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INTRODUCTION

I}ﬁrndiﬂh

WP2: turning physics into an engineering design “W“"'“"Sb+ &)

The engineering questions behind the facility

= Scope: mechanical, machine and civil design of the
facility at the ESS site, one integrated CAD model

= Constraint: a new facility beside an operating
accelerator, built with minimal disturbance to it

= Space: tunnel sections sized from the installation

and transport envelopes of the machine LEnuSTORM racetrack

ESS linac (operating)

facility building

ring-to-target line

\’.

= Geometry: tunnels laid out on the lattice, cell by
cell, so the civil works follow the beam

4

QR Q &

;.:‘

=

L2R transfer line

— levels follow the beam; only the racetrack is inclined as
a whole

= Ground: till over clay shale, dolerite dykes and
confined groundwater decide how each structure is

target building

built .

= Quantities: floor areas, lengths and loads per
stage, the input to the civil cost estimate of ESS The facility in the integrated CAD model of WP2 (Stage Il): the object of the work
Facility Management presented here.
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OVERVIEW -

Colunded By

The work in three parts @51)+@

What WP2 asked for, and what each part delivers

Part 1- Milestone 20 Part 2 - Deliverable 2.1 Part 3 - ETTF

Conceptual mechanical and Conceptual study of civil works at ESSnuSB Target Test Facility, the first
machine design of the L2R transfer the ESS site physical test bench of the project
line and the accumulator ring placement on the real site and in its vessel design by ESS Bilbao - test stand
tunnel section and space envelopes - ground - civil quantities per stage - at the ESS MML - loop, instrumentation
beam path rebuilt cell by cell, 92 shielding, long profile and construction and data acquisition - air test campaign
magnets placed - CATIA model and methods with ESS Bilbao and U. Hamburg
drawings Report on CHESS: ESS-6149549 Formal test report after the campaign

Report on CHESS: ESS-5991478

Around the three parts: NuFact 2026 and the project work of a work package. The cost estimation and the indicative timeline are presented in D.
Patrzalek's WP2 report talk.
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PART 1

Milestone 20: the transfer
line and the accumulator
ring

Conceptual mechanical and machine design, released on
CHESS as ESS-5991478




MS20 - TUNNEL SECTION -

Colunded By

Sizing the tunnel section @§3+@

= What must fit: the beam line on its
supports, infrastructure, cable trays,
ducts, safety systems and a walkway

= Rectangular, not circular :

— excavation-machine constraints, cable m
routing near the ceiling, easier space ==
allocation il

= Envelopes: installation 2.5 x 4 m -
transport 2.5 x 3.5 m - 1.5 m service
band - 0.5 m spare each side

6.5m
4m
5m
re)
g
S
35
23
3

= — 6.0 x 6.5 minternal, 2.5 m walkway,
overhead crane for installation and S TSN PR TSN - R
maintenance

6m

- ; . _ MS20 Figure 2: L2R tunnel section at linac level with the installation and transport envelopes (CATIA
Larger than the ESS linac tunnel: water drawing)

cooled magnets and crane access; 7.0
x 8.05 m outside with the ESS shielding
(D2.1)
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MS20 - L2R TUNNEL

Co-lunded By

[&F]
The L2R transfer-line tunnel @éyr@

From linac level down to the ring, in one section

Route: 270 m from the linac
junction to ring injection,
68.75° bend in plan

= Descent; 7.864 m down to
the ring level, at no more
than 3.38°

= Section: 6.0 x 6.5 m all
along; installation envelope
2.5 x 4 m over the supports,
transport lane 2.5 x 3.5 m
beside it

= Services: 1.5 m band at the
ceiling for infrastructure,
utilities and safety systems

o (S I - B 55605040

Walkthrough of the L2R tunnel in the WP2 CAD model (Stage Il), supports only: installation envelope in blue, transport
in green, safety systems in red, utilities in purple, infrastructure in orange.
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MS20 - ACCUMULATOR RING -

Co-lunded By

The accumulator-ring tunnel @éj+@

= Layout: 384 m around,
four arcs and four 56 m
straights, level, 7.864 m
below the linac

= Section: the same 6.0 x 6.5
m, the same 2.5 x 4 m
installation envelope,
walkway and service band

= Straights: space for
Injection, extraction, RF
and collimation equipment

= Milestone: model,
drawings and report on
CH ESS, ESS'5991478, [ESSnGSERRN BotEA Y Stag el || AN S20]ES S350 747 E)

ahead Of the due date Walkthrough of the accumulator-ring tunnel in the WP2 CAD model (Stage Il), same colours as the transfer line.
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PART 2

Deliverable 2.1: civil
works, ground and
quantities

Conceptual study of civil works with indicative timeline,
released on CHESS as ESS-6149549




D2.1- SITE PLACEMENT

Colu Mbr

Placing the facility on the real site D + ess &)

Site geometry: where each structure sits

= Site: ESS site drawing from Facility
Management; proximity study on itin 14
DXF iterations

— racetrack straight for WP4: 150 m asked, 100 m
shown feasible; latest lattice 81 m
= All new structures south of the linac, except
the near detector on the beam axis

= Beam axis: target building, decay tunnel
and near detector on the 2.29° axis to the
far detector; near detector = 250 m from
the target

= Auxiliary buildings (highlighted): cooling
circuits, switchgear, sprinkler and media;
heat exchangers for the ring and transfer-

line magnets
oge oy geo s B g { Imagery © Google
- FaCIIIty bUIIdII‘Ig above the accumulator Stage Il CAD placed on the ESS site to scale: linac tunnel on the existing ESS tunnel, beam axis
ring into the target building (imagery © Google); auxiliary buildings highlighted.
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D2.1- GROUND MODEL -
Modelling the ground under the site @?ﬁ"sbJr@

Ground content: terrain, strata and groundwater

= Ground: terrain and geology model
from the national 1 m elevation model

and the soil-depth model

— the facility CAD georeferenced on the ESS
site drawing and placed in the ground

block
= Geology from the ESS site records
(GDR, pile-design reports): till over The facility in the ESS site ground model
I . . . (Blender, Stage Il CAD).
Colonus shale, dolerite dykes, confined ! E
groundwater RS-V TRIRY AT
G- e ety S St
— clay till 8-14 m over the shale; dolerite PRl B Bl S
dykes with water-bearing contact zones; 2»3;,%,: v{:»":ié - “’j"’:'
F‘; ol i [ p—‘s = st “5!"!’!; e o7 -
several groundwater systems e W :
= What it gives: the stratum each e e
structure sits in, the input to the long T .
profile and to the construction methods ESS geological section (Geotechnical

Design Report ESS-0005223).
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D2.1- GROUND AND CONSTRUCTION -

Colunded By

Ground, water and how to build @i%@

Why: till over shale, dolerite dykes, confined groundwater

facility building LEnuSTORM racetrack (projected) ESS linac near detector hall

grade (= +78 m)
. () p — —— — — ~ - - - - [ s, — —— — —— ————— — ————_—_—_ p—__—_—

clay till

Colonus clay shale

beam axis

L2R.* aseumulator rng (projectsd) target station (horns) decay tunnel + beam dump

D2.1 long profile along the beam line: side elevation of the CAD model with the geology from the ESS site records drawn to depth scale (levels conceptual).
= Levels from the CAD, conceptual: depth axis on the figure, final depths e
fO”OW the beam Optics RZTfrothIwo‘laczumulatorrlng ‘c"

= Tunnel shielding as the as-built ESS linac tunnel: 0.50 /0.75/0.80 m —
7.0 x 8.05 m external (racetrack 4.0 x 6.55 m)

= Shallow parts cut-and-cover in the till; deep structures as watertight

beam axis — far, detector,

boxes on piles socketed in rock (ESS target-monolith precedent) : — - s

= All structures level at their optics level; only the racetrack inclined as a Racetrack on the 2.29% slope (slope drawn schematically).
whole (= 3 m over its straight)
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Civil guantities: floor area and power

Facility Management can only cost what is listed, with floors, areas and lengths

Buildings overview by stage: buildings by floor area,
tunnels by length

— Stage | LEMNB - Stage Il LEnuSTORM (ring, L2R, R2T, target
building, facility and auxiliary buildings, near detector) - Stage Il
four-horn upgrade in the same envelope

Floor area ~ 29 300 m? in buildings, 90 % in three; tunnels

=~ 1180 m, one level

Depth drives the civil scope, not length: the deep
buildings, more than 10 m below ground, carry 61 % of the
floor area

Power =~ 4.7 MW (Stage Il), = 5.9 MW (Stage lll), each + 25
% margin, preliminary: infrastructure and near detector
largest; horn supply = 0.3 = = 1.5 MW with four horns

Size:m?orm Depth below ground

Near detector building 13 500 m

Target building (hot cell, morgue, PSU) 4500 m?
Decay tunnel, Stages Il and IlI 50 m
LEnuSTORM racetrack 2SN I L S

Target-to-racetrack (T2R) line 37 m >20m

Accumulator ring 10-20 m

L2R transfer line 10-20 m

R2T and switchyard 59m 10-20 m

LEMNB target line 160 m <10m

LEMNB target station 480 m? ~6m

Facility building at grade

Auxiliary buildings (2) 2200 m? at grade

Utilities building, substation portion 200 m? at grade
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D2.1- QUANTITIES AND LOADS

Euregssan Urni

Colunded By

@@:H@

13 500 m?

Buildings: gross floor area, 29 280 m?

Near detector building
Facility building IEEE—— S 400 m’
Target building (hot cell, morgue, PSU) = 4 500 m’
Auxiliary buildings (2) | 2 200 m®
LEMNB target station | 480 m? I deep: more than 10 m below ground
Utilities building, substation portion I 200 m? B at grade or less than 10 m
0 5 000 10 000 15 000 m?

Tunnels: length, 1183 m in total, one level

Accumulator ring I 84 m
L2R transfer line I © /0 M
LEnuSTORM racetrack 1 °2C M
LEMNB target line I 160 m
R2T and switchyard I 59 m
Decay tunnel, Stages Il and ||| [ 50 m
Target-to-racetrack (T2R) line NN 37 m
0 100 200 300 400 m

Electrical load per subsystem, preliminary WP2 compilation
~ 4.7 MW (Stage Il) - = 5.9 MW (Stage lll), each + 25 % margin

Infrastructure: HVAC, cooling, services [N/ //////A1-2 MW, least defined
Near detector | NN N 1 0 MW
Magnets, normal-conducting ] 0.8 MW - 1.1 MW with the racetrack
RF systems | 0.6 MW
Horn power supply, preliminary |lllV,/////////////7/A~ 03 MW - = 1.5 MW with four horns
0 500 1000 1500 2000 kW
I Stage Il, LEnuSTORM  ZA upper bound, or Stage Ill with four horns

13



PART 3

The ETTF: the target’s first
physical test bench

ESSnuSB Target Test Facility: vessel by ESS Bilbao, test stand at
the ESS Mechanical Measurement Laboratory




ETTF - FLOW AND MEASUREMENT POINTS -

Colunded By

The ETTF air loop and its measurement points @éy@

Vessel, test plan and campaign in detail: WP3 session presentations

schematic, not to scale
Relief valve, 0.45 bar(g) _ m @
PSV-001 T \_/
AIR ﬂ_‘l—(}!::l—% ——
supply
Shut-off Non-return Regulator Needle valve
SOV-1 NRV-1 PRV-001 FCV-001
ETTF vessel, SS316L
DAS240 recorder  logging at 2 Hz ® REC
AP across the vessel — canister: bed of 3 mm Ti spheres
- T forated cylinder, two netting sheet
PDT-001 per orate cylinder, two netting sneets

: AP across
o Pressure in / out TN T the vessel, 0-50 mbar

PT-001, PT-002

heater on the canister axis

Air flow — e~
' side CF40 ports: TCs and heater leads

FT-001

eeecescee
air: upstream to downstream of the bed

Air temperature in / out
TCin, TCout

back to air supply
3 v — d:x“: L3 = v

Ball valve

.m BV-001
\202/

Air from the supply through shut-off, non-return, regulator and needle valve, past the flow meter, through the packed bed of Ti spheres, and back to the air supply; AP,
pressures, flow and temperatures recorded by the DAS240 at 2 Hz (schematic).

Bed temperatures
TC1to TC4

traces illustrative, no measured data
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ETTF - TEST STAND AND DAQ -

Colunded By

Test stand at the MML: loop, DAQ, campaign @éyr@

Why: how the coolant flows through a packed bed should be measured, not only simulated

= Hand-over pack for the MML lab engineer (M. Snyder):
envelope, loop sequence, tag list, checklist

= Loop: blower — shut-off = non-return — regulator —
needle valve — vessel — vent; relief at 0.45 bar(g)

= Instruments: AP transmitter 0-50 mbar - supply pressure
0-1 bar - mass-flow meter - 6 type-K thermocouples -
certified 24 V panel - 9-channel recorder at 2 Hz

= CATIA sections fixed minor issues with assembly

= Commissioning: first air-flow runs of loop and DAQ, 3
records (without the packed bed)

= Test campaign with ESS Bilbao and U. Hamburg at the
MML: sampling plan at fixed pressures and mass flows

ROLES IN THE TEST CAMPAIGN

P 3 NS . | = / BPY A ¢ i , .
ESS commissions loop, DAQ and safety paperwork - ESS Bilbao Data recorder - instrumentation panel - pressure transmitter and sensor -
brings the sampling plan and the target model thermocouple and air inlet on the top flange.

|. Christodoulou - ESS ERIC - ESSnuSB+ 4th Annual Meeting, Wik, Oct 2026 16




OUTREACH AND OUTLOOK -

Colunded By

Beyond the deliverables, and what comes next @éyr@

Conferences, project work and the next steps

= NuFact 2026, Shanghai: talk “Carving a Neutrino
Factory: a multi-disciplinary conceptual design
methodology for ESSnuSB”, joint WG1+WG3 session

= Chaired the WG3+WG4 session “Muon Sources &
Beams”

WHAT COMES NEXT

D2.2 (machine integration, target building, site layout): in
preparation

Chairing the WG3+WG4 session - the conference excursion
on the Bund.
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Colunded By

Thank you @5}3+@

None of this was done alone

ESS Nick Gazis - Dawid Patrzalek - Emmanouil Trachanas - Antoine Lepine - Mamad Eshraqi - Michail Anastasopoulos
Lattice and physics interfaces Natalia Milas - Maja Olvegard - Ting Wing Choi - Ilias Efthymiopoulos - Eric Baussan
ETTF Tamer Tolba (U. Hamburg) - Jorge Aguilar, Maria Lopez, Ricardo Sanchez, Fernando Sordo, Silvia Gago (ESS Bilbao) -

Andrea Bignami - Micheal Snyder (ESS MML) - ESS workshop

Civil engineering and cost Irina Pavelic - Michael Sjoholm - Marten Bertilsson (ESS Facility Management)

Project office and support Carole Mabrouk - Martha Dadson - Giselle de Moraes Sabino - Ardhendu Nanda (CATIA)

Questions?
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