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Abstract 

This technical specification provides the requirements for the Warm Structure production and assembly for the 

LBNF Cryostat. 
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1 Introduction 

This document constitutes the requirements for production and assembly of the 
LBNF Cryostat.  

 

The “LBNF”, the “Long Baseline Neutrino Facility”, is the facility required for the 
Deep Underground Neutrino Experiment (DUNE), hosted at Fermilab in Batavia, 

Illinois. The DUNE is a dual-site experiment for neutrino science and proton decay 
studies. Once it is completed, the LBNF will comprise the world's highest-intensity 
neutrino beam, at Fermilab, and the infrastructure necessary to support massive, 

cryogenic far detectors installed deep underground at the Sanford Underground 
Research Facility (SURF), 1,300 km downstream, in Lead, South Dakota. 

 

 

Figure 1. Schematics of DUNE/LBNF 

 

 

 

Figure 2. LBNF cryostat 
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2 Scope of the delivery  

 

The scope of the delivery is two Cryostat Steel Structure as specified in the 
drawing CENBNFCR0333. The approximate net weight of one delivered structure is 

2’300 T, of which around 1’650 T are the HL1100M and the HEB600 profiles and 
around 650 T are the flanges and ribs. 

 

The structural beams HL1100M (EN 10025-4, EN 10034, EN 10163-3) will be 
delivered by CERN in the following quantities and lengths for each structure: 

- n. 116 x 14’000 mm; 

- n.   52 x 13’800 mm; 

- n.   82 x 13’300 mm; 

- n.   45 x 12’000 mm. 

 

The structural beams HEB600 (EN 10025-4, EN 10034, EN 10163-3) will be 
delivered by CERN in the following quantities and lengths for each structure: 

- n. 34 x 12’000 mm. 

 

The steel grade will be: S460ML (1.8838). For more information please refer to 
the technical specification:  

https://edms.cern.ch/document/2310928  

 

The steel plates for the flanges and the ribs, shall be supplied by the contractor. 

The steel specification, as well as the delivery conditions requirements are 
described in §5. The approximate quantities are listed in §5.2. 

 

Full set of the manufacturing drawings can be found here:  
https://edms.cern.ch/project/CERN-0000193838  

 

3 Production and assembly specifications 

 

The structure shall be produced in accordance with EN 1090-2:EXC2, with the 

following supplementary requirements: 

 

• A partial pre-assembly of the 35 portals (CENBNFCR0340, CENBNFCR0341, 

CENBNFCR0342 and CENBNFCR0343), as well as the two small walls 
(CENBNFCR0344 and CENBNFCR0345), including dimensional crosscheck shall 

be carried out at the contractor premises. The bolts for the pre-assembly shall 
be supplied by the contractor. 

 

• The sequence of the production shall enable the bottom structure of the 
cryostat (CENBNFCR0077) to be delivered first.  

 

https://edms.cern.ch/document/2310928
https://edms.cern.ch/project/CERN-0000193838
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• An assembly map, describing the method, the precise assembly sequence and 
position of the pieces composing the assembly, shall be supplied for each of 35 

portals CENBNFCR0340, CENBNFCR0341, CENBNFCR0342 and 
CENBNFCR0343, as well as the two small walls (CENBNFCR0344 and 
CENBNFCR0345) 

 

• The preassemblies shall fulfil the functional tolerances defined in 
CENBNFCR0451 and CENBNFCR0340, CENBNFCR0341, CENBNFCR0342 and 

CENBNFCR0343.  

 

• A full assembly map of the Cryostat Steel structure, including all pieces shall be 
supplied.  

 

3.1 Marking   

Each piece marking shall be fully visible during all assembly and pre assembly 

phases and unambiguously marked with the following minimum information. The 
marking shall assure the production traceability:  

• piece identification referencing the CERN drawing definition 

• n° of order of the piece 

• assembly number 

• position in the corresponding assembly 

 

3.2 Packing and Shipping   

Packing proposal method shall be submitted by the contractor and agreed in 

advance with CERN, in particular regarding the following technical aspects:  

• packing material choice 

• external marking 

• inspection of the contents 

• lifting/manipulation marking 

The packing materials and method should be legally valid and technically adequate 
for maritime cargo shipment to US. Handling and storage preventive measures as 
per EN 1090-2 (Table 8) shall be applied as appropriate. 

 

3.3 Painting 

All visible not-in-contact assembly surfaces of the pieces shall be delivered painted 
in the following colour: RAL 3020 (RED). 

 

An adequate preparation of degreasing and anti-rust layer shall be provided 
beforehand, specified as: 

a) Sandblasting before painting, grade SA2.5 / ISO 8501 

b) Primer anti-rust coating, one layer, DFT 40 μm, two-component, high-

build Epoxy primer 

c) Final coat, two layers, DFT=60-80μm, two-component, high-build Epoxy 
Enamel coating 
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All assembly contact surfaces shall be protected during painting and an anti-
corrosion grease shall be applied after painting. 

 

3.4 Acceptance criteria  

 
Pieces will be accepted in writing after crosschecks and validations by CERN of: 
 

• Dimensional report fulfilling EN1090:EXC2 
• Dimensional report of the preassembled portal defined in CENBNFCR0340, 

CENBNFCR0341, CENBNFCR0342 and CENBNFCR0343 where the piece is 
included  

• Dimensional report of the preassembled small walls as defined in 

CENBNFCR0344 and CENBNFCR0345 where the piece is included 
• Quality control documentation of the piece 

• Fulfilling the conditions specified in §3, §3.1, §3.2 and §3.3 
 
A cryostat steel structure will be accepted in writing by CERN under the conditions 

that all components of the structure have been accepted and full assembly map of 
the Cryostat Steel structure, including all pieces have been supplied 

4 Delivery Schedule 

The scope of supply shall be fulfilled, according the following schedule: 

• First Cryostat Steel Structure as specified in the drawing CENBNFCR0333 by 
1st October 2023, assuming structural beams delivered by CERN by 1st of 

October 2022. 

• Second Cryostat Steel Structure as specified in the drawing CENBNFCR0333 
by 1st August 2024 

 

The sequence of production shall favour the delivery of the floor components as 

specified in the drawing CENBNFCR0077 in first place. 

 

 The following production Milestones are defined: 

• Delivery of production drawings and production planning documentation as 
defined in §7.3 

• Raw material procurement for plates and ribs as defined in §5 

• Front (TCO) small wall preassembly (CENBNFCR0345) 

• Back small wall preassembly (CENBNFCR0344) 

• First portal preassembly (CENBNFCR0342) 

• Portals preassembly (CENBNFCR0343, CENBNFCR0340 and 

CENBNFCR0341) 

• Floor availability for delivery (CENBNFCR0077) 

5 Steel specification 
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The materials used for manufacturing the Steel Structure Flanges and Ribs shall 
be: S460ML (1.8838). The plates shall be produced in acordance with EN 1090-

2:EXC2, with the following suplimentary requirements: 

 
• The surface condition shall be in accordance with EN 10163-2 class B3  

• The planarity shall be in accordance with EN 10029, cl. N, tab. 4 

• The thickness tolerances shall be in accordance with EN 10029 class A 

• The ultrasound testing shall be in accordance with EN 10160 cl. S2/E3 

• The plates shall be accompanied with material certificate in accordance with 

EN 10204:2004 Type 3.2 

 

5.1 Mechanical properties  

The mechanical properties of the S460ML (1.8838) steel shall be in accordance 
with EN 10025-4:2004, i.e: 

➢ Minimum yield strength ReH per nominal thickness: 

• ≤ 16mm   460 [MPa] 

➢ Tensile strength Rm per nominal thickness: 

• ≤40mm   540-720 [MPa] 

 

5.2 Quantities   

 

5.2.1 Flanges 

 

The required quantities for the beam structure Flanges are: 

 
 

For more information, refer to Table 1. 

 

5.2.2 Ribs   

 

The required quantity for the beam structure Ribs are:  

 

 

Thickness [mm] Mass [T]

25 96.7

30 23.1

35 60.7

45 216.5

Tot [T] 397.1

Thickness [mm] Mass [T]

15 1.6

25 1.5

30 161.8

40 116.3

Tot [T] 281.3
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6 Welding specification 

 

• All welds shall be inspected for imperfections according to level C of ISO 5817; 

• 100% of the welds shall be controlled by visual inspection according to EN ISO 
3452-1; 

• 50% of the full penetrations welds shall be controlled by dye-penetrant test 
according to EN ISO 3452-1 Acceptance level 2x according to EN ISO 23277;  

• 25% of the flanges welds shall be controlled by magnetic particle testing 

according to EN ISO 17638 for quality level ISO 5817 with imperfections to 
Class C, and acceptance level 2X according to ISO 23278; 

• 10% of the flanges welds shall be controlled by ultrasonic test according to EN 
17640:2010, and acceptance criteria B according to EN 11666:2011; 

• The welders shall be qualified according to EN 287-1; 

• Welding procedure specification (WPS) and welding procedure qualification 
record (WPQR) shall be provided according to EN ISO 15614-1. 

7 QC and acceptance procedure 

 

Documentation, traceability procedures, acceptance criteria, general requirements 
for constituent products, preparation and assembly, welding and inspection should 

conform with EN1090, execution class 2 (EXC2) requirements and §3.4 conditions. 

The contractor shall have an adequate working quality management system that 

guarantees the compliance of the mechanical and geometrical properties of the 
deliveries to the European standards and the best building practice; the quality 
management system must be in accordance with ISO 9001.  

All the products delivered by the contractor must be accompanied by the 
appropriate documentation as described hereafter. 

 

7.1 Dimensional acceptance criteria 

 

The fit between components that are inter-connected shall be checked using 
accurate three-dimensional measurements allowing to verify §3.4 conditions. The 

location and frequency of dimensional measurements shall be specified and all the 
dimensional checks records shall be provided by the contractor in the production 
file. 

 

7.2 Inspection plan 

 

A Factory Acceptance Test (FAT) shall be organized with the scope of ensuring 

that the supply is meeting the required specifications. Production file shall contain 
all the reports concerning the performed inspections, such as material inspections, 
welding Non-Destructive Testing (NDT), dimensional inspections and shall be 

made available in advance of the FAT. 
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The Contractor shall submit a FAT report including: 

• All tests performed; 

• All test results; 

• All non-conformities; 

• All modifications performed; 

• Anything else of interest for CERN. 

 

One week in advance of the first welded component completion and before any 
painting is applied, the contractor shall notify CERN, to allow for an intermediate 
inspection. 

 

7.3 Documentation list 

 

The full set of documentation shall be provided in the form of a single Production 

file.  

 

Prior to the starting of the manufacturing process, the following set of documents 

must be provided by the contractor and agreed with CERN: 

 

- Components manufacturing drawings 

- Manufacturing tooling drawings 

- Bill of materials (BoM) 

- Quality assurance and quality control documentation, as specified in EN1090-
2, §4.2. 

 

Upon delivery, the contractor must provide at least the following set of 
documentation:  

 

• Traceability documentation 

• Reports of all the tests performed at the factory 

• Material certificates of supplied parts 

• Dimensional control report 

• Assembly manual indicating the position of all the components in the 
structure 

• Welding reports: 

o ISO 3834 certificate 

o Inspection and Test plan 

o WPS 

o WPQR 

o NDT results 

o Qualification of welders 

o Certification of the filler materials 
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All the documentation shall be submitted in English. 

 

8 Contract follow-up 

 

The Contractor shall assign a person in charge of the technical execution of the 

Contract and its follow-up, as well as a person in charge of the commercial follow-
up, during the whole duration of the Contract. These persons shall be able to 
communicate (spoken AND/OR written) in at least one of the official languages of 

CERN (English and/or French). 

 

The Contractor shall send to CERN a written progress report every month attached 
as annex to the monthly invoice, indicating the advancement of the production 
with respect to the proposed schedule and any variation that could may happen 

during this period. All communications and documents shall be in English AND/OR 
French. 

 

9 Warranty 

 

Warranty period apply as per clause 25 from CERN General Conditions of 

Contracts.  
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