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Outline

BBT/ BRENNER BASISTUNNEL GALLERIA DI BASE DEL BRENNERO
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1. Objective of the geodetic studies Challenge: Cross border tunnel survey & water monitoring

2. Geodetic reference system and frame for FCC . water monitoring
- area of 70km x 20km
- Upto 1250 measuring points
(springs and groundwater)
- Preservation of evidence
long before and after execution
» in total longer than 30 years

3. Geoid modelling

4. Geomonitoring

* tunnel surveying
» considering non-constant
earth gravitational field
» project specific cross border
coordinate system

15

Cross-Border Collaboration: Challenges and Insights from Brenner Base Tunnel
(Matthias Hofmann / BBT FCC Week Industry and Technology day 215t of May
2025)
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ODbjectives of the geodetic studies

o
Establish the geodetic infrastructure for the 3
Future Circular Collider Z
A  Define coordinate reference systems P
A Establish the necessary geodetic reference frames w=We — — — < LN S -
A Study the determination of a high-precision gravity field - AT A Do EYH
model for the FCC area - ,_,EE;E Al— o | _ T~ - NG
N 1 | -
Develop and provide necessary _"‘Tc’i_i o = - N
documentation and transformation tools — = I M~
and software FCCtunnel— — — . fuo ™ — My
v / - _\/ - = %
— T T
o~ ™~
c Schweizerische Eidgenossenschaft mzurICh @\N ::L"‘N':’ . Po o -

Confédération suisse 'D.\
Confederazione Svizzera L=
Confederaziun svizra I I E VD

Bundesamt fiir Landestopografie swisstopo INSTITUT NATIONAL riE{E“{'E Q
Office fédéral de topographie swisstopo DE LINFORMATION e 0
Ufficio federale di topografia swisstopo GEOGRAPHIQUE

Uffizi federal da topografia swisstopo ET FORESTIERE Hﬂ* GrtthE‘triC hEIght

— — equipotential surface W = const.
__, . orientation of the gravity vector
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Coordinate Reference Systems for FCC

4 CCS h Alignement of the machine
External data Positioning and alignment of the FCC
machine
Connection with existing machines
- /
Global frames:
ITRFXX@YYYY.yy
Height reference frame: ETRFWX)(;C;’);/ZW'W
NGF-IGN69
\ \ CVD2026: Vertical datum
4 N ~_ CERN Geoid 2026
4 L ) French frame: : : : :
Projections: : Defines the orientation of the CCS with respect to
O o RGF93 (v2b) Geodetic Reference CTRFE2026
Lambert CC ETRF2000@2019.0 || | ——— Frame: /\ Convert ellipsoidal height to orthometric height Y
- - /
CTRF2026
s B ETRF2020@yyyy.yy
Height reference frame /k /
LHN95 \
7
[NO2 —Q/ | N
) Swiss frame: \
- CHTRF95 4 N
Provisional CRS for 4 )
aoping and site ETRF1993@1993.0 Transverse Merc.:a.tor Projection CERN Kinematic Model: CKM
- Pp - J - \ Central meridian: 6.14° Model surface and ground motions
Investigations works Projection: \ False easting: 200 000 m J
Swiss Grid / LVOS N Scale factor: 60 ppm Y N /

- N Geomonitoring, civil engineering and mapping
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Implementation of the P-SGN
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Materialization of the CERN Terrestrial Reference Frame
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Civil-engineering and surveying works required for the

A LFP1 points
O Lvas paints

construction of the FCC tunnel D) rert
Providing the long-wavelength basis for the later alignment
work peoportail Réseau de Base Francais
Providing the reference for the geokinematic monitoring of TP TR
the FCC area (Ml .4 Vi

Scale 1: 200'000
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range ¢ C P %
./ Vont Piton ,' cu

R T 5= - - Darnal’! R L P
www.geo.admin.ch is a porlal provuded by the Federal Authorities of the Swiss Confederation to gain |ns|ghl on publicly accessible geographu:al |n10rmabon data and services
Limitation of liability. Although every care has been taken by the Federal Authorities to ensure the accuracy of the information published, no warranty can be given in respect of the accuracy, reliability, up-to-dateness or
g)mpleleness of this information. Copyright, Swiss federal authorities. http://www_disclaimer.admin.ch/terms_and_conditions.html
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Collaboration between CERN, IGN and Swisstopo for a /g M
densification of the French and Swiss national geodetic (N 1T
networks around FCC area N o
A P-SGN markers will be available for the entire surve Sels F O

community A P
A New CORS will be part of the French RGP (Réseau : >
Géodésique Permanent) A AT A e




FUTURE

CIRCULAR 22nd May 2025 / FCC Week 2025 Benjamin Weyer

COLLIDER

Implementation of the P-SGN

Construction of the geodetic pillars

Swisstopo built 2 new pillars in Choulex (point B) and
Dardagny (point L)

IGN built 4 new pillars in Eteaux, Cercier, Andilly, Dingy-En-
Vuache. Construction pending on the French side at point H
and D (construction expected at the beginning of the
summer)

GNSS observation of the entire network planned as soon
as all pillars built 4

Eteaux

FCE
= CC Trajectory

r___'i 2 km radius

around surface site

CoMMUN

Cimetie
Merci
ces lieux |

Pirtua_.

Primary Geodetic network
A Construction done

B Approved new location
* New Permanent GNSS station
Existing CERN Geodetic Pillar

Existing permanent GNSS station

IGN o

INSTITUT NATIONAL
DE LINFORMATION
GEOGRAPHIQUE
ET FORESTIERE

Bundesamt fir Landestopografie swisstopo
Office federal de topographie swisstopo.
Ufficio federale di topografia swisstopo
Uffizi federal da topografia swisstopo
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Test on coordinate transfer methodology

Surface
Computation of transformation parameters building |
between CCS and CTRF B B e s =

A Weak knowledge of the global accuracy of the coordinates
calculated in CCS: Are the coordinates calculated
underground consistent with coordinates of the surface

reference points? e I —
Ground surface

A We will need to calculate transformation parameters Slumbline
between CCS and CTRF through shaft

A Coordinate transfer through 7 LHC shafts were done during
YETS 2023 - 2024 and YETS 2024 - 2025 (mechanical
plumbing)

A Precision of the calculated coordinates: 1 mm

Underground Tunnel
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Test on coordinate transfer methodology

GRS80 Ellipsoid
(CGRF)

Comparison between coordinates of the wire calculated
underground and at the surface

|8 Bois Chatiber
P B

Delta East Delta North
LVI5 [mm] LVI5 [mm]

Point 1 (depth =83 m) 2.0 2.1
Measured during Point 2 (depth = 46 m) 3.1 6.0
YETS 2023-2024 Point 6 (depth = 81 m) 5.8 10.9 o
Point 7 (depth = 91 m) -5.3 21.8 cwsmw oy
Measured during PO?nt 5 (depth =73 m 4.0 9.3 7 5%
VETS 2024-2025 Po!nt 4 (depth = 125 m) 5.7 10.8
Point 8 (depth = 86 m) 5.8 3.9
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Geolid modelling

o
=
3
c
2
A The geoid is a selected equipotential surface of the earth's We R~ ~
gravity field and serves as the reference surface for height W= s \ ™ ~ b
determination. It can be considered as an idealised L N - jfg,
continuation of the mean surface of the oceans beneath the - ;{gaﬁ - My T~ -
continents. gt I
T i I ~f N —
A Equipotential surfaces are not parallel within the Earth FCC_tup_nel——— — — I-F T = e
. - - — o ~
A Survey observations need to be corrected to take into = T — A - —f — v A
account variations of the direction of the plumbline — - — T
(deviation of the vertical) to align accelerator components in W _\Wo 4 P, ~
an Euclidean plane 10 " N h
erid Uo=Wo___ [}
. C . Y ence E\hp?’m - AN
A Expected precision of the initial geoid model : 1 cm ele Qo

HO: orthometric height

— — equipotential surface W = const.
__ . orientation of the gravity vector



O CIRCULAR 22nd May 2025 / FCC Week 2025 Benjamin Weyer

COLLIDER

Institute of Geodesy and Photogrammetry
Mathematical and Physical Geodesy

| |
m oo h Space Geodesy
ZU rIC Robert-Gnehm-Weg 15
8093 Ziirich
Tel.: +41 44 633 26 61
Project

FCC-Geodesy IGP-AA-1
(FCC-GOV-CC-0203/2414461/KE4929/ATS)

Title

A Report on the suitability of the deflectometer for gravity field Report on the sutability of the defectometer for gravity feld
determination
A Not suitable: uncertainties are too high N N
Repicoai| GPAALE
A Budget realocated to the development and test of a gravity Ducumen: | FCCIGP AN
field closed loop simulator o SN e
A Improve modeled gravity field (lakes, 3 0m DTM, é)
A Generate various realistic non-modeled masses true geoid estimated geoid
(deeper anomalies, Perlin noise density, é ) . - - (5) N
A Try different observations strategies (GPS-leveling, ot s A
DoVs (CODIAC, QDaedalus), gravimetry). density field l
compute compute <= N — 1\7 compute
p(x) precision metrics geoid
bﬁ(xtOpO) i r1’7(Xtopo)
£(Xt0p0) add noise g(xt()p())

true observations simulated observations



COLLIDER

O CIRCULAR 22nd May 2025 / FCC Week 2025 Benjamin Weyer

Geolid modelling

Lateral density maps
UNB

Progress on computation of local geoid model | r“‘ag

A Gravimetric geoid calculated in GROOPS (TU Graz) fits
well to validation data

46.4

46.2

A Investigation on the effect of digital terrain model and
topographic density variations

A N geoid undulaton [cr

46

458 |

(J. Koch)
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Geolid modelling

Progress on computation of local geoid model

A The uncertainty of the model is bigger in the South-West
part

A Planning of new astro-geodetic observation campaign
(deflection of the vertical)
A 5 existing points (qualification of the accuracy of the
new PyDaedalus developed at HEIG-Vd)
A 15 new points (control of the geoid model)



