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Overview

ET Tunnels General Consideration
* Current Cavern & Tunnel Layouts
e Caverns, Tunnels and shafts Construction
 Dewatering Tunnels
e Surface Installations
* Environmental Considerations
EMR Site
* Boundary Conditions
* Ongoing works
* Preliminary Tunnel Design
* Forecasts
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ET Tunnels
General Consideration
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Detailed

Dewatering
£ Shaft

ewa )
TUnne ,te"ng

Cavac CT. Cavern A

Revision Tunnel A1-A3 =" ~|
T. Cavern C-G = ,

Cavern G g - Cavern B al/e/b Cavern F
Lo . & v

Connection Tunnel B-C T. C. F-G |

<«—Revision Tunnel A1-A2

-

A

—

Cavern C 4L
A

\/ .
\A %T Cavern C-H CT. Cavern F-G avern “'

Cavern Cavern




Source: Einstein gravitational wave telescope - Conceptual Design Study

Plan View
T
/ , Cavern A Cavern D Cavern E Cavern C
Cavern A1 Main Caverns (“vertex stations”) to host the
/——\ i cryogenic infrastructure and laser injection
systems
4 Height of 30 m required for main suspension
3 systems + vacuum envelopes
!
—- 25.0 - _— Hiterrey
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Source: Einstein gravitational wave telescope - Conceptual Design Study

Cavern E

Satellite Caverns to host input test masses (low &

high frequency) and vacuum vessels (Csmplid)b// N ‘f\ca
* High frequency injection cavern (B) oo '
* High frequency filter cavity cavern (C) N
* Low frequency interferometer cavern (D) GEE
* High frequency interferometer cavern (E) '

* End of filter cavity (F) ‘ f“ve""F q A 1 EL
* Low Frequency End-Test-Mass (G)

* High Frequency End-Test-Mass (H)

CavernG

™~

&)

Cavern H

Plan View

Cavern B Cavern C/F Cavern G Cavern H
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- i
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) Lt 1 e T & o wn | o
Cavern F Cavern G Cavern H N o
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N
- o, Lo ' D ' ' '
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All caverns, tunnels and galleries in
the vicinity of the access structures
are excavated by Drill and Blast

_— Hiterrey
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10 km Tunnels

Internal clearance profile of @.

int
TBM-O - 30 cm of shotcrete

* more prone to water inflow (local measures
possible)

* Possible post excavation grading
° ﬂexc = 7.3 m (=2 1.3 mill. m? excavated material)

TBM-S/DS - 30 cm concrete lining
* ,watertight”lining
* Bigger deviation range
* @, =8.4m (> +400.000 m?excavated material)

Choice between 2 & 3 parallel working TBMs (cost &
time)

= 6.5 m (vacuum lines)

3
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Gr'lpper TBM

Photo Courtesy: Herrenknecht AG
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Tunnel with Segmented Lining Shotcrete Lined Tunnel

Courtecy: Implenia AG

~_— HILCITEYy
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Shafts

* Requirements:

* Main items for laboratory equipment simplified as pill

shaped (5.5 length; @ 4m)

* Vacuum pipes (20 m long; @ 1.4 m)
* Lowering parts of TBM (@ 12 m = without TBM @ 10 m)

* Inclined (10% grade = 2500 m length + safety areas) or

vertical (250 m down)

* Decision making on the best practice for the access area
depends on environmental, logistical (linking roads),

geological/-hydrogeological aspects.

3

a E-TEST B eheion

Courtecy: Implenia AG

Shaft 12m Shaft 10m
N X
S 8o X 2 4 N -~ R50
-\ b
="\ »
! ts=0.3 ts=0.3

INCLINED
& ELONGATED

\CAVERN ‘\TBM DRIVE 2

STRUCTURE
SURFACE STRUCTURE

INCLINED HELICAL N
RAMP

‘\CAVERN \TBM DRIVE 2

STRUCTURE

iiterreyg

Euregio Meuse-Rhine
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Shafts

* Conventional shaft sinking sources on a cycle of
blasting, skip based mucking of the excavation
material and immediate lining of the shaft.

 Due to the installation of various guiding rails and
transportation pipes and the ventilation system, a
prefabricated segmental lining is recommended in
favor of a shotcrete lining system.

Courtecy: Implenia AG
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Dewatering

Dewatering
& Shaft

Cavern A

Revision Tunnel A1-
T. Cavern C-G

o e Distant to the caverns due to noise
& ’avem

LCE£6 « Adapted to tolerable water ingress

Connection Tunnel B-C

?'T Cavern C-H CT. Cavern F-G
Cavern

= iiterreyg
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Surface installations

* Mandatory for Shaft Hoisting and Winding

* Protection of the underground facilities from
environmental influences
» Construction surface space requirement:
* 5000 m? Main offices
2000 m? Small offices
40000 m? Site facilities
3000 m? Water treatment
10000 m? Accommodation
3000 m? Segmental lining storage

_— Hiterrey

- ofa E_TEST Cnsten telescope Euregio Meuse-Rhine
b e European Re gional Develo pment Fund
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Courtesy: https://www.bbt-se.com

Further considerations

» Ventilation concept for every stage of construction

 Strategy for excavated material (2.6—3.6 Mio. m3),
reusability of excavated material for concrete, lining...

e Power demand

* Environmental aspects related to dust, vibrations and
noise, groundwater and water usage and reuse

* Minimizing impact using rail-based transport
* Noise control related blasting

* Water treatment plant

imiterreg | 15
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ET Tunnel in
“EMR” Region

~_— HILCITEYy
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Boundary Conditions

Soft rock to damp ambient noise

J’ 5, ®; - ”

. ZEEIOut S

f Hard rock to host ET subsurface cavern

e,

I

-
fa F-TEST B e

Surface access building

o B

& Fa

ET subsurface cavern

Ambient noise in the subsurface

iiterrey
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Boundary Conditions
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HYDROGEOLOGY IN-SITU & LAB TESTING GEOLOGICAL & STRUCTURAL
MODELLING
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Ground Behaviour Prediction fo

" ET Tunnel
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Ground Behaviour Prediction for ET Tunnel
Constructlon

Profile 1 Profile 2 Profile 3

0 km 10 km 20 km 30 km

Calculation segment [a 20m]
Legend- Tunnel:

(Ott, 2021)

Westphal _1 Namur_3
Fam_2 Westphal_2 Dinant_1
Fault_fair Namur_1 Dinant_2

Fault_center
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Cavern Support Desi -

Centre heading
Right <

ThiustN-MN

Left side slash

ThiustN - MN

3 2 -1 0 1 2 3 4 07 06 05 04 03 02 01 0.0 01 02 03 04 05 08 07 038
Shearforce Q-MN MomentM - MNm

Support Element: Shotcrete - 30cm
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Forecast — Site Investigation

Current Stage . .
T4.1 . Reporting and data analysis
| Interpretation
100.00% E
: and Integration
90.00% H : . .
I Seismic data of Seismic
80.00% : processed
70.00% Preliminary 1
. |
£0.00% Geotechnical |
|
£0.00% Assessment ,
40.00%
|
30.00% Completion of | Completion of Completion of Completion of
20.00% 1st borehole ! 2nd borehole 3rd borehole 4th/5th borehole
10.00% < : < > ;4 > < »>
0.00% !
S$12021 S2 2021 S12022 S2 2022 S12023 S2 2023
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Forecast — Final Optimization & Tunnel Design

Current Stagel Detailed Cost and Time
T4.2 Estimation & Reporting

Detailed Tunnel Design upon

Availability of Site
Investigation Data

100.00%

90.00%

80.00%
70.00%
60.00%

50.00% i
Preliminary

40.00% .
Tunnel Design

30.00%

20.00%

10.00%

0.00%
S12021 $2 2021 $1 2022 $2 2022 512023 $2 2023
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E-TEST is co-funded by the Regions:

Py
& %

A<y

B 7’) ULAAMS-
2

Wallonie BRABRE

provincie limburg ;%

12‘{‘%‘_ Ministerie van Economische Zaken
258 en Klimaat

Limburg /

AGENTSCHAP o\
INNOVEREN & {)\; | VIaanderen
ONDERNEMEN \
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E-TEST is also co-funded by the own-fundings of all Partners:
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The Innovation Engineers.

I

44

UHASSELT m Niklhef

4 Koninklijk Nederlands
Meteorologisch Instituut
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