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PREFACE

The British Compressed Gases Association (BCGA) was
established in 1971, formed out of the British Adene
Association, which existed since 1901. BCGA menmsbieclude
gas producers, suppliers of gas handling equipnagict users
operating in the compressed gas field.

The main objectives of the Association are to fertiechnology, to
enhance safe practice, and to prioritise enviroriedgaotection in
the supply and use of industrial gases, and weus®a host of
publications to this end. BCGA also provides advand makes
representations on behalf of its Members to reguyabodies,
including the UK Government.

Policy is determined by a Council elected from Memb
Companies, with detailed technical studies beindeuwaken by a
Technical Committee and its specialist Sub-Comméttappointed
for this purpose.

BCGA makes strenuous efforts to ensure the accuaadycurrent
relevance of its publications, which are intendent tise by
technically competent persons. However this daggemove the
need for technical and managerial judgement intmacsituations.
Nor do they confer any immunity or exemption froehervant legal
requirements, including by-laws.

For the assistance of users, references are gitbey in the text or
Appendices, to publications such as British, Euampeand

International Standards and Codes of Practice, andent

legislation that may be applicable but no represtért or warranty
can be given that these references are completgrant.

BCGA publications are reviewed, and revised if 3seey, at five-
yearly intervals, or sooner where the need is neiseg. Readers
are advised to check the Association’s websitensuee that the
copy in their possession is the current version.

This document has been prepared by BCGA Technicdd- S
Committee 1. This document replaces BCGA CP 3&jdtm 1,
2011. It was approved for publication at BCGA Tmichl
Committee 146. This document was first published®/05/2013.
For comments on this document contact the Assocdiatia the
websitewww.bcga.co.uk
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TERMINOLOGY AND DEFINITIONS

These terms are defined in the PresSystems Safety Regulations

(7).

Indicates an area between the tafik point and a tanker where the
process operating controls on both tank and tasukeeaccessible to the
operator during filling/discharging.

The competent person should have such practicdl theoretical

knowledge and actual experience of the type oftphdrich he has to
examine as will enable him to detect defects orkwesses, which it
is the purpose of the examination to discover, smdssess their
importance in relation to the strength and functminthe plant.

Equivalent levels of knowledge and experience é&se eequired for
competent persons engaged in the writing or cengfyf Written

Schemes of Examination.

For the purpose of this document cryogenic ligsidiquid oxygen,
nitrogen, helium and argon.

Indicates an area adjacent to the tank or filhpaihich surrounds the
tanker, when the latter is in the filling/dischargiposition, and which
includes the access apron.

Indicates an option available to the usehaf Code of Practice.

The insulation container.

Indicates a mandatory requirement for coamgle with this Code of
Practice.

Indicates a preferred requirement but
compliance with this Code of Practice.

i€ nmandatory for

Indicates an assembly, complete with a piggstem, of an inner
vessel and an outer jacket to contain insulatibhe insulation space
will normally be subject to a vacuum.

Indicates a pressure vessel, which mayagrmat be insulated.



BCGA CODE OF PRACTICE 36

BULK CRYOGENIC LIQUID STORAGE AT USERS’ PREMISES

1. INTRODUCTION

The objective of the BCGA Code of Practice is tokenaeference where applicable to UK

legislation and British Standards where these afiplgryogenic air gas systems and to take
into account the specific practices of the UK irtdakgas companies particularly in relation to

safety distances.

This Code of Practice is based generally on thefaan Industrial Gases Association (EIGA)
Document 115 (30)Storage of cryogenic air gases at users’ premibas,n some instances

gives more detailed requirements for the UK esfigciar tanks below 2,000 Litres. The

British Compressed Gases Association (BCGA) isefuhfor the active help and co-operation
of the Health and Safety Executive (HSE). Withleemission of EIGA, sections of the EIGA
Document have also been duplicated.

The BCGA wishes to acknowledge the work done byBIt@A committee that prepared EIGA
Document 115 (30).

The storage of cryogenic gases in the liquid statder pressure at users' premises not only
provides an efficient way of storing gas, but imm@® safety when used in conjunction with a
distribution system by eliminating the need forimger handling. However, the particular
properties of cryogenic gases necessitate certacaptions to be taken and certain rules to
be followed.

This document is intended for the guidance of thpsesons directly associated with the
design, operation and maintenance of bulk liquatagie installations. It does not claim to
cover the subject completely but gives advice amuull be used with sound engineering
judgment.

BCGA has also published Leaflet 12 (4B)quid gas storage tanks: Your responsibilities
which is a simple user guide that advises usersommzrs of liquid gas storage tanks on their
legal responsibilities and duty of care to enshed the equipment is maintained and operated
safely.

All new storage installations shall comply withgl@ode of Practice.

2. SCOPE

A cryogenic liquid storage system installation onsars’ premises is defined for the purposes
of this Code of Practice as the installed staticiti storage tank together with the control
equipment and safety devices, vaporising equipntieatstorage location, access apron and the
liquid transfer area.

This document applies to static, vacuum insulagatks with an individual water capacity up
to 125,000 litres operating at pressures greaten 5 bar above atmospheric pressure
designed to store cryogenic liquids.



This document may also be used as guidance faoallstsdns in excess of 125,000 litres
including multiple tanks operating as a single taakplicable regulations may impose
different safety distances and legal requirememnsTée Control of Major Accident Hazards
Regulations (COMAH) (6), see also HSE HSG 191 (Bhergency Planning for major
accidents

For cylinder filling depots operated by gas suppliandividual tank storage capacity is
normally less than 125,000 litres. In such cas€&RB Code of Practice (CP) 20 (3Bulk
liquid oxygen storage at production sitesixd BCGA CP 22 (33ulk liquid argon or nitrogen
storage at production siteshould only apply to these systems when the taigkmnected to a
manufacturing plant. However the minimum safetgtatices, the provision for periodic
inspection, testing and examination and the liqwahsfer area specified in this Code of
Practice may be applied.

Specifically excluded from this Code of Practice:ar

0] Transportable cryogenic liquid storage tankgfsas “liquid cylinders”,
cryogenic receptacles, containerised tanks, desvatsoad tankers).

(i) The storage of compressed gas cylinders. RefBCGA Guidance Note
(GN) 02 (44).

The BCGA have published the following Codes of Bcador liquefied gas systems not
covered by this Code:

BCGA CP 26 (36) Bulk liquid carbon dioxide storage at users’ pregsis

BCGA CP 27 (37) Transportable vacuum insulated containers of naemo
than 1000 litres volume

BCGA CP 30 (38) The safe use of liquid nitrogen desaup to 50 litres

Codes produced by other associations should baulteddor installations that include gases
not covered by the scope of this document nor ldetan the above references. Examples
include Liquefied Petroleum Gas (LPG) and Hydrogen.

3. GENERAL DESIGN CONSIDERATIONS

3.1 General
Gaseous oxygen, nitrogen, argon and helium areudeks, odourless and tasteless.
Nitrogen, argon and helium are non-toxic but asjdrytx

Oxygen is not toxic; it is slightly denser than.aiit is not a flammable gas but
vigorously supports combustion. Breathing puregexy at atmospheric pressure is
not dangerous although exposure for several hoang cause temporary functional
disorders to the lungs.



The following documents should be taken into coasition:

BCGA GN11 (45) Use of gases in the workplace. The managemennhs r
associated with reduced oxygen atmospheres.

EIGA Doc 4 (26)  Fire hazards of oxygen and oxygen enriched atmesphe

EIGA Doc 44 (29) Hazards of inert gases.

3.2 Properties of nitrogen, argon, oxygen and helia

The physical properties of nitrogen, argon, oxyged helium are given in Table 1:

Nitrogen Argon | Oxygen  Helium

Content in air Volume % 78.1 0.9 21 -

Gas density at 1.013 bar, 15 °C kg/m|  1.19 1.69 1.36 0.1
Boiling temperature at 1.013 bar °C -196 -186 -183 -269
Liquid density at 1.013 bar and boiling 0.8 1.39 1.14 0.1

temperature kg/l

Gas volume of the liquid at ambient 680 810 840 748
conditions | (gas) per | (liquid)

Table 1: Properties of cryogenic gases

Cold oxygen, nitrogen and argon vapours are hedlvéer air and may accumulate in
pits and trenches.

3.3 Precautions

The properties of oxygen, nitrogen, argon, andunelustify the following special
precautions:

3.4 Oxygen deficiency or enrichment of the atmosphe

The atmosphere normally contains 21 % by volumexgfien. Enrichment may give
rise to a significant increase in the rate of costiom. Many materials including
some common metals which are not flammable inraay burn in oxygen, when
ignited. Detailed information on this subject @tained in EIGA Document 04 (26),
Fire hazards of oxygen and oxygen enriched atmasghe

Nitrogen, argon and helium will act as asphyxidntslisplacing the oxygen from the
atmosphere.

The hazards from oxygen enrichment or deficienay explained in the BCGA /
EIGA documents detailed in Section 3.1.



Good ventilation shall always be provided in plaségre liquid cryogenic gases are
stored, used and / or transferred.

A risk assessment in accordance with the Confiret&s Regulations (3) should be
made where the use or leakage of these gases affetd the safety and health of
persons in a confined space.

3.5 Cryogenic burns

Severe damage to the skin may be caused by comtadiquid cryogenic gases, and
their cold gases or with uninsulated pipes or re@es containing liquid cryogenic
gases. For this reason appropriate personal pireeequipment, including gloves
and eye protection, shall be worn when handlingpgent in liquid cryogenic gases
service.

All the safety aspects of handling cryogenic liqoahnot be covered adequately in this
Code of Practice. The reader is therefore refetoethe British Cryoengineering
Society,Cryogenic Safety Manu#l9), for further information.

3.6 Air condensation

Ambient air may condense on uninsulated pipes aessels containing liquid
nitrogen and helium causing local oxygen enrichnodrthe atmosphere. Insulating
materials should be chosen bearing in mind thageryenrichment may occur.

3.7 Oxygen service requirements

3.7.1 Material compatibility

All materials used shall be oxygen compatible. tiBaar attention shall be
given to elastomers and soft sealing componentensi@eration shall be
given to the products of decomposition, especiallgreathing gas, medical
or food applications where toxins could give rige danger. If using
polytetrafluoroethylene (PTFE) tape it shall beaotordance with BS 7786
(20), Specification for unsintered PTFE tapes for geneiss

3.7.2 OQil, grease, combustible material and othefeign matter

Most oils, grease and organic materials constaufiee or explosion hazard
in oxygen enriched atmospheres and must on no atdoe& used on

equipment which is intended for oxygen service.ly@naterials acceptable
for the particular oxygen service application mayused. Sealing materials
should be prevented from intruding in to the gaw/fl Particular care should
be taken with thread sealing compounds and tape.

All equipment for oxygen service shall be speclficadesigned and
prepared.

3.7.3 Cleaning

Before putting equipment into service with oxygeither for the first time

or following maintenance, it is essential thataalifaces which may come
into contact with an oxygen enriched environmerm ‘alean for oxygen

service", which means: dry and free from any loosevirtually loose



constituents, such as slag, rust, weld residuastibj materials and entirely
free from hydrocarbons or other materials inconigp@tivith oxygen.

The maintenance and assembly of equipment for axggall be carried out
under clean, oil free conditions. All tools anafective clothing (such as
overalls, gloves and footwear) shall be clean awe Df grease and oill,
where gloves are not used, clean hands are edsentia

Degreasing of an installation or parts of it dengtite use of a degreasing
agent which satisfies the following requirements:

No or slow reaction with oxygen.

No or low toxicity (low vapour pressure to keep oap
concentration below threshold limit).

Material compatible with oxygen.

It is important that all traces of degreasing ageare removed from the
system prior to commissioning with oxygen. Someerag, such as
halogenated solvents, may be non-flammable in kait, can explode in
oxygen enriched atmospheres or in liquid oxygen.heW¥ the user or
installer is unsure of the cleaning process to beduspecialist cleaning
companies should be employed. These companieddsiateo take the
responsibility for the supply of appropriately retgred chemicals and the
safe and legal disposal of used cleaning agents.

Good housekeeping is necessary to prevent contdomnay loose debris or
combustibles.

Nitrogen, argon, and helium do not react with gilgpease, but it is good
practice to apply a high standard of cleanlinedkbpagh not as stringent as
those required for oxygen installations.

Advice on the cleaning of oxygen systems is givanthe following
documents:

EIGA Doc 33 (28) Cleaning of equipment for oxygenvice.

Guidelines gives practical guidance on how to pepa
equipment for oxygen service.

BS IEC 60877 (24) Code of Practice for procedures énsuring the
cleanliness of industrial process, measurement and
control equipment for oxygen service.

BCGA Technical Replacement substances for the cleaning of oxygen
Report TR3 (43)  system components.

This Technical Report gives information about clegn
oxygen system components without the use of chémica
solvents.
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3.8 Embrittlement of materials

Many materials, such as some carbon steels andicglaare brittle at very low
temperatures and the use of an appropriate matmakhe service conditions
prevailing is essential.

Metals suitable for cryogenic liquid service inau@ % nickel steel, 18/8 stainless steel
and other austenitic stainless steels, coppertamdloys and aluminium alloys.

PTFE is the most widely used plastic material &alisig purposes in cryogenic service
but other reinforced plastics are also used. &ahér information on materials see BS
5429 (18),Code of Practice for safe operation of small-scelerage facilities for
cryogenic liquids

3.9 Fire precautions

The storage of cryogenic liquids shall be considerethe site fire risk assessment.
Inert gases do not pose a risk of fire enhancernentlo present a risk of container
rupture due to over pressure. Oxygen is not arflable gas but vigorously supports
combustion. Refer to The Regulatory Reform (Feée§y) Order (9).

Oxygen is within the scope of The Dangerous Sulkstand Explosive Atmospheres
Regulations (DSEAR) (8) and requires a risk assessnm accordance with these
regulations. Guidance on DSEAR Risk Assessmentagable in BCGA GN 13 (46).

Flammable substances and combustible materialddsinob be stored or allowed to
accumulate in the vicinity of cryogenic liquid iaBations. This is particularly

important for oxygen storage where a leak couldseaspontaneous combustion of
accumulated materials.

3.10 Hot work
No hot work shall be performed in the immediatenitg of the installation without a
Permit to Work. See Section 8 - Training.

3.11 Ignition sources
Smoking and naked flames shall be prohibited withim minimum safety distances
specified in Section 4.3.

For electrical equipment, see the safety distanegraim for oxygen storage in
Appendix 3.

3.12 Insulation materials

The components used in insulating all cryogenid@gant shall be compatible for
oxygen service. This is because cryogenic equipeencause local areas of oxygen
enrichment by preferentially condensing oxygen ftbmair.

3.13 Regulation and codes

This Code of Practice describes minimum requirementAll relevant statutory
regulations shall be applied and relevant Codéxactice, standards and specifications
shall be taken into account in the designs andliatibns covered by this Code of
Practice. See Section 9 - References.



LAYOUT AND DESIGN FEATURES

4.1 General

The installation shall be sited to minimise risk gersonnel, local population and
property. Consideration should be given to thation of any potentially hazardous
processes in the vicinity, which could jeopardiseihtegrity of the storage installation.

An installation may, because of its size or strategration, come within the scope of
specific planning controls. If so, the siting afygoroposed installation shall be
discussed and agreed with the local authority gpdopriate sections of the Health and
Safety Executive.

4.2 Design and manufacture of the tank

Tanks and associated equipment shall be designedufactured and installed in
accordance with recognised pressure vessel, sttaag@nd piping codes that meet the
requirements of the Pressure Equipment Regulati)ns

Tanks containing a gas at a pressure of less thalpad above atmospheric pressure are
not covered by the Pressure Equipment Regulat®nsHowever, in order to comply
with regulation 4 of The Provision and Use of W&§uipment Regulations (4), the
tank should be properly designed and properly coctgtd from suitable material so as
to prevent danger. This is best guaranteed byradbe to a recognised design standard
for this type of tank and its intended use.

Where appropriate, tanks shall be designed to taitllswind loads in accordance with
the appropriate design codes e.g. BS EN 1991 ELi#fhcode 1. Actions on structures.
General actions. Wind actions

4.2.1 Materials

All components shall be constructed from mater@spatible with the
liquefied gas in service, and with the temperature pressure conditions to
which they will be subjected.

All materials of construction for tanks which mag lnsed for oxygen
service shall be oxygen compatible, including aflulation, getters, piping,
valves, gaskets, seals and instruments.

These considerations shall be also taken into atcethen designing
pipework systems and their accessories connectéuettank, for example
fill, product withdrawal and vent lines.

4.2.2 Tank pressure relief devices
Each tank shall have pressure relief devices oh Hw inner vessel and
outer jacket.

Inner vessels shall be protected by at least twlepandent safety devices.
Typically, a pressure relief valve and a separatsting disc will be fitted.
Combinations of smaller capacity relief valves ¢enused to achieve the
required rate of relief. Safety relief systemswticcomply with BS EN
13648 (21), Cryogenic vessels. Safety devices for protectioainag
excessive pressure



EIGA Document 24 (27)Yacuum insulated cryogenic storage tank systems
pressure protection deviceprovides a code of practice for pressure
protection devices for static cryogenic vacuum liasd storage tanks.

For sizing the relieving capacity of pressure fetievices all operational
conditions shall be considered including:

(@) Boll off rate (including a safety factor) in casé iasufficient
insulation due to loss of vacuum.

(b) Flash gas from filling operations of road tankers.
(c) Malfunction of control valves in pressure raisilygtems; or

(d) Any other foreseeable source of energy input iht \tessel i.e.
fire, pump recycle systems.

Consideration shall be given to the provision ofoselary relief devices,
such as bursting discs, depending on the degreiskofissociated with the
installation and prevailing climatic or environmaintonditions, e.g. icing
due to high humidity, corrosion etc.

At least one online pressure relief valve (or cambon of small relief
valves) shall have a capacity and set-point thdit pvevent the pressure
within the vessel exceeding the maximum allowabtakmg pressure in
accordance with the applicable vessel design cdde combined capacity
of all online relief devices shall be sufficientpoevent the test pressure of
the tank being exceeded, in the event of loss ofima combined with the
pressure-build up system failing in the open positi

It shall not be possible to isolate a combinatibretief devices which could
result in a reduced relieving capacity.

If a three-way valve is installed to accommodate pwessure relief devices
operating either simultaneously or alternativehert the size of the three-
way valve and the inlet pipework shall be such tthat vessel is always
adequately protected.

If the outlet of a relief valve is connected to gnigework, nozzle, elbow or
relief valve header, any imposed back-pressure Baahcluded in the relief
valve sizing calculation.

The relieving devices shall be designed to opestietively across the full
range of working temperatures.

All pressure relief devices shall be orientateduch a manner as to prevent
the accumulation of water or other contaminatiomiclw could result in
incorrect operation.

Installation and orientation of the relief devidealt be in accordance with
manufacturers recommendations. Consideration Bleadjiven to the thrust
resulting from operation of the relief device am@ taffect on the device,
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pipework and vessel nozzle. Provision of additiosapports may be
required to control imposed thrust forces.

Due consideration shall be given to the directibargy relief device vent so
that it does not affect the safety of personnaduripment. Consideration
shall also be given to the ease of access to the-thay change over valves
for operation when a relief device is discharging.

Outer jackets need not be designed to a pressasehMdesign standard, but
they shall be capable of withstanding full vacuum.

Outer jackets shall be fitted with a device toaeé pressure increase in the
event of a leak from the inner vessel. The desiwdl be set to open at a
pressure of not more than 0.5 bar. The dischaegea the pressure relief
device shall be not less than 0.34 fpar litre capacity of the inner vessel
but not less than 10 mm diameter.

4.2.3 Markings

The tank shall be marked in accordance with thelirements set out in
paragraph 3.3 of schedule 2 of the Pressure EquipRegulations (5). The
safe operating limits should be readily accessible.

4.3 Minimum safety distances
Minimum safety distances are defined as the distdirmn the exposure or item to be
protected to the nearest of the following:

(@  Any point on the storage system where in normataijmn leakage or
spillage can occur (e.g. hose couplings, includimagse on extended
fill lines, relief valve vents, etc), or

(b) the tank outer jacket, or
(9 the tank nozzles.
Minimum safety distances are intended to:

() Protect personnel from exposure to hazardousospheres and to
prevent fire enhancement in the event of a relebbguid oxygen.

(i) Protect the installation from the effects dfetmal radiation or jet
flame impingement from fire hazards.

The minimum safety distances given in this Cod@maictice are based on experience
and calculations of minor release. The minimumetyadistances given are not

intended to protect against catastrophic failurehef liquid storage vessel. Previous
operating history, the protective devices fittechtenial properties and the mode of
vessel construction support this philosophy.

The distances given in Appendix 3 are intendedrtaept the storage installation as
well as personnel and the environment. They ansidered to give protection against
risks involved, according to practical experienicethe normal operation of storage
installations, covered by this Code of Practice.
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These distances correspond to well establishedtigga@nd are derived from
operational experience within Europe and the US/ey relate to over hundreds of
thousands of tank years in service.

Shorter distances may be used if a site specsk assessment in line with EIGA
methodology (using HSE fatality rates) indicatesaaceptable level of risk.

Consideration shall be given for provision to divany spillage towards the safest
available area.

Where the required minimum safety distance canretabhieved, a permanent
physical partition may be used. The safety distanay then be measured around the
ends of the partition to the installation. Suchtipans should be of at least 60
minutes’ fire-resisting construction, imperforatedaconstructed of materials such as
solid masonry or concrete. They should be not fleaa 2.5 metres high. See also
HSE L136 (13)DSEAR Approved Code of Practiaed BS 476 (16)Fire tests on
building materials and structures

The distance between the installation and the exposround the ends of the
segregation walls should be equal to or greatar tha separation distance given in
Appendix 3.

Care must be taken to ensure that good ventil&iogtained. Where access is required
for maintenance, a minimum clearance of 0.6 methedl be maintained between the
barrier or wall and the installation to allow fraecess and egress from the enclosure. It
is recommended that walls should not be construotednore than two sides of the
installation. Where this is unavoidable a riskeasment shall be conducted.

4.4 Location of the installation
Consideration shall be given to the consequencesyfiquid spillage from the tank
and resultant vapour clouds when choosing a locdtiothe tank.

When gas is not being withdrawn, pressure withentdmk will gradually increase to
the point where the relief valve will lift. Althgin the rate of gas discharge is small,
precautions shall be taken to avoid the build ugasfgerous atmospheres.

Storage installations should be situated in thenapein a well-ventilated position and
where there is no risk of damage by passing vehicle

Storage tanks should be at the same level as tikertgparking area to enable the
operator/driver to control the transfer operations.

Tanks below 2,000 litres may be installed integnptiovided that:

(@) The exhaust of the vessel pressure relief devand the vents are
piped away to a fixed safe external location, or

(b)  the installation is within an enclosed space ofgadée size such that
using the calculation in Appendix 6, the releasgad will not result
in an atmosphere with an oxygen concentration dettie limits of
19.5 % and 23.5 %.
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Consideration shall be given for the tank to beteg@nn an emergency and during
filling. This may be achieved by the use of thedock / vent exhaust in which case
they shall be piped away to a fixed safe exteroedtion that is visible from the fill
connection.

NOTE:

(@) and (b) only provide protection agaiisks presented by releases from the

tank and not through the use of the product.

A road tanker, when in position for filling from discharging to the fill connection,
should be in the open air. Tanker operators $feale easy access to and from the fill
connection.

The formula in Appendix 6 may still be used to a#te the effects of minor
leakages, e.g. from try-cock or thermal relief ealv

Consideration shall also be given to the use ofgerymonitors where ventilation
arrangements are poor and it is not practical toesse natural ventilation or install
forced ventilation.

When installed internally, locations should be @&wosn the following order of
preference:

(1) In a ventilated room sealed from other areasaymal occupancy.

(i) At or above ground level adjacent to an outsidall as far as is
practicable away from normal work locations.

(i) At or above ground level, as far as is preable away from normal
work locations.

(iv)  Below ground level as far as is practicableagvirom normal work
locations.

Tanks of a capacity greater than 2,000 litres shall be located where natural air
ventilation is inhibited, unless they are subjecteda suitable and sufficient risk
assessment. Examples of locations where suchsgdssments are required are:

(A) Inside structures with two or more sides and a.roof
(B) Enclosed on three or more sides.

(C) Below ground level or where there are pits, ditciwed other ground
depressions.

4.4.1 Gas detection

Asphyxiant or oxygen rich atmospheres are creatednwgas or liquid is
released and the local ventilation is not suffitienprevent a dangerous gas
concentration accumulating. The best precautioainag this situation
arising is to increase the ventilation level. tlfsi not reasonably practicable
to provide additional ventilation, appropriate gitection equipment that
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incorporates a warning alarm shall be consideréde following provides
some guidance on the selection of appropriate eugrmp.

Before detector equipment is specified the intendischtion shall be
assessed to establish persons at risk, what gasssnp a risk, where the
gases may accumulate (taking into considerationptbperties of the gas)
and an appropriate location for the detector megsent head.

Oxygen monitoring shall be considered where therea irisk of oxygen
levels depleting below 19.5 % or above 23.5 % \wos&kplace.

Detector displays and warning signs shall be ssiedhat they are clearly
visible to personnel before entering the affecteda

Detection equipment should be installed, maintairead tested in
accordance with the manufacturers recommendations.

Guidance on assessing ventilation requirements&ngn Appendix 6.

4.4.2 Protection against electrical hazards and ligning

The location shall be chosen so that damage tanstallation by electric
arcing from overhead or other cables cannot occiirotection against
lightning is not normally required, but may be resagy to comply with local
conditions or site regulations. Any necessarythgty protection should be
installed in accordance with BS EN 62305 (Zsptection against lightning

Flame proof, explosion proof, or other forms ofssified electrical equipment
are not necessary for cryogenic liquid systemsesiribe products are not
classified as flammable gases according to BS EQr®(Q22), Explosive
atmospheres. Electrical installations design, sit& and erection Where
applicable, electrical equipment, which is necessar the installation shall
be to BS EN 60529 (23ppecification for degrees of protection provided by
enclosures protection class IP54 or better. For more seeergronmental
conditions protection class IP55 (designed to ptagainst water jets) should
be used. Consideration should be given to eanttlibg of the installation
and pipework. All electrical installation shallmply with current electrical
legislation.

4.4.3 Installation level and slope

Where liquid cryogenic storage tanks are requiredbe installed at an
elevated level, they shall be supported by purglestgned structures which
should withstand or be protected from damage bggawic liquid spillage.

The slope of the ground shall be such as to allofase water run off.

Where liquid oxygen storage tanks are requiredednistalled on a slope,
consideration shall be given for the prevention difecting hazardous
materials, such as oil, towards the oxygen ingtaflaor of directing any
oxygen spillage towards locations where people araisk or towards
hazardous materials.
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4.4.4 Position of gas vents

Vents, including those of safety relief devicesalskient to a safe place in
the open and comply with the safety distances showkppendix 3. They
shall be directed so as not to impinge on persomuelupied buildings and
structural steelwork.

Oxygen vents shall be so positioned that the floewnf them cannot mix
with that from flammable gas or liquid vents.

Consideration shall be given to the prevention afuaulation of water,
including that from condensation, in vent outlets.

All vent systems shall be adequately supportedofme cwith loads created
during discharge.

4.4.5 Vapour clouds

Vapour clouds may be formed during normal operadiba cryogenic system
e.g. from vaporisers, from venting during liquidrisfer or from the operation
of protective devices. The extent of the visibégaeur cloud resulting from
product release should not be relied upon to ingitze limit of an enriched
or depleted oxygen atmosphere.

Vapour clouds from releases are generally low hytypically below waist
height). Such vapour clouds may be quite extendeending on weather
conditions and persons working below ground oot level in the vicinity
may be at risk.

When siting an installation, due consideration Istz given to the
possibility of the movement of vapour clouds, argging from spillage or
venting, which could be a hazard from oxygen emneht / deficiency or
decreased visibility e.g. crossing roads. The atieng wind direction and
the topography shall be taken into account.

In the case of oxygen refer to:

(i) BCGA Technical Report 1 (410 method for estimating the off-
site risks from bulk storage of liquefied oxygen.

(i) BCGA Technical Report 2 (42)The probability of fatality in
oxygen enriched atmospheres due to spillage oflligxygen

In the case of nitrogen and argon refer to:
(i) BCGA Guidance Note 1145), Reduced oxygen atmospheres.
The management of risk associated with reduced emxyg
atmospheres resulting from the use of gases iwtrkplace
4.4.6 Liquid transfer area

The liquid transfer area should be designated aPiking’ area and should
be level.
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A road tanker, when in position for filling from adischarging to the

installation, shall be in the open air and not e iwalled enclosure from
which the escape of liquid or heavy vapour is retstl. Tankers should have
easy access to and from the installation at aé$im

The installation shall be protected from vehicwlamage that could result in
product release.

The liquid transfer area should normally be locasstjacent to the fill
coupling of the installation and be positioned ulcls a way that it facilitates
the movement of the tanker in the case of an emeygeExtended fill lines
should be avoided if possible. Unless the tan&piscifically designed for
remote filling, suitable ‘repeater’ gauges and ealghould be installed at the
extended fill point. The length of extended fifitines should be kept to a
minimum.

Transfer of liquid with the tanker standing on pebproperty is not
recommended. However, if this cannot be avoideel htazard area shall be
clearly defined, using suitable notices during tfeasfer period. Access to
this area during transfer shall be strictly coréabl

The road tanker transfer area for oxygen instaltati shall be made of
concrete or any other suitable non-porous non-caiitle material. This
also includes any expansion joints.

See Appendix 4 for a diagrammatic view of a liquahsfer area.

4.4.7 Ventilation of ancillary equipment enclosure

Where pumps and / or vaporising equipment are éalcet enclosures, these
shall be properly ventilated. Openings used faeas and/or free or forced
ventilation shall lead to a place where there & fescape for cold vapour
and, in the case of oxygen, where there will be asgcumulation of
combustible material liable to form a hazard.

Personnel and equipment should be protected frgnoaygen pump fire by
means of barriers or suitable shielding. Openusgsl for access and / or free
or forced ventilation shall lead to a place whérere is free escape for cold
vapour and where there will be no accumulation ahloustible material,
liable to form a hazard.

4.4.8 Equipment layout

The equipment shall be installed so as to providiee&sy access, operation
and maintenance. Consideration should be givethédocation of valves

pipework and controls etc. to ensure these aréyemsiessible. Equipment,

pipework and cables should be installed so as toinmse hazards e.qg.

tripping, and allow safe access and egress ta#taliation.

449 Pressure relief devices

Pressure relief devices shall be provided to prewear pressure, where this
can occur, including situations where liquid cartrbpped.
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Consideration shall also be given in the desigthefinstallation to facilitate
the periodic testing of the pressure relief deviq&ee Section 6.1.2).

Installation design shall ensure that the risk i@&spure relief and vent line
blockage is minimised, and that intended purge \amt operations can be
safely and effectively carried out.

4.4.10 Isolation valves

Any primary process isolation valve shall be lodades close as practical to
the vessel itself and be easily accessible. Rroteagainst over pressure
shall be installed between any two isolation valwdsere liquid or cold
vapour can be trapped and the position of isolataiwes should be such that
they can be afforded adequate protection againstaga from external
sources.

4.4.11 Secondary isolation valves
A secondary means of isolation should be providedttiose lines greater
than 9 mm nominal bore which

(i) emanate from below the normal liquid level and

(i) have only one means of isolation between taektand the
atmosphere (such as liquid filling lines),

to prevent any large spillage of liquid should gnenary isolating valve fail.

The secondary means of isolation, where provideay tve achieved for
example, by the installation of a second valve pol-return valve.

Suitable means shall be provided for preventingbihiéd up of pressure of
any trapped liquid.

4.4.12 Couplings

In certain cases, filling the incorrect fluid indotank may create an unsafe
condition; therefore liquid fill connections shoulse different for the
product categories detailed in Table 2.

Nitrogen / Argon
Oxygen / Medical Oxygen
Helium

Table 2: Product Categories

4.4.13 Backflow prevention

Consideration should be given to the fitting oftahbie devices to prevent
backflow and possible contamination or over-prasation from the user
system.

4.4.14 Fencing

Fencing is required to prevent access of unauthdneersons, where other
means are not provided.
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On controlled sites with sufficient supervisiondaery is optional.

Where fencing is provided and access around thk tmnrequired for
maintenance, the minimum clearance between thesfand the installation
shall be 0.6 m to allow free access and escapeifisitie the enclosure.

For ‘open’ fences, the safety distances given impéumix 3 will apply
regardless of the position of the fence.

The height of the fence shall be a minimum of 1.8 m

Timber or other readily combustible materials simalf be used for fencing
around oxygen tanks.

Any gates should be outward opening and wide entmghovide for an easy
access and exit of personnel.

Gates shall be locked during normal operation. Sitlanation should be given
to the provision of an additional emergency exievehthe size of fenced area
or equipment location necessitates this. Whertalied, all emergency exits
are to open in the direction of escape and are tiitted with panic furniture
of a type not requiring a key, card, or code torop&hey are to provide an
unobstructed means of escape and in operationcar® mbstruct any other
escape route. These exits are to be properly ifd®hty signage, and
maintained in a serviceable condition at all timégy emergency exit gate
should be, at least, 0.8 m wide.

4.4.15 Vaporisers
Vaporisers may be an integral part of the tankrabbge or may be added as
part of the installation.

Vaporisers shall be adequately sized for the d#-teate specified by the
customer. Where necessary a device to restridtaveto the maximum flow
capacity of the vaporisers shall be installed.

Measures shall be taken to prevent the system tamope downstream of the
vaporiser dropping to a value which could causeatpnto pipework, etc.

The position of ambient vaporisers can severelgcaftheir performance, as
they rely on the free movement of air.

4.4.16 Foundations

The tank supplier will provide indicative foundaticequirements but it is the
responsibility of the user to ensure the tank famiiod is designed to safely
withstand the weight of the tank and its conterts pther possible loads
resulting from wind, snow, earthquake etc.

In the case of oxygen:

(i) The foundation on which the equipment is instaldall be
made of concrete or any other suitable, non-flanmiejaénd
non-porous material.
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(i) Expansion joint materials shall be acceptable fee wvith
liquid oxygen, however the design should avoid t@iwithin
1 m of the hose coupling points and any operatidmadharge
points.
Accumulation of water shall be avoided.

4.4.17 Bolting down
Generally, tanks below 2,000 litres do not needifmgldown and therefore
do not have any provision for bolting down.

Many factors determine whether a tank needs to dited down. The
following are some of the main factors that shdddconsidered:

(i) Seismic activity.

(i)  Wind speed.

(i) Topography (nature of surrounding terrain).

(iv) Ground roughness (open or protection provided).
(v) Tank shape factor (L/D ratio, attachments to tank).
(vi) The potential to tip the foundation.

The principles of BS EN 1991 (17) shall be followteddetermine bolting
down requirements.

4.4.18 Other requirements

The location chosen for the installation shall lseeptable to both the gas
supplier and the user and shall be exclusivelyrvesefor the storage of
cryogenic liquids.

Any modifications shall be carried out in accordamnith the applicable
design code and in consultation with the gas sappli

ACCESS TO THE INSTALLATION

51 Means of Escape

Consideration should be given to the provision feanergency exit where there is a

risk of persons becoming trapped by a releasecafyut.

5.2 Personnel

The installation shall be so designed that autedrgersons shall have easy access to

and exit from the operating area of the instaltaad all times.

Access to the installation shall be forbidden touslauthorised persons. Warning
notices shall support this. See Figure 1.
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5.3 Access to installation controls
Filling connections and equipment controls shalldmmated in such a way that easy
access to them is provided.
Filling connections and equipment controls showddzated in close proximity to each
other and in such a way that tanker controls amficators are visible and easily
accessible from the tanker operator’s position.
5.4 Notices and instructions
5.4.1 General precautions
Notices shall be clearly displayed, to be visibalhtimes, on or near the
tank, particularly at access points, the followstguld be considered:

() LIQUID NITROGEN / ARGON / OXYGEN / HELIUM (as
appropriate)

(i) NO SMOKING *
(i) NO NAKED LIGHTS *

(iv) NO STORAGE OF OIL, GREASE OR COMBUSTIBLE
MATERIALS *

(v) AUTHORISED PERSONS ONLY
(vij EXTREME COLD HAZARD
In addition for argon, nitrogen, and helium storaggtallation
(vi) ASPHYXIATION HAZARD
In addition for oxygen storage installation
(vii) OXIDISING SUBSTANCE
* Although nitrogen / argon / helium are inert gast is recommended that
smoking and open flames are prohibited within thenediate area to avoid

the possibility of causing fire.

A pictograph should be used instead of writtenaastiwherever possible. For
examples see Figure 1.
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DAADR®

POTENTIAL
ASPHYXIATING
ATMOSPHERE

Potential Cryogenic Oxidising  Nonaked No Smoking No
Asphyxiating Liquid Substance  flames Unauthorised
Atmosphere Access

Figure 1: Examples of pictographs

These signs shall comply with The Health and SatSigfety Signs and
Signals) Regulations (2) and with BS 1ISO 7010 (I&aphical symbols.
Safety colours and safety signs. Registered ssifgty

A sign shall be displayed showing:

(@) Gas supplier's name and local address.

(b) Gas supplier's emergency phone number.
This information should also be available at a cangoint.

5.4.2 ldentification of contents
The storage tank shall be clearly labelled "LIQINDTROGEN"; "LIQUID
ARGON?”, “LIQUID HELIUM” or "LIQUID OXYGEN" as apprariate.

The storage tank or compound should be clearly llEbewith the
appropriate  UN number(s) as defined in the Unitedtiois Model
Regulations for the Transport of Dangerous Good. (1

The connection fittings of multi-storage instaltais or long fill lines shall
also be clearly marked with gas name or symbokdeioto avoid confusion
(see also 4.4.12).

5.4.3 Legibility of notices
All displayed notices shall be kept legible, visilaind up-to-date at all times.

5.4.4 Labelling — Food Regulations
Where the gas in the tank is used either as pacagi propellant gas for
foodstuffs or beverages, the tank shall also belliedb in accordance with
the Food Additives Labelling Regulations (1). Téesquire the following
information in additional to the above:
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() The product name shall be followed by the appeaie ‘E’
number as detailed in Table 3:

Product ‘E’ Number
Carbon Dioxide 290
Nitrogen 941
Argon 938
Oxygen 948
Helium 939
Nitrous Oxide 942

Table 3: Food Additive ‘E’' Numbers

(i) The statement “for use in food”, or anotheatstment referring
more specifically to the use for food for which thackaging or
propellant gas is used.

(i) A mark identifying the batch or lot from whicthe gas came.
The letter “L” shall precede this mark, unless #& clearly
distinguishable from other markings.

5.4.5 Operating and emergency instructions

Operating and emergency instructions shall be gealiby the gas supplier
and shall be available and understood by the usferrdo commissioning the
installation.

These instructions shall be kept up-to-date.

TESTING AND COMMISSIONING

Testing of the installation

Prior to commissioning the following tests shalldagried out by the supplier or his
representative in accordance, with establishedephares.

6.1.1 Pressure test

Works manufactured storage tanks and pressurelyesgghe installation will
already have been tested / inspected in compliaitbethe relevant Pressure
Vessel Code in the manufacturer's workshop prioth® first installation.
This should be verified from the name plate attdcteethe vessel. Further
pressure tests shall not be carried out on theelv@sthout reference to the
vessel design documents and tank history.

In order to ensure the integrity of the installati@ pressure test shall be
carried out on site-erected piping / systems iro@ance with design codes
and appropriate standards. Precautions shall kem t&d prevent excessive
pressure in the system during the test. Followang hydraulic test, the

system / equipment shall be drained, thoroughlgddout and checked for
moisture content.
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Where a pneumatic pressure test is specified,gatra@r dry oil-free air shall
be used as the test medium. The pressure in #tensyshall be increased
gradually up to the test pressure. Pneumatic predgsting is potentially
hazardous and should be carried out in accordanbeH8E Guidance Note
GS4 (14) Safety requirements for pressure testing

Any defects found during the testing shall be fiettiin an approved manner
and the system then retested.

A leak and function test shall be carried out iocedance with HSE Guidance
Note GS4 (14) and at a pressure in accordancethétrapplicable code or
regulation.

Pressure tests / leak tests shall be witnessedcbynpetent person and a test
certificate signed and issued. Such certificatieall sbe kept for future
reference.

6.1.2 Pressure relief devices

A check shall be made to ensure that all trandpoking devices have been
removed from pressure relief devices of inner Vessger jacket and piping
systems and that the devices are undamaged andrking order. The

relief device set pressure (stamped on or attathezhch device) shall be
checked to see it is in accordance with the maxinpenmissible operating
pressure of the system.

Relief valves must have a valid test certificate b covered by an
appropriate batch test certificate or be subjetted successful functional
test the results of which shall be recorded.

Where relief devices are adjustable, tamper prewsfags shall be fitted.

Adjustment of controlling devices

The controlling devices shall be adjusted to tlypimed operating conditions of the
system and be subjected to a functional test.

Posting of notices

Notices (see Section 5.4) shall be posted befatenguhe installation into service.

Commissioning

Prior to first fill checks shall be carried outdnsure the suitability of the installation
for commissioning.

Commissioning shall only be carried out by expereshpersonnel and in accordance
with a written procedure which ensure that:

(1) The appropriate pressure and leak tests have kseied out and
documented.

(i) A check has been made that the installation corddorthe process
and instrumentation diagram.
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(i) A visual check has been made to ensure that backfiem the
system into the container, e.g. from high-pressyss cylinders, is not
possible.

(iv) A check has been made that liquefied gas cannanhbedrapped in
any part of the system not protected by thermafrelevices or reach parts
of the system not designed for low temperature use.

v) A check has been made that the correct safety eleaie fitted.

(vi) A check has been made that all warning and ideatifin labels are
clearly displayed and that they are correct forgtasuct being stored.

(vii)  An ageing pressure equipment assessment in accerdatn BCGA
CP39 (39),In-service requirements of pressure equipment liestaat user
premiseshas been conducted to identify the in-serviceiregqents.

(viii) A written scheme of examination, in accordance wita Pressure
Systems Safety Regulations (PSSR) (7), has beewmdup by a competent
person. A written scheme of examination shall dguired for the system.
The responsibility for providing and complying withis scheme lies with
the user. Where systems are leased or hired tle may transfer his
responsibility to the owner by written agreementdgccordance with PSSR
(7) Schedule 2). Additional information is avaialin BCGA CP 23 (34),
Application of the Pressure Systems Safety Regntg&a#000 to industrial and
medical pressure systems installed at user premises

(ix)  An initial examination has been completed if regdiby the above
written scheme.

In addition, procedures shall be in place to enslueefollowing significant risks are
addressed:

(@) Thermal shock.

(b) Rapid pressure rise.

(c) Contamination in oxygen systems leading to ayidion.
(d) Noise.

(e) Gas release.

6.5 Handover
The owner or the installer shall be responsibletierhandover to the user.

The handover shall include:
(1) A demonstration of the correct operation of theigopent.

(i)  Training of user personnel in accordance vi#ttion 8.
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(i)  The provision of a contact address and emecgdelephone number
should the user have any questions about his lizisbe.

Handover documents shall include a minimum of:

(@) A manual covering operation and care of th&alfetion.

(b) A Safety Data Sheet, which gives informatioraatordance with the
requirements of the Chemicals (Hazard Informatiowd @&ackaging for
Supply) Regulations (10) and the European reguladio the Registration,
Evaluation, Authorisation and restriction of Cheatsc(REACH) (12) and
which deals with the prevention of accidents agsirom the uncontrolled
escape of product from the installation.

7. OPERATION AND MAINTENANCE

7.1

Operation of the installation
7.1.1 Putting into Service (first filling)
The gas supplier shall:

(i) Ensure that the user understands his respdtisbiunder the
PSSR (7) and has made arrangements for them tdfitled.

(i) Establish and agree with the user proceduneshfe safe filling
of the tank.

When a tank is to be filled for the first time, tfw@lowing checks shall be
made in addition to those required in Section 6.4:

(@) Check that all appropriate documentation ferghrticular tank
and accessories is available.

(b) Check that valves, relief devices and accessorare
appropriate for the intended service, comply whik process flow
diagram and are appropriately marked.
(c) Check that all valves are easy to operate.
The tank shall be cooled down and filled accordimghe manufacturer’s
recommendations. Steps should be taken to avaidnirolled pressure rise
due to rapid liquid evaporation.

Measuring and control devices shall be checkedcéorect operation and
adjusted where appropriate.

A check should be made for leaks on all pipewortt fitings and remedial
action taken where necessary.
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EIGA Document 151 (31Rrevention of excessive pressure during filling of
cryogenic vesselsprovides guidance to the filler / owner of either
transportable or static cryogenic tanks, detaitimg systems and procedures
that can be used to prevent them being over priessiiduring filling.

7.1.2 Operating personnel and procedures
Only authorised persons shall be allowed to opethte installation.
Operating instructions shall be supplied to opagagersonnel.

The instructions shall define the safe operatimgité of the system and
include the necessary safety information relatiogtite product and the
installation.

In general such instructions should be written pregented in a clear concise
format.

For the convenience of the operator the suppligr codour code or identify
by other means the hand wheels of these valveshvdrie to be shut in an
emergency. These valves should normally be:

() Feed and return valves to and from the pressurtd up
vaporiser.

(i) Feed valve to the product vaporiser.
(i) Customer supply line isolation valve.
(iv) Any withdrawal valve.
The number of valves will vary, depending on thegetpf the installation.

7.1.3 Operating difficulty or emergency

If during the operation of the installation an erston occurs outside the safe
operating limits of the system (e.g. overpresstapid temperature change),
or mechanical damage, this shall be reported imetelglito the gas supplier
and/or tank owner so that a decision about tharaeed use of the tank can be
made and a programme of inspection drawn up byngpetent person and
implemented.

Any operating difficulty or emergency, concernirg tinstallation that does
not respond to measures covered by the instructsiadl be referred to the
gas supplier.

In service inspection and maintenance

All aspects of in service inspections and mainteaaare addressed in BCGA CP39
(39) and the details for cryogenic systems areatoet in BCGA CP39, Module 1
(40), In-service requirements of cryogenic storage systenser premises

Storage tanks are required to be rigorously ingukeanhd approved by the Competent
Person during manufacture and thereafter be peatigiendorsed by the Competent
Person as being fit for continued service. BCGA £% (35), Revalidation of

cryogenic static storage tankprovides guidelines for the periodic revalidatioh o
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cryogenic liquid storage tanks which can be incoaper into either the Written
Schemes of Examination under the PSSR (7), or coynpeintenance and inspection
programmes.

BCGA Leaflet 11 (47)Safety checks for vacuum insulated storage tgmksjides a
simple user guide to daily safety checks which &hdae carried out on vacuum
insulated storage tanks.

BCGA Leaflet 12 (48) is a simple user guide thatises users and owners of liquid
gas storage tanks on their legal responsibilitied duty of care to ensure that the
equipment is maintained and operated safely.

TRAINING

8.1 Training of personnel

All personnel directly involved in the commissiogjroperation and maintenance of
liquid cryogenic storage systems shall be fullyomied regarding the hazards
associated with cryogenic gases and properly tame applicable to operate or
maintain the equipment.

Training shall be arranged to cover those aspeots @otential hazards that the
particular operator is likely to encounter.

It should cover, but not necessarily be confineth&ofollowing subjects:
(1) Potential hazards of the gases.
(i) Site safety regulations.
(i)  Emergency procedures.

(iv)  Use of protective clothing/ apparatus incluglioreathing sets where
appropriate.

(v) First aid treatment for cryogenic burns.

In addition individuals shall receive specific traig in the activities for which they
are employed.

It is recommended that the training be carrieduwnder a formalised system and that
records be kept of the training given and, wherssiiide, some indication of the
results obtained, in order to show if further tnagnis required.

The training programme should make provision fdreher courses on a periodic
basis.

8.2 Emergency procedures

Emergency procedures shall be prepared by thetaseover the eventuality of a
spillage of liquid cryogenic gases so that perdikety to be affected shall know the
actions required to minimise the adverse effectsuch spillage.

Consideration should be given to the carrying dyiractical exercises.

26



The following are guidelines which may be used formulating emergency
procedures:

(1) Raise the alarm.

(i) Summon help and emergency services.

(i) Notify the gas supplier.

(iv)  Isolate the source of gases, if appropriate \&here safely possible.
v) Evacuate all persons from the affected areasaadlit off.

(vi)  Alert the public to possible hazards from vapalouds and evacuate
when necessary.

After the liquid spillage has been isolated, oxygarichment / depletion checks should
be carried out in any enclosed areas where theuvagpoud may have entered. This
includes basements, pits and confined spaces.
9. REFERENCES
1. S11992 No.1978 The Food Additives Labelling Regulations 1992

2. S11996 No. 341 The Health & Safety (Safety Signd Signals). Regulations
1996.

3. SI11997 No. 1713 The Confined Spaces Regulations 1997

4, SI11998 No. 2306 The Provision and Use of Woruigment Regulations
1998.

5. S1 1999 No. 2001 The Pressure Equipment Regulations 1999.

6. S11999 No. 743 The Control of Major Accident Zdeds Regulations 1999
(COMAH).

7. SI12000 No. 128 The Pressure Systems Safety Regulations 2000.

8. SI12002 No. 2776  The Dangerous Substances anplodixe Atmospheres
Regulations 2002 (DSEAR).

9. S12005 No. 1541  The Regulatory Reform (Firee§afOrder 2005.

10.  SI12009 No. 716 The Chemicals (Hazard Inforamatiand Packaging for
Supply) Regulations 2009. (CHIP 4)

CHIP 4 brings national legislation into line withhet
transitional arrangements set out in European Rwégul
(EC) No 1272/2008 on Classification, Labelling and
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HAZARDS FROM ASPHYXIATION

Nitrogen and argon may produce local oxygen-defici@mospheres, which will produce
asphyxia if breathed. This is especially trueanfmed spaces.

Atmospheres containing less than 18 % oxygen atenpally dangerous and entry into
atmospheres containing less than 19.5 % is notmemmded.

Atmospheres containing less than 10 % oxygen casedarain damage and death.

Asphyxia due to oxygen deficiency is often rapidhwno prior warning to the victim. A
general indication of what is liable to happenxygen deficient atmospheres is given in Table
4. It should be appreciated that the reactionsoafe individuals can be very different from
those shown.

Oxygen Content Effects and Symptoms
(Vol %) (at atmospheric pressure)
11-14 Diminution of physical and intellectual performance

without person’s knowledge.

8-11 Possibility of fainting after a short period witliou
prior warning.

6-8 Fainting within a few minutes; resuscitation
possible if carried out immediately.

0-6 Fainting almost immediate; death ensues; brair
damage even if rescued.

Table 4. The effects of oxygen deficiency

The victim may well not be aware of the asphyXiaany of the following symptoms appear in
situations where asphyxia is possible and breatipmaratus is not in use, immediately move
the affected person to the open air, following ugn\artificial respiration if necessary.

0) Rapid and gasping breathing.
(i) Rapid fatigue.

(iii) Nausea.

(iv) Vomiting.

(v) Collapse or incapacity to move.
(vi) Unusual behaviour.

Attempts to rescue affected persons from confinpdcas or where oxygen deficient
atmospheres may be present should only be madersgns trained in the use of breathing
apparatus and confined space entry procedures.

Further details of the hazards of asphyxiationmafound in BCGA GN 11 (45).
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HAZARDS FROM OXYGEN ENRICHMENT
Fire hazards from oxygen enrichment

Oxygen reacts with most elements. The initiatgpeed, vigour and extent of these reactions
depend in particular upon:

0) The concentration, temperature and pressutieeofeactants.
(i) Ignition energy and mode of ignition.

Reaction mechanism

The mechanism of these reactions is complicateddapends, among other things, upon the
nature of the substances concerned, their phystiatd, geometric configuration, concentration
and manner of ignition. This too influences theexpof reaction, which can vary from slow
combustion to an explosion.

Combustibility of materials

Oxygen enrichment of the atmosphere, even by apfawent, considerably increases the risk
of fire. Materials which do not burn in air, inding fireproofing materials, may burn
vigorously or even spontaneously in enriched air.

Combustion characteristics

Oxygen enrichment alters considerably the charatitsr of combustion.

Materials ignite more easily and sparks which woutdmally be regarded as harmless can
cause fire. The resulting flames are much hottdraae propagated at much greater speed.

Hydrocarbon oils and grease

Oil and grease are particularly hazardous in thesemce of oxygen as they ignite
spontaneously and burn with explosive violence.eyTshould NEVER be used to lubricate
oxygen or enriched air equipment. Special lubtEanth which oxygen can be used under
certain conditions are available.

Smoking

Burning accidents, that occur, are often startedhieylighting of a cigarette. Therefore it is

impossible to over-emphasise the danger of smakingygen-enriched atmospheres or where
oxygen enrichment can occur. In all such areaksmgahall be forbidden.
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MINIMUM SAFETY DISTANCES

Explanatory notes

The following descriptors are used in the safesyattice diagrams, with examples of the risks.

Descriptors

Liquid oxygen

Liquid inert gases

Large wooden
structures, timber yards
etc.

Spontaneous combustion frg
leaking product.
Thermal radiation from fire.

nThermal radiation from fire.

Compressor, ventilator
and air conditioning
intakes.

Compressor - Spontaneou¥entilator and air conditioning
combustion  from  leakingintakes — oxygen deficient
product. atmosphere  from leaking
Ventilator and air conditioningproduct and danger Jo
intakes — oxygen enrichedgersonnel.

atmosphere  from leakingEmbrittlement of equipment.

product, increased fire risk and

danger to personnel.
Embrittlement of equipment.

Fuel gas vent pipes.

Spontaneous combustion frg
leaking product.
Thermal radiation from fire.

nThermal radiation from fire.

Process equipment &
machinery which is not a
part of the storage
installation.

Spontaneous combustion fro
leaking product.

Malfunction / contamination process equipment.

from leaking product enterin
process equipment.
Embrittlement of equipment.

nMalfunction / contaminatior
from leaking product enterin

gEmbrittlement of equipment.

«Q

Medium Voltage (MV)
and High Voltage (HV)
sub-stations.

Spontaneous combustion frg

leaking product.
Embrittlement of equipment.
Thermal radiation from fire.

nEmbrittlement of equipment.
Thermal radiation from fire.

Openings, windows and
escape routes  from
buildings & areas where
employees and visitors
are likely to congregate.

Oxygen enriched atmosphe
from leaking product, increasedrom leaking product, dangeé

fire risk, danger to personnel.
Thermal radiation from fire.

r&xygen deficient atmosphe

to personnel.
Thermal radiation from fire.

re
el

Places of public
assembly.

Oxygen enriched atmosphe
from leaking product, increasedrom leaking product, danggé

fire risk, danger to personnel.

r&xygen deficient atmosphe

to personnel.

re
8

Railway Lines.

Oxygen enriched atmosphe
from leaking product, increasedrom leaking product.

fire risk.
Embrittlement of equipment.

r&xygen deficient atmosphe

Embrittlement of equipment.

re
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Public roads.

Oxygen enriched atmospherg
from leaking product,
increased fire risk, danger to
personnel.

Embrittlement of equipment.
Reduced visibility from major
product release.

> Oxygen deficient atmosphere
from leaking product, danger
to personnel.
Embrittlement of equipment.
Reduced visibility from major
product release.

Property boundaries

Oxygen enriched atmospherg
from leaking product,
increased fire risk, danger to
personnel.

Embrittlement of equipment.
Reduced visibility from major
product release.

> Oxygen deficient atmosphere
from leaking product, danger
to personnel.
Embrittlement of equipment.
Reduced visibility from major
product release.

Vehicle parking areas.

Spontaneous combustion fro
leaking product.

Ventilator and air conditioning
intakes — oxygen enriched
atmosphere from leaking
product, increased fire risk,
danger to personnel.
Embrittlement of equipment.
Reduced visibility from major
product release.
Accessibility to the tank
controls.

mVentilator and air conditioning
intakes — oxygen deficient

) atmosphere from leaking
product, danger to personnel
Embrittlement of equipment.
Reduced visibility from major
product release.
Accessibility to the tank
controls.

Pits, ducts & surface
water drains (untrapped).
Openings of systems
below ground level.

Spontaneous combustion fro
leaking product.

Oxygen enriched atmospherg
from leaking product,
increased fire risk, danger to
personnel.

Embrittlement of equipment.

mOxygen deficient atmosphere
from leaking product, danger
» to personnel.

Embrittlement of equipment.

Continuous sections of
pipelines containing
flammable gases / liquids,
not interrupted by fittings
e.g. valves, unions,
flanges, etc.

Embrittlement of equipment.

Embrittlement of equémn

Flanges, unions in
pipelines containing
flammable gases or
liquids.

Spontaneous combustion fro
leaking product.

Thermal radiation from fire.
Embrittlement of equipment.

mlhermal radiation from fire.
Embrittlement of equipment.
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Flammable gas cylinder
storage.

Spontaneous combustion fro
leaking product.

Thermal radiation from fire.
Embrittlement of equipment.

mlrhermal radiation from fire.
Embrittlement of equipment.

Bulk flammable liquid
storage up to 4 tonnes.

Spontaneous combustion fro
leaking product.

Thermal radiation from fire.
Embrittlement of equipment.

mlhermal radiation from fire.
Embrittlement of equipment.

LPG storage up to 4
tonnes.

Spontaneous combustion fro
leaking product.

Thermal radiation from fire.
Embrittlement of equipment.

mlrhermal radiation from fire.
Embrittlement of equipment.

Non-flammable gas
cylinder storage.

Embrittlement of equipment.

Embrittlement of equéenn

Small stocks of
combustible material, site
huts, work sheds etc.

Spontaneous combustion fro
leaking product.
Thermal radiation from fire.

mlhermal radiation from fire.

Areas where open flames,
smoking etc are
permitted.

Spontaneous combustion fro
leaking product.

Oxygen enriched atmospherg
from leaking product,
increased fire risk, danger to
personnel.

mOxygen deficient atmosphere
from leaking product, danger
» to personnel.
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Safety Distance between oxygen tanks up to 2,000ds water capacity
and typical hazards.

Distances in metres

A :‘ FIRE
i NAKED FLAME
e A0 suorc .
Large wooden structure Areas where open Small stocks of combustible Non-flammable gas L.P.G. storage up to Bulk flammable liquid
timber yards etc. flames, smoking etc material, site huts, cylinder storage " 4'tonnes * storage up to 4 tonnes *

are permitted. work sheds etc.

"\ /

7.5 75

Flammable gas

Compressor, ventilator and e
cylinder storage

air conditioning intakes.

Flanges, unions in pipelines containing

\ flammable gases or liquids.

Process equipment & 4 Continuous sections of pipelines
machine whﬁ:hF;s not a part containing flammable gases/liquids, not
Y ) ap interrupted by fittings eg valves, unions,
of the storage installation. flanges, ef

Pits, ducts & surface water
drains (untrapped). Openings

MV and HV systems below ground level.

sub-stations.

- T

" ~ Sl e SR | PhRe,
Openings, windows and escape  Places of public Railway Lines. Public Roads. Property Boundaries.
routes from buildings & areas assembly
where employees and visitors are
likely to congregate.

Vehicle Parking Areas.

NOTE: Assumed maximum oxygen liquid phase pipeveiakneter DN 15 (1/2nominal bore) and
flammable gas / liquid pipe up to DN25 (@ominal bore).

* For LPG or flammable liquid tanks above 4 tonagssk assessment shall be carried out to
establish the safe separation distance.
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Distance between oxygen tanks from 2,000 litres £0,000 litres water capacity
and typical hazards.

Distances in metres

Large wooden structure Areas where open Small stocks of combustible Non-flammable gas L.P.G. storage up to Bulk flammable liquid
timber yards etc. flames, smoking etc  material, site huts, cylinder storage " 4'tonnes * storage up to 4 tonnes *
are permitted. work sheds etc.
\ = \ / / | =
Compressor, ventilator and 7 E Flammable gas
air conditioning intakes. cylinder storage

Flanges, unions in pipelines containing
flammable gases or liquids.

Fuel gas vent pipes.

\

/5

Process equipment & 5 \ Continuous sections of pipelines

machinery which is not a part 5 containing flammable gases/liquids, not
of the st{)ra o installatiorr: interrupted by fittings eg valves, unions,
9 ' flanaes, et.
7 / \ 5
10| [10 5 >

Pits, ducts & surface water
drains (untrapped). Openings
MV and HV systems below ground level.
sub-stations.

Openings, windows and escape  Places of public Railway Lines. Public Roads. Property Boundaries.  Vehicle Parking Areas.
routes from buildings & areas assembly

where employees and visitors are
likely to congregate.

NOTE: Assumed maximum oxygen liquid phase pipevbakneter DN 40 (1%2nominal bore) and
flammable gas / liquid pipe up to DN25 (@ominal bore).

* For LPG or flammable liquid tanks above 4 tonagssk assessment shall be carried out to
establish the safe separation distance.

37



APPENDIX 3
Sheet 6 of 8

Distance between oxygen tanks from 20,000 litres up 125,000 litres water capacity
and typical hazards.

Distances in metres

Large wooden structure  Areas where open Small stocks of combustible Non-flammable gas L.P.G. storage up to Bulk flammable liquid
timber yards etc. flames, smoking etc  material, site huts, cylinder storage " 4'tonnes * storage up to 4 tonnes *
are permitted. work sheds etc.

8 8 1 7.5
\ 15 \ / / 7.9
Compressor, ventilator and 8 \ E Flammable gas
air conditioning intakes. \ cylinder storage
\
/
8

Fuel gas vent pipes. flammable gases or liquids.

\

. 18

\ Continuous sections of pipelines

Process equipment &
machinery which is not a part
of the storage installation. 8

flanges, et.

15|  [15 8 8
Pits, ducts & surface water
drains (untrapped). Openings
MV and HV systems below ground level.
sub-stations.
Openings, windows and escape  Places of public Railway Lines. Public Roads. Property Boundaries.  Vehicle Parking Areas.

routes from buildings & areas assembly
where employees and visitors are
likely to congregate.

NOTE: Assumed maximum oxygen liquid phase pipevabakneter DN 40 (1%2nominal bore) and
flammable gas / liquid pipe up to DN25 (@ominal bore).

* For LPG or flammable liquid tanks above 4 tonagssk assessment shall be carried out to
establish the safe separation distance.
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Distance between nitrogen, argon and helium tanksputo 2,000 litres water capacity
and typical hazards.

Distances in metres

Large wooden structes Areas where open Small stocks of combustible Non-flammable gas

€ ] ! J L.P.G. storage up to Bulk flammable liquid
timber yards etc. flames, smoking etc material, site huts, cylinder storage 4 tonnes * storage up to 4 tonnes *
are permitted. work sheds etc.

1 1 1

\ 1
Compressor, ventilator and 1 Flammable gas
air conditioning intakes. \ cylinder storage

— |
1
) Flanges, unions in pipelines containing
Fuel gas vent pipes. / \ flammable gases or liquids.
Process equibment & 1 1 Continuous sections of pipelines
machiner whﬂ:hﬁs not a part containing flammable gases/liquids, not
y . ap interrupted by fittings eg valves, unions,
of the storage installation.
3 1 flanges. et.
Pits, ducts & surface water
drains (untapped). Openings
MV and HV systems below ground level.
sub-stations.
Openings, windows and escape  Places of public Railway Lines. Public Roads. Property Boundaries.  Vehicle Parking Areas.
routes from buildings & areas assembly

where employees and visitors are
likely to congregate.

NOTE: Assumed maximum liquid phase pipework diamBtd 15 (1/2 nominal bore) and
flammable gas / liquid pipe up to DN25 (dominal bore).

* For LPG or flammable liquid tanks above 4 tonagssk assessment shall be carried out to
establish the safe separation distance.
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Distance between nitrogen, argon and helium tanksdm 2,000 litres to 125,000 litres
water capacity and typical hazards.

Distances in metres

Large wooden structure Areas where open Small stocks of combustible Non-flammable gas L.P.G. storage up to Bulk flammable liquid
timber yards etc. flames, smoking etc material, site huts, cylinder storage " 4'tonnes * storage up to 4 tonnes *
are permitted. work sheds etc.

Compressor, ventilator and 3 - Flammable gas
air conditioning intakes. cylinder storage

1
<-\3\

. Flanges, unions in pipelines containing
Fuel gas vent pipes. flammable gases or liquids.

—

.13

Process equipment & / Continuous sections of pipelines
quip 3 containing flammable gases/liquids, not

machinery which is not a part 3 interrupted by fittings eg valves, unions,
of the storage installation. flanaes, et

w
——
| —
w

Pits, ducts & surface water
drains (untrapped). Openings
MV and HV systems below ground level.

sub-stations.

Openings, windows and escape  Places of public Railway Lines. Public Roads. Property Boundaries.  Vehicle Parking Areas.
routes from buildings & areas assembly
where employees and visitors are
likely to congregate.

NOTE: Assumed maximum liquid phase pipework diamBfd 50 (2 nominal bore) and
flammable gas / liquid pipe up to DN25 (@ominal bore).

* For LPG or flammable liquid tanks above 4 tonagisk assessment shall be carried out to
establish the safe separation distance.
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PLAN VIEW OF LIQUID TRANSFER AREA,

ACCESS APRON AND TANKER STANDING AREA
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‘BURNS” DUE TO VERY COLD LIQUEFIED GASES

The temperature of liguefied gases varies. Thinlggdoints, i.e. the temperatures at which the
liquefied gas vaporises, are detailed in Table 5.

Oxygen -183C

Argon -186°C
Nitrogen -196'C
Helium -269°C

Table 5: Liguefied gas temperatures
General effect on tissue

The effect of extreme cold on tissue is to desir,ay similar end result to that of heat exposure,
and in like fashion the amount of cold and the tlomaof contact is crucial. The destruction of
tissue is not so immediately obvious as in the cddmirns, since pain is absent in the frozen
stage, and the tissue, although rigid, keeps itsmabshape and is not obviously destroyed.
Pain and destruction becomes more apparent asnipawcurs. Those who have had mild
frostbite of fingers or toes will have some idedhaf pain on re-warming.

Prevention of contact with very cold liquids is tguvital and those who work in this field must
be aware of the hazard.

Skin effects

Liquid, vapour, or low-temperature gas can prodeffects on the skin, which will vary in
severity with temperature and the length of expmsiNaked or insufficiently protected parts of
the body coming into contact with uninsulated pipesessels may stick fast by virtue of the
freezing of moisture and flesh may be torn in reahov he wearing of wet clothing should be
avoided.

Continued exposure of naked flesh to cold atmogshesin result in frostbite. There usually is
sufficient warning by local pain whilst the freegiaction is taking place. Re-warming with
lukewarm water at 42C to 44°C (107°F to 111°F) is generally sufficient safeguard against
injury.

Effect of cold on lungs

Whilst transient and short exposure produces digmonm breathing, prolonged inhalation of
vapour or cold gas, whether respirable or not,praduce serious effects on the lungs.
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FIRST AID TREATMENT OF COLD CONTACT BURNS
Flush the affected areas of skin with copious qtiestof tepid water, but do not apply any
form of direct heat, e.g. hot water, room heatets, Move casualty to a warm place (about
22 °C; (295 K)). If medical attention is not imnegely available, arrange for the casualty to
be transported to hospital without delay.
While waiting for transport:

() Loosen any restrictive clothing.

(i) Continue to flush the affected areas of skin wibpicus quantities of tepid
water.

(i)  Protect frozen parts with bulky, dry, sterile dnegs. Do not apply too tightly
SO as to cause restriction of blood circulation.

(iv)  Keep the patient warm and at rest.

v) Ensure ambulance crew or hospital is advised dildedf accident and first
aid treatment already administered.

(vi)  Smoking and alcoholic beverages reduce the blopdlgtio the affected part
and should be avoided.

NOTE: The above text has been reproduced with teemigsion of the British
Cryoengineering Society from its “Cryogenics Safdignual” (49).
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GUIDANCE FOR ASSESSMENT OF VENTILATION REQUIREMENTS

The type of ventilation depends on a multitudeawftérs such as type of location, gas type,
possible leaks, application etc.

Ventilation can be natural or provided by forcedtidation. The design criterion is the
number of air changes per hour.

In locations above ground level with no special titation openings, natural ventilation
provides typically 1 change per hour. This is tiha case of buildings with windows sealed
with tight seals. For underground rooms with smafidows 0.4 changes per hour can be
considered as an average value.

For handling (storing, filling, withdrawal, etc.janhsportable cryogenic vessels with non-
flammable, non-toxic contents in locations aboveugd level, natural ventilation is
generally sufficient, provided that the room isgrenough or that the outdoor area is not
enclosed by walls etc. An assessment should bducted to confirm the ventilation is
adequate.

An indoor location should have ventilation openingth a total area of 1 % of the ground

area. The openings should be positioned diagoaaliyss the room. The density of the gas
should also be taken into consideration (the maenog at the highest point of the location

for gases lighter than air, or at ground levelgases heavier than air).

For more than 2 changes per hour a forced vemtilatystem is necessary. Different
regulations may recommend or require for differsitiations a specific number of air
changes per hour, e.g. 5, 10, 20 etc.

In typical situations the number of air changes lbarcalculated assuming a certain leakage
rate from the vessel pipework and a homogeneoushdison of gas, using the following

formula:
-

C, = 021+ 92N 5o l-e
+n
vr
For long periods (t tending to infinity):
_Vr 02t n approximately
¥ L+(vr n) '
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Where:
Ct = Oxygen concentration after defined time
C =  Oxygen concentration after long periods (days)
L = Gasrelease rate’n
Vr =  The volume of free air in the roomm
n =  The number of air changes per hour
t =  Time gas has flowed in hours
e = 272
m = Vr
L+nVr

CALCULATION FOR SITING TANKS IN BUILDINGS

This appendix considers the “worst case” scenahiere/the entire contents of the vessel are
lost to the room immediately. The resulting oxygemcentration in the room may then be
calculated from the following formula:

Cox = 100 x Vo
R
Where:
Cox = Resulting oxygen concentration, %
Vk = The volume of free air in the workplace? frolume of workplace less
volume of solid objects)
Vo =  The volume of oxygen, m
For asphyxiant gases:
Vo = 021 - V)
For oxygen:
Vo = 0.21(\k-Vg)+Vg
Vg = Maximum gas release,m

Liquid volume capacity of the vessel (m?3) x gagansion factor, fg

fg =  Carbon dioxide 543
=  Nitrous oxide 665
=  Nitrogen 683
=  Helium 739
= Argon 824
= Oxygen 842
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Worked example

Calculate the oxygeooncentration resulting from spilling 50 litres lajuid oxygen into a
room of 300 M volume:

Room volume
300 nd

VR

Vg Gas release from vaporised liquid

S0 X 842

100C

42 m

Volume of oxygen
0.21 (k- Vg) + Vg
0.21 x (300 - 42) + 42

96.2 m3

100 x Vo
VR
= 100 x 96.2
30C
= 32.1%

Vo

Cox

46



British Compressed Gases Association
www.bcga.co.uk



