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Safety

Safety Concept of the FCC

A Henriques, O Rios

Safety concept

Hazard registry

Safety systems: air management,
transport, longitudinal compartments
access control

Smoke extraction and life safety

Klaus Hanke

FCCINF-RPT-00xx v.0.1

Future Circular Collider

SAFETY CONCEPT

Safety Concept Report for FCC-ee

FCC-EE SAFETY CONCPET P—

Document identifier: FCC-INF-RPT-00xx

Date: 01/05/2024

Work package/unit: Technical Infrastructures / Safety
Version: Vo1

Status: Draft

Abstract:

A first iteration of the safety concept for the FCC study was performed for the CDR. Following the
advancements of the smd) nd the feedback from the mid-term seview. the Safety WP of the TIWG pillar

ludin
mulation: s;s\\!llasﬂanutmmﬂklhngm report will provide the full overview of the Safety concept
{ailored 1o FCC, serving a5 main reference toe Safety Reviews and the Feasibiliey Study report

p azard Detection

(ASD FiberOptics @ptlcal
sensors)

- Longitudinal
compartments

(static confinement)

Emergency Response
(First Responders, Fire Fighting

means, communication)

" Control the access 2
PSS, authorized personnel;

5 (dynamic confinem:
s smoke extraction) -

Personnel
Transportation
(vehicle driven
egress)

Individual detailed
reports

Future Circular Collider

SA DTE
ODH STUDIES IN THE RF SECTION OF

ACCIDE:

T Qg ™

Future Circular Collider
SAFETY NOTE

S —

= TRANSPORT SAFETY HAZARDS AMD
D OPTIONS FOR MIT

—
Future Circular Collider
SAFETY NOTE

EMERGENCY RESPONSE AND F
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Safety

Personal Safety Systems
T Ladzinksi

Access control

Tracking

Fire detection
Compartments

Smoke extraction
Oxygen deficiency
Evacuation systems

Call points (rad hard!)

No showstoppers but many challenges

++++++++++++++
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Safety SR

Full beam loss scenario - Z machine

Radiological studies for FCC-ee 0
G Lavezarri

Radiological hazards overview "
Prompt radiation levels in accessible areas

Residual dose rate
Activation studies :
(air, water, material)

1 —
5.0 2.5 0.0 -2.5 -5.0 -7.5 =10.0 =125 -15.0
X-axis (Beam) [m]

Dose [uSv]
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Safety

The FCC Robotic System for Safety and Availability
H Gamper

Review of robotic services at CERN and by category
The FCC robotic system

Maintenance / availability

Robots for Safety

Perception
systems
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Transport Logistics and Survey

Personnel Transport

R Rinaldesi

Personnel Lifts

Vehicles for underground transport
Normal mode and evacuation mode

L4
.

Centralized traffic management

» Symmetrical
» Overall dimensions: 4200 x 800 x 2200 mm (L x W x H)

* 4 seats maximum

Bags storage

* 4 bags (size equivalent to cabin luggage)
* Max speed: 30 km/h

 Battery driven; autonomy of 150-200 km
+ Weight (fully loaded): 1500 kg

* Four steering wheels

* Line guidance

» Equipped with LIDAR sensors and laser scanners for

autonomous driving
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l'JI'ransport Logistics and Survey = Eraunhofer
pdate on magnet and people transport vehicles

e . IML
and logistics simulation study
B O Miiller

Autonomous personnel transport
Magnet transport; 4 elliptical Placing of colider ring gird

exp. shafts -
! "
2

|

800

y\

§=l

& DED

Logistics simulation study

2200
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Transport Logistics and Survey

Geodesy Update b/ e e 2
B Weyer 00 7 g T Y
Establish the geodetic infrastructure for the i o

Future Circular Collider BN &
Objectives of the geodetic studies e A g e, Y
- Define coordinate reference systems B RN ( AR .ij,

« Establish the necessary geodetic y N
reference frames
« Study the determination of a high- ;
precision gravity field model for the FCC | & 2T P /
‘- e b 8 7 5 S
area } R s SRV
_ _ 0 10 20 km
FCC , Prfmary Geodetic network [ —
e FCC trajectory A\ Construction done IGN ©

1__] 2 km radius

[ Approved new location
around surface site - P

Y& New Permanent GNSS station
Existing CERN Geodetic Pillar
Existing permanent GNSS station
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Transport Logistics and Survey

Optimised Installation Schedule

S A Fleur _ e
Y Overall planning result

2033 2032

2034

Taking into consideration all optimization proposal
presented:

2036 2035

2037

* Overlapping of main block of installation
activities

-

2038

2039

* Learning curve and team reinforcement

2040

+ Civil engineering input simulation

2041

Q2 Q201 Q¢ Q2 Q2 Q1 Q¢ Q3 2 Q1 Q¢ Q2 Q2 Q1 Q¢ Q2 Q2 Q1 Q¢ Q2 2 Q) Q¢ Q2 02 Q) Q¢ Q2 Q2 Q1 Q¢ Q3 Q2 Q1 Q¢ Q2 Q2 Q1 Q¢ QF Q2 Q1 Q¢ Q3 Q2 Q1 Q¢ Q3 Q2 Q1 Q¢ Q3 Gz Q1
Q2 Q2 @1 ¢ Q2 Q2 Q1 Q¢ Q2 2 QJ Q¢ Q3 2 QI Q¢ QX Q2 QI ¢ Q2 Q2 Q1 Q¢ Q3 Q2 QJ Q¢ Q3 2 Q1 Q¢ Q3 2 Q1 Q¢ Q2 Q2 Q1 Q¢ Q3 Q2 Q1 Q¢ Q3 Q2 Q1 Q¢ Q3 Q2 Q1 Q¢ Q2 @z Q1

TIHWC
g5 AHWE e Azlc.H |\+Nv§c TIHWC
Acc. HWC
> Possible readiness for operation in January  § — = 71
2045 3 TiHwC (AccHIWE THWC o
[-9.5 months] from the current baseline (with civil fee
engineering start in 2032) R _ January 2045

Acc HWC ..

Construction and installation activities
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Transport Logistics and Survey

The Availability Challenge: Opportunities within the FCC-ee
Operation Cycle

J Heron

Availability targets

Operations model

Detailed simulations available for RF system

nfrastructure
: 97.1%

o Polarisation Physics [
injection » » » » [>
¥ L ¥ $ ¥ L

Down for Repair
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Layout optimisation and services

Update of Integration tunnel and arcs, straight sections
F Valchkova

Updated tunnel straight section BASELINE Machine tunnel 5.5m in diameter
; 3770 '
Experimental caverns for ee and hh 25500 FU——
Beamstrahlung dump e Leak fosd
Boosterring - 4 Cable trays
Alcove and transport layby areas S 1
olliderring
Everything compatible with hh! ceq weler oRERe
emineralized water DN

FCC Small alcove and Small transport Layby integration study },_,LDL— el . L Wt hiniin

- N =i ransport space reservation

2.2m x 2.25m (LxH)

6& W k;ﬁ riersso — I\ Compressed air

= . 2 .‘" 2 0
[l e v
! £ ;.‘ e l;
3Cable trays — Qe 00— 74 " DN8O
Section view Z j & 2 e
. HV Cable —— Db 400 , \ &
. ] _< - 2 Cable tray

Raw water DN350 — |

Collider Center
, 1260 | 3590

Main cross section as for FCC-hh
Main ring below of booster ring
Main ring and booster ring 1.03 m distant

Isometric view
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Layout optimisation and services

New technologies for electrical transmission and
distribution in FCC . —
C Marcel

Present cabling concept

Results in a number of cable trays; to be optimized
(integration issue and heat evacuation)

Best guess inventory

7 vs 14 alcoves

Optimization also for the surface sites

With the currently known cable needs:

!
!

!
!
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Layout optimisation and services
Global Optimisation

B Wicki

Normalised Detailed Expenditure [%]

100

90

80

70

60

50

40

30

20

10

100.0

Baseline

EN-EL CAPEX

Alcove CAPEX
Cooling CAPEX

Converter OPEX

Tra EX

Cable OPEX

Magnet OPEX

Optimised Solution

The Global Model found an optimised solution by
considering Capital and Operational Expenditures.

Preliminary global optimisation results shows that:

29 alcoves per arc seems to be optimal

Bigger cable Trays needed.
Booster Quadrupole powered from Big Alcoves.
Collider Dipole, Quadrupole and Corrector in aluminium coil.

What's next :

O Booster Magnet model with TE-MSC.
O Assessing certainty.

O Refining certain submodels.

O Fixing Optics parameters.

O Radiation Protection

a
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Layout optimisation and services

Radiation environment in the FCC-
ee arcs

B Humann

Update on radiation studies; SR *“H=
potential showstopper but now 0
mitigated

Integrated shielding (Pb vs W)
Promising reduction of the rad. =
levels but further optimization
required

5 Dipoles

Photon stopper

-80

shielding

-100

Coil Yoke

0 2000 4000 6000 8000 10000 12000
zin
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RF and Cryogenics

RF General Layout and integration

F Valchkova

PL (Booster RF) and PH (collider RF)

Baseline layout for the different operation phases

HV Bunker

Klystron, circulator & rack TS P

000 O}

Faraday cage

Collider (
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RF and Cryogenics

Update of RF layout and cryomodules
V Parma
Updated integration with real cryostat design

Current Integration

. TLSS length: 2032 m A ‘ :
with new models g . Collider

Access Point H
wes AP
5a 4b 4a Z machine It
400 MHz o : ;
Nbataainilll [ 14.cMs
400MHz/1Cell |Beaml 43K —— — ;
800MHz/2 Cell ter 2%
180m 184m
<
W machine :g“
e
(2.1 GV, 100 MW 1
33CMs 33CMs
400MHz2/2 Cell |Beam 1 Com— =
T = —
s o 800MH2/5 Cell | gooster - H & t
o 2l & = 435,9m 435,9m
S 2 3 Wes
of o i
b= H machine - o
a s
. 3 33CMs 33CMs
2650/0550 : / 2oMRZ/2Cel | Beam1 . . =
1600 800MHz/5 Cell | Booster H ! 3k ! ! S
et 435,9m 435,9m
ttbar machine WS W
2b 2a i iy s
| B1CM: 1CMs
l800, . 430 400MHZ/2 Cell 33CMs 61CMs 61CMs | 33CMs
830 ‘ B0OMH2/5 Cell | 2™ ! W —— 2K . S
i 800MHz/5 Cell | B0 = 2% Nossver
(Fabien Cottenot)l.116s ssem  Smam o sam awem

TOTAL RF LENGTH: 1950,2 m

TLSS length: 2032 m
Access point L

300 M wes (qo —

Z machine £
& ‘:Ia

400MHz/1 Cell | — -1 -
3CMs 3 CMm: e
800MHz/2 Cell e — Bqoster
48.9m 48.9m
WS
W machine 'u%a
s
%
400MHz/2Cell | Beam1 ____ —y —
7 CM = ki 7CM e 1
800MHz/5 Cell | g I
120.7m 120.7m
v
H machine =
d
2Kl
400MHz/2Cell |Beam1 = —
14 CMs ——14cMs——
800MHz/5 Cell | Booster——— s =
232.8m 2231m
ttbar machine e
(e Sl
(e} \lA
ZKI
800MHz/5 Cell | Beam1 — - ==
800MHz/5 Cell | Booster ——— + - —t. >
5 75 CMs 75 CMs.
147.5m
671.6m 200m 663.7m
Midpoint

RF section  TOTAL RE!
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RF and Cryogenics

Parametric studies on FCC-ee cryogenic design

B Naydenov Popov
System architecture, optimization and sensitivity study

Alternative scenarios
He recovery

RF booster cavities
Ty ‘ Compound cryogenic
distribution line
incl. ScHe supply and |

Detector solenoids
and MDI magnets VLP return)

Subcooling heat
exchanger
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RF and Cryogenics

Powering of the FCC-ee RF System
M Colmenero Moratalla

FCC-ee RF Powering Strategy T -
» Single Power Converter situated on the surface (PH) _;c;\;.,.‘,.m_@'“
» 150 MW rated power / 34 kV on AC side e s
» Directly supplied from the 400 kV Network — /
» Robust to network perturbations = =
> Single Busbar Scheme: Klystrons Gatiery 7@ e — v Bunker| | “ecest

connected in parallel to the same busbar T

I

Foc

] ] o T R e e o o R
Requires new protection and control Radiofrequency Cavities
strategies T5 HE MBK
Efficiency 85%+ TOP w

HV insulators

-

Radiofrequency Caviries

» Three-wire distribution scheme =2 Two- f

Stage High-Efficiency Klystrons y \[1:5n
MIDDLE

V2:

= Stage 2 (V2) voltage fixed by a low
power HV converter (I middle = 0)

= Stage 1 (V1+V2) voltage fixed by the

main power converter GND
© Igor Syratchev

o

Post accelerating gap

Main
Power
Converter
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Utilities
Status of the FCC cryogenics feasibility study
L Delprat
Layout of the system 10 Saan | 5w
Surface areas | o g
Operatlon mOdeS g @ w . Fsi; ‘Q:L“ cc - ﬂHl|

Factor 3 larger than - =g
e ; |
Boosher cM w

e ]

)
state of the art _ \ o
Point L DN700 T R

BGIREH onoso

e,/ DNB30

B D
E
® N
78 < 575
..... Colicer CM Caolld
| powzg BIOMHE @) {S00MH2 4 [-] J
_ Ls§ ) o
i m—> —5 e K | —— i35
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Utilities

Cooling of the FCC-ee and FCC-hh: update and

604 n
G F eon WATER NEEDS FOR m Considering Blowdown Recycling (m3/h) P

Single water supply Point AN e o Y NG N
Reduce make_up Make-up 94 13 94 13 94 173 94 29 - Maké—up

. Reject water 71 2 11 2 11 21 11 3 267 Assumption: 201
and reject water T LT

(m°/h)

94 94

Assumption:
Point A has a high
available water flow

171

98

98

1260 | 3590

e - 5
—— WATER NEEDS FOR m Considering Blowdown Recycling (m3/h)

Point A B D F G H J L
Make-up 126 73 98 73 126 79 98 73
Reject water 15 [ 9 12 9 15 ] 10 12 9

94

126 Reject: DN125 in sector AB



(O Fece

Klaus Hanke
Utilities
Ventilation strategy for the FCC

| Martin Melero

Update on ventilation for technical and experimental
points, and for the tunnel

Operational vs emergency modes

- Regulation and conditioning - Transfer of part of the thermal
of air (mainly temperature, load produced in the machines
humidity) when machines are and racks to the air renewed by
running and when workers ventilation

access facilities

- Extraction of smoke or helium
in case of emergency and
creation of safe conditions in
compartments

2 ] T°C §
B ® HR %
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Utilities

FCC electrical grid and infrastructure: update 400 kv
M ParOdi 400 kV (RTE) cor;::ePcAtion
Open points from 2023 FCC week C; o] 1oz

substation substation

 Definition of the High Voltage transmission _\/

level T
« Launch of the feasibility study for the HV

cable in the tunnel = |
« Launch the study of the secured network
» Definition of the main operational

scenarios

225 kV (RTE

Operational vs degraded modes T}

400 kV (RTE)
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Utilities
DC Networks for the Powering of the FC

M Colmenero Moratalla

DC powering advantages vs challenges
» Local Distribution in DC

Powering Solution Advantages Challenges Roadmap

Purely AC Extensive expertise Need of compensating equipment Better definition of FCC load characteristics
Simplicity DC loads are not optimized

Purely DC Modularity High complexity |Abandoned
Controllability High cost

Mixed AC/DC Optimization for loads Technological feasibility
DC to compensate AC Standardization

AN

» DC for transmission

Powering Solution Advantages Challenges Roadmap

Purely AC Extensive expertise Need of compensating Addition of FACTS to models
Simplicity equipment CAPEX/OPEX including compensation

Purely DC Lower cost of cable Higher complexity [CAPEX/OPEX estimatior]

Robust to network perturbations
Controllability

Work in more detailed models for

taking a final decision
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