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Geodesy and Survey

4:00 | Technical Infrastructures - Andreas Wieser i{’ -

PM |{until 5:30 PM) (Bilsky PASQUIER)

4:00 | Geodesy for science and society - Sébastien Guillaume
PM | Sebastien Guillaume (Bilsky PASQUIER) Fel

4:18 | Experiences from the Gotthard Base Tunnel project - Mr
|| PM |Adrian Ryf (Bilsky PASQUIER) i

4:36 | Gravity Field Modelling - Julia Azumi Koch (ETHZ - Inst.
_| PM | Geodesy and Photogrammetry) (Bilsky PASQUIER)

K‘)-

_| 4:54 | Coordinate reference and networks - Mate| Varga
PM | (Bilsky PASQUIER) Fel

_| 2:12 |Handling geodetic challenges at CERN - Benjamin
PM | Weyer (CERN) (Bilsky PASQUIER) Fe
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S Guilleaume, Geodesy for Science and Society (remote)

Introduction to problematic and concepts of geodesy

1. Determination of position of objects
2. Determination of gravity field and its geometry

Density variations can perturb measurement
Choice of coordinate system Is essential

Different techniques how to determine the gravity field
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A Ryf, Experience from the Gotthard Base Project (remote)

Part of the Rail Freight Corridor Rotterdam — Genoa, length 57 km, flat railway route through the Alps, opened in 2016
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Longest railway tunnel in the world 57 km
Tolerance 25 cm for position and direction, 12
cm for height (achieved 8 cm In direction, 1 cm

height)

Survey at the surface (e.g. dams) is needed
FCC monitoring will be necessary

m asl

2500 m
2000 m

1500 m

1000 m Goschenen gue Airolo

Lugano

500 m Arth-Goldau

" Chiasso Milan
Om Basel Zirich Zug Erstfeld Biasca Bellinzona

Gotthard Ceneri

Transmission of direction with gyroscope and inertial measurement unit (IMU) as an independent control

Gyromat 2000

Accuracy oft the direction transfer: 1.3 mgon (gyroscope), 1.5 mgon (IMU)

The FCC is built almost entirely over shafts several 100 m deep.

IMU platform in the shaft hoisting system

IMU with 3 acceleration
sensors and 3 laser gyros

connection with the tunnel
network with autocollimation

velocity of hoisting system:
16 m/s

One of the biggest challenges for the surveyors is the highly accurate and reliable transmission of direction in the shafts.
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A gravity field model allows the computation of the

- Gravity potential (Geoid) T

« Gravity acceleration g _ o o

. Deflection of the Vertical Avallable model is insufficient! .
Instrument absolute gravimeter

Gravity corrected height differences
Is an issue for FCC

Instrumentation and Data Usage

Einstein's theory of General Relativity:
"Gravitational time dilatation™ occurs whenever there is a ..
difference in the strength of gravity ‘

T - Available gravity field model
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M Varga, Coordinate Reference and Networks

Outline

1. Why coordinate reference systems and geodetic networks are needed for FCC

eodetic network for FCC: conceptual solution (1)

Active, semi-active (campaign) and passive geodetic points
2. Summary of CERN’s existing solutions Strategically distributed in important locations (e.g. around tunnel access shafts)

Ensure ideal support during pre-construction and construction phases, as well as full life-time of the FCC
3. How coordinate reference systems and geodetic networks should be designed and implemented

A P-SGN (pillar)

» | - -
/ | | -~
§,
' ‘ o e
L S NS
\ 0y
1D D D \

(v

network consisting from 3 points

T e N e T B T S Proposal for newly established (red) and existing (green) surface Schematic layout of a portal surface geodetic

e~ jeodetic points (note: locations are only approximate and may change) network for one tunnel access shaft

Acronyms: P-SGN: primary surface geodetic network, S-SGN
camndary curfare nencletin natunr

CRS Coordinate Reference System Geodetic networks |
Existing situation at CERN needs clarification Taking into account local constraints
Proposed conceptual solution for FCC
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B Weyer, Handling Geodetic Challenges at CERN

CCS (CERN Coordinate System) Geodesy and GIS

 The CCS is the reference system at CERN Geographic Information System

.. , . » GIS developed and maintained by the SCE-SAM-TG
« Originated from the PS and has evolved with each major section: https:/gis.cern.ch/fcc

extension of the CERN: SPS, LEP

« Gather existing georeferenced data from various type
« Trajectory of the FCC
« Geological models
« Digital terrain and bathymetric models

« Extent limited to the current CERN area

- Cadastre "o gpv admngh. ) 2
- Adapted for local survey and alignment of the machine : 82235“"“9“"‘"“‘93 T T STy
within the CERN but not for mapping and civil engineering oot svetorme. /
works : WGS84,)IIQGF93', CHTRF93, NTF, CH1903, CCS... : G17 //’ | iy
: . : . «  Will integrate new data ,i‘/ o~ ’/;j i
* Need to be updated to be in line with current best geodetic it/ s A1)
practices o swaramaom e
Historic origin, coordinate system center inthe  Geographic Information System
PS Accuracy Is key
MAD coordinates vs coordinate system Adapting prodecures for FCC In collaboration

From MAD-X to real world with ETHZ
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RF Points for FCC-ee

9:00 Technical Infrastructures - Jean-Philippe Tock Q =
AM | (CERN) (until 10:30 AM) ()

9:00 | The RF System of FCC-ee — General Considerations -
AM | Klaus Hanke (CERN) () Q-

9:30 |Integration of FCC-ee RF Sections - Dr Fani Valchkova-
AM | Georgieva () ’} =

10:00 | Update on the cryogenic design for the FCC-ee machine
AM |- Laurent Delprat (CERN) () Q =
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K Hanke, The RF System for FCC-ee — General Considerations

Physics Constraints Infrastructure Constraints

PA (Experiment site) Azimuth =-10.75°
e- and e+ RF e

ELSS=1400 m

Technical site
PB

TLSS=2160m
Y

W, Z, H: Single RF point

)
,
<
ttbar: two RF points, do not Techmfg‘j AN 'EL's_s;74aEn;+ -'?Dhl
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tlx / ’ —
AN
TLSS = 216Q m

e- and e+ RF
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|
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ELSS =1400m

&

PG (Experiment site)

* Exclude experimental points and point
B

* L and H fit nicely integration wise,
accessibility and infrastructure

* Fis not preferred (large lateral
displacement of access shatft)

e- and e+ RF
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F Valchkova-Georgieva, Integration of FCC-ee RF Sections

RF Section tunnel integration

4510

3850

Access Point L

FCC week 2022

TLSS length: 2160 m

WCS
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| ' PICB
1GV, 100 MW) . |
( 8 a - : | %
28CMs (6CMs | | ' 5CMs | 28CMs
400MHz/2 Cell |Beam 1 : ; f A.- ' 5 . Beam2
/ Beam 2 H—H—H—H— ; >‘£’h' , - F=F=F—f=-—— Beam 1
800MHz/5 Cell | gooster —— 2K = : Booster
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Beam 1 i | 5 i | | Beam 1
400MHz/2 Cell | J°° > LSiSiSis ——4.5K R —— "7
800MHz/5 Cell | Booster —— 2|'( E— Booster
464m ' 111,6m. i '111,6m | 447,8m
ttbar machine [Wes ) [wes |
| UGB | [ UGB
(2,48 GV, ~ 40 MW) '; o -
| [ ]. [ 1CB |
400MHz/2 Cell . 35CMs_:25CMs . 24 CMs: 34cMis
800MHz2/5 Cell | poom | ————Hi s 2K s AR Beam 1
31 CMs 31 CMs Beam 2
800MHz/5 Cell | 20Ot = Te—— Booster

464m 264m
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TOTAL RF LENGTH: 1990,1 m
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L Delprat, Update on the cryogenic design for the FCC-ee machine

« Updated inventory of cryo needs and architecture (has much evolved since CDR)
* Point L settled, point H options under investigation

RF point L RF point H
____________ 3 different options studied due to access pit
 [ucsucs : location geographical constraints
A 80
B 320 « Option 1: all cryo installed in a dedicated cavern
wom | |4 © — at the LSS center
Sha D 200
E 80
o % « Option 2: half of cryo installed in a dedicated
v Vacuum jacket 400MHz 550*
P — S o cavern at the LSS center
Lce | [ LcB *+100 mm for bellows and flanges
=  Option 3: all cryo installed in the usual service
[ e [ i ||| [ o } cavern
[T TTT [Tttt /g \JdIi1iIrtfrtil HEEEEEN
<«—450m—> <€ 550rr > =2 <—559T—> <«—450m—> : Point H
el m e e e N~ e T 1 '
Ge N @ j:»{_: -~ | <. N - - L 25 CMis
5/ \{{/ \° / .“/ QRL cross section for 800 MHz cryomodules Beam 1 ] : ! 2K ;' p—
= S e ~—— | 800MHz/5 Cell
: 31 CMs 31 CMs ; ‘
Booster —————T———————— = 2 K — | 800MHz/5 Cell

. 264m 279,2m -279,2m: 255,9m
TOfAL LENGTH: 1078,3 m

e e e e e wm el e - -
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Electricity and Cooling

- 11:00  Technical Infrastructures - Ingo Rueh! ,(}" =
AM | (CERN) (until 12:30 PM) ()

11:00 | Update of the power demand for FCC-ee - Jean-Faul
AM | Burnet (CERN) () ,(}" -

11:30 | Update on FCC electrical network and grid connection -
AM | Mano Parodi (CERN) () ,(}" =

12:00 | Cooling and ventilation systems for the new FCC
PM | configuration - Guillermo Peon (CERN) () ,(}" =
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J P Burnet, Update of the Power Demand for FCC-ee

Update of the power demand / main loads for FCC-ee

Distribution of the power demand by points and by the beam energies

Estimation of energy consumption per machine configurations

FCC week 2022

Updated power demand for FCC-ee per working point

Optimization of the accelerator systems to reduce the power demand

Ways to reduce the energy consumption

Big Five:

RF
Cryo

Booster Magnets
Collider Magnets
Cooling & Ventilation

Plus others: general services,
computing, ...

Beam energy (GeV)
Magnet current

Power ratio

PRF EL (MW) Storage
PRFb EL (MW) Booster
Pcryo (MW) Storage
Pcryo (MW) Booster
Pcv (MW) all

PEL magnets (MW) Stroage
PEL magnets (MW) Booster
Experiments (MW) PtA&G
Data centers (MW) PtA&G

General services (MW)

Power during beam operation (MW)
Average power / year (MW)

VA
45.6
25%

6%
146

0.01
33

o -

36

237
143

W
30
44%
19%
146

0.08
34
17

0

36

257
154

H
120
66%
43%
146

17
0.19
36
39

(00

36

293
174

TT
182.5
100%
100%

146

50
0.56
40.2

39

11

(00

36

387
225
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J P Burnet, Update of the Power Demand for FCC-ee

Infrastructure needed for FCC-ee

2 high power demands, Azimuth = -10.75°

PA (Experiment site)

Point L 101MW, 40% 400MHz
POInt H’ 141 MW" 60% BOOMHZ Technical site /_— : Technical site
Need 2 main sub-stations for RF loads. "/ Tiss=2160m | 188 =2160m Rps
Need an additional sub-station for East part of the machine. N | J
| ./
Arclength = 9616.588 | - ’ﬁ PD’ SOMW
Max power (MW) N R’

Point A  Experiment 28 P — N

PDint B 22 Techni%j+ - _:\{: - ___EL;S:_M | I?Chmcal

P0|nt D 22 experin*gpé v g : ™ \ gﬁ:geriment

Point F 22 R

Point G experiment 28 v |

POInt H RF TT 141 Technical site |

Point J 29 PH 4TSS =2160m |

= m |
PointL  RF Z,W,H 101 —~——— o

PG (Experiment site)

PH,141MW

Lots of ideas how to reduce power consumption being explored!
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M Parodi, Update on FCC Electrical Network and Grid Connection

« Updated load estimate (has much evolved since CDR)

* Adaptation to the 8-points new layout
* Confirmation of n. 3 connection points to RTE grid:
* n. 2 HV connections at RF points
* n.1 HV connection at point D (preferred) or point F (possible)
* Internal closed 132 kV transmission loop
« Balanced power flow
High reliability
Existing control and protection technologies suitable for the topology
« Adapt to move towards FCC-hh

Cost of investment Vs. FCC RAMS requirement: analysis to be performed  ° g_(l)_lllzaborati()” with French electricity provider

* The overall power demands justifies a
connection to RTE 400 kV (or alternatively 225
kV) grid

* The first step (exploratory study) is free of
charge and not binding. Data Collection Sheet

Exploratory ' and Financial Connection

'Q\,' Reception

Expla o \ e  According to project  Trials . .
i - P © accorcing to project | available online.
7 /| @ » The further study and execution phases need
o Investment and commitment from both parties
D opeaen * The technical solutions include upgraded to
agreement

RTE upstream infrastructure where required

j PTS Access
¥ | Contract
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G Peon, Cooling and Ventilation Systems for the new FCC-ee Configuration

Updated inventory of water cooling power needs Ventilation:
Heat loads in air collected (surface and underground)
General Power From
Point Cryogenics Experiment Services Converters (RF) Chilled water underground TOTAL
PA 0.5 2 4,6 41.5 48.6
PB 2 3,9 1.0 7.0
PD 0.5 2 4,6 41.5 48.6 . . .
Pr : 7.0 Ventilation of the RF areas in the underground
PG 05 5 46 415 48.6 1 2,904 kW dissipated to the air
oH 48 2 4 8.4 41.6 103.9 Level -1 Lj*,t,kjfr T _,:.;:._1_‘;:_'__T_ﬂ,._r:_:tl__‘:::__1_*_:_::_T ;:FHF:TTMJ
PJ 0.5 2 4,6 41.5 48.6 Klystronﬁ

[ | L]
PL 95 2 6 10.3 60.9 174.2 Gallery :1 L
EXPERIMENTAL AREA Point L CD

CRYOGENICS FOR !
DETECTOR Ventilation Emergency Extraction :___CE}C]_ ,/J :p—(_jJ— Kﬁrr;t:onc;r;lfery c

RF
CRYOGENICS A - —
FORRF > 49 A
o1 prmary 7 Level -2 U g U
COOLING .
SMALLER MAIN USERS SMALLER Accelerator -
EXPERIMENTAL AREA EXPERIMENTAL AREA
Tunnel (\ -
CRYOGENICS FOR CRYOGENICS 70

detector

FOR detector A | o) Pressurisation of Shaft Lift
Ventilation of the UAs $7 -5 : : © andstairs
Ventilation of the Ll Ventilation of the
] o | | =
I

| Machine Tunnel . i =% Machine Tunnel
J .
~ _ R -+ —
77 — Ventilation Emergency Extraction *_*f‘:;'_ e

RF
CRYOGENICS
FOR RF

EXPERIMENTAL AREA

CRYOGENICS FOR
DETECTOR
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Transport and Safety

Technical Infrastructures - Christian Frasse ,,}" -
(until 3:30 PM) ()

2:00
PV

Transport requirements - Cristiana Colloca (CERN) ()

’}-

2:20
'l

First thoughts on transport options - Dr Michael Schmidt

(Fraunhofer Institute for Matenal Flow and Logistics) ()

’}-

245
PV

The FCC Safety Feasibility Study - Thomas Otto (CERN)

() £~

3:10
'l

Robots for Safety in FCC - Oriol Rios (CERN) () g2 -~

FCC week 2022
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C Colloca, Transport Reguirements

Requirements for underground transport and  Requirements for underground transport of

handling of magnets people

_ _ * Vehicle shall be used to transport personnel with material
Collider ring and evacuate them in case of emergency;
Magnets will be installed as follows: + Max speed: 30 km/h (lower for material);
» 35800 single dipoles +  Minimum capacity: 6 people - 500 kg (possibly a bit more)
» 492 single quadrupoles Materials payload: 1000 kg
« 1256 units made up of quadrupole-sextupole and supporting girder (Q-S) Total capacity: 1500 — 2000 kg

* 1152 units made up of quadrupole-sextupole-sextupole and supporting girder (Q-S-S) « Battery powered;
* Possibility for autonomous drive to be investigated;

_—“  Vehicles connected between them and/or with a

Length [cm] 520 700 centralized system;
Width [em] = 60 * Modular design allowing the mounting of different
| platforms;
Height [cm] 100 100  Hosting equipment for autonomous or remote interventions
Weight [kg] 6620 7400 (minimise human access to the tunnel).

Updated inventory considering FCC-ee (Booster and collider)
magnets!
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M Schmidt, First Thoughts on Transport Options

The current projects focusses on transportation of magnets and

people plus an update of the overall logistics concept

Within this work, different use cases resp. project phases as well as functional units and logistic

units will be considered.

Transport and

/ Handling
eople
nspo

Scenarios / Phases

\ Diameter of
Tunnel

Peop Location of
fransport Shafts
. . Performance \
Supply of Equipment (Magnets / Materials) - vactatr /\ ~__
5 Safety - es . Engi(?]i;gring
Installation = ok \
fU Installation /
= Interfaces _

. . . O Transport / Monitoring /
Technical Stops during Operation, e.g. S \ / Fanding Sensuiy Control Vehicles
maintenance L gt N\

Robots / _
Automation Operations

Dismanteling

Material

from full speed to standstill

it /
Installation /
Maintenance ~— Magnets /

I

FCC week 2022

Fraunhofer

IML
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T Otto, The FCC Safety Feasibility Study

* The Safety Workpackage answers safety challenges which are specific to an

underground high-energy particle accelerator:

* Fire Safety

* Cryogenic Safety

 Beam- and access safety

* |onising radiation, in the facility and the environment

Supported by a hazard register and summarised in a safety report

The FCC Safety Working Group

Thomas Otto ATS-DO Study coordination, editor

André Henriques HSE-OHS Occupational health and safety

Oriol Rios HSE-OHS Fire and emergency response

Ghislain Roy BE-ABP Operational safety, personnel safety systems

Pavol Vojtyla HSE-RP Environmental impact of ionising radiation

Markus Widorski HSE-RP Radiation protection
Safety-minded individuals from the wider collaboration are invited to join us and work on

specific topics

Hazard

Physical Hazards (continued)

Temperature: cold gas/liquid 5.3.2

Temperature: Surface, cold 5.3.2

Under- or overpressure 5.3.1,
5.3.2,5.6.2

Radiation, ionising

Activated air or gases

Activated solids EDMS
2398424,
2398506

Particle beam

Radiation damage, electronics

(R2E)

Radiation damage, mechanical

Radioactive aerosols

Radioactive surface contamination

Radiation, non-ionising

Laser 5.8.3.

Microwaves 5.8.1.

FCC week 2022

2567867

IN WORK

REFERENCE : | HER REFERENCES]

the mitigation measures

In case of Helium release by
safety device or leak

T: Safety devices turned away
from occupied areas

O: Access restriction to
certain areas

In case of rupture of
insulation vacuum.
0: as under
Temperature: cold”
Even in case of total loss of
helium from cold powering
and IT magnets, no significant
pressure build-up in the area

“ODH,

After operation with beam
0O: waiting time in agreement
with RP before accessing IT
area

Components in the tunnel
(Q1-Q3, CP, D1, DCM, DFX,
end of DSHx) will become
activated after beam
operation.

Beam operation will activate
the exposed components.

T: The Co-content of all
equipment in the tunnel shall
be ALARA,

Activated dust in IT area
0O: measurement by RP
T: specific PPE if required

SBP Details and description of Further actions

Safety Reports

Safety Reports

Radiation protection
measures following
Safety Code F apply.
Interventions shall be
coordinated with RP.

Derogations for Co-
content of equipment
in the component
specific safety files,
see table 1.

Hazard Reqister for HL-LHC
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O RIos, Robots for Safety in FCC

Robots in Emergency Situation Robots for Search and Rescue

» First test of for FB-CERNDbot collaboration for search and rescue in disaster zones

+ FCC CDR foresees different ceiling-mounted robots for tasks such as:
* Monitoring
* Handling light components
* Alignment: measurement and correction
* Assistance In emergency situations
« Early monitoring of the fire event. Support CFRS initial tactical plan

« Early fire suppression with extinguishing substances
* Evacuation guidance

Challenges for (Safety) robots integration

Doors: FCC fire safety concept relies on doors every 440m. Those need to be

prepared for robot automatic crossing (and shutting close afterwards)

« Degraded intervention scenarios (heat, communication...). The faster response, the
less degraded

« FAIL SAFE. Robot does not obstruct evacuation! Rail mounted is best solution!

+ Interaction between ROBOT interventions and evac.

RAIL SCE ANSYS sims!!

Collaboration with HSE-FRS




Thanks to all speakers and chairpersons!



