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RELEVANT EXISTING STANDARDS
WP5.3 Harmonisation – Cryogenic Safety Procedures
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General standards for pressure equipment

Legal basis for pressure equipment with a maximum allowable 
pressure of PS > 0.5	bar g : European PED 2014/68/EU

Generally applicable harmonised standards
EN 13445 (Unfired pressure vessels)

EN 13480 (Metallic industrial piping)

EN ISO 4126 (Safety devices for protection against excessive pressure)

Generally applicable national standards
AD 2000

British Standard

CODAP

…
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Particular standards for cryogenic vessels

Basic requirements, calculation, manufacturing, testing, operation

Further cryogenic standards for individual components, materials, 
thermal insulation and cleanliness
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DIN EN ISO 21029
DIN EN 1251

Transportable vacuum insulated vessels of not more than 
1.000 liters volume

DIN EN ISO 20421
DIN EN 13530 Large transportable vacuum insulated vessels

DIN EN 14398 Large transportable non-vacuum insulated vessels

DIN EN ISO 21009
DIN EN 13458 Static vacuum insulated vessels

DIN EN 14197 Static non-vacuum insulated vessels

storage
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WHAT IS SPECIAL IN LHe CRYOSTATS?
WP5.3 Harmonisation – Cryogenic Safety Procedures
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What is special in LHe cryostats?

Process dynamics
Large heat fluxes up to 𝑞̇ ≈ 40 kW m3⁄ during system failures

Very low latent heat of helium ® ∆67
8		9:;<:=
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He ∶ N3 ∶ H3O = 1 ∶ 62 ∶ 835

Ø Nearly instantaneous 
evaporation

Ø Rates of pressure raise 
d𝑝 d𝜏⁄ > 1bar s⁄ !
§ Limit wrt. EN ISO 4126-10
d𝑝 d𝜏⁄ < 0.2 bar s⁄ !

S. Grohmann - WP5.3 Harmonisation - Cryogenic Safety Procedures17.01.2017

Quench test of a sc. solenoid (KATRIN) 
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Rupture of a 70 L liquid nitrogen dewar 
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Accident in a 
laboratory 
(09/2005)
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What is special in LHe cryostats?

Common pressure equipment Liquid helium cryostats

• Cryogenic storage containers • Sc. magnet cryostats, RF cavities

• Protection against disruptive failure
Ø Extreme and rare failure scenarios

• Protection against disruptive failure
Ø Extreme and rare failure scenarios

+ Protection against operation failure
Ø Expected and frequent failure 

scenarios (quenches)
Ø Need of staging safety levels!

• Large number papers, individual 
reports and experience

• BUT no systematic guideline

• Standardized task (limited complexity) • Individual and complex design task
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Examples of typical safety units

S. Grohmann - WP5.3 Harmonisation - Cryogenic Safety Procedures17.01.2017

LN2 storage tank ≈ 𝟓𝟎. 𝟎𝟎𝟎	𝐋 Liquid helium cryostat ≈ 𝟓𝟎𝟎	𝐋

• Set pressure p0 = 17 bar(g)
• Two safety valves 1 2⁄ VV 	 𝑑X = 7	mm
• Shuttle valve

• Safety valve DN25 at p0 = 2 bar(g)
• Two rupture disks DN65 at p0 = 3 bar(g)
• Quench gas line DN100

Source: 
KATRIN 

Source: Air Liquide 
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Liquid helium cryostats

Nomenclature
Cryostat ≠ storage vessel/container!
LHe cryostats involve active components such as superconducting 
magnets and cavities, heaters, pumps, valves etc.

LHe cryostat conditions not covered by other standards
Staging of multiple safety levels, e.g. for quench recovery
Large stored energies, loss of insulating vacuum, thermal acoustic 
oscillations, electric arcs
Rates of pressure raise (out of scope wrt. EN ISO 4126-10)
Two-phase flow (discharge functions out of scope wrt. EN ISO 4126-10)
Incompatible design constraints (e.g. 3 % rule for inlet piping pressure 
drop; 0.6 m rule for heat load)
Helium recovery and discharge in confined spaces
…
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EUROPEAN STANDARDISATION PROJECT
WP5.3 Harmonisation – Cryogenic Safety Procedures
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European standardisation project

Satellite meeting at European Cryogenics Days 2015 (Grenoble)
Ø Agreement to advance a European standardisation process
Ø Baseline documents: Translations of DIN SPEC 4683 and CEA 

documents, CERN standards + any other contribution

• Inconsistent nomenclature in different standards
• Different definitions of set pressure in ISO 4126 

(2013), API 520 (2014) and ASME PTC 25 (2014)
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prEN 4683:2015
Working document
(07/2016)
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Aim of the European standard

Collect, structure and harmonize state-of-the-art rules, procedures
and know-how from labs, institutes and companies in Europe

Provide a comprehensive overview on all major aspects of safe 
design and operation of liquid helium cryostats

Solve conflicts with other standards by the indication of alternative 
options

Provide the first multi-national standard on safety of LHe cryostats 
for our community

Ø European standards are produced by all interested 
parties through a transparent, open and consensus 
based process

S. Grohmann - WP5.3 Harmonisation - Cryogenic Safety Procedures17.01.2017



Institute of Technical Physics
Institute of Technical Thermodynamics and Refrigeration

15

Project organisation

Establishment of a new working group at CEN/TC 268 –
Cryogenic vessels and specific hydrogen technologies applications

Chairperson: Dr. Hervé Barthélémy, Air Liquide

Link: CEN/TC 268

S. Grohmann - WP5.3 Harmonisation - Cryogenic Safety Procedures17.01.2017

WG 1 Design

WG 2 Compatibility, insulation, accessories

WG 3 Operational requirements

WG 4 Fundamental requirements

WG 5 Specific hydrogen technologies applications

WG 6 Liquid helium cryostats

+
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CERN Cryogenic Safety Seminar 09/2016

First dedicated seminar with 120 participating experts

Ø 36 talks and intense discussions

Ø General support for the European standardization project
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Participating experts (Status 01/2017)

CEN requirement: Min. 5 participating countries must indicate active 
members
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European standardisation project schedule

Project management by WG secretariat at DIN, Berlin

Ø Coverage of administrative cost

Kick-off meeting in early 2017 
Ø Discussion at CEN/TC 268 secretariat on January 19, 2017

Ø Doodle poll among participating experts

Two project meetings/year

Finalisation of the working draft in ≤ 3 years
Ø Submission to TC chairperson and TC secretary for CEN Enquiry
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OBJECTIVES WITHIN WP5.3 OF AMICI 
WP5.3 Harmonisation – Cryogenic Safety Procedures
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Objectives within WP5.3 of AMICI

“Under the EU regulations, this task will organise the exchange of
knowledge and procedures in order to obtain a common methodology
used by labs and industry for the design and fabrication of cryogenic
equipment. This will be achieved by organising and coordinating a
working group at the European Committee for Standardization
(CEN), where additional experts from Universities, research labs and
industry will participate. Its aim is to compose a draft European
standard on safety of cryogenic equipment, merging and
harmonising state-of-the-art rules and codes from various labs and
organisations. The compliance of the new standard with the PED and
other standards will be assured by the established procedures in such
process.“

Ø More precisely: Safety of liquid helium cryostats (no change of 
existing codes for standardized equipment!)

Ø Focus on particular accelerator expertise

S. Grohmann - WP5.3 Harmonisation - Cryogenic Safety Procedures17.01.2017
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Objectives within WP5.3 of AMICI

“Beyond the actual state-of-the art, this task will collect and assess
available modelling codes, which are able to consider and analyse the
process dynamics of cryogenic incidents. In addition, the task will
define the scope of future experiments and model developments
required to consolidate and evolve the proposed common
methodologies. This concern specifically the experimental basis
required for the implementation of dynamic models in a common
standard, as well as performance data of pressure relief devices under
cryogenic conditions.”

Scope beyond the European standardization project (which will reflect 
the state-of-the-art)

Ø Definition of the roadmap / pre-conditions for a future upgrade of
methodologies in the new European standard on safety of liquid helium 
cryostats
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Milestones and deliverables

Milestones

M5.1: List of safety scenarios in liquid helium cryostats (M12)

Deliverables

D5.3: General harmonised guidelines for the safety of cryogenic 
equipment (M28)

Ø Working draft produced by the new CEN/TC 268 WG
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