ISO 21009-2:2024

Cryogenic Vessels — Static Vacuum-Insulated Vessels

Part 2: Operational Requirements
Key Points Summary

1. Scope

ISO 21009-2:2024 specifies operational requirements for static vacuum-insulated cryogenic vessels
designed for a maximum allowable pressure of more than 50 kPa (0.5 bar). It may also be used as a
guideline for vessels designed below 50 kPa.

Applies to Vessels for cryogenic fluids per ISO 21009-1

Pressure threshold > 50 kPa (0.5 bar) maximum allowable working pressure

Excluded Field-fabricated large-scale vessels may require additional requirements
Normative references ISO 21009-1 (Design/fabrication/inspection); ISO 23208 (Cleanliness)

2. Key Terms & Definitions

Putting into service: Operation by which a vessel is prepared for use — applies to both new vessels and
those being returned to service

Filling: Operation comprising a prefill check, filling with cryogenic fluid, and an after-fill check
Outdoor location: Location outside any building and not enclosed by more than two walls

Underground location: Area or room whose ground/floor is lower than adjacent ground surfaces on all
sides

Safety distance: Minimum distance separating equipment from its hazard to mitigate foreseeable incidents
and prevent escalation

Gas release: Escape of gas due to operating conditions or malfunctions that cannot be reasonably excluded
Vessel: Thermally insulated vessel intended for stationary use with one or more cryogenic fluids

Authorized person: Trained and qualified person approved or assigned by applicable regulations to perform
specific duties

3. Personnel Training (Section 4)

Only authorized persons trained for the specific task shall be allowed to install, put into service, fill, handle,
operate or maintain the vessel and its equipment. Training records shall be maintained.

The training programme shall cover:
* Normal operating procedures
*  Product and hazard identification
+  Safe operating limits
* Emergency procedures
* Physical and chemical properties of vessel contents and their effects on the human body



« Personnel protective equipment (safety boots, goggles, gloves)
* Basic risk assessment methods and techniques
* Hazards of the specific cryogenic liquid stored

4. General Safety Requirements (Section 5)

4.1 Operating Rules

» |dentification labels and plates shall NOT be removed or defaced

*  Appropriate warning signs shall be displayed

» Parts under pressure shall be disconnected only after depressurization

» All surfaces in contact with product shall be kept free from oil and grease (per ISO 23208)

+ Leaking valves should be depressurized before rectification; NEVER use direct flame or intense heat
to de-ice or raise pressure

* Valve outlets shall be kept clean, dry and free from contaminants
* Vessels and accessories shall NOT be modified without proper authorization

4.2 Safety Considerations

»  Oxygen service: material compatibility must be confirmed

*  Small amounts of cryogenic fluid produce large volumes of vapour — spillage requires ventilation or
self-contained breathing apparatus

»  Cold embrittlement: cryogenic fluids shall not contact materials unsuitable for design temperatures
* Hydrogen embrittlement: must be considered for materials exposed to hydrogen

* Cold burns: personnel must wear protective clothing; clothing must prevent cryogenic liquid from
entering footwear

*  Oxygen enrichment: liquid helium or hydrogen systems can condense oxygen from air — areas
where condensate collects shall be assessed for oxygen compatibility

5. Installation Requirements (Section 6)

5.1 General Installation Rules

* Vessels shall be installed and operated so that employees and third parties are not endangered

* Minimum safety distances shall be observed

* Name plate shall be easily readable

* Access must be provided for inspection on all sides; minimum 0.6 m clearance around installation
« Sufficient ventilation to avoid explosive gas-air mixtures or oxygen-deficient/enriched atmospheres
* Vessels shall NOT be installed in corridors, passages, stairwells, or lobbies

» Areal/foundation under vessels shall be non-combustible and free of oil, grease and flammable
materials

* Underground installations require individual risk assessment, plus gas monitoring systems and
ventilation

» Automatic control devices shall fail to a safe operating mode on loss of power or pneumatic supply

5.2 Outdoor Installation (Preferred)

* Qutdoor installation is the preferred option
» Surface water drainage from the installation site shall be ensured



«  Spill containment (diking) risk shall be considered — diking inhibits vaporization, prolonging hazard
* On sloping sites, barriers may be needed to prevent gas from flowing into lower rooms or air intakes

* Vessels and components shall be protected against mechanical damage (buffer bars, enclosures,
safety distances)

5.3 Indoor Installation (Permitted only if outdoor fails)

Indoor installations are permitted only if reasonable attempts to install outdoors fail. Requirements:

* Room entrances shall be labelled with gas hazard information

* Rooms shall have self-closing doors; fire-resistant or non-combustible materials; adequate
ventilation

* Rooms must be separated from public areas gas-tightly; no apertures connecting to public spaces
» All vents and pressure-relief device discharges shall be piped to a safe OUTDOOR location
« Filling shall be from an outdoor source; fill controls shall be accessible to the fill operator

* No air intake openings, open ducts, open shafts, or openings to lower rooms allowed in the vessel
room

5.4 Safety Distances (Section 6.4 & Annex A)

Safety distances are measured from points on the vessel where product can be released (vent points, fill
connections, flanges). They define the zone outside which explosive atmosphere (LEL not exceeded) or
oxygen hazard is eliminated.

Type of Exposure Oxidizing (0) Lo [FA31e] Flammable
<50t

Site boundary, vehicle parking, public 3m 5m 8m 15m 5m

road/railway

Open flames, smoking or ignition 3m 5m 8m 15 m 5m

sources

Combustible materials, wooden 3m 5m 8m 8m 5m

structures

Pits, ducts, drains, below-ground 3m 5m 8m 8m 5m

openings

Offices, canteens, employee/visitor 3m 5m 8m 15 m 5m

areas

Compressor/ventilator air intakes, fuel 3m 5m 8m 15 m 5m

gas vents

Bulk flammabile fluids 3m 5m 8m 8m 5m

Overhead electric power cables — — — 10m 10m

Note: For larger volumes/masses, safety distances shall be determined by a specific hazard study. Safety distances may
be reduced with documented risk assessment.

6. Inspection (Section 7)

6.1 Pre-Service Inspection

Before putting into service, the following shall be checked:

* Markings and labelling (per ISO 21009-1)

* Completeness of handover documents (operations manual, auxiliary equipment docs, inspection
records)



« Equipment condition (overpressure devices, measuring devices, shut-off devices, fittings)
* Installation condition
* Vessel connections shall be tested for leak-tightness

6.2 Periodic Inspection

No in-service inspection of the INNER vessel or inside of outer jacket is required (the nature of cryogenic
fluids and vacuum environment means no degradation mechanism is foreseeable). Periodic inspection shall
consist of:

» External visual inspection of vessel and equipment

* Functional check of valves

* Leak tests under operating conditions

+ Assessment of changes in operational conditions and surroundings

» Assessment of vacuum integrity between inner vessel and outer jacket

Inspection interval: Typically not to exceed 5 years; determined by authorized person considering local
regulations and manufacturer recommendations

Vacuum measurement: Only required when thermal performance is deficient as noted during operation

6.3 Pressure-Relief Device (PRD) Inspection Intervals

Putting into Service Yearly \ 5 Years 10 Years
Pilot-operated 7.7.2 (Cert.) 7.7.4 (Perf.) — —
Reclosable 7.7.3 (Visual) — 7.7.4 (Perf.) 7.7.4 (Perf.)
Thermal reclosable 7.7.2 (Cert.) — 7.7.3 (Visual) 7.7.4 (Perf.)
Non-reclosable (bursting disc) 7.7.2 (Cert.) — 7.7.3 (Visual) 7.7.5 (Replace)

Intervals may exceed 5 years if system/equipment performance tests demonstrate proper functionality. Where
redundancy is provided, intervals may be extended by agreement with an authorized person.

6.4 PRD Inspection Procedures
7.7.2 Certificates & marking: Check conformity with specs/drawings, identification, type approval marking,
and suitability (fluid, size, temperature, pressure, setting)

7.7.3 Visual inspection: Includes 7.7.2 checks plus: general condition, installation/orientation, leak
tightness, vent location, unobstructed discharge piping

7.7.4 Performance test: Includes visual inspection; reclosable PRDs shall be replaced or undergo lift/set
pressure functional test in situ or off the vessel

7.7.5 Bursting disc replacement: Non-reclosable PRDs shall be replaced per the PRD manufacturer's
instructions

7. Putting into Service (Section 8)

This operation shall follow a written procedure; results shall be recorded and retained by the operating
company.
* Check vessel and accessories per sections 7.2 and 7.5 (marking, documents, equipment)
» Purge vessel with an appropriate dry, pure gas until the emerging gas is sufficiently dry and pure
» Cool down vessel according to manufacturer's recommendations
*  Prevent uncontrolled pressure rise due to rapid liquid evaporation during cool-down



8. Filling (Section 9)

8.1 Pre-fill Checks

»  Verify data plate/product identification label
+  Confirm correct coupling for the product
»  Check condition of coupling and hose (not damaged, dirty, or excessively iced)

» Perform external visual inspection to ensure vacuum between inner vessel and outer jacket is intact
(check for abnormal frosting, vacuum relief venting, continuous relief valve venting)

8.2 Vacuum Loss Protocol

If vacuum loss is detected: the owner shall immediately investigate. If internal pipe failure is suspected, the
vessel shall be made safe by immediately reducing pressure to atmospheric and emptying all cryogenic
liquid safely. Pressure reduction is the most critical action.

8.3 Filling Procedure

» Purge the fill hose before filling
* If no residual pressure, purge vessel to remove moisture or contaminants

* If vessel is warm, cool down gradually per manufacturer's recommendations or approved first fill
procedure

* CO2 vessels shall be pressurized to at least 0.7 MPa (7 bar) with gaseous CO2 before filling with
liquid

»  Fill by volume or mass to designed level, accounting for product density; measuring equipment shall
be calibrated

* Analyse residual product purity where required; purge if outside specification

«  After filling: check mass/level and pressure; vent if needed to reach specified level

* Check all filling valves are closed; no cold spots; valves, piping and fittings are leak-free

*  Filling shall not exceed maximum filling ratio and maximum allowable working pressure (per ISO
21009-1)

+ Afterfilling: cap all filling fittings with protection caps to prevent moisture or contaminant entry

9. Taking Out of Service (Section 10)

Taking out of service shall follow a written procedure; results shall be recorded.

9.1 Decommissioning Procedure

» Empty the vessel and depressurize to a positive pressure not greater than 0.2 MPa (2 bar)
*  Monitor pressure and mass throughout; verify no line is obstructed
» Consider properties of the specific product involved

9.2 If Vessel Will Return to Service

» Purge vessel and all piping/accessories with inert gas
»  Fit protective caps on all open connections if vessel is to be transported or stored
* Maintain a slight positive pressure of dry inert gas in storage; label vessel accordingly

9.3 If Vessel Will Be Scrapped



11.

Purge with inert gas and label accordingly (e.g. 'Purged with Nitrogen — To be scrapped')
Remove product identification labels and render nameplates unusable

Maintenance and Repair (Section 11)

Equipment shall not be taken out of service for repair until pressure is released and it is adequately
isolated

Any leakage shall be rectified promptly and safely; original spare parts preferred

Modifications in design, materials or equipment shall be approved by an authorized person;
documentation updated per ISO 21009-1

Hot work (welding, soldering, heat treatment) shall follow the same procedures as during
manufacture

PRV seal adjustment: valve shall be removed from service until reset and sealed by the
manufacturer or qualified company; a permanent tag with setting, capacity and date shall be
attached

After integrity-affecting repairs: vessel shall be inspected and tested per ISO 21009-1

Vessels shall be internally clean, dry and free from particulate matter; oxidizing fluid vessels shall be
free from oil and grease

Before entering the inner vessel: all confined-space hazards (oxygen enrichment/deficiency,
flammability) shall be considered and documented

Additional Requirements for Flammable Gases (Section 12)

11.1 General

When approaching a leak: product can ignite and produce a flame — hydrogen flames are
INVISIBLE

Personnel clothing shall protect against static charges and flames; electrically conductive footwear
shall be worn

Leaking valves under pressure shall only be tightened with non-sparking tools

11.2 Electrical Equipment

All equipment within the installation boundary shall conform to hazardous area classification
requirements

Personnel shall not carry open flames or non-approved electrical equipment in classified areas
(including mobile phones, radio-transmitters)

11.3 Grounding (Earthing)

All parts of the installation shall be bonded for electrical continuity

Maijor items (tank, vent stack) shall be bonded directly to earth — not relying on piping
Lightning protection shall be considered

Electrical equalization shall be made in a non-flammable environment before transfers

11.4 Installation (Flammable Gases)

Vessels for flammable gases shall NOT be installed indoors unless permitted by national regulations

Adequate distance between vessels for fire-fighting access; for cylindrical vessels: at least half the
vessel diameter, minimum 1 m



« All vent pipes, PRDs and purging valves shall connect to a dedicated vent stack that discharges
safely

* In explosion zones: only vessels and their operational equipment; non-explosion-proof vehicles
prohibited

» Storage areas > 50 t capacity: automatic fire/explosion detection systems connected to a
permanently manned position (e.g. control room) and an emergency shut-down system are required

+ Storage areas > 50 t: a visible wind direction indicator (e.g. wind sock) should be installed

11.5 Filling (Flammable Gases)

« Before transfer: connect earthing conductor, verify integrity of grounding system, purge fill hose(s)
free of air and impurities

11.6 Maintenance / Decommissioning (Flammable Gases)
» Purge with inert gas until flammable gas concentration < 10% of LEL before maintenance/taking out
of service

» Liquid hydrogen vessels: purge with HELIUM as the inert gas (enables subsequent liquid H2 fill
without additional purges)

» Ifliquid H2 vessel was purged with a non-helium inert gas: the inert gas must be purged with warm
hydrogen gas before liquid H2 fill

12. Emergency Equipment & Procedures (Section 13)

Emergency procedures shall be prepared to cover fire or any other hazardous events (e.g. spills) in
conjunction with emergency services.

12.1 Procedure Contents

Emergency procedures should consider: properties of the cryogenic fluids, quantities involved, local
topography, design and equipment of the vessel.

The procedure should include:
» Listing of required emergency equipment

* Nomination of back-up personnel/organizations and contact procedures (including outside working
hours)

* Immediate self-help actions (shut down, sound alarms, evacuation, summoning help)

12.2 Fire-Fighting
* For oxidizing and flammable cryogenic fluids: a fire-fighting system shall be considered (type and
quantity to be agreed with fire authorities)
*  Minimum: one suitable fire extinguisher for the surroundings
*  Water for cooling equipment: do NOT spray near relief-device vents — risk of plugging vents with ice
Procedures should be readily available to all personnel, regularly practiced, and periodically reviewed.

13. Key Changes from 2nd Edition (ISO 21009-2:2015)

* Updated definition of 'authorized person'
» Updated requirements for protective clothing against cryogenic fluid exposure



Added requirements for dealing with oxygen-enriched condensation

Added requirements to use risk assessment results for underground installations

Added requirements for gas monitoring systems and ventilation for underground installations
Added requirements to consider spill containment (diking) risks for outdoor installations

Added requirements: controls for filling indoor tanks from outdoor sources shall be accessible to the
operator; vents shall be piped to safe locations

Added requirement: automatic control devices shall fail to a safe operating mode on
power/pneumatic supply loss

Added requirement to remove moisture AND contaminants during first fill

Added option to use an approved first fill procedure instead of manufacturer instructions
Added requirement to ensure fill process does not exceed maximum level and pressure
Added requirement to cap fill fittings after filling to prevent moisture/contaminant entry

Added separate recommended purging procedures for hydrogen tanks (with helium) vs. other inert
gases

Updated safety distances for flammable cryogenic fluids



