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