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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-geve ental—in—lial pith ; ake—part—in—the—work—SC ely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Hart 2.

The |main task of technical committees is to prepare International Standards. Draft‘Internationgal Standards
adogted by the technical committees are circulated to the member bodies for-woting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies, casting a vote.

Attention is drawn to the possibility that some of the elements of this docuntent may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO [F396-1 was prepared by the European Committee for Standardization (CEN) Technica] Committee
CENYTC 215, Respiratory and anaesthetic equipment, in collabgration with Technical Committee [SO/TC 121,
Anaésthetic and respiratory equipment, Subcommittee SC®, )Medical gas systems, in accordahce with the
Agreement on technical cooperation between ISO and CEN(Vienna Agreement).

This|second edition cancels and replaces the first.edition (ISO 7396-1:2002), which has been technically
revised.

ISO [396 consists of the following parts, underthe general title Medical gas pipeline systems:
— Part 1: Pipeline systems for compréssed medical gases and vacuum

— Part 2: Anaesthetic gas scayénging disposal systems

© 1SO 2007 — All rights reserved \4
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Introduction

Many healthcare facilities use pipeline systems to deliver medical gases and to provide vacuum to areas
where they are used in patient care or to power equipment such as ventilators and surgical tools.

This part of ISO 7396 specifies requirements for pipeline systems for compressed medical gases, gases for
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Medical gas pipeline systems —

Part 1:
Pipeline systems for compressed medical gases and vacuum

1 BScope
This|part of ISO 7396 specifies requirements for design, installation, function, performance, dogumentation,
testipg and commissioning of pipeline systems for compressed medical gases, gases for driving gurgical tools
and vacuum in healthcare facilities to ensure continuous delivery of the correct gas and the|provision of
vacuum from the pipeline system. It includes requirements for supply systems, pipeline distributjon systems,

contfol systems, monitoring and alarm systems and non-interchangeability'between components of different
gas $ystems.

This|part of ISO 7396 is applicable to:

a) pipeline systems for the following medical gases:
—  pxygen;

— hitrous oxide;

— medical air;

— parbon dioxide;

— pxygen/nitrous oxide mixtures (seé Note 1);
b) pipeline systems for the following gases:
— [*) oxygen-enriched @ir;

— pir for driving sdrgical tools;

— hitrogen fer, driving surgical tools;

c) pipelinesystems for vacuum.

This|part of ISO 7396 also applies to:

— extensions of existing pipeline distribution systems;
— modifications of existing pipeline distribution systems;

— modifications or replacement of supply systems or sources of supply.

NOTE 1 Regional or national regulations can prohibit the distribution of oxygen/nitrous oxide mixtures in medical gas
pipeline systems.

(*) NOTE 2 EN 14931 [23] defines additional or alternative requirements for the specific application, in particular for flows

and pressures of compressed air required to pressurize the hyperbaric chambers and to drive other connected services
and of oxygen and other treatment gases administered to patients.

© 1SO 2007 — All rights reserved 1
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3746, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Survey method using an enveloping measurement surface over a reflecting plane

ISO 5359, Low-pressure hose assemblies for use with medical gases

ISO 8573-1:R001, Compressed air — Part 1: Contaminants and purity classes

ISO 9170-1,|Terminal units for medical gas pipeline systems — Part 1. Terminal units for\use | with
compressed medical gases and vacuum

ISO 10083, Dxygen concentrator supply systems for use with medical gas pipeline systems
ISO 10524-2, Pressure regulators for use with medical gases — Part 2: Manifold and(line pressure regulafors
ISO 11197, Medical supply units

ISO 14971, Medical devices — Application of risk management to medicaldevices
ISO 15001:4003, Anaesthetic and respiratory equipment — Compatibility with oxygen
ISO 21969, High-pressure flexible connections for use with medical’gas systems

IEC 60601-1-8, Medical electrical equipment — Part 1-8;>,General requirements for safety — Collateral
standard: Ggneral requirements, tests and guidance for-alarm systems in medical electrical equipment and

medical eledtrical systems

EN 286-1, Sjmple unfired pressure vessels designed to contain air or nitrogen — Part 1: Pressure vessefs for
general purgoses

EN 1041, Information supplied by the manufacturer with medical devices

EN 13348, Qopper and copper alloys — Seamless, round copper tubes for medical gases or vacuum

3 Termq and definitions

For the purppses of this’document, the following terms and definitions apply.

3.1
air compregsor system
supply system with compressor(s) designed to provide medical air or air for driving surgical tools or both

3.2

air for driving surgical tools

natural or synthetic mixture of gases, mainly composed of oxygen and nitrogen in specified proportions, with
defined limits for the concentration of contaminants, supplied by a medical gas pipeline system and intended
for driving surgical tools

NOTE Different names or symbols are used for air for driving surgical tools, such as instrument air, surgical air, air
motor, air - 700 and air - 800.

2 © 1SO 2007 — All rights reserved
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3.3
branch
portion of the pipeline distribution system which supplies one or more areas on the same floor of the facility

3.4

commissioning

proof of function to verify that the agreed system specification is met and is accepted by the user or his
representative

3.5
control equipment
itemg TrECESSary to TaintaitT the medicat gas pipetine systermwithimthe specified-operating parameters

NOTE Examples of control equipment are pressure regulators, pressure-relief valves, alarms, sensors, manual or
autorpatic valves and non-return valves.

3.6
cryogenic liquid system
supgly system containing a gas stored in the liquid state in a vessel at temperatures lower than —150 °C

3.7
cylinder bundle
pack or pallet of cylinders linked together with one or more connectors: for filling and emptying

3.8
diversity factor
factdr which represents the maximum proportion of terminal, units in a defined clinical area which|will be used
at the same time, at flowrates defined in agreement withithe management of the healthcare facility

3.9
double-stage pipeline distribution system
pipeline distribution system in which gas is initially distributed from the supply system at a pregsure higher
than| the nominal distribution pressure,-.and is then reduced to the nominal distribution presgure by line
pressure regulator(s)

NOT

This initial higher pressure-is‘the nominal supply system pressure (see 3.32).

3.10
emefgency clinical alarm
alarm to indicate to medical and technical staff that there is abnormal pressure within a pipeline that requires
an immediate responsg

3.1
emefgency inlet point
inlet point which allows the connection of an emergency supply

3.12
emergency operating alarm

alarm to indicate to technical staff that there is abnormal pressure within a pipeline that requires an immediate
response

3.13
emergency supply
source of supply intended to be connected to an emergency inlet point

3.14

gas-specific
having characteristics which prevent connections between different gas services

© 1SO 2007 — All rights reserved 3
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3.15
gas-specific connector
connector with dimensional characteristics which prevent connections between different gas services

NOTE Examples of gas-specific connectors are quick connectors, screw-threaded connectors, diameter-indexed
safety system (DISS) connectors or non-interchangeable screw-threaded (NIST) connectors.

3.16
high-dependency patient

patient with a continual need of a medical gas/vacuum supply, who will be adversely affected by a medical
gas/vacuum supply failure to such a degree that his/her clinical condition or his/her safety can be
compromise

3.17
information| signal
visual indication of normal status

3.18
line pressure regulator
pressure redulator intended to supply the nominal distribution pressure to the terminalunits

3.19
low-pressure hose assembly
assembly cdnsisting of a flexible hose with permanently attached gas-specific inlet and outlet connectorg and
designed to ponduct a medical gas at pressures less than 1 400 kPa

3.20
main line
portion of th¢ pipeline distribution system connecting the supply system to risers and/or branches

3.21
maintenande supply assembly
inlet point which allows the connection of a maintenance supply

3.22
maintenange supply
source of supply intended to supply thesystem during maintenance

3.23

manifold
device for cgnnecting the outl€i(s) of one or more cylinders or cylinder bundles of the same gas to the pipeline
system

3.24
manifold pressure regulator
pressure redqulator'intended to be installed within sources of supply containing cylinders or cylinder bundlgs

3.25

manufacturer

natural or legal person with responsibility for the design, manufacture, packaging and labelling of a device
before it is placed on the market under his own name, regardless of whether these operations are carried out
by that person himself or on his behalf by a third party

3.26

maximum distribution pressure
pressure at any terminal unit when the pipeline system is operating at zero flow

4 © 1SO 2007 — All rights reserved
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ical air

natural or synthetic mixture of gases, mainly composed of oxygen and nitrogen in specified proportions, with
defined limits for the concentration of contaminants, supplied by a medical gas pipeline system and intended

for a

dministration to patients

NOTE 1 Medical air can be produced by supply systems with air compressors or by supply systems with
units.

NOTE 2  Medical air produced by air compressor systems is called “medicinal air” by European Pharmaco

any
prop

3.29
med
com
with

3.30
mini
lowe]

3.31

acopoeia 2005.

ical gas
jas or mixture of gases intended for administration to patients for anaesthetic,-therapeutic,
hylactic purposes

ical gas pipeline system
blete system which comprises a supply system, a monitoring and alarm system and a distrib
ferminal units at the points where medical gases or vacuum are fequired

mum distribution pressure
5t pressure occurring at any terminal unit when the pipeline system is operating at the systen

nomiinal distribution pressure

pres

3.32

sure which the medical gas pipeline system islintended to deliver at the terminal units

nomiinal supply system pressure

pres

3.33

non-

sure which the supply system is intended to deliver at the inlet to the line pressure regulators

cryogenic liquid system

supgly system containing a-gas’stored under pressure in the liquid state in a vessel at temperatu

than

3.34

non-

-50 °C

return valve

valvg which permits flow in one direction only

3.35
ope
alar

3.36

ating alarm
to’indicate to technical staff that it is necessary to replenish the gas supply or to correct a m

proportioning

poeia 2005.

by European

jiagnostic or

Lition system

design flow

es not lower

alfunction

oxygen concentrator
device which produces oxygen-enriched air from ambient air by extraction of nitrogen

3.37

oxygen-enriched air
gas produced by an oxygen concentrator

3.38

pipeline distribution system
portion of a medical gas or vacuum pipeline system linking the sources of supply of the supply system to the

term

inal units

© 1SO 2007 — All rights reserved
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3.39
pressure re

gulator

device which reduces the inlet pressure and maintains the set outlet pressure within specified limits

3.40

pressure-relief valve
device intended to relieve excess pressure at a preset pressure value

3.4

primary source of supply
portion of the supply system which supplies the pipeline distribution system

3.42
proportioni
device in wh

3.43
reserve soy
that portion
system in th

3.44
riser
portion of th
branch lines

3.45
secondary
portion of th
failure of the

3.46

shut-off valye

valve which

3.47
silencing
temporary sf
NOTE T
3.48

single fault

condition in
external abn

ng unit
ch gases are mixed in a specified ratio

rce of supply
of the supply system which supplies the complete, or a portion(s) of the, pipeline distrib|
b event of failure or exhaustion of both the primary and secondary sourCes of supply

e pipeline distribution system traversing one or more floorS and connecting the main line
on various levels

source of supply
e supply system which supplies the pipeline distribution system in the event of exhaustiq
primary source of supply

prevents flow in both directions when'closed

opping of an auditory alarm’ signal by manual action

nis is also referred te as-audio pausing.

condition
which a‘single means for protection against a safety hazard in equipment is defective or a s
ormal-eondition is present

NOTE M

ution

with

n or

ingle

aintenance of equipment is considered a normal condition.

3.49

single-stage pipeline distribution system
pipeline distribution system in which gas is distributed from the supply system at the nominal distribution

pressure

3.50

source of supply
portion of the supply system with associated control equipment which supplies the pipeline distribution system

© 1SO 2007 — All rights reserved
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supply pressure regulator
pressure regulator fitted within a source of supply and intended to regulate the pressure supplied to the line
pressure regulator(s)

NOTE For a source of supply with cylinders or cylinder bundles, this is referred to as the manifold press

3.52

supply system
assembly which supplies the pipeline distribution system and which includes all sources of supply

3.53
syst
flow
facta

3.54

terminal unit

outle
and

3.55
vact

supp

4

4.1

Med
mair
acce
with

NOT
situa
case
meagq

NOT
wron

4.2

ure regulator.

em design flow
calculated from the maximum flow requirement of the healthcare facility and correctéd; by

r(s)

t assembly (inlet for vacuum) in a medical gas pipeline system at which the operator makes
isconnections

um supply system
ly system equipped with vacuum pumps designed to providea'flow at negative pressure

General requirements

(*) Safety

cal gas pipeline systems shall, when*installed, extended, modified, commissioned, o
tained according to the instructions efithe manufacturer, present no risks that are not re
ptable level using risk management procedures in accordance with ISO 14971 and which ar
their intended application, in normat-condition and in single fault condition.

= A situation in which a(fault is not detected is considered a normal condition. Fault conditig
ions can remain undetected over a period of time and as a consequence can lead to an unacceptab)
a subsequent detected fault condition needs to be considered as a single fault condition. Specif
ures to deal with such(situations need to be determined within the risk management process.

F 2 Typical safety hazards (including discontinuity of supply, incorrect pressure and/or flow, wron
j gas composition, contamination, leakage, fire) are listed in Annex F.

(*) Alternative construction

Pipe

ine)installations and components, or parts thereof, using materials or having forms of

the diversity

connections

berated and
duced to an
e connected

ns/hazardous
e risk. In that
c risk control

g gas supply,

construction

diffe

ent rom those detalled In this part or IS0 7590, shall be presumed 10 be In compliance wi

h the safety

objectives of this part of ISO 7396 if it can be demonstrated that an equivalent degree of safety is obtained
(i.e. compliance with requirements presumes that risks have been mitigated to acceptable levels) unless
objective evidence to the contrary becomes available.

NOTE 1 Objective evidence can be obtained by post-market surveillance.

Evidence of an equivalent degree of safety shall be provided by the manufacturer.

NOTE 2

assessment body, e.g. to a notified body in the European Economic Area (EEA) upon request.

© 1SO 2007 — All rights reserved
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4.3 Materials

4.3.1 (*) The manufacturer shall disclose, upon request, evidence of the corrosion resistance of the
materials used for pipes and fittings.

NOTE Corrosion resistance includes resistance against the influence of moisture and the surrounding materials.
4.3.2 (*) The manufacturer shall disclose, upon request, evidence that the materials used in components of
the medical gas pipeline system which come into contact with the actual gas shall be compatible with the

actual gas and oxygen under normal and single fault condition. If lubricants are used, except within air
compressors and vacuum pumps, they shall be compatible with oxygen during normal and single fault

condition of fhe pipc“llc system:

Evidence shgll be provided by the manufacturer.

NOTE 1 Criteria for the selection of metallic and non-metallic materials are given in ISO 15001.

NOTE 2  Rggional or national regulations can require the provision of evidence to a notified body‘er competent authority
upon request

NOTE 3  Cpmpatibility with oxygen involves both combustibility and ease of ignition. Materials which burn in air will burn
violently in pyre oxygen. Many materials which do not burn in air will do so in pure oxygen, particularly under pregsure.
Similarly, matgrials which can be ignited in air require less energy to ignite in oxygen/ Many such materials can be ignited
by friction at @ valve seat or by adiabatic compression produced when oxygen at high pressure is rapidly introduced |nto a
system initially at low pressure.

4.3.3 The|specific hazards of toxic products from combustion ordecomposition of non-metallic matgrials
(including Idbricants, if used) and potential contaminants shall-be addressed. Some potential produ{s of
combustion pnd/or decomposition for some commonly availablé.non-metallic materials are listed in Tablg¢ D.7
of ISO 15001{1:2003.

NOTE Typical “oxygen-compatible” lubricants can gengrate toxic products on combustion or decomposition.

Annex E of SO 15001:2003 gives details of suitable‘test and quantitative analysis methods for the produgts of
combustion pf non-metallic materials. Data from such tests shall be considered in any risk evaluation.

4.3.4 (*) Components of systems whieh,"can be exposed to cylinder pressure in normal or single|fault
condition shgll function according to their specifications after being exposed to a pressure of 1,5 timeg the
cylinder working pressure for 5 min,

Evidence shgll be provided by.the-manufacturer.

NOTE REgional or natighalegulations can require the provision of evidence to a notified body or competent authority
upon request

4.3.5 (*) Components of systems which can be exposed to cylinder pressure in normal or single|fault
condition shall notfignite or show internal scorching damage when submitted to oxygen pressure shocks| The
test for resisfance to ignition shall be in accordance with ISO 10524-2.

Evidence shall be provided by the manufacturer.

NOTE
upon request.

4.3.6

Regional or national regulations can require the provision of evidence to a notified body or competent authority

(*) Except for low-pressure hose assemblies and low-pressure flexible connections, metallic materials

shall be used for compressed medical gas pipelines. If copper pipes of < 108 mm diameter are used for
pipelines, they shall comply with EN 13348 or equivalent national standards. Copper pipes of > 108 mm
diameter and pipes of materials other than copper which are used for compressed medical gases shall comply
with the cleanliness requirements of EN 13348 or equivalent national standards. If non-metallic materials are
used for vacuum pipelines, these materials shall be compatible with the potential contaminants that can be
present in the vacuum system.
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Evidence shall be provided by the manufacturer.

NOTE 1 Regional or national regulations can require the provision of evidence to a notified body or competent authority
upon request.

NOTE 2  Copper pipes of > 108 mm diameter are not covered by EN 13348.
NOTE 3  Copper is the preferred material for all medical gas pipelines, including vacuum.

4.3.7 Pipeline components which come in contact with the actual gas shall be supplied in a clean condition
(see 4.3.8) and protected from contamination prior to, and during, installation.

4.3.8§ (*) Components of the system other than pipes, which are liable to come in contact with'the actual gas,
shalllmeet the cleanliness requirements of ISO 15001.

NOTE Examples of cleaning procedures are described in ISO 15001.
4.3.9 Materials for pipelines and components installed in the vicinity of strong,Magnetic or ele¢tromagnetic

field$ [e.g. Nuclear Magnetic Resonance (NMR), Magnetic Resonance Imaging \(MRI)] shall be[selected for
compatibility with these applications.

4.4 | System design

441 General
The humber of terminal units per bed-space/work-space and-their location in each department of area of the
healihcare facility, together with the corresponding flowrates required and the diversity factqgrs, shall be
defined by the management of the healthcare facility in, consultation with the system manufacturen

NOTE 1 Typical examples of locations of terminral* units, flow requirements and diversity factors [are given in
HTM|02 291 [26], FD S 90-155 [24], AS 2896-1998 ['Skand SIS HB 370 [301,

The pizing of the pipelines shall take into.acéount the potential hazards arising from high gas velo

City.
NOTE 2 Examples of maximum recemmended gas velocity are given in FD S 90-155 [24] and SIS HB 370 [30],
4.4.1 Extensions and modifications of existing pipeline systems

Extepsions and modifications of existing pipeline systems shall comply with the relevant requirements of this
part pf ISO 7396. In addition, the following requirements apply:

a) the flow capagity of the supply system shall continue to meet the flow requirements of the [extended or
modified Pipeline system. For this purpose, the existing supply system might need to be upgraded;

b) theAlow and pressure drop characteristics of the existing pipeline distribution system shall| continue to
Meet at least the original design specifications;

c) the flow and pressure drop characteristics of the extension or modification to the existing pipeline
distribution system shall meet the requirements of 7.2. For this purpose, modifications of the existing
pipeline distribution system might be needed.
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5 Supply systems

5.1 System components

5.1.1 Except for air or nitrogen for driving surgical tools, each supply system shall comprise at least three
independent sources of supply which can be a combination of the following:

a) gas in cylinders or cylinder bundles;

b) non-cryogenic liquid in cylinders;

c) cryogeric or non-cryogenic liquid in mobile vessels;

d) cryogenic or non-cryogenic liquid in stationary vessels;
e) an air compressor system;

f) a propoftioning system;

g) an oxygen concentrator system (see ISO 10083).

5.1.2 A sypply system for air or nitrogen for driving surgical tools shall. €omprise at least two sources of
supply.

5.1.3 A sypply system for vacuum shall consist of at least three vacuum pumps.

5.1.4 Schematic representations of typical supply systems are'given in Annex A (Figures A.1 to A.27).
5.2 General requirements

5.2.1 Capacity and storage

The capacity and storage of any supply system shall be based on the estimated usage and frequengy of
delivery. The location and the capacity of the primary, secondary and reserve sources of supply of all slipply
systems and the number of full cylinders *held in storage, as defined by the management of the healthcare
facility in copsultation with the gas supplier using risk management principles, shall be taken into account by
the system mhanufacturer. Appropriate: undercover storage facilities for cylinders should be provided to ensure
that the cylirfders are maintained-in a safe, secured and clean condition.

5.2.2 Confinuity of supply

5.2.21 The supply systems for compressed medical gases and vacuum shall be designed to achieve
continuity of|system design flow at a distribution pressure complying with 7.2 in normal condition and in slingle
fault conditign.

NOTE Loss of mains electrical power or water supply is a single fault condition. A fault in control equipment is a
single fault condition.

In order to achieve this objective,

a) the supply systems for compressed medical gases and vacuum shall comprise at least three sources of
supply, i.e. primary source of supply, secondary source of supply and reserve source of supply, and

b) the layout and the location of the pipelines shall reduce the risk of mechanical damage of the pipeline to
an acceptable level.

Failure of the pipeline is considered a catastrophic event and not a single fault condition, and should be
managed in accordance with the emergency procedure (see Annex G).
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the gas supply.

5.2.3 Primary source of supply

Control equipment shall be designed so that components can be maintained without interrupting

The primary source of supply shall be permanently connected and shall be the main source of supply to the
medical gas pipeline.

5.2.4 Secondary source of supply

The
the 4

5.2.9
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both
can

surg

The
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NOT
units

5.2.6

5.2.6
of th
debr
build

5.2.6

5.2.6
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NOTE

5.2.6

5.2.6

secondary source of supply shall be permanently connected and shall automatically supply the pipeline in

vent that the primary source of supply is unable to supply the pipeline.

Reserve source of supply

Feserve source of supply shall be permanently connected. Activation of the reserve supply in
the primary and the secondary sources of supply being unable to supply the pipeline or for
be automatic or manual. A reserve source of supply can also be required for air or nitroge
cal tools.

manufacturer together with the healthcare facility management shall determine the location o
ce(s) of supply to cover the complete pipeline system.

This can result in a number of reserve sources of supply,~some or all of which could be close f

Means of pressure relief

A For all compressed medical gases except air, pressure-relief valves shall be vented t
e building and the vents shall be providedywith means to prevent the ingress of, for exan
s and water. The vents shall be located,remote from any air intakes, doors, windows or othe

the event of
maintenance
n for driving

f the reserve

p the terminal

b the outside
ple, insects,
openings in

ings. Consideration shall be given to-the'potential effects of prevailing winds on the location of the vents.

2 All pressure-relief valves ‘'shall close automatically when excess pressure has been rejeased.

3 It shall not be possible to isolate a means of pressure relief, for example by a shut-off valve, from

bipeline or the pressure-regulator to which it is connected. If a valve or a flow-limiting device is
incofporated for maintenanee, it shall be fully opened by the insertion of the means of pressure relief.

= Attention is'drawn to regional, national and international standards for pressure-relief valves, e.g. ISO 4126-1 [,

4 Means shall be provided to protect the pressure-relief valve from tampering.

.5 Any portion of a pipeline within a supply system where gas in liquid phase can be entrapped

een \two shut-off valves shall be provided with means to relieve excess pressure resulting from

betw

vapa

rization of the liquid

5.2.7 Maintenance supply assembly

5.2.7.1

main

tenance supply assemblies shall be provided downstream of the main shut-off valve(s).

Except for pipelines for vacuum and air or nitrogen for driving surgical tools, one or more

The manufacturer together with the healthcare facility management shall determine the location of the

main

tenance supply assembly.
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The maintenance supply assembly shall have a gas-specific inlet connector, a means of pressure
relief, a non-return valve and a shut-off valve. The design of the supply assembly shall take into account the
flow which can be required under maintenance conditions. The supply assembly shall be physically protected

mpering and unauthorized access.

The maintenance supply assembly should be located outside of the area of the supply system and should
allow access by vehicles.

5.2.8 Pres

sure regulators

For single-stage pipeline distribution systems, the pressure regulators within the supply systems shall be

capable of G
7.2.3.

5.3 Supp

5.3.1 A sUpply system with cylinders or cylinder bundles shall comprise:

a) a primafy source of supply which supplies the pipeline;

b) a secordary source of supply which shall automatically supply the pipelineywhen the primary sour
supply hecomes exhausted or fails;

c) aresenje source of supply (except for air or nitrogen for driving surgical tools).

Except for a
be such that

5.3.2 The
of one bank
replaced, it
shall have it
air, vent valy

5.3.3 Exc
manifold end

5.3.4 Afil

first pressur¢ regulator.

5.3.5

5.3.6
prevent the

used for this|purpose.

5.3.7 Alls

12

(*) The flexible cennections between each cylinder or cylinder bundle and the manifold shall co
with 1ISO 21969. Non-métallic (polymer-lined or rubber-reinforced) flexible hoses shall not be used.

Means shall be provided to individually secure all cylinders located within the supply syste

pntrolling pipeline pressure at levels which meet the requirements specified in Table 2, 7,2.2

ly systems with cylinders or cylinder bundles

r and nitrogen for driving surgical tools, the supply system with cylinders or cylinder bundles
the system design flow can be supplied with any two.sources of supply out of service.

primary and secondary sources of supply which’alternately supply the pipeline shall each cg
of cylinders or cylinder bundles. When an ‘exhausted bank of cylinders or cylinder bundl
bhall be possible to reset the automatic change-over either manually or automatically. Each
5 cylinders or cylinder bundles connected to a manifold with its own pressure regulator. Exce
es, if fitted on manifolds, shall be yented outside of the building.

bpt for banks with only one cylinder or cylinder bundle, a non-return valve shall be installed 3
of each flexible connection between the cylinder or cylinder bundle and the manifold.

er having a pore size\no greater than 100 um shall be provided between the cylinder(s) an

from'*falling over. The flexible connections between each cylinder and the manifold shall n

and

ce of

shall

nsist
es is
bank
bt for

t the

i the

mply

m to
bt be

upply systems with cylinders shall comply with 5.2.2.1.
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5.4 Supply systems with mobile or stationary cryogenic or non-cryogenic vessels

NOTE Regional or national regulations applying to mobile and stationary cryogenic and non-cryogenic vessels can
exist.

5.4.1 Except for nitrogen for driving surgical tools, a supply system with stationary cryogenic or non-
cryogenic vessels shall consist of one of the following:

a) one stationary cryogenic or non-cryogenic vessel with associated equipment and two banks of cylinders
or cylinder bundles;

b) wostatiomary cryogenicor mon-cryogenic vessels wittrassociatedequipmentand-one bank of cylinders
br cylinder bundles;

c) three stationary cryogenic or non-cryogenic vessels with associated equipment.

The | sources-of-supply management procedure (see Annex G) should take into’ account [the natural
vapdrization of liquid contained in cryogenic and non-cryogenic vessels.

5.4.2 All supply systems with mobile or stationary cryogenic or non-cryegenic vessels shall [comply with
5.2.4.1.

5.5 | Supply systems for air

5.5.1 General requirements
5.5.1.1 A supply system for medical air or air for driving surgical tools shall be one of the following:
a) P supply system with cylinders or cylinder bundles as specified in 5.3;

b) B supply system with air compressor(s) as\specified in 5.5.2;

c) B supply system with proportioning uhit(s) as specified in 5.5.3.

NOTE Air for driving surgical tools can be supplied from the same sources as medical air.
5.5.1.2 (*) If medical air arair for driving surgical tools is provided for other purposes, such jas operation
of ceiling columns, anaesthetic gas scavenging systems, breathing air for medical personnel pr testing or

drying of medical deviceés, means shall be provided to prevent backflow into the pipeling. The flow
requjrements of these @pplications shall be taken into account by the manufacturer of the system.

5.5.1.3 Medieal air and air for driving surgical tools shall not be provided for applications such as general
workishop usg, motor repair workshop use, spray painting, tyre inflation, reservoirs for pressurization of
hydraulic fluids, sterilizing systems and pneumatic control of air conditioning, which can imposg unforeseen
demands.and could compromise the availability and/or quality of air for normal patient care purposes.

NOTE Such uses could increase service interruptions, reduce service life and introduce contamination.

5514 Where the medical air supply system is required to pressurize a hyperbaric chamber, an
assessment shall be made to ensure that there is adequate capacity of the medical gas pipeline system to
meet the total demand.

55.1.5 All supply systems for air shall comply with 5.2.2.1. All compressor units and all proportioning
units shall be connected to an emergency electrical power supply.
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5.5.2 Supply systems with air compressor(s)

5.5.2.1 (*) Regional or national regulations applying to medical air produced by a supply system with air
compressor(s) can exist. Where such regulations do not exist, medical air shall comply with the following:

a) oxygen concentration > 20,4 % (volume fraction) and < 21,4 % (volume fraction)
b) total oil concentration < 0,1 mg/m3 measured at ambient pressure

c) carbon monoxide concentration < 5ml/m3

d) carbon dioxide concentration 500 mi/m3

e) water vapour content < 67 ml/m3

f)  sulfur dioxide concentration < 1 ml/m3

g) NO + NP, concentration <2 ml/m3

NOTE 1 Qil can be present as liquid, aerosol and vapour.
NOTE 2  These values are taken from the European Pharmacopoeia 2005.

5.5.2.2 Medical air and air for driving surgical tools supplied by compressor systems shall be filtergd to
maintain the|particulate contamination below the level provided by Table<2, ¢class 2 of ISO 8573-1:2001.

NOTE REgional or national requirements applying to particulate contamination can exist.
5.5.23 (*) Regional or national regulations applying to air*for driving surgical tools produced by a slipply
system with pir compressor(s) can exist. Where such regulations do not exist, air for driving surgical tools|shall
comply with the following:

a) total oil concentration < 0,1 mg/m3 measured at ambient pressure
b) water vapour content <67'ml/m3

NOTE 1 Qil can be present as liquid, aerosol\and vapour.

NOTE 2 For air for driving surgical tools, a low water content is necessary to prevent the formation of water or ice |(from
cooling due tq adiabatic expansion) which can damage tools.

5.5.24 A supply systemCwith compressor(s) for medical air shall comprise at least three sources of
supply, at Igast one of whi€h)shall be a compressor unit. The supply system shall be such that the system
design flow ¢an be supplied with any two sources of supply out of service.
The source ¢f supply:shall be one of the following:

a) acomplessor unit;

b) a bank of cylinders or cylinder bundles.
The compressor unit(s) shall be provided with receiver(s) and conditioning unit(s), as required.

If a supply system includes two or more sources of supply fed from compressor units, at least two conditioning
units shall be provided.

Where the medical air supply system consists of three or more compressor units, which can be switched
between the different sources of supply to provide adequate capacity, these shall be arranged so that during
maintenance on any compressor unit or system component and during a subsequent single fault condition on
any component of the system (e.g. control system), the remaining compressor units and components shall be
capable of supplying the system design flow to ensure continuity of supply.
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Where the medical air supply system consists of more than two conditioning units which can be switched
between the different sources of supply to provide adequate capacity, these shall be arranged so that during
maintenance on any conditioning unit or system component and during a subsequent single fault condition on
any component of the system (e.g. control system), the remaining conditioning unit(s) and components shall
be capable of supplying the system design flow to ensure continuity of supply of the appropriate product
quality. At least one dew-point alarm sensor shall be fitted to the pipeline system downstream of all
conditioning units. Recording capability of the water vapour content should be provided.

Each compressor unit shall have an automatic means to prevent backflow through off-cycle units and a shut-
off valve to isolate it from the pipeline system and other compressors.

NOTEF+—Asuppty Systemrwithcompressors formedicatair typcatty comprises oneof thefottowig:
a) pne compressor unit with one receiver, one conditioning unit and two banks of cylinders or cylindérbundlles;
b) [wo compressor units with two receivers, two conditioning units and one bank of cylinders or cylinder bupdles;
c) hree compressor units with two receivers and two conditioning units.
NOTE 2 A compressor unit for medical air typically comprises the following:
a) pninlet filter;

b) pne or more compressors;

c) pn after-cooler with shut-off valve and automatic drain;

d) Bn oil separator with shut-off valve and automatic drain.

NOTE 3 A conditioning unit for medical air typically comprises the following:
a) P dryer with shut-off valves and automatic drain;

b) Bn adsorber, a catalyst and filter(s) as required to remove contaminants;

c) B dew-point sensor fitted with an alarm and display, connected to the pipeline system downstream of dll conditioning
Linits.

5.5.4.5 If an independent supply system with compressors for air for driving surgical tools i$ provided, it
shalllcomprise at least twa.seurces of supply, at least one of which shall be a compressor unit.

At lepst one dew-point alarm sensor shall be fitted to the pipeline system downstream of all conditjoning units.
NOTE 1 A supply system with compressors for air for driving surgical tools typically comprises one of the following:

a) pne cémpressor unit with one receiver, one conditioning unit and one bank of cylinders or cylinder bund|es;

b) [wo-Compressor units with one or more receivers fitted with a means of bypass and two conditioning unifs.

NOTE 2 A compressor unit for air for driving surgical tools typically comprises the following:
a) aninlet filter;

b) one or more compressors;

c) an after-cooler with shut-off valve and automatic drain;

d) an oil separator with shut-off valve and automatic drain.
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conditioning unit for air for driving surgical tools typically comprises the following:

a dryer with shut-off valves and automatic drain;

S required;

Receivers shall

mith EN 286-1 or nqni\lnlnnf national efnndnrdc, and

a dew-point sensor fitted with an alarm and display, connected to the pipeline system downstream of all conditioning

NOTE3 A
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with shut-off valve(s), an automatic drain, a pressure gauge and a pressure-relief valve:

Each group of receivers shall be arranged so as to allow each receiver in that\group f{
eparately.

If two or more conditioning units are fitted, they shall allow the components to be maintd

A sample port with a shut-off valve shall be provided immediately downstream of the conditig

VWhen more than one compressor unit is provided, each.ecompressor shall have a control ¢
that shutting off, or failure, of one compressor will not affect the operation of other compress
ic controls for multiple compressors shall be arranged, so that all the units supply the systg
taneously. This requirement shall be met in normal.condition and in single fault condition.
proup of receivers shall be fitted with a means_of pressure control, e.g. pressure switch(e
nsducer(s).

n from internal combustion engine .exhaust, vehicle parking, access areas, hospital waste
tems, vacuum system exhausts/vents from medical gas pipeline systems, anaesthetic
systems, ventilation system discharges, chimney outlets and other sources of contamination
e intake(s) which should'be remote from chimney outlets.

A supply system withh compressors for medical air intended to supply a single-stage pip
ystem shall include two permanently fitted pressure regulators. The design flow of the pip

ystem shall be supplied by each pressure regulator.

pns for use)and maintenance shall specify how the two permanently fitted pressure regulator
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5.5.3 Supply systems with proportioning unit(s)

5.5.3.1

a) oxygen

b) water vapour content

NOTE

16

Regional or national regulations applying to medical air produced by proportioning unit(s) can
exist. Where such regulations do not exist, medical air shall comply with the following:

concentration

< 67 ml/im3

These values are taken from the European Pharmacopoeia 2005.

> 19,95 % (volume fraction) and < 23,63 % (volume fraction)
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A supply system with proportioning unit(s) shall comprise at least three sources of supply, at least

one of which shall be a proportioning unit. The supply system shall be such that the system design flow can
be supplied with any two sources of supply out of service.

NOTE 1 A supply system with proportioning units typically consists of one of the following:

a) sources of oxygen and nitrogen, one proportioning unit and two banks of cylinders or cylinder bundles;

b) sources of oxygen and nitrogen, two proportioning units and one bank of cylinders or cylinder bundles.

NOTE 2 A proportioning unit typically comprises the following:

a) B mixer with a process control analyser;

b) Bn automatic shut-off valve controlled by the pressure of the supply gas, a pressure regulator and"a non-return valve
for each of the supply gases;

c) | medical air receiver fitted with a pressure-relief valve and a pressure gauge;

d) P quality control analyser connected to the receiver;

e) Bn automatic shut-off valve fitted downstream of the receiver.

5.5.3.3 The sources of oxygen and nitrogen for proportioning<systems shall conform to the nequirements

of 5. and 5.4 and can be the same sources as those supplying‘the medical gas pipelines separately. Means

shall|be provided to prevent cross-contamination between gases supplying the proportioning unit.

5.5.34 A proportioning system shall operate automatically.

The pxygen concentration of the mixture shall be analysed continuously by two independent oxygen-analysing

systems. At least one oxygen-analysing system-shall be fitted on or downstream of the receivef. Recording

capgbility for oxygen concentration shall be provided.

If thg oxygen concentration of the mixture or the pressure supplied to the pipeline distribution system goes out

of specification, an alarm shall be activated and the proportioning system shall be automatically isolated by

closing the controlled shut-off valve.fitted downstream of the receiver. The secondary source of|supply shall

then|automatically supply the pipelifie. The system shall be arranged so that manual intervention |s necessary

to cdrrect the composition of the,mixture before reconnecting the proportioning system to the pipeline system.

5.5.3.5 A proportioning system shall be capable of supplying a mixture of the required composition over

the gntire range of specified flowrates.

5.5.3.6 A praoportioning system shall include means for verifying the calibration of the analysing system(s)

by rgference to mixture(s) of known composition.

5.5.3.7 A sample port with a shut-off valve shall be provided immediately upstream of the main shut-off

valvef(s).

5.6 Supply systems with oxygen concentrator(s)

5.6.1 Where national or regional regulations permit the use of oxygen-enriched air, the supply systems with

oxygen concentrator(s) shall comply with ISO 10083.

5.6.2 If not specified by regional or national regulations, the specification for oxygen-enriched air shall

comply with ISO 10083.

NOTE

Regional or national regulations applying to oxygen-enriched air can exist.
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5.7 Supply systems for vacuum

5.71

A supply system for vacuum shall comprise at least three sources of supply, one reservoir, two

parallel bacterial filters and one drainage trap. A source of supply typically comprises one or more vacuum

pumps.

5.7.2 Where the three sources of supply consist of three separate pumps, each pump shall be capable of
supplying the system design flow to ensure continuity of supply.

5.7.3

Where the supply system for vacuum consists of more than three pumps, which can be switched

between the different sources of supply to provide adequate capacity, these shall be arranged so that during
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On any pump or sysiem component and during a subsequent single fault condition on
pf the system (e.g. control system), the remaining pumps and components shall be capah
b system design flow to ensure continuity of supply.

n pump shall have a control circuit arranged so that shutting off, or failure, of one pump wi
eration of other pumps. The controls shall be arranged so that all the pumps stpply the systg
taneously. This requirement shall be met in normal condition and in single\fault condition g
m.

upply systems for vacuum shall comply with 5.2.2.1. All sources of‘supply shall be connect
cy power supply.

brvoirs shall comply with appropriate regional or national standards.

N reservoir shall be fitted with maintenance shut-off valvé(s), a drain valve and a vacuum gau
ervoir or one drainage trap is fitted, means of bypass-shall be provided.

exhaust(s) from the vacuum pumps shall be-piped to the outside and shall be provided
event the ingress of, for example, insects, debris and water. The exhaust(s) shall be log
any air intakes, doors, windows or other,_epenings in buildings. Consideration should be giv
effects of prevailing winds on the location of exhaust(s).

exhaust line shall be provided with @ drain at its lowest point.

cessary, means shall be provided to prevent the transmission of vibration from the vac
pipeline.
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n bacterial filter shall’be-Capable of passing the system design flow at normal operating condifion.

lum supply systems complying with this part of ISO 7396 shall not be used as AGS p|
ISO 7396-2 131y

ion of supply systems

pwer

Gas and no

n-cryogenic liquid cylinder supply systems shall not be located in the same room as medic

Bl air

compressors, oxygen concentrators or vacuum supply systems.

The location of supply systems shall take into account potential hazards (e.g. contamination and fires) arising
from the location of other equipment or other supply systems within the same room.

These locations shall be provided with drainage facilities.

(*) The ambi
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ent temperature in rooms for supply systems shall be in the range of 10 °C to 40 °C.
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5.9 Location of cylinder manifolds

The location of cylinder manifolds shall be defined in collaboration with the relevant authorities and in
accordance with the relevant national standards. Informative guidelines are given in Annex B.

5.10 Location of stationary cryogenic vessels

The location of stationary cryogenic vessels shall be defined in collaboration with the relevant authorities and
the gas supplier and in accordance with the relevant national standards. Informative guidelines are given in

Annex B.

6

6.1

Mon
oper
notif
use

pipe
abnd
clinid

6.2

6.2.1

Monitoring and alarm systems

General

toring and alarm systems have four different purposes which are fulfilled by operating alarmg
hting alarms, emergency clinical alarms and information signals. The parpose of operating
the technical staff that one or more sources of supply within a supply‘system are no longer
hnd it is essential that action be taken. Emergency operating alarmstindicate abnormal pres
ine and could require immediate response by the technical staff’Emergency clinical ala
rmal pressure within a pipeline and could require immediate“response by both the techn
al staff. The purpose of information signals is to indicate normal’status.

Installation requirements

If not specified in this part of ISO 7396, the Jocation of indicator panels shall be detern

, emergency
alarms is to
available for
sure within a
rms indicate
ical and the

nined by the

system manufacturer in consultation with the -h€althcare facility management using risk management

pringd

6.2.2

9)

h)

i)

iples.
Monitoring and alarm systems shall'comply with the following requirements:
he design and location of the indicator panels shall allow continuous observation;

Bn indicator panel displaying all operating alarm signals specified in 6.4 shall be installed in
ocation allowing continual observation or communication;

he indicator panel(s)for the emergency clinical alarm signals specified in 6.5 shall be ing
Clinical and critical’areas and an additional panel can be installed near the area shut-off va
ndicate the area.monitored;

bressure‘gauges or indicators, if provided, shall show the distribution pressure and shall b
ndicate-the service and the area monitored;

at least one

talled in the
ve and shall

e marked to

visUal indicators shall be provided for each condition monitored and shall be marked

hccording to

unction;

the sensing devices for emergency clinical alarms listed in 6.5 shall be located downstream of each area

shut-off valve;

means shall be provided for testing the activation mechanism and functioning of visual and auditory alarm

signals;

it shall not be possible to isolate a pressure-sensing device, for example by a manually operated shut-off
valve, while it is connected to the pipeline. If a valve is incorporated for maintenance purposes, it shall be

opened by the insertion of the sensing device;

the operating tolerance on the set point of any pressure-sensing device shall not exceed + 4 %.
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(*) Monitoring and alarm systems shall be connected to both the normal and the emergency electrical

power supplies and shall be individually electrically protected.

6.2.4 Alarm systems shall be designed so that an alarm is initiated if there is electrical failure between the

sensor and t

he indicator.

6.3 Monitoring and alarm signals

6.3.1 General

The Categor s and-the characteristics of the mnnifnring and alarm cignalc shall r‘nmlr_\ly with- Table 1

6.3.2 Auditory signals

6.3.2.1 If a pattern of more than two tones or frequencies is used as an auditory signal,"the auditory

signal(s) forlemergency clinical alarms shall conform to the requirements of IEC 60601-1-8.

6.3.2.2 All other auditory signals shall comprise one or two tones modulated equally, e.g. at a rate of |4 Hz

between twq tones of 440 Hz and 880 Hz. The A-weighted sound pressure level af-the auditory components

of these alafm signals at minimum volume shall be at least 2 dB above a white background level of §5 dB

when tested|in accordance with ISO 3746.

6.3.2.3 If an auditory signal can be silenced by the operator, the silencing shall not prevent the auditory

signal from being activated by a new alarm condition.

6.3.2.4 (*) If an emergency auditory signal can be silenced by the operator, the period of silencing [shall

not exceed 15 min.

6.3.2.5 If means to allow permanent audio pausing of\the auditory signal are provided, such means|shall

only be accdgssible to authorized staff.

6.3.3 Visupl signals

6.3.3.1 The visual signals for emergency clinical alarms shall conform to the requirements of

IEC 60601-1-8.

6.3.3.2 The indicator colours and-the characteristics of visual signals shall comply with Table 1.

6.3.3.3 Visual indications”should be perceived correctly and discriminated between under the follgwing

conditions (4ee IEC 60601-1-8):

a) operatof with a visual acuity of 1 (corrected if necessary);

b) viewpoint at adistance of 4 m and at any point within the base of a cone subtended by an angle of 30° to
the axis|normal to the centre of the plane of display of the visual indication;

c)

under an ambient illuminance throughout the range of 100 Ix to 1 500 Ix.

6.3.4 Emergency and operating alarm characteristics

6.3.4.1
visual and a

6.3.4.2

6.3.4.3

For emergency clinical alarms and emergency operating alarms (see Table 1), there shall be a
simultaneous auditory signal.

For operating alarms (see Table 1), there shall be at least a visual signal.

When the condition which has caused the alarm has cleared, the auditory signal and the visual

signal shall reset automatically or by deliberate operator action.

20

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=51d7065f02a124c026fbfaf530d2082c

Table 1 — Alarm categories and signal characteristics

ISO 7396-1:2007(E)

Category Operator response Indicator colour Visual signal Auditory signal
Emergency clinical Imrr:gci;:: \:ﬁtshpgnse Complying with Complying with Complying with
alarm o IEC 60601-1-8 IEC 60601-1-8 IEC 60601-1-8 @
hazardous situation
Emergency operatin Immediate response
gency op 9 to deal with a Red Flashing ° Yes
alarm s
hazardous situation
Operating alarm Pk:g;na%g?ipgi?::ﬁtgna Yellow Flashing ° Optional
o Awareness of normal Not red
Information signal Constant No
status Not yellow
a f a pattern of more than two tones or frequencies is used.
b isual flashing frequencies for operating alarms and emergency operating alarms should be between\0;4 Hz and 2,8 Hz with a duty
cyclg between 20 % and 60 %.
6.3.3 Information signals
Information signals shall be provided to indicate normal status“and shall consist of a Visual signal

(see|Table 1).

6.3.§ Remote alarm extensions
If a femote alarm extension is provided, it shall be arranged so that a failure in the external circuit will not
affeqt the correct functioning of the main alarm. The-location of indicator panels for a remote alarm shall be

detefmined by the system manufacturer in consultation with the healthcare facility management using risk
mangagement principles.

6.4 | Provision of operating alarms

Operating alarm signals shall be provided to indicate the following:

a) rhange-over from primaryto-secondary cylinder supplies, if different from 6.4 b);

b) Bny primary, secondary-or reserve cylinder supply below minimum pressure or content;
NOTE For nitrous oxide and carbon dioxide cylinders, pressure might not indicate the content.

c) pressure in\any cryogenic vessel below the minimum specified by the management of thg healthcare
facility in\consultation with the gas supplier;

d) liguid.level in any cryogenic vessel below the minimum specified by the management of the healthcare
acility in consultation with the gas supplier;

e) malfunctioning of an air compressor system;

f)  for air supplied by a compressor system, water vapour content above the level specified in 5.5.2.1 or
5.5.2.3;

g) malfunctioning of a proportioning system;
h) malfunctioning of a cryogenic system;
i)  malfunctioning of a vacuum system;

j)  malfunctioning of a supply system for oxygen-enriched air.
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6.5 Provi

sion of emergency clinical alarms

Emergency clinical alarm signals shall be provided to indicate the following:

a)
nominal

b)

distribution pressure;

6.6 (*) Provision of emergency operating alarms

deviation of the pipeline pressure downstream of any area shut-off valve by more than + 20 % from the

an increase of pipeline pressure for vacuum upstream of any area shut-off valve above 66 kPa absolute.

Emergency pperating alarm signals shall be provided to indicate the following:

a) for a single-stage distribution system, deviation of the pipeline pressure downstream of the main sht-off
valve by more than = 20 % from the nominal distribution pressure;

b) for a double-stage distribution system, deviation of the pipeline pressure downstreantef-the main shpt-off
valve by more than + 20 % from the nominal supply system pressure;

c) increas¢ of pipeline pressure for vacuum upstream (except for rings) of thexmain shut-off valve apove
44 kPa pbsolute.

NOTE REgional or national regulations/standards can require a different valué\for the vacuum alarm.

The location| of the pressure sensors should be consistent with the location and the intended use of ring shut-

off valves, ifffitted.

7 Pipeline distribution systems

7.1 Mechanical resistance

All sections [of pipeline distribution systems for.compressed medical gases shall withstand a pressure df 1,2

times the maximum pressure which can betwapplied to that section in single fault condition.

7.2 Distribution pressure

NOTE Uhless otherwise specified, pressures in this part of ISO 7396 are expressed as gauge pressurg (i.e.

atmospheric gressure is defined.as)0).

7.21 The|nominal distribution pressure shall be within the ranges given in Table 2. Different gases cgn be

delivered at different fiominal distribution pressures in the same healthcare facility. For example, nitrous ¢xide

can be deliyered at-a nominal distribution pressure lower than that for oxygen in order to prevent flqw of

nitrous oxidg intg the oxygen pipeline when gas mixers or other equipment are used.

22

Table 2 — Ranges of nominal distribution pressure

Pressure in kilopascals

Compressed medical gases other than air or +100
400"

nitrogen for driving surgical tools

Air or nitrogen for driving surgical tools 800 ffgg a

Vacuum <60P

@  Regional or national regulations/standards can require a different range.

b

Absolute pressure.
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7.2.2 For compressed medical gases other than air or nitrogen for driving surgical tools, the pressure at any
terminal unit shall not be greater than 110 % of the nominal distribution pressure with the system operating at
zero flow. The pressure at any terminal unit shall not be less than 90 % of the nominal distribution pressure
with the system operating at system design flow and with a flowrate of 40 I/min at that terminal unit.

NOTE 1 System design flow is calculated in accordance with appropriate diversity factors. Examples of diversity factors
are given in HTM 02 [25]. [26] FD S 90-155 [24] and AS 2896-1998 [16],

NOTE 2  The following factors will contribute to the pressure change: performance of line pressure regulators, pressure
drop in the pipeline downstream of the line pressure regulator and pressure drop across the terminal unit.

7.2. Eor air or nifrngnn for rlri\/ing ellrginnl fools the pressure at any terminal unit shall not be greater than
115 V6 of the nominal distribution pressure with the system operating at zero flow. The pfegsure at any
term|nal unit shall not be less than 85 % of the nominal distribution pressure with the system [operating at
system design flow and with a flowrate of 350 I/min at that terminal unit.

NOTE 1 System design flow is calculated in accordance with appropriate diversity factors -Examples of diversity factors
are gjven in HTM 02 [251. [26] FD S 90-155 [24] and AS 2896-1998 [16],

NOTE 2  The following factors will contribute to the pressure change: performance 'of line pressure regulators, pressure
drop |n the pipeline downstream of the line pressure regulator and pressure drop aerass the terminal unit.

7.2.4 For vacuum systems, the pressure at any terminal unit shall/otbe greater than 60 kPa gbsolute with
the gystem operating at system design flow and with a flowrate of 25¥/min at that terminal unit.

NOTE System design flow is calculated in accordance with appropriate diversity factors. Examples of diversity factors
are gjven in HTM 02 [25]. [26] FD S 90-155 [24] and AS 2896-1998 L8],

7.2.9 (*) For compressed medical gases other than airor nitrogen for driving surgical tools, the pressure at
any terminal unit shall not exceed 1 000 kPa in a single fault condition of any pressure regulator installed
withih the system. Means for this purpose (e.g.-pressure-relief valves) shall be provided. If fittgd, pressure-
relief valves shall comply with 5.2.6. Bursting dises shall not be used for this purpose.

Evidence shall be provided by the manufacturer.

NOTE 1 Regional or national regulations can require the provision of evidence to a notified body or compgtent authority
upon|request.

NOTE 2  Attention is drawn to regional, national and international standards for pressure-relief valves, e.g. IISO 4126-1 M,
7.2.4 (*) For air or smittogen for driving surgical tools, the pressure at any terminal unit shall not exceed
2 00p kPa in a single,fault condition of any pressure regulator installed within the system. Mgans for this
purppse (e.g. pressure-relief valves) shall be provided. If fitted, pressure-relief valves shall comply with 5.2.6.
Burs}ing discs,shall not be used for this purpose.

Evidence shall be provided by the manufacturer.

NOTE Regional or national regulations can require the provision of evidence to a notified body or compétent authority
upon request.

NOTE 2  Attention is drawn to regional, national and international standards for pressure-relief valves, e.g. ISO 4126-1 M,

7.3 Low-pressure hose assemblies and low-pressure flexible connections
7.3.1 Low-pressure hose assembilies, if provided, shall comply with ISO 5359.

NOTE Low-pressure hose assemblies in pipeline distribution systems are normally used for emergency supply of gas
to a pipeline or as part of permanently fixed equipment such as booms, pendants and pendant tracks. Low-pressure hose
assemblies can be required to electrically isolate terminal units installed close to Nuclear Magnetic Resonance (NMR)
systems.
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7.3.2 If a low-pressure flexible connection is part of the pipeline, for example when used for isolation of
vibration, building movement and relative movement of the pipelines, and is not intended to be replaced
during its life, the assembly need not be gas-specific.

7.3.3 If a low-pressure flexible connection is part of a pipeline, it shall be tested in accordance with
Clause 12.

7.3.4 If low-pressure flexible connections are provided in the pipeline distribution system, they shall be
accessible for inspection and maintenance.

The use of low-pressure hose assemblies and low-pressure flexible connections in the pipeline distribution
system sho imi i isi i isk of
loss of gas qupply.

7.4 Doublle-stage pipeline distribution systems

7.41 (*) Alternative arrangements for line pressure regulators are shown in Annex A((Figures A.29 and
A.30).

Each bed-space/patient-space shall be supplied from at least two permanently fitted-line pressure regulators
to ensure continuity of supply. The design flow of the area served shall be supplied by each line pregsure
regulator.

NOTE 1  These regulators can be combined with the area shut-off valve, see 8:3.

The instructipns for use and maintenance shall specify how the two petmanently fitted pressure regulatorg are
intended to gperate.

NOTE 2  The manufacturer can choose between various means of risk control, e.g. automatic switch-over and alarms,
manual switch-over and proper emergency procedures, training and-local reserve supplies.

7.4.2 For|emergency and maintenance purposes¢shut-off valves shall be fitted both upstream| and
downstream| adjacent to each line pressure regulator.

8 Shut-off valves

8.1 General

8.1.1  Shuj-off valves are provided to isolate sections of the pipeline distribution system for maintenance,
repair, planned future extensiéns*and to facilitate periodic testing.

The nomendlature for shut<off valves shall be as follows:
a) source $hut-offaialve;

b) main shut-off-valve;

c) riser shut-off valve;

d) branch shut-off valve;

e) area shut-off valve;

f)  ring shut-off valve;

g) maintenance shut-off valve;
h) inlet shut-off valve.

NOTE Examples of nomenclature of shut-off valves are given in Annex A.
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8.1.2 If not specified, the location of all shut-off valves and the extent of the area served by each area shut-
off valve shall be determined by the manufacturer together with the healthcare facility management, using risk
analysis procedures in accordance with ISO 14971.

The risk assessment shall also take into account the hazards arising from the possible rupture of low-pressure
hose assemblies fitted within any medical supply units.

Consideration should be given to providing a shut-off valve at the point where the pipeline enters a building
unless the main, riser or branch shut-off valve is accessible within the building.

8.1.3  All shut-off valves shall be identified by indicating

a) he gas or vacuum service name or symbol, or
b) [he risers, branches or areas controlled.

Thislidentification shall be secured to the valve, valve box or the pipeline and be réadily visible|at the valve
site.

8.1.4 For all shut-off valves in a medical gas pipeline system, it shall be-apparent by observation whether
the Valve is open or closed.

8.1.8 A source shut-off valve shall be provided downstream (upstream for vacuum) of eagh source of
supgly.

8.1.4 An inlet shut-off valve shall be provided on the pipeline immediately upstream of the aintenance
supgly assembly, if provided.

8.1.71 Shut-off valves shall be lockable in the openyand closed positions; shut-off valves whigh cannot be
locked in the open or closed position shall be protected from operation by unauthorized personnel

8.2 | Service shut-off valves

8.2.1 Typical uses of service shut-off'valves are
a) ps shut-off riser valves,

b) ps shut-off branch valves,

c) ps shut-off maintenance valves, or

d) ps shut-off ring valves.

8.2.2 Service shut-off valves shall be used only by the authorized personnel and should not bge accessible
to urjauthorized persons.

8.2.3 Each riser shall be provided with a shut-off valve adjacent to the connection to the main line.

8.2.4 Each branch shall be provided with a shut-off valve adjacent to the connection to the riser or main line.

8.3 Area shut-off valves

8.3.1 All terminal units in the pipeline system other than those provided only for emergency, system test
purposes or maintenance of components (e.g. line pressure regulators) shall be downstream of an area shut-
off valve (upstream for vacuum). An area shut-off valve shall be provided in each gas and vacuum pipeline
serving each operating theatre, general ward area and all other departments.

8.3.2 Area shut-off valves shall be located on the same floor as the terminal units they serve.
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8.3.3 Area shut-off valves shall be used to isolate areas within healthcare facilities for maintenance and
emergency purposes. Their operation, in the latter case, should be included as part of the emergency disaster

plan.

8.3.4 Area shut-off valves shall be housed in boxes with covers or doors. The boxes shall be labelled with
the following or similar wording:

CAUTION — Do not close valve(s) except in emergency.

8.3.5

a) areash

Each box shall contain the following:

iteoff valvals) for one ormore aases-
\~7 J ’

b) except

clearly
when m

8.3.6 Eac
which can b

8.3.7 Al Qb
Consideratid
paediatric uf

8.3.8 Exc
maintenancs
maintenancs
dimensions
activities. Th
off valve.

8.3.9 Exc
sensorg
emerge
means

mainten

operato
(see IS(

Nno componeg

or vacuum systems, means to allow physical isolation of the service(s). These means:sh4
Visible when deployed. A closed valve shall not be considered an adequate physical isol
odifications are carried out to existing systems.

N box shall be vented to the room to prevent accumulation of gas and shall lnaye a cover or

oxes shall be located within normal hand height and shall be visible‘ahd accessible at all ti
n shall be given to prevent access by unauthorized personnel especially in psychiatr
its.

bpt for pipelines for vacuum and for air or nitrogen for driving surgical tools, an emergency
inlet point shall be provided downstream of each area"shut-off valve. The emergency
inlet point shall be gas-specific (either a NIST or DISS body or the socket of a terminal unit)
of the inlet point shall take into account the flow required during emergency and mainten
e emergency and maintenance inlet point can beiocated within the box containing the area

ppt for

or indicators (e.g. for pressure and.flew),

hcy and maintenance inlet points,

o allow physical isolation(f the service,

ance shut-off valvesZ{if fitted),

air for

-adjustable |ew:-pressure for

D 10524-4 [14]y

regulators or nitrogen driving surgical

hts shallbe installed between an area shut-off valve and the terminal units.

Il be
ation

door

e secured in the closed position. The cover or door shall allow quick access in case of emerggncy.

mes.
Cc or

and
and
The
ance
shut-

tools

9 Termil

)

regulators and pressure gauges

9.1

9.2

Terminal units shall comply with ISO 9170-1.

with ISO 9170-1 or the body of a connector complying with ISO 5359.

9.3
9.4

9.5

26

Medical supply units (e.g. ceiling pendants, bedhead units, booms) shall comply with ISO 11197.
Manifold and line pressure regulators shall comply with ISO 10524-2.

Pressure gauges shall comply with the requirements given in ISO 10524-2.

Gas-specific connectors shall be either the gas-specific connection point of a terminal unit complying
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10 Marking and colour coding

10.1 Marking

10.1.1 Pipelines shall be marked in accordance with 10.1.2 with the gas name and/or symbol adjacent to
shut-off valves, at junctions and changes of direction, before and after walls and partitions, etc., at intervals of
no more than 10 m and adjacent to terminal units.

NOTE 1 Typical examples of marking methods are metal tags, stencilling, stamping and adhesive markers.

NOTE 2 For identification of shut-off valves, see 8.1.3.

10.1]2 Marking shall

a) pe in accordance with ISO 5359,

b) pse letters not less than 6 mm high,

c) pe applied with the gas name and/or symbol along the longitudinal axis of.the pipeline, and
d) |nclude arrows denoting direction of flow.

NOTE Regional or national regulations applying to marking of pipeline systems and their components can exist.

10.2 Colour coding
If colour coding is used for pipelines, it shall comply with ]SO 5359.
NOTE 1 The colours specified in ISO 5359 and national'standards are also used for non-medical applicatfons.

NOTE 2  Regional or national regulations applyingto colour coding of pipeline systems and their components can exist.

11 Pipeline installation

11.1] General
11.1]1 Pipeline systems-shall be used only for patient care. No connections shall be made fo a pipeline
system for other uses~Permitted uses of medical air and air for driving surgical tools related to|patient care
are given in 5.5.1.2,"Non-permitted uses of medical air and air for driving surgical tools are given in 5.5.1.3.

11.1]2 Pipelines and electrical services shall either

a) [rundn'separate compartments, or

b) beseparated by more than 50 mm.
NOTE Regional or national regulations which apply to electrical installations in buildings can exist.

11.1.3 The pipeline shall be bonded to an earth terminal as near as possible to the point at which the pipeline
enters the building. The pipelines shall not themselves be used for earthing electrical equipment.

NOTE Regional or national regulations which apply to continuity of earthing across all joints within the same building
and to electrical isolation of different buildings from each other can exist.

11.1.4 Pipelines shall be protected from physical damage, for example damage which might be sustained

from the movement of portable equipment such as trolleys, stretchers and trucks, in corridors and in other
locations.
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11.1.5 Unprotected pipelines shall not be installed in areas of special hazard, e.g. in areas where flammable
materials are stored. Where installation of pipelines in such a location is unavoidable, the pipeline shall be
installed in an enclosure that will prevent the liberation of medical gas within the area should a leak occur.

NOTE Regional or national regulations which apply to building requirements and fire prevention can exist.

11.1.6 If pipelines are placed underground, they shall be placed in tunnels or ducts. The tunnel or duct shall
be provided with adequate drainage to prevent the accumulation of water. If pipelines are placed in a tunnel or
duct alone, with other services or with pipelines for other fluids or gases, the potential hazard arising from this

situation shall be assessed using risk analysis procedures in accordance with SO 14971.

The

risk

assessment shall take into account that a leak WhICh is not detected (e.0. by an alarm or perlodlc inspection)

shall be consi ound
should be indicated at the S|te by approprlate means, e.g. by continuous marklng tape above the pipeline at
approximat

11.1.7 Pip

11.1.8 A shut-off valve shall not be installed where a leak is likely to cause an accumulation of gas, for
example in g sealed cavity.

11.1.9 Danjage due to contact with corrosive materials shall be minimized, e.g..by)the use of imperme¢able
non-metallic/materials applied to the outer surface of the pipes in the area where:the contact can occur.
11.1.10 Alloyvance shall be made for expansion and contraction of pipelines:

11.1.11 All pipelines for medical gases shall be routed in such away that they are not exposed [to a
temperature|less than 5 °C above the dew point of the gas at pipeline pressure.

Attention is|drawn to the possibility of restriction of flow due to exposure of vacuum pipeline tg low
temperature

11.1.12 Pipgline components which come into contact with the medical gas shall be protected [from
contaminatign during installation.

11.2 Pipeline supports

11.2.1 Pipdglines shall be supported at intervals to prevent sagging or distortion. Maximum intervals betyveen
supports for|metallic and non-metallic pipes should not exceed the values given in Table 3.

NOTE Regional or national regulations specifying intervals between supports can exist.

11.2.2 The|supports shall ensUre that the pipeline cannot be displaced accidentally from its position.

11.2.3 The|supports shall be of corrosion-resistant material, or shall be treated to prevent corrosion. Means
shall be prqvided to<prevent electrolytic corrosion between the pipes and the contacting surfaces of the
supports.

11.2.4 Wharée-pipelines cross electric cables, the pipelines shall be supported adjacent to the cables.

11.2.5 Pipelines shall not be used as support for, nor shall they be supported by, other pipelines or conduits.

28

Table 3 — Maximum intervals between supports for pipes

Pipe outside diameter Maximum interval between supports
mm m
Up to 15 1,5
221028 2,0
35t0 54 25
> 54 3,0
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11.3 Pipeline joints

11.3.1 Except for mechanical joints used for certain components, all metallic pipeline joints shall be brazed or
welded. The methods used for brazing or welding shall permit the joints to maintain their mechanical
characteristics up to an ambient temperature of 600 °C. Filler metals for brazing shall be nominally cadmium-
free (i.e. less than 0,025 % mass fraction cadmium).

NOTE

valve

s, terminal units, pressure regulators, controls and monitoring and alarm sensors to the pipeline.

Mechanical joints (e.g. flanged or threaded connections) can be used to connect components such as shut-off

11.3.2 During brazing or welding of pipeline joints, the interior of the pipeline shall be continuously purged

with

shield aas
~J

NOT
EN 1
proce

11.4 Extensions and modifications of existing pipeline systems

11.4
the r

1.4

minifize the risk of cross-connections. All other systems shall remain at nominal distribution pres

cons
insta

1.4
shut

1.4
systd

1.4

11.4
Clau
then

1.4
sing|
dete

1.4
sped

1.4

EN 13133 [2] specifies requirements for the brazing process, test conditions, assessmenb 3
3134 [221 specifies general rules (test procedures, test pieces) for the specification and @pproV
dures for all materials.

1 The components used in extensions and modification of an existing-pipeline system shall
blevant requirements of this part of ISO 7396.

2 The final connection of extensions shall be undertaken onlenly one system at a time|

ideration shall be given to the location of this connectiof to minimize problems of ad
[lation and testing.

3 If an extension to an existing system is to be made upstream (downstream for vacuum
off valve, a shut-off valve shall be added at the connection point.

4 Extensions to an existing system shall not*be made unless it can be demonstrated that
m meets the requirement specified in 12:6.10.

5 All terminal units in an extension-shall be temporarily labelled to indicate that they are not
6 Connection should be made-to the existing system only after the appropriate tests
5e 12 have been successfully:completed on the modification. The shut-off valve specified in
be opened and further relevant tests completed on the modification.

7 When a connection-is made to an existing system which is in use, that connection shall
e brazed connectionpoint which can be tested for leakage at nominal distribution pressure
ction fluid.

8 Whenthé" modification has been completed and tested in accordance with Clause 1
ified in 11:4.5 shall be removed.

9.The extension of an existing system shall be separated from the existing pipeline sy

inst

nd certificate.
al of brazing

comply with

in order to
sure. Careful
cess during

) of an area
the existing
to be used.

specified in

11.4.3 shall

e made at a
using leak-

2, all labels

stem during

lation and pressure testing. A single shut-off valve between the two systems is not consid

ered to be a

safe

separation.

12 Testing, commissioning and certification

121

General

Tests after completion of installation shall be carried out, documented and certified by the manufacturer.

NOTE

An example of a procedure for testing and commissioning is given in Annex C.

© 1SO 2007 — All rights reserved
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12.2 General requirements for tests

12.2.1 Except for those tests in which the gas is specified, purging and testing as described in 12.4 shall be
carried out with nitrogen, medical air or the specific gas. Medical air should be used for oxygen,
oxygen/nitrous oxide mixture, oxygen-enriched air and air pipelines.

12.2.2 Before any testing according to 12.4 is carried out, every terminal unit in a system under test shall be
labelled to indicate that the system is under test and the terminal unit shall not be used.

12.2.3 The resolution and the accuracy of all measuring devices used for testing shall be appropriate for the

values to be

measured.

12.2.4 All rLeasuring devices used for certification shall be calibrated at appropriate intervals.

12.2.5 For
12.3 and 14
carried out.

12.2.6 Whg
previous tes

12.3 Inspe
The followin
a) inspecti
b) checks

NOTE S

12.4 Tests, checks and procedures beforeuse of the system

extensions and modifications of existing pipeline distribution systems, not all thejtests list
4 need to be carried out. The manufacturer shall specify and document which-tests shg

n the results of a test do not meet the pass criteria, remedial work shall be carried ouf
s repeated as necessary.

ctions and checks before concealment

j inspections and checks shall be carried out:

bns of marking and pipeline supports (see 12.5.1);

for compliance with design specifications (see 12:5.2).

bme tests for leakage and mechanical integrity canalso be carried out before concealment (see 12.6.1)

j tests and procedures shall be carried out in any order:
leakage and mechanicalintegrity (see 12.6.1);

area shut-off valves_for leakage and closure and checks for correct zoning and cd
htion (see 12.6.2);

Cross-connection’(see 12.6.3);
bbstruction/and flow (see 12.6.4);

of-terminal units and NIST or DISS connectors for mechanical function, gas specificity|

bd in
Il be

and

rrect

and

The followin
a) testsfo
b) tests o
identific
c) testfor
d) testfor
e) checks
identific
f) testsor
g) testsof
h) tests of
i) tests of
j)
k) tests of
30

ption (see 12 6 5):

checks of system performance (see 12.6.6);
pressure-relief valves (see 12.6.7);

all sources of supply (see 12.6.8);

monitoring and alarm systems (see 12.6.9);

test for particulate contamination of pipeline distribution systems (see 12.6.10);

the quality of medical air produced by air compressor systems (see 12.6.11);

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=51d7065f02a124c026fbfaf530d2082c

ISO 7396-1:2007(E)

[) test of the quality of air for driving surgical tools produced by air compressor systems (see 12.6.12);

m) test of the quality of medical air produced by proportioning systems (see 12.6.13);

n) test of the quality of oxygen-enriched air produced by oxygen concentrator systems (see 12.6.14);

o) filling with specific gas (see 12.6.15);

p) tests of gas identity (see 12.6.16).

12.5 Reguirements for inspections and checks before concealment

12.5
Mark

12,5

All it
term

12.6

12.6
One

a)

The

Anngx E for information).

NOT

1 Inspection of marking and pipeline supports

ing shall comply with 10.1. The pipeline supports shall be inspected to verify that they comply

2 Check for compliance with design specifications

ems shall be shown to comply with the design specifications (e.g. the(sizing of the pipelines
nal units, line pressure regulators, if fitted, and shut-off valves).

Requirements for tests, checks and procedures before use of the system

1 Tests for leakage and mechanical integrity
of the following combinations of leakage and mechanical integrity tests shall be carried out:

est for mechanical integrity of vacuum pipelinesystems (see 12.6.1.1) + test for leakage into
bipeline systems (see 12.6.1.2) + combined tests for leakage and mechanical integrity of
Mmedical gas pipeline systems (after concealment) (see 12.6.1.6);

est for mechanical integrity of vacuum pipeline systems (see 12.6.1.1) + test for leakage into
bipeline systems (see 12.6.1.2)+ test for mechanical integrity for compressed medical ¢
see 12.6.1.3) + test for leakagefrom the compressed medical gas pipeline systems (see 12.§

est for mechanical integrity of vacuum pipeline systems (see 12.6.1.1) + test for leakage into
bipeline systems (see 12.6.1.2) + combined tests for leakage and mechanical integrity of
medical gas pipeline systems (before concealment) (see 12.6.1.5) +test for leakag
compressed medical gas pipeline systems (see 12.6.1.4).

pressure drop shall be corrected for variations due to temperature according to the ideal g

E Regional or national regulations which apply to requirements for leakage and mechanical integrit

with 11.2.

5, location of

the vacuum
compressed

the vacuum
as systems
5.1.4);

the vacuum
compressed
e from the

hs laws (see

Y can exist.

12.6.1.1 Test for mechanical integrity of vacuum pipeline systems

This test can be carried out before concealment or after concealment and before use of the system. It can be
preferable to test sections of the system individually, provided that no section is omitted.

Appl

The

y for 5 min a pressure of 500 kPa.

source of test gas shall be disconnected after initial pressurization.

Check for the integrity of the pipeline distribution system and its components.
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12.6.1.2 Test for leakage into the vacuum pipeline systems

This test shall be carried out after concealment and before the use of the system.

With the complete system at nominal distribution pressure, with the source of supply isolated and with all other

valves open,

the pressure increase in the pipeline shall not exceed 20 kPa after 1 h.

12.6.1.3 Test for mechanical integrity for compressed medical gas pipeline systems

This test shall be carried out before concealment.

Apply for 5 fnin a pressure of not less than 1,2 times the maximum pressure which could occur under, single

fault conditign in each section of pipeline distribution system.

For double-gtage distribution systems, line pressure regulators should not be fitted at this stage. of'installation

and can be|replaced by suitable connectors. If so, the test pressure for the complete pipeline should be

determined, [taking into account the maximum pressure which can be applied to the pipgline"downstregm of

the supply system in single fault condition.

Check for the integrity of the pipeline distribution system and its components.

12.6.1.4 Test for leakage from the compressed medical gas pipeline systems

This test shall be carried out after concealment and before use of the system.

For single-sfage pipeline distribution systems, the leakage from the” medical gas pipeline system shdll be

measured from all portion(s) of the system downstream and upstream of each area shut-off valve with the

source of tegt gas disconnected.

For double-gtage pipeline distribution systems, the leakage from the medical gas pipeline system shgll be

measured frpm all portion(s) of the system downstreamand upstream of each line pressure regulator with the

source of tegt gas disconnected.

The means [fo allow physical isolation of services described in 8.3.5 b) shall be used to isolate the segtions

upstream and downstream of each area shut-off valve (or each line pressure regulator).

In sections downstream of each area shut-off valve (or each line pressure regulator):

— after a fest period of 2 h te224'h at nominal distribution pressure, the pressure drop shall not exceed
0,4 %/h|of the test pressure'in portions not including flexible hoses in medical supply units;

— after a fest period .0f¢2°"h to 24 h at nominal distribution pressure, the pressure drop shall not exceed
0,6 %/h|of the testpressure in portions including flexible hoses in medical supply units.

In sections Ypstream of each area shut-off valve (or each line pressure regulator):

— after a testperiod-of2-h—to—24-h—at-nominaldistribution—pressure—for—single-stage—pipetine—distrbution

systems or at nominal supply system pressure for double-stage pipeline distribution systems, the
pressure drop shall not exceed 0,025 % of the initial test pressure per hour.

12.6.1.5 Combined tests for leakage and mechanical integrity of compressed medical gas pipeline
systems (before concealment)

These tests

shall be carried out before concealment.

Apply for 5 min a pressure of not less than 1,2 times the maximum pressure which could occur under single
fault condition in each section of pipeline distribution system.

Check for the integrity of the pipeline distribution system and its components.

32
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For double-stage distribution systems, line pressure regulators should not be fitted at this stage of installation
and can be replaced by suitable connectors. If so, the test pressure for the complete pipeline should be
determined, taking into account the maximum pressure which can be applied to the pipeline downstream of

the s

upply system in single fault condition.

At the same test pressure, the pressure drop after a test period of 2 h to 24 h shall be less than 0,025 % of the
initial test pressure per hour.

12.6.1.6 Combined tests for leakage and mechanical integrity of compressed medical gas pipeline
systems (after concealment)

Thed

Mec
whic

Che

The
acco

12.6
corr

12.6
pres
pres
This

12.6
they

12.6

It shall be proved that there are no eross-connections between pipelines for different gases or vac

12.6

The
the t

pipe

€ tests shall be carried out after concealment and before use or the system.

panical integrity shall be tested for 5 min at a pressure of not less than 1,2 times themaxim
h could occur under single fault condition of each section of the pipeline distribution ;system.

k for the mechanical integrity of the pipeline distribution system and its components.

leakage shall then be measured from the whole system with the source of test gas disq
rdance with 12.6.1.4.

bet identification
21 With the system upstream of each closed area shut-off valve under test at noming
sure, the downstream line depressurized to 100 kPa™and all downstream terminal units
sure increase downstream of each closed area shut-off-valve after 15 min shall not exceed 5

test does not apply to vacuum systems.

2.2 All area shut-off valves shall be chécked for correct operation and identification and
control only those terminal units intended by the design.

3 Test for cross-connection

4 Test for obstruction)and flow

Um pressure

onnected in

2 (*) Tests of area shut-off valves for leakage and closure and checks for correct zoning and

| distribution
closed, the
Pa.

to show that

uum.

pressure change measured at each terminal unit shall not exceed the values specified in Tjable 4 when
bst flowrate specified in Table 4 is taken from each terminal unit or NIST or DISS connector |n turn. Each
ine system shall be at its nominal distribution pressure and connected to the test gas supply.
Table 4 — Maximum allowable pressure change
Pipeline system Pressure change Test flowrate

Cpmprgssed medlcgl gases o.ther than ~10 % 40 I/min

air or nitrogen for driving surgical tools

Air or nitrogen for driving surgical tools -15% 350 I/min

Vacuum +15 kPa 25 I/min

NOTE During this test, the distribution pressure in the vacuum system is subject to change; therefore, an

absolute value for the pressure change is appropriate.

All exhaust pipes (e.g. from pressure-relief valves, terminal units for supply and disposal of air or nitrogen for
driving surgical tools) shall be checked for obstruction.
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12.6.5 Checks of terminal units and NIST or DISS connectors for mechanical function, gas specificity
and identification

12.6.51 M

This test req

echanical function

uires that each terminal unit is complete with its fascia plate.

It shall be demonstrated, for each terminal unit, that the appropriate gas-specific probe can be inserted,
captured and released.

If an anti-swivel device is provided, it shall be demonstrated that this retains the probe in the correct

orientation.

It shall be dg
body and se

NOTE T

12.6.5.2 G

It shall be dg
inserted ang
that no gas
inserted.

It shall be d

monstrated, for each NIST or DISS connector, that the appropriate nipple can be inserted int
cured by the nut.

nis test can be carried out at the same time as the tests described in 12.6.4, 12.6.5.2, 12:6.5.3 and 12.6
as specificity
monstrated for each terminal unit that gas (or vacuum) is released ©only when the correct pro

—captured, that no other type of probe used in the same healthcare facility can be captured
(or vacuum) is released when any other type of probe used _in the same healthcare facil

bmonstrated, for each NIST or DISS connector, that @nly the correct nipple can be inserted

the body and secured by the nut and that no nipple for other gasés (or vacuum) can be inserted and secu

NOTE T

12.6.5.3 Id

his test can be carried out at the same time as the tests described in 12.6.4, 12.6.5.1, 12.6.5.3 and 12.6

entification

All terminal ¢inits shall be checked for correct idéentification and labelling.

NOTE T

his test can be carried out at the«same time as the tests described in 12.6.4, 12.6.5.1, 12.6.5.2 and 12.6

12.6.6 Testp or checks of system.performance

Each pipelin

It shall be S
delivering th
selected terr

hown using tests, verification of calculation or other suitable methods that whilst the systs
e system~design flow, the requirements given in Table 2, 7.2.2, 7.2.3 and 7.2.4 are m
hinal units:

12.6.7 (*) Tfsts of pressure-relief valves

e system shall be,shown to deliver the system design flow at the nominal distribution pressure.

b the

be is
and
ty is

into
red.

m is
et at

The performance of pressure-relief valves shall be in accordance with 7.2.5 and 7.2.6.

If type-tested and certified pressure-relief valves are fitted, testing after installation is not required.

Evidence shall be provided by the manufacturer.

NOTE
upon request.

34
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12.6.8 Tests of all sources of supply

Each source of supply shall be verified against its manufacturer's specifications or tested for all specified
operating and emergency conditions according to its manuals and the requirements of this part of ISO 7396.

12.6.9 Tests of monitoring and alarm systems

The performance of all monitoring and alarm systems shall be tested in all specified operating and emergency
conditions according to their manuals and the requirements of this part of ISO 7396.

12.6,

Pipeline distribution systems for compressed medical gases shall be tested for particulate centanpination. The
test shall be carried out using the device shown in Figure 1 at a flowrate of 150 I/min for at'least 15 s.

The [filter shall be free from particulate matter when viewed in good light. Purging procedures might be

necgssary to meet this requirement.

1
2
J \
3
4
Key
1 das-spegific probe (interchangeable)
2 f{lter/holder specified to withstand 1 000 kPa
3 fliterof diameter (50 = 5) mm and pore size 10 ym
4 calibrated jet (interchangeable) to provide a flowrate of 150 I/min at nominal distribution pressure

Figure 1 — Test device for qualitative determination of particulate contamination
of pipeline distribution systems

© 1SO 2007 — All rights reserved 35


https://standardsiso.com/api/?name=51d7065f02a124c026fbfaf530d2082c

ISO 7396-1

12.6.11 Te

:2007(E)

sts of the quality of medical air produced by supply systems with air compressor(s)

Medical air supplied by air compressor systems shall be tested for compliance with 5.5.2.1 before filling the

pipelines.

12.6.12 Te

sts of the quality of air for driving surgical tools produced by supply systems with air

compressor(s)

Air for driving surgical tools supplied by dedicated air compressor systems shall be tested for compliance with
5.5.2.3 before filling the pipelines.

12.6.13 Te

Medical air
pipelines.

12.6.14 Tdasts of the quality of oxygen-enriched air produced by supply systems with oxygen

concentratd
Oxygen-enri

NOTE R
concentrator(

12.6.15 Filling with specific gas

Each pipelin
specific gas
to allow the

12.6.16 Tests of gas identity

A gas identi
more device|

This test car

NOTE T

12.7 Certification of the'systems

12.7.1 Befdq
that all the r
and areas te

sts of the quality of medical air produced by supply systems with proportioning unit(s

supplied by proportioning systems shall be tested for compliance with 5.5.3.1 befare fillin

r(s)
ched air shall be tested for compliance with ISO 10083 before filling the pipelines.

pgional or national regulations which apply to oxygen-enriched air proddced by supply systems with o
) can exist.

e distribution system for compressed medical gases shall be filled with, and emptied o
for a sufficient number of times to displace the test gas. Each terminal unit shall be opened in
specific gas to fill the pipeline system.

y check shall be carried out on each terminal unit after filling with its specific gas, using o
5 so that positive identification ©f each medical gas is made.

include a check for absence’of odour.

his test can be carried ©utat the same time as the tests described in 12.6.11, 12.6.12, 12.6.13 and 12.6

re a medical gas pipeline system is used, it shall be certified in writing to the healthcare fa
pquirements of 12.3 and 12.4 have been met. The results of tests showing details of the ser
sted.should be part of the permanent record of the healthcare facility.

y the

ygen

f, its
turn

ne or

cility
vices

Typical form

NOTE

s for this purpose are given in Annex D.

The certification can be issued in two parts:

part 1: to cover testing of the requirements of 12.3 and 12.4 [items a) through j)], i.e. up to and including 12.6.10;

installation contract but which need not be done immediately.

part 2: to cover testing of the requirements of 12.6.11 to 12.6.16 which are carried out after completion of the

12.7.2 The system manufacturer shall certify that all drawings and manuals, as required in Clause 13, have
been supplied to the owner or client.

36
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12.7.3 When all tests have been completed satisfactorily, all construction labels which have been fixed to
terminal units shall be removed.

13 Information to be supplied by the manufacturer

13.1 General

The information to be provided by the manufacturer shall be in accordance with EN 1041 or equivalent
national standards.

13.2instructionsfor-use
13.2]1 The manufacturer of the complete system or the manufacturers of each component ©of,themedical gas
pipeline system (i.e. supply systems, monitoring and alarm system and pipeline distribution system) shall
prov|de the healthcare facility with instructions for use.

NOTE 1 The supply system, monitoring and alarm system and the pipeline distribution, system can be sypplied by one
or seperal different manufacturers.

NOTE 2  Regional or national regulations which apply to manufacturers of medicaldevices can exist.

13.2]2 Where national standards concerning information to be proyvided by the manufacturer do pot exist, the
instryctions for use shall contain the following:

— the name or trade name and address of the manufacturer;

— year of manufacture and, where appropriate, an*indication of the date by which the sygtem and its
components should be used, in safety, expressed:as the year and month;

— Rny special storage and/or handling conditiens;
— BRny special operating instructions;

— Rny warning and/or precaution{o be taken;

— |dentification number;

— B technical specification including the performances of the system and how to connect and disconnect
Hetachable parts and accessories;

— p description_of all alarm signals and information signals;
— he position in normal condition (i.e. open or closed) of all shut-off valves;

— |nstpuctions for recommended periodic checks of function of the system;

— adequate information regarding the medicinal product or products which the system is designed to
deliver;

— instructions for the disposal of components or consumables (e.g. oil used in compressors and vacuum
pumps, bacterial filters, charcoal filters, desiccants).

13.2.3 The instructions for use given in 13.2.2 shall be drafted taking into account the possibility that several
different parties are involved in operation, use and maintenance.
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13.3 Operational management information

13.3.1 The manufacturer(s) of each component of the medical gas pipeline system (i.e. supply systems,
monitoring and alarm system and pipeline distribution system) shall provide operational management
information to the healthcare facility to enable it to draft its Operational Management Document.

13.3.2 The system manufacturer(s) shall provide instructions to the healthcare facility for recommended
maintenance tasks and their frequency, and a list of recommended spare parts, if applicable.

13.3.3 The manufacturer of the complete system shall provide information to enable the healthcare facility to
prepare a specific emergency procedure to respond to catastrophic failure of one or more pipeline system(s),

where the mjedical gas supplles 0 all medical devices mlglit cease S|multaneously.

NOTE Informative guidelines for the preparation of the Operational Management Document are givensin)Annex G.
Informative gdidelines for risk management are given in Annex F.

13.4 “As-

13.4.1 A s

nstalled” drawings

parate set of “as-installed” mechanical drawings which show the actual locations of the pipelines,

the diametefs of the pipelines, shut-off valves (including their identification, as.'dppropriate) and all pther

components

shall be maintained during construction, and shall be brought up {o.date as changes are made.
These drawings shall include details which will enable buried or concealed pipelines to be located.

13.4.2 A cpmplete set of “as-installed” drawings of the pipeline system as specified in 13.4.1 shdll be

presented to

13.5 Elect

Electrical di

rical diagrams

healthcare facility.

the healthcare facility for inclusion as part of the permanent record of the pipeline system.

agrams for the components supplied shall;.be provided by the system manufacturer tq the
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Annex A
(informative)

Schematic representations of typical supply systems and area

distribution systems

These schematic representations are intended to give an overview of the essential features of different types

of medicat gas pipciillc systens: Theretative puaitiuu of-sone COMponNents shownmrcambevaried{o meet local
needs. Many components defined in the requirements of this part of ISO 7396 are not shown:(elg. automatic
charlge-over). Dashed lines indicate additional pipelines. These schematics are for generalgiidgnce and are
not rjormative.
Table A.1 gives a summary of Figures A.1 to A.30. Tables A.2 and A.3 give the keys-to the components and
subgssemblies, respectively, of the features shown in Figures A.1 to A.30.
Table A.1 — Description of the figures
Figure number Description
A1 Single-stage pipeline system (three sources of supply)
A2 Single-stage pipeline system (three sources of supply) — Alternative arrangement of reserve supply
connection
A3 Double-stage pipeline system (three sources of supply)
A4 Double-stage pipeline system (three-sources of supply) — Alternative arrangement of reserve
supply connection
A5 Single-stage pipeline system With air compressor supply system (one air compressor sgurce — two
cylinder sources)
A.6 Double-stage pipeline(system with air compressor supply system (one air compressor Source — two
cylinder sources)
A7 Double-stage pipeline system with air compressor supply system (one air compressor source — two
cylinder soufces) — Alternative arrangement of secondary and reserve supply connectipn
A.8 Single-stage pipeline system with air compressor supply system (two air compressor sdqurces — one
cylindet_source)
A9 Single-stage pipeline system with air compressor supply system (two air compressor squrces — one
cylinder source) — Alternative arrangement of reserve supply connection
A.10 Double-stage pipeline system with air compressor supply system (two air compressor spurces — one
cylinder source)
A1 Double-stage pipeline system with air compressor supply system (two air compressor spurces — one
cylinder source) — Alternative arrangement of reserve supply connection
A.12 Single-stage pipeline system with air compressor supply system (three air compressor sources)
A.13 Single-stage pipeline system with air compressor supply system (three air compressor sources) —
Alternative arrangement of reserve air compressor supply connection
A.14 Double-stage pipeline system with air compressor supply system (three air compressor sources)
A.15 Double-stage pipeline system with air compressor supply system (three air compressor sources) —
Alternative arrangement of reserve air compressor supply connection
A.16 Single-stage pipeline system with proportioning supply system (one proportioning unit — two cylinder

sources)
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Table A.1 (continued)

Figure number Description

A7 Double-stage pipeline system with proportioning supply system (one proportioning unit — two
cylinder sources)

A.18 Double-stage pipeline system with proportioning supply system (one proportioning unit — two
cylinder sources) — Alternative arrangement of secondary and reserve supply connection

A.19 Single-stage pipeline system with proportioning supply system (two proportioning units — one
cylinder source)

A.20 Single-stage pipeline system with proportioning supply system (two proportioning units —one

cylinder source) — Alternative arrangement of secondary and reserve supply connection

A.21 Double-stage pipeline system with proportioning supply system (two proportioning units -{one
cylinder source)

A.22 Double-stage pipeline system with proportioning supply system (two proportioning(uriits — one
cylinder source) — Alternative arrangement of secondary and reserve supply cennection

A.23 Single-stage pipeline system with compressor supply system for air for driving'surgical tools (ong air
compressor source — one cylinder source)

A.24 Single-stage pipeline system with compressor supply system for air for driving surgical tools (tw¢ air
compressor sources)

A.25 Double-stage pipeline system with compressor supply systemfor air for driving surgical tools (ofe
air compressor source — one cylinder source)

A.26 Double-stage pipeline system with compressor supply‘system for air for driving surgical tools (two
air compressor sources)

A.27 Vacuum pipeline system (three vacuum sources)

A.28 Area distribution system for single-stage pipéline distribution system (with no additional pressure
regulators)

A.29 Area distribution system for double-stage pipeline distribution system with two parallel line presgure
regulators

A.30 Area distribution system for double-stage pipeline distribution system — Additional cylinder with

pressure regulator permanently connected to pipeline
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Number Component
1 Source shut-off valve
2 Main shut-off valve
3 Connector to pipeline
4 Riser shut-off valve
5 Branch shut-off valve
& Area-shut-off-ratve
7 Maintenance shut-off valve
8 Line pressure regulator
9 Terminal unit
10 Pressure-relief valve
11 Non-return valve
12 Maintenance supply assembly
13 Pressure alarm switch
14 Oxygen analyser 1
15 Oxygen analyser 2
16 Flexible connector
17 Cylinder with cylinder valve
18 Cylinder pressure regulator (supplying nominal pipeline distribution pressure)
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Table A.3 — Key to subassemblies in Figures A.1 to A.30

Letter Subassembly
A Primary source of supply with a manifold pressure regulator
B Secondary source of supply with a manifold pressure regulator
C Reserve source of supply with a manifold pressure regulator
D Single-stage pipeline
E Double-stage pipeline with line pressure regulator
F Single-stage-pipetineforairfor-driving-surgieat-toels
G Single-stage pipeline for medical air
H Double-stage pipeline for medical air with line pressure regulators

Double-stage pipeline for air for driving surgical tools with line pressure regulators

Conditioning system

Receiver

Compressor unit

Reserve compressor unit

Mixer with receiver and automatic shut-off valve

Potential supply source for oxygen pipeline

Potential supply source for pipeline for nitrogen for driving surgical tools

Oxygen supply system

Nitrogen supply system

Drainage trap

Bacterial filter

Reservoir

Vacuum source of supply

Vacuum pipeline

X|s|<|c|d|w|xm|o|w|Oo|Zz|Z2|r|Xx]|«

Supplied via riser or'branch
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NOTE See Tables A.2 and A.3 for keys to components and subassembilies.
Figure A.1 — Single-stage pipelinexsystem (three sources of supply)
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NOTE See Tables A.2 and A.3 for keys to components and subassembilies.

Figure A.2 — Single-stage pipeline system (three sources of supply) — Alternative arrangement of
reserve supply connection
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NOTE Ske Tables A.2 and A.3 for keys to components and subassemblies.
Figure A.3 — Double-stage pipeline system (three sources of supply)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.4 — Double-stage pipeline system (three sources of supply) — Alternative arrangement of
reserve supply connection
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NOTE See Tables A.2 and A.3 for keys to components and'subassembilies.

Figure A.5 — Single-stage pipeline:system with air compressor supply system
(one air compressor source — two cylinder sources)
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NOTE Ske Tables A.2 and A.3 for keys to components and subassemblies.
Figure A.6 — Double-stage pipeline system with air compressor supply system
(one air compressor source — two cylinder sources)
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NOTE See Tables A.2 and A.3 for keys to components and'subassembilies.

Figure A.7 — Double-stage pipeline:system with air compressor supply system
(one air compressor source — two cylinder sources) — Alternative arrangement of secpndary
and reserve supply connection
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NOTE Ske Tables A.2 and A.3 for keys to components and subassemblies,

Figure A.8 — Single-stage pipeline system with.aif’compressor supply system
(two air compressor sources — one-cylinder source)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.9 — Single-stage pipeline system with air compressor supply system (two air compressor
sources — one cylinder source) — Alternative arrangement of reserve supply connection
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.
Figure A.10 — Double-stage pipeline systemwith air compressor supply systen
(two air compressor sources — one cylinder source)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.11 — Double-stage pipeline system with air compressor supply system (two air compressor
sources — one cylinder source) — Alternative arrangement of reserve supply connection
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NOTE Spee Tables A.2 and A.3 for keys to components and subassemblies.
Figure A.12 — Single-stage pipeline system with air compressor supply system
(three air compressor sources)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.13 — Single-stage pipeline system with air compressor supply system (three air compressor
sources) — Alternative arrangement of reserve air compressor supply connection
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.14 — Double-stage pipeline system with air compressor supply systen
(three air compressor sources)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.15 — Double-stage pipeline system with air compressor supply system (three air compressor
sources) — Alternative arrangement of reserve air compressor supply connection
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NOTE Ske Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.16 — Single-stage pipeline systempwith proportioning supply system
(one proportioning unit —two cylinder sources)
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NOTE See Tables A.2 and A.3 for keys to components and Subassembilies.

Figure A.17 — Double-stage pipeline;system with proportioning supply system
(one proportioning.unit — two cylinder sources)
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NOTE Ske Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.18 — Double-stage pipeline system with preportioning supply system (one proportioning
unit — two cylinder sources) — Alternative arrangement of secondary and reserve supply connection
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.19 — Single-stage pipeline system with proportioning supply system

(two proportioning units — one cylinder source)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.20 — Single-stage pipeline system with proportioning supply system (two proportioning

units — one cylinder source) — Alternative arrangement of secondary and reserve supply connection
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NOTE Ske Tables A.2 and A.3 for keys to components and subassemblies,

Figure A.21 — Double-stage pipeline system with proportioning supply system
(two proportioning units — one‘cylinder source)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.22 — Double-stage pipeline system with proportioning supply system (two proportioning
units — one cylinder source) — Alternative arrangement of secondary and reserve supply connection
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Figure A.23 — Single-stage pipeline system with compressor supply system for air for driving surgical
tools (one air compressor_source — one cylinder source)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.
Figure A.24 — Single-stage pipeline system with compressor supply system for air for driving surgical

tools (two air compressor sources)
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Figure A.25 — Double-stage pipeline system with compressor supply system for air for driving
surgical tools (one air compressor source — one cylinder source)
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NOTE See Tables A.2 and A.3 for keys to components and subassemblies.

Figure A.26 — Double-stage pipeline system with compressor supply system for air for driving
surgical tools (two air compressor sources)
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Figure A.27 — Vacuum pipeline system (three'vacuum sources)
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NOTE See Tables A.2 and A.3 for keys to components and subassembilies.

Figure A.28 — Area distribution system for single-stage pipeline distribution system
(with no additional pressure regulators)
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Figure A.29 — Area distribution system for-double-stage pipeline distribution system

with two parallel line pressure regulators
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Figure A.30 — Area distribution systemfor double-stage pipeline distribution system —
Additional cylinder with presstire regulator permanently connected to pipeline
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Annex B
(informative)

Guidelines for location of cylinder manifolds, cylinder storage areas and
stationary vessels for cryogenic or non-cryogenic liquids

B.1 Loca

A supply sys
constructed
the weather,

NOTE R

B.2 Loca

B.2.1
should be u
access by u

B.2.2 Ade

NOTE R

B.3 Loca

B.3.1 Stat
subterranea
away from g
public acces

NOTE
can exist.

R

B.3.2 Sta
which is op4
protected frg

Cylinders storage areas should be well-ventilated and fire-resistant. If located in the open air,
nder cover and protected from the weather. Cylinder storagé areas should be fenced to prevent

ion of cylinder manifolds

tem with cylinders should be installed in a well-ventilated and fire-resistant room thatis-spe
or suitably modified. Alternatively, it can be installed in the open air under cover, protected
and the area fenced to prevent access by unauthorized persons.

Egional or national regulations which apply to the location of cylinder manifolds can éxist.

ion of cylinder storage areas

nauthorized persons.
fuate vehicle access for safe unloading and handling of cylinders should be provided.

pgional or national regulations which apply to cylindérstorage areas can exist.

lion of stationary vessels

onary vessels containing cryogenic or non-cryogenic liquids should not be installed
N structures such as undergreund bunkers, basement rooms, etc., and should be more thar
penings to trenches, subterranean structures, manholes, gullies or traps, and at least 5 m
S routes.

egional or national regulations which apply to the location of stationary cryogenic or non-cryogenic ve
ionary vesS§els containing cryogenic or non-cryogenic liquids should be installed in a po

n to thelair and at ground level, not on the roof of a building. The control equipment shou
m the.weather and the area fenced to prevent access by unauthorized persons.

cially
from

they

over
5m
from

ssels

sition
d be

B.3.3 Ade

uate access for a vehicle should be provided so that a cryogenic or non-cryogenic liquid slipply

vessel can be filled. The ground in the immediate vicinity of an oxygen or nitrous oxide filling point should be
of concrete or other non-combustible material.

B.3.4 Points of possible escape of gas from means of pressure relief should be more than 5 m away from
public access areas.
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Annex C
(informative)

Example of procedure for testing and commissioning

General

This

test procedure is given as an example of how the specifications of Clause 12 can be verifie

system can be commissioned and certified. Other procedures which validly test these spécifica

devis
requ
reme

The
Typi

whic

C.2
c.2.

C.2.1
Visu
and
Che
C.2.1
Recq

C.2.

C.2.]

No p

ed. In this procedure, the given sequence of tests is important and should be followed.
rements of 12.1 and 12.2 should be followed. When the results of a test do not meet the |
dial work shall be carried out and previous tests repeated as necessary.

bccuracy of the test equipment should be checked before commencing each test procedure.

tal forms for certification of the system are given in Annex D. Summaries of the typical tg
h list the specification, procedure and form for each test are given infForms D.1.1 and D.1.2.

Inspections before concealment (see 12.3)
1 Inspection of marking and pipeline supports (see 12.5.1)

.1 General
blly inspect that marking has been correctly placed on all pipelines, especially adjacent to T

Where pipelines pass through floors.@rwall partitions. The marking should be in accordang
k the pipeline supports. The pipeline supports should be in accordance with 11.2.

.2 Testresults

rd the results on FormD.2.
2 Check for compliance with the design specifications (see 12.5.2)

.1 Generalconditions

ipeline;should be concealed.

H so that the
ions can be
The general
bass criteria,

sts required

connections
e with 10.1.

C.2.2

22— Exampleofprecedtte—7m™m@™ 8 M MM |

Visually inspect each pipeline to check that the sizing of the pipelines, the location of terminal units, line
pressure regulators (if fitted) and shut-off valves are in accordance with the design specification.

C.2.2.3 Test results

Record the results on Form D.3.
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C.3 Tests and procedures before use of the systems (see 12.4)

C.3.1 Tests for leakage and mechanical integrity

C.3.1.1

Tests for mechanical integrity of vacuum pipeline systems (see 12.6.1.1)

WARNING — Precautions should be taken to avoid hazards to personnel arising from possible rupture
of the pipeline.

C.3.1.1.1 General

This test cap be carried out on sections of the pipeline, provided that no part of the system is omitted) The
section to be tested should be completely installed and held firmly in place. The base blocks of allterminal
units should| be fitted and blanked. All connectors for pressure-relief valves, pressure gauges and pregsure
switches should be blanked. If separate sections are tested, each section under test should _be ‘isolated |from
the remaindgr of the system.

C.3.1.1.2 Example of procedure

Connect a suitable pressure-measuring device to the section under test. Fill the séction(s) to be tested| with
test gas at 5p0 kPa. After 5 min, check that the system has not ruptured.

C.3.1.1.3 [festresults

Record the nesults on Form D.4.1

C.3.1.2 T¢st for leakage into the vacuum pipeline system (see 12.6.1.2)

C.3.1.21 [General

All terminal dinits, valves and other devices such as\vacuum gauges and pressure switches should have peen
installed. The vacuum supply system should be.connected to the system under test.

C.3.1.2.2 Example of procedure

Connect a yacuum gauge to the system. Operate the vacuum supply system until the nominal distribution
pressure is pchieved. With the syStem at nominal distribution pressure, isolate the vacuum supply system.
Check that the pressure increasé-after 1 h does not exceed 20 kPa with all shut-off valves open.

C.3.1.2.3 [festresults

Record the nesults ontForm D.4.2.

C.3.1.3 Tdst for mechanical integrity for compressed medical gas pipeline systems (see 12.6.1.3)

WARNING — Precautions should be taken to avoid hazards to personnel arising from possible rupture
of the pipeline.

C.3.1.3.1 General

This test can be carried out on sections of the pipeline, provided that no part of the system is omitted. The
section to be tested should be completely installed and held firmly in place. The base blocks of all terminal
units should be fitted and blanked. All connectors for pressure-relief valves, pressure gauges and pressure
switches should be blanked. If separate sections are tested, each section under test should be isolated from
the remainder of the system.
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Example of procedure

Connect a suitable pressure-measuring device to the section under test. Fill the section(s) to be tested with
test gas at a pressure 1,2 times the maximum pressure as specified in 12.6.1.3 for that section. After 5 min,

chec

k that the system has not ruptured.

C.3.1.3.3 Test results

Record the results on Form D.5.1.

C.3.1.4 Test for leakage from the compressed medical gas pipeline systems (see 12.6.1.4)

C.3.1
Theg

inted
sens

C.3.

Connect a suitable pressure-measuring device to each section of the system(s) under test.

For
secti
used

For
each

4.1 General

e tests can be carried out on sections of each pipeline, provided that no section <is omi
rity of the pipeline is maintained. All terminal units, valves, line pressure regulators, gauges 3
ors should be fitted. The supply system should be isolated from the pipeline.

.4.2 Example of procedure

bingle-stage pipeline distribution systems, pressurize with test\gas at nominal distribution pn
pn upstream and downstream of each area shut-off valve, The means to allow physical isolg
between each section upstream and downstream of eachjarea shut-off valve.

Jouble-stage pipeline distribution systems, pressurize with test gas at nominal supply syst

dow
bet

NOT
the li

Disc
end
line
Che
drop
supp

C.3.1

Rec(

stream of each area line pressure regulater The means to allow physical isolation sh
en sections upstream and downstream of each line pressure regulator.

The shut-off valves fitted upstreamsand downstream of each line pressure regulator (see 7.4.2
e pressure regulator set at zero flow gan.be considered as a means to allow physical isolation.

bnnect and remove the test gas supply. Record the pressure and room temperature initiall
pf the test period (2 h to 247h): Check that in each section upstream of each area shut-off va
bressure regulator), the pressure drop does not exceed 0,025 % of the initial test pressu
k that in each section downstream of each area shut-off valve (or line pressure regulator),
does not exceed 0;4)%/h of the initial test pressure in sections not including flexible hose
ly units or 0,6 %!/h-of the initial test pressure in sections including flexible hoses in medical su

4.3 Testresults

rd the-results on Forms D.5.2 and D.5.3.

C.3.1

ted and the
nd pressure

essure each
tion shall be

EM pressure

section upstream of each line pressure regulator and at nominal distribution pressure g¢ach section

all be used

together with

y and at the
Ive (or each
re per hour.
he pressure
s in medical

pply units.

systems (before concealment) (see 12.6.1.5)

pipeline

WARNING — Precautions should be taken to avoid hazards to personnel arising from possible rupture
of the pipeline.

C.3.1.5.1 General

This test can be carried out on sections of the pipeline, provided that no part of the system is omitted. The
supply system should be isolated from the pipeline. The section to be tested should be completely installed
and held firmly in place. The base blocks of all terminal units should be fitted and blanked. All connectors for
pressure-relief valves, pressure gauges and pressure switches should be blanked. If separate sections are
tested, each section under test should be isolated from the remainder of the system.
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C.3.1.5.2 Example of procedure

C.3.1.5.21 Connect a suitable pressure-measuring device to the section under test. Pressurize with test
gas each section to be tested at a pressure 1,2 times the maximum pressure, as specified in 12.6.1.5, for that
section. After 5 min, check that the system has not ruptured.

C.3.1.5.2.2 At the same test pressure(s), check that the pressure drop during a test period of 2 h to 24 h
does not exceed 0,025 % of the initial test pressure per hour, except for pressure changes due to temperature
variations.

NOTE The pressure change due to temperature variations is approximately 0,35 %/°C (see Annex E).

C.3.1.5.3 est results

Record the results on Form D.6.1.

C.3.1.6 Combined tests for leakage and mechanical integrity of compressed medical-gas pipeling
systems (after concealment) (see 12.6.1.6)

WARNING + Precautions should be taken to avoid hazards to personnel arising from possible rupture
of the pipel|ne.

C.3.1.6.1 [General
These tests| may be carried out on sections of each pipeline provided that no section is omitted and the

integrity of the pipeline is maintained. All terminal units, valves, ling pressure regulators, gauges and pregsure
sensors shopld be fitted. The supply system should be isolatedfrom the pipeline.

C.3.1.6.2 Example of procedure
C.3.1.6.2.1 Connect a suitable pressure-measuring device to the section under test. Pressurize with test
gas each seftion to be tested at a pressure 1,2 times the maximum pressure, as specified in 12.6.1.6, fof that
section. After 5 min, check that the system has.not ruptured.

C.3.1.6.2.2 Carry out the test for leakage in accordance with 12.6.1.4.
C.3.1.6.3 [Testresults

Record the results on Form D(6;2, Form D.5.2 and/or Form D.5.3.

C.3.2 Test|of area shut-off valves for leakage and closure and checks for correct zoning and
correct identification (see 12.6.2)

C.3.21 GTneraI

The tests given in C.3.1 should have been completed satisfactorily and all terminal units should be closed.
This test can be carried out on more than one system at a time.

The test for leakage and closure of area shut-off valves does not apply to vacuum systems.

C.3.2.2 Example of procedure
C.3.2.2.1 Pressurize the pipeline system at its nominal distribution pressure with all area shut-off valves

open. Connect a pressure-measuring device downstream of each area shut-off valve. Close all area shut-off
valves.
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C.3.2.2.2 Depressurize the pipeline system downstream of each area shut-off valve to 100 kPa by opening
a terminal unit. Close the terminal unit.

C.3.2.2.3 Check that the pressure increase does not exceed 5 kPa after 15 min.

C.3.2.2.4 Note the total number and the location of terminal units controlled by each area shut-off valve and
check that these terminal units are correctly labelled.

C.3.2.3 Test results

Record the results on Form D.7.

C.3.3 Test for cross-connection (see 12.6.3)

C.3.3.1 General
In ng circumstances should this test be carried out by pressurizing more than ohe-pipeline systgm at a time.
All p|peline systems should be at atmospheric pressure and all shut-off valves~open. A single test gas source
shoyld be used and connected to only one pipeline system at a time. That(pipeline system shou|d be kept at
nominal distribution pressure throughout the test. In the case of the vacuum pipeline system,|the vacuum
ly system should be used. This test should be applied to all terminal_units.

C.3.3.2 Example of procedure

C.3.3.2.1  Pressurize (or evacuate) the pipeline system to be“tested to nominal distribution pressure.
C.3.3.2.2 Check that gas flows through every terminal*unit of the pipeline system under test.

C.3.3.2.3 Check that there is no gas flow from-any terminal unit of any other pipeline system when opened
with p gas-specific probe and that there are, thérefore, no cross-connections.

C.3.3.2.4 With all the other pipeline_systems at atmospheric pressure, repeat the procedurefin C.3.3.2.1

throgygh C.3.3.2.3 on each pipeline system in turn, including vacuum, preferably at one session.

C.3.3.2.5 Repeat the test in~full if any modifications are made to the pipeline systemq during the
issioning procedure.

C.3.3.3 Test results

Recgrd the resultsrontorm D.8.
C.3.4 Test for obstruction and flow (see 12.6.4)

C.3.4.1-, 'General

These tests can be carried out at the same time as the cross-connection test described in C.3.3. In this case,
only one pipeline system at a time is under pressure. Alternatively, after completion of the tests given in C.3.3,
all pipeline systems can be pressurized at nominal distribution pressure and the tests described in C.3.5 and
C.3.6 carried out simultaneously.

C.3.4.2 Example of procedure
Insert a gas-specific test probe with pressure gauge and flow-measuring device into each terminal unit in turn.

Check that the pressure change between zero flow and the specified test flow at each terminal unit does not
exceed the value given in Table 4.
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C.3.4.3 Testresults

Record the results on Forms D.9 and D.10.

C.3.5 Check of terminal units and NIST or DISS connectors for mechanical function, gas

specificity

C.3.51

and identification (see 12.6.5)

General

All terminal units should be complete with fascia plate.

These tests
only one pip
all pipeline s
C.3.6 carrieq

C.3.5.2 EX

C.3.5.21
device is prag

C.3.5.2.2
and that no

C.3.523
connection i
test.

C.3.5.24
specified in

C.3.5.3 T¢

Record the 1f

can be carried out at the same time as the cross-connection test described in C.3.3. In thi§
eline system at a time is under pressure. Alternatively, after completion of the tests given.n
ystems can be pressurized at nominal distribution pressure and the tests described in €.3.5
out simultaneously.

ample of procedure

Check that the gas-specific probe can be easily inserted, captured andreleased. If an anti-s
vided, check that this retains the probe in the correct orientation.

Check that no gas is released at any terminal unit by insertion.af the probes of any other g
probes for other gases can be captured.

Check that all NIST or DISS connectors accept the appropriate nipples and that a mechg
5 made. Check that the NIST or DISS nipples for all other gases do not fit the connectors U

2.6.5.

st results

esults on Forms D.9 and D.10.

C.3.6 Tests of system performance (see 12.6.6)

C.3.6.1
These tests
supply of teg
pipeline dist

C.3.6.2 EX

Géneral

should be cafried out on one system at a time. All shut-off valves should be open. Conn
t gas of sufficient capacity to deliver the system design flow for several minutes at the inlet t
ibution system. The vacuum supply system should be used to test the vacuum pipeline syste

ample of procedure

tase,
C.3.3
and

wivel

ases

nical
nder

Check that all terminal units are identified ‘and labelled correctly and meet the requirements

bet a
b the
m.

C.3.6.2.1

Pressurize or evacuate the pipeline to a pressure not greater than the maximum distrib

pressure or vacuum. Record the pressure.

C.3.6.2.2
equal to the

C.3.6.2.3

each branch

ution

Insert probes into selected terminal units throughout the pipeline under test to provide a total flow

system design flow. Each probe shall be equipped with a calibrated orifice.

Observe and record the gauge pressure at the specified flow at selected terminal units throughout
the pipeline system. The selected terminal units should be remote from the supply system (e.g. at the end of

)-

C.3.6.2.4 Check that the pressure at each of the selected terminal units is within the limits given in 7.2.2,
7.23and 7.2.4.
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C.3.6.2.5 Depressurize the system and repeat the test for each service.

C.3.6.3 Test results

Record the results on Form D.11.

C.3.

7 Checks of system performance by verification of calculation (see 12.6.6)

C.3.7.1 General

Ac

ck _of c\lcfnm nannrmonr\n h\l varification of calculationsis considered-—an alternative me

ans to show

com

C.3.1

Recq

C.3.

bliance to the requwements glven in Table 2, 7.2.2,7.2.3and 7.2.4.

.2 Check results

rd the check results on Form D.11.

B Test of pressure-relief valves (see 12.6.7)

C.3.8.1 General

If type-tested and certified pressure-relief valves are installed, tests/of relief valve function are
prov|ded that the requirements of 7.2.5 and 7.2.6 are met.

If the pressure-relief valves fitted are not type-tested and certified, their performance should
according to the procedure given in C.3.8.2.

C.3.

.2 Example of procedure

C.3.8.2.1 Inspect each pressure-relief valve to check the discharge capacity and the set pressu

C.3.

C.3.

C.3.

C.3.

.2.2 Inspect the certification supplied with each pressure-relief valve.

not required,

be verified

re.

.2.3 Inspect the installatiof:of the pressure-relief valves to verify that they are correctly vented.

.2.4 Isolate a section of-pipeline in which the pressure-relief valve to be tested is located.

.2.5 Graduallysinerease the pressure in this section of the pipeline and note the pressure

pressure-relief valve’opens and the pressure at which it allows maximum discharge.

C.3.8.2.6 Gradually reduce the pressure to that normally present in the section under test 4§
valug at which the pressure-relief valve reseats and is gas-tight.

C.3.8.2.7" Verify that the pressure at which the pressure-relief valve operates permits the sys

at which the

nd note the

tem to meet

the reguirements of 7.2.5 or 7.2.6 as-appropriate
< PPer

C.3.8.3 Test results

Record the results on Form D.12.
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C.3.9 Tests on sources of supply (see 12.6.8)

C.3.9.1 General

All sources of supply should be installed and connected to normal and emergency electrical power supplies,
as required. Specific checklists for each supply system should have been prepared to meet the requirements
of Clause 5 and the manufacturer’s specifications.

C.3.9.2 Example of procedure

Test all components for leakage. Test air compressor systems for leaks during normal operation. Minor leaks

detectable gs bubbles are acceptable. Check the function and operating parameters of each supply.sy
from the checklist. Check that the supply system operates on the emergency power supply. Verify that the
results confgrm to the manufacturer's specifications and the requirements of Clause 5. Verify thatthe sy
design flow fequirements are met.

C.3.9.3 Tgstresults

Record the

C.3.10Te

C.3.10.1 General

These tests
should be fu

C.3.10.2 EX

C.3.10.2.1
example pre
sensors swit

C.3.10.2.2
and lamp tes
if applicable

C.3.10.2.3
conditions a

C.3.10.2.4

C.3.10.3 Te¢

sults on Form D.13.

s of monitoring and alarm systems (see 12.6.9)

should be carried out for one function at a time, on_one system at a time. All alarm sys
ly installed and in operation.

ample of procedure

ssure, moisture content, liquid level andisystem change-over). Record the settings at which 3
ch on and off.

5t. Check that the visual and guditory characteristics of all signals are in accordance with Clay

Verify that all monitors and alarms operate with the appropriate changes in pipeline sy
nd operate from.thenormal and emergency electrical power supplies.

Verify that all-monitors and alarms comply with the requirements of Clause 6.

st results

stem
b test
stem

tems

Check that all alarms are activated with an‘appropriate change in the local system condition (for

larm

Observe all alarm functions, including visual and auditory signals, resetting of the auditory signals

se 6,

stem

Record the 1

sults on Form D.14.1 and Form D.14.2

C.3.11 Tes

t for particulate contamination (see 12.6.10)

C.3.11.1 General

The compressed medical gas pipeline systems should be at nominal distribution pressure and filled with test

gas.
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C.3.11.2 Example of procedure

Test the terminal unit most distant from the source of supply on each branch line of the pipeline with the
device shown in Figure 1 at a flowrate of 150 I/min for 15 s. Verify that the filters are free from particulate
matter when viewed in good light.

C.3.11.3 Test results

Record the results on Form D.15.

C.3.12 Tests of quality of medical air and air for driving surgical tools produced by supply

sysfems with air compressor(s) (see.12.6.11 and 12.6.12)

C.3.1

Theg

downstream of the conditioning systems, before filling the pipeline distribution”system with

com
supp

NOT

ISO §573-8 [12],

C.3.1
C.3.1
Usin
C.3.1

Test
that

NOT
C.3.1
Test
cont
pipe
supp

C.3.

2.1 General
e tests should be carried out on each air compressor unit in turn, at thecsample port

pressor system. The supply system should be isolated from the pipeline distribution system b,
ly shut-off valve.

F Information regarding test methods can be found in 1SO 8573<3)¢l, ISO 8573-4 9], ISO 8

2.2 Example of procedure

2.2.1 Oxygen concentration

j an oxygen analyser, verify that the oxygen concentration meets the requirements of 5.5.2.1

2.2.2 Oil

for oil present as liquid, aerosol and:\vapour at the sample port using an appropriate test d
he total oil concentration does not'exceed the value given in 5.5.2.1 and 5.5.2.3.

F Information regarding teStjmethods can be found in 1ISO 8573-2 [7] and 1SO 8573-5 [10],

2.2.3 Water

for water vapour.content at the sample port using an appropriate test device. Verify that the

ent does not.exceed the value given in 5.5.2.1 or 5.5.2.3. This test should be repeated af
ine distribution system with air from a sample of 5 % of terminal units at points remote from {
ly (see €:3)15.2.5).

2.2.4° Carbon monoxide and carbon dioxide

immediately
air from the
y closing the

573-6 [ and

evice. Verify

vater vapour
er filling the
he source of

Determine the concentrations of carbon monoxide and carbon dioxide at the sample port using appropriate
test devices. Verify that the concentrations do not exceed the values given in 5.5.2.1.

NOTE Information regarding test methods can be found in 1ISO 8573-6 [11.

C.3.12.2.5 Sulfur dioxide, nitrogen monoxide and nitrogen dioxide

Determine the concentrations of sulfur dioxide, nitrogen monoxide and nitrogen dioxide at the sample port
using appropriate test devices. Verify that the concentrations do not exceed the values given in 5.5.2.1.
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C.3.12.2.6 Particulate contamination

Test for particulate contamination at the sample port using an appropriate test device.

C.3.12.3 Test results

For medical air, record the results on Form D.16. For air for driving surgical tools, record the results on

Form D.17.

C.3.13 Test of the quality of medical air produced by supply systems with proportioning

unit(s) (se

12.6.13)

C.3.13.1 General

These tests
the proporti
closing the s

These tests
sample port

C.3.13.2 EX
C.3.13.21
Using an ox

C.3.13.2.2

Using an ap
value given

C.3.13.3 Tast results

Record the 1

C.3.14 Test of the quality offoxygen-enriched air produced by supply systems with oxyge

concentrat

C.3.14.1 General

These tests
supply syste

should be carried out before filling the pipeline distribution system with medical. airproducs
upply shut-off valve.

should be carried out on each proportioning system in turn, if more than.one is fitted, at a sui
on each system immediately upstream of the supply shut-off valve.

ample of procedure

Dxygen concentration

gen analyser, verify that the oxygen concentration meets the requirements of 5.5.3.1.

Water vapour content

bropriate test device at the sample port, Verify that the water vapour content does not excee
n5.5.3.1.

esults on Form D.18.

or(s) (see 12.6414)

should, be carried out before filling the pipeline distribution system with oxygen-enriched air

M _should be isolated from the pipeline distribution system by closing the supply shut-off valve.

d by

bning system. The supply system should be isolated from the pipeline distribution systemm by

fable

i the

=

The

These tests should be carried out on each oxygen concentrator in turn at a suitable test point immediately

upstream of

the supply shut-off valve.

C.3.14.2 Example of procedure

C.3.14.2.1 Oxygen concentration

Using an oxygen analyser, verify that the oxygen concentration meets the requirements of ISO 10083.
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C.3.14.2.2 Carbon monoxide and carbon dioxide

Using appropriate test devices at the sample port, verify that the concentrations of carbon monoxide and
carbon dioxide do not exceed the levels specified in ISO 10083.

C.3.14.2.3 Particulate contamination

Using appropriate test devices at the sample port, verify that the particulate contamination does not exceed
the level specified in ISO 10083.

C.3.14.2.4 Hydrocarbon contamination

Usin
exce

C.3.

Usin
level

C.3.

Recq

C.3.

C.3.

All's
at th
com
pres

supp

C.3.

C.3.1
distr

C.3.1
shut
vent

C.3.1

) appropriate test devices at the sample port, verify that the concentration of hydrocarbo
ed the level specified in ISO 10083.

4.2.5 Water vapour content

J appropriate test devices at the sample port, verify that the water vapour content does no
specified in ISO 10083.

4.3 Test results

rd the results on Form D.19.
15 Filling with specific gas (see 12.6.15)

5.1 General

stems can be filled with their specific gases™at the same time. Filling with specific gas can b
e same time as the test for gas identity (see C.3.16). All previous tests should have been
pleted. Sources of test gas should berdisconnected. All pipeline systems should be at
sure. Each pipeline system should/be connected to its source of supply with all shut-off valve
ly shut-off valve open. All special connectors should be removed from site.

5.2 Example of procedure

5.2.1 Open the supply’ shut-off valve and fill each pipeline system from its supply system to
ution pressure or.vaeuum.

5.2.2 Excepffor vacuum pipelines, allow a flow of gas from each terminal unit in turn. Clos
off valve and-allow the pressure in each pipeline to fall to atmospheric. All gases except 3
bd outside the building.

5.2:3" Open the supply shut-off valve and refill each pipeline to the nominal distributi

ns does not

exceed the

e carried out
satisfactorily
atmospheric
s except the

the nominal

e the supply
ir should be

PN pressure.

Repgat-the procedure given in C.3.15.2.1 and C.3.15.2.2 as many times as required to give a

gas identity

which conforms to the requirements of 12.6.15.

C.3.15.2.4 Leave each pipeline system at nominal distribution pressure with the supply system connected.

C.3.15.2.5 For medical air or air for driving surgical tools supplied by supply systems with air compressors, at
least one terminal unit on each branch (the terminal unit most distant from the source of supply) should be
tested for water vapour content.

C.3.15.3 Test results

Record on Form D.20 that all pipeline systems are filled with the specific gas.
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C.3.16 Tests for gas identity (see 12.6.16)

C.3.16.1 General

The pipeline systems should be at nominal distribution pressure and filled with the specific gases. All pipeline
systems should be tested at the same time. No medical equipment should be connected to the pipeline

systems. All

other tests in C.3 should have been satisfactorily completed before this test is carried out.

C.3.16.2 Example of procedure

inal units as follows.:

Test all ter
a) for eac
(100 %

mixture
tools (2
systemd
(e.g. m
pressur

 pipeline system which contains gas with a characteristic oxygen concentration [e(g:-0x|
volume fraction), oxygen-enriched air (in accordance with specification), oxygen/nitrous

ygen
bxide

(in accordance with specification), medical air (21 % volume fraction) and air for driving surgical

I % volume fraction)], measure the oxygen concentration using an oxygen analyser. For pip

which contain gas with the same characteristic oxygen concentration but at'different presg
pdical air, 400 kPa, and air for driving surgical tools, 800 kPa), measure the pressure us
b gauge;

b) for each pipeline system which does not contain oxygen (except as a ceontaminant), either use a

specific
procedu
c) forvacy
C.3.16.3 Te

Record the 1

analyser or set each system to a different pressure and measure‘the static pressure. After su
re, the pressure should be reset to the nominal distribution préssure for each system;

um systems, measure the pressure using a vacuum gauge.

st results

esults on Form D.21.1 and/or Form D.21.2 andfor Form D.21.3.

eline
ures
ng a

gas-
cha
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Annex D
(informative)

Typical forms for certification of the medical gas pipeline system

The forms given in this annex are to be completed during testing and commissioning of pipeline systems for
compressed medical gases and vacuum in accordance with Annex C.
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Form D.1.1 — Summary of tests of requirements of 12.3 and 12.4 [items a) through j)], i.e. up to
and including 12.6.10 (see 12.7.1)

Healthcare facility Area identification

This is to certify that the following tests and procedures have been carried out satisfactorily on the medical

gases and vacuum pipeline systems at healthcare facility.
(Sheet ......... of ......... sheets)
Date of
L. Test required e . completion of
i Procedure— t
Form Descriptiomof testsand-procedures Yes/No —Specification tests and
procedures
D.2 Marking and supports C.21 12.5.1
D.3 DEsign specification c22 12.5.2
D.4.1 [Mechanical integrity of vacuum pipeline C.3.1.1 12.6.1.1
systems
D.4.2 [Leakage into vacuum pipeline systems C.3.1.2 12:6,1.2
D.5.1 [Mechanical integrity of compressed C.313 12.6.1.3
nedical gas pipeline systems
D.5.2 [Leakage from compressed medical gas C.3.1.4o0r 12.6.1.4 or
pipeline systems (upstream sections) C.3.1.6 12.6.1.6
D.5.3 [Leakage from compressed medical gas C.3.1°¢%or 12.6.1.4 or
plpeline systems (downstream sections) C.3814.6 12.6.1.6
D.6.1 |[Cpmbined leakage and mechanical €315 12.6.1.5
integrity of compressed medical gas
pipeline systems (before concealment)
D.6.2 |[Cpmbined leakage and mechanical C.3.1.6 12.6.1.6
integrity of compressed medical gas
pipeline systems (after concealment)
D.7 Afea shut-off valve leakage, closure, C.3.2 12.6.2
zoning and identification
D.8 Cross-connection C.3.3 12.6.3
D.9 Terminal units: obstruction and flow, C34 12.6.4
mechanical function, identificatign;ygas C35 12.6.5
specificity
D.10 |NIST or DISS connectors:(obstruction C.34 12.6.4
and flow, mechanical fuhction, C.35 12.6.5
identification, gas spéceificity
D.11 Slystem performance C.3.6 12.6.6
C.3.7
D.12 Pfessure-relief valves C.3.8 12.6.7
D.13 | Spurce§ofsupply C.3.9 12.6.8
D.14.1 |Emergency clinical and operating alarms C.3.10 12.6.9
D.14.2 erating atarms €310 127679
D.15 Particulate contamination C.3.1 12.6.10

Manufacturer’s Representative

Position Signature

Date Name

Authorized Person

Position Signature

Date Name
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Form D.1.2 — Summary of tests of requirements of 12.6.11 to 12.6.16 (see 12.7.1)

Area identification

This is to certify that the following tests and procedures have been carried out satisfactorily on the medical

gases and vacuum pipeline systems at

healthcare facility.

(Sheet ......... of ......... sheets)
Test g Date of
estrequire :
FQrm Description of tests and procedures Procedure Specification cempletion of
Yes/No tests and
rocedures
D{16 |Quality of medical air produced by C.3.12 12,6,11
supply systems with air compressor(s)
D{17 | Quality of air for driving surgical tools C.3.12 12.6.12
produced by supply systems with air
compressor(s)
D{18 |Quality of medical air produced by C.348 12.6.13
supply systems with proportioning unit(s)
D{19 |Quality of oxygen-enriched air produced C.3.14 12.6.14
by supply systems with oxygen
concentrator(s)
D{20 (Filling with specific gas C.3.15 12.6.15
D.21.1 | Gas identity with oxygen analyser C.3.16 12.6.16
D.21.2 |Gas identity with different pressures C.3.16 12.6.16
D.21.3 |Gas identity with gas-specific analyser C.3.16 12.6.16
Construction labels removed
Manpfacturer’s Representative
Position Signature
Date Name
Authorized Person
Position Signature
Date Name
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Healthcare facility

Form D.2 — Inspection of pipeline markings and supports

Area identification

This is to certify that pipeline marking and supports have been inspected before concealment.

Medical gas Section inspected Markings Supports
Pass/Fall Pass/Fail

Manufacturgr’s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
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Form D.3 — Check for compliance with design specifications

Healthcare facility Area identification

This is to certify that the following medical gas pipelines have been checked before concealment for
compliance with design specifications.

Cocation of

Medical gas Pipeline sizing Line pressure

regulators (if fitted) Shutioff valves

Terminal units

Manpfacturer’s Representative

Position Signature

Date Name

Authorized Person

Position Signature

Date Name
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Healthcare facility

:2007(E)

Form D.4.1 — Tests for mechanical integrity of vacuum pipeline systems

Area identification

This is to certify that a mechanical integrity test was carried out on the vacuum pipeline system(s).

Section tested Test pressure Test period Pass/Fail
kPa min

Measuring instrument(s) used
Manufacturgr’s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
80 © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=51d7065f02a124c026fbfaf530d2082c

ISO 7396-1:2007(E)

Form D.4.2 — Tests for leakage into the vacuum pipeline systems

Healthcare facility Area identification

This is to certify that a leakage test was carried out on the vacuum pipeline system(s). During the test, the
pressures shown below were measured.

Section tested | Testpressure | Test period | Pressure increase | Pass/Fail

Ap

Ap 520 kPa/h
kPa h kPa

Measuring instrument(s) used

Manufacturer’s Representative

Position Signature

Date Name

Authorized Person

Position Signature

Date Name

© IS0 2007 — Al rights reserved 81


https://standardsiso.com/api/?name=51d7065f02a124c026fbfaf530d2082c

ISO 7396-1

:2007(E)

Form D.5.1 — Tests for mechanical integrity for compressed medical gas pipeline systems

Healthcare facility

Area identification

This is to certify that a mechanical integrity test was carried out before concealment on the medical gas
pipeline system(s).

Medicalgas | Sectiontested | Testpressure | Testperiod | Pass/Fall
kPa min

Measuring instrument(s) used
Manufacturgr’s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
82 © IS0 2007 — All rights reserved
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Form D.5.2 — Tests for leakage from compressed medical gas pipeline systems — Test for leakage on
portion(s) upstream of area shut-off valves (or line pressure regulators)

Healthcare facility

Area identification

This is to certify that a leakage test was carried out on the pipeline system(s). During the test, the pressures

shown below were measured.

Medlical Portion Test Test Pressure Initial Final Pressure Pass/Fail
gas upstream of area | pressure | period drop temp. temp. change due
shut-off valve to temp,
Ap
A < 0,025 %/h
kPa h kPa °C °C kPa
Measuring instrument(s) used
Manpfacturer’s Representative
Position Signature
Date Name
Authorized Person
Position Signature
Dat Name
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Form D.5.3 — Tests for leakage from compressed medical gas pipeline systems — Test for leakage on
portion(s) downstream of area shut-off valves (or line pressure regulators)

Healthcare facility Area identification

COMPLETE INSTALLATION (Sheet ......... of ... sheets)

This is to certify that a leakage test was carried out on the piped system. During the test, the pressures shown
below were observed.

1|
Medical Portion Test Test Pressure Initial Final Pressure PasleJiI
gas downstream of | pressure | period drop temp. temp. |change due
area shut-off valve to temp.
Ap Ap < 0,4 Yo/h
kPa h kPa °C °C kP4 or < 0,6 %/h?

@  Check thgt in each section downstream of each area shut-off valve (or line pressure regulator), the pressure drop does not exceed
0,4 %/h of the Jnitial test pressure in sections not including flexible hoses in medical supply units or 0,6 %/hr of the initial test presspire in
sections including flexible hoses in medical supply units.

Measuring instrument(s) used

Manufacturgr’s Representative

Position Signature

Date Name

Authorized [Pérson

Position Signature

Date Name
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medical gas pipeline systems

ISO 7396-1:2007(E)

Form D.6.1 — Combined tests for leakage and mechanical integrity of compressed

This is to certify that a mechanical integrity test was carried out before concealment on the medical gas
pipeline system(s).

Medical gas

Section tested

Test pressure

kPa

Test period

min

Pass/Fail

Thislis to certify that a leakage test was carried out before concealment on thé medical gas pipeli

During the test, the pressures shown below were measured.

ne system(s).

Medical Section Test Test Pressure Initial Final Pressure Pass/Fail
1as tested pressure period drop temp. temp. change due
to temp.
Ap
A < 0,025 %/h
kPa h kPa °C °C kPa
Measuring instrument(s) used
Manrfacturer’s Representative
Position Signature
Date Name
Authorized Person
Position Signature
Date Name

© 1SO 2007 — All rights reserved
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:2007(E)

Form D.6.2 — Combined tests for leakage and mechanical integrity of compressed
medical gas pipeline systems

Healthcare facility

Area identification

COMPLETE INSTALLATION (Sheet ......... of ......... sheets)
This is to certify that a mechanical integrity test was carried out after concealment on the medical gas pipeline
system(s).

Medical gas Section tested Test pressure Test period Pass/Fail

kPa min

For the tests for leakage, use Form D.5.2 and Form D.5.3.
Measuring instrument(s) used
Manufacturgr’s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
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Form D.7 — Tests for leakage, closure, zoning and identification of area shut-off valves

Healthcare facility

Area identification

COMPLETE INSTALLATION

This is to certify that leakage, closure, zoning and identification tests of the terminal units controlled by the
area shut-off valves were carried out as follows:

Megdical— | Area shut-off | Testpressure | Downstream | fdentity of rCorrectterminat | Pass/Fail
gas valve pressure change | terminal units unit labelling
identification after 15 min controlled
kPa kPa Yes/No
Measuring instrument(s) used
Manufacturer’s Representative
Position Signature
Datel Name
Authorized Person
Position Signature
Date Name
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Healthcare facility

COMPLETE

:2007(E)

Form D.8 — Tests for cross-connections

INSTALLATION

Area identification

This is to certify that a cross-connection test was successfully completed on the following pipeline systems:

Medical gas

Section tested

Measuring ir

Manufacturi

Position

strument(s) used

er's Representative

Date

Authorized

Position

Person

Date

Signature

Name

Signature

Name

88
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Form D.9 — Tests for obstruction and flow, mechanical function, gas specificity and identification of
terminal units

Healthcare facility Area identification
COMPLETE INSTALLATION (Sheet ......... of .o....... sheets)
This is to certify that the following terminal units were testedonthe ........................ medical gas pipeline.
Specified flowrate I/min. Specified pressure change kPa.
Room Terminal unit Flowrate Pressure Mechanical Identification™| Gas specificity
ideptification | identification change function
Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail

Measuring instrument(s) used

Manpfacturer’s Representative

Position Signature

Date Name

Authorized Person

Position Signature

Date Name
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Form D.10 — Tests for obstruction and flow, mechanical function, gas specificity and identification of
NIST or DISS connectors

Healthcare facility Area identification
COMPLETE INSTALLATION (Sheet ......... of ........ sheets)
This is to certify that the following NIST or DISS connectors were testedonthe ........................ medical gas
pipeline.
Specified flowrate I/min. Specified pressure change kPa.
Room NIST or DISS Flowrate Pressure Mechanical Identification | Gas|specificity
identification connector change function
identification
Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/F4il
Measuring instrument(s) used
Manufacturgr’'s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
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Form D.11 — Tests or checks of system performance

Healthcare facility Area identification
COMPLETE INSTALLATION (Sheet ......... of oo sheets)
This is to certify that the pipeline was tested as follows:
System design flowrate [/min
Ternpinal unit test flowrate I/min
Nomiinal distribution pressure kPa
Minimum distribution pressure allowed kPa
Maximum distribution pressure allowed kPa
Room identification Terminal unit Specifications met

identification Pass/Fail

Measuring instrument(s) used

Manufacturer’s Representative

Position Signature

Date Name

Authorized Person

Position Signature

Date Name
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Form D.12 — Tests of pressure-relief valves

Healthcare facility Area identification

COMPLETE INSTALLATION (Sheet ......... of ......... sheets)

This is to certify that the pressure-relief valves fitted to the pipeline system have been inspected/tested (delete
as appropriate) as follows:

Medical g4 | Pressure- | Location | Full discharge | Futtdischarge [ Correct | Reseating
relief valve capacity pressure venting pressure
identification
I/min kPa Yes/No kPa
Measuring instrument(s) used
Manufacturer’'s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
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Healthcare facility
COMPLETE INSTALLATION

This is to certify that the following sources of supply have been inspected/tested.

Form D.13 — Tests of all sources of supply

Area identification

ISO 7396-1:2007(E)

Source of supply

Operating

Pass/Fail

Emergency

Pass/Fail

comdition
specification

corndition
specification

Manifold

Manifold

Manifold

Manifold

Manifold

Cryogenic oxygen
system

Air compressor
system

Proportioning
system

Oxygen
concentrator
system

Vacuum system

Manufacturer’s Representative

Posi

Date]

Auth

Posi

Date]

ion

Signature

Name

orized Person

ion

Signature

Name
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Healthcare facility

COMPLETE

Form D.14.1 — Tests of emergency clinical and operating alarms

INSTALLATION

Area identification

This is to certify that the monitoring and alarm systems have been tested and comply with the specifications.

Function tdsted Oxygen

Nitreus
oxide

Vacuum

air

. Oxygen-
Meael C. k.
Medieal——driving Gerbon——— o -fef-d-Fng——ﬂ'(To us
mix

Air for Nitrogen | Oxygen/

surgical xide

surgical dioxide
air
ure

tools tools

Specified alarm
maximum pressure

Observed alarfn
maximum pregsure

Return to norm

maximum pregsure

al from

minimum pres:

Specified alarm

ure

Observed alar
minimum pres

=

ure

Return to norny
minimum pres

al from
ure

Marking

Visual charactgristics

Auditory
characteristics|

All visual and 4§

signal functionp

udible

Connection to

supply

emergency power

Measuring ir

strument(s) used

Manufacturgr’'s Representative

Position Signature
Date Name
Authorized Person

Position Signature
Date Name

94
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Healthcare facility

Form D.14.2 — Tests of operating alarms

Area identification

COMPLETE INSTALLATION

ISO 7396-1:2007(E)

.. Sheets)

This is to certify that the monitoring and alarm systems have been tested and comply with the specifications.

Eunction-tested. ﬂv‘\'lgnn

Nitrous

Macuum.

Air for
Medical driving

Carbon

Oxygen-

enriched

Nitrogen
for

oxide

air surgical
tools

dioxide

air

surgijal

toolg

Oxygen/
nitrous
oxide
mixture

Charjge-over from primary
to sefpondary cylinder
supplies

Primary cylinder supply
below minimum pressure or
contgnt

Secdndary cylinder supply
beloy minimum pressure or
contgnt

Resgrve cylinder supply
below minimum pressure or
contgnt

Presgure in cryogenic
vessegls below minimum

Liquidl level in any
cryogenic or non-cryogenic
vessel(s) below minimum

Liquig level in reserve
cryodenic or non-cryogenic
vessel below minimum

Malfynctioning of air
comyressor systems

Watdgr vapour content in air
supplied by air compressor
systgms

Malfynctioning of
propgrtioning system

Malfynctioning of cryogenic
systgms

Malfynctioning of vacuum
systgms

Malfynctioning of supply
systgm for oxygen-
enriched air

Measuring instrument(s) used

Manufacturer’s Representative

Position

Signature

Date

Name

Authorized Person

Position

Signature

Date

Name
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Form D.15 — Test for particulate contamination of pipeline distribution systems

Healthcare facility

Area identification

COMPLETE INSTALLATION

This is to certify that the following medical gas pipelines have been tested for particulate contamination.

Medical gas

Room

Terminal unit identification

Visible particles

identification

Yes/No

Measuring instrument(s) used

Manufacturgr’s Representative

Position Signature

Date Name

Authorized |Person

Position Signature

Date Name
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Form D.16 — Tests of the quality of medical air produced by supply systems with air compressor(s)

Healthcare facility

Area identification

COMPLETE INSTALLATION

This is to certify that the medical air produced by the supply system with air compressor(s) has been tested

before filling the pipeline and complies with the requirements of 5.5.2.1 as follows:

ixyg_e_n_ Total oil Water Carbon Carbon Sulfur NO + NO, Particulate
confcentration vapour monoxide dioxide dioxide contamination
content
20,4 % <0,1mgm3| <67miimd | <5mlim3 [<500miim3| <1mi/md | <2mimd
21,4 %
Measuring instrument(s) used
Manpfacturer’s Representative
Position Signature
Datel Name
Authorized Person
Position Signature
Date Name
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Form D.17 — Tests of the quality of air for driving surgical tools produced by supply systems
with air compressor(s)

Healthcare facility Area identification

COMPLETE INSTALLATION (Sheet ......... of ... sheets)

This is to certify that the air for driving surgical tools produced by the supply system with air compressor(s)
has been tested before filling the pipeline and complies with the requirements of 5.5.2.3 as follows:

Total oil Water vapour content
< 0,1 mg/m3 < 67 ml/m3
Measuring instrument(s) used
Manufacturgr’'s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
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Form D.18 — Tests of the quality of medical air produced by supply systems with proportioning
unit(s)

Healthcare facility Area identification

COMPLETE INSTALLATION (Sheet ......... of ......... sheets)

This is to certify that the medical air produced by the supply system with proportioning unit(s) has been tested
before filling the pipeline and complies with the requirements of 5.5.3.1 as follows:

Oxygen concentration Water vapour content
>19,95 % < 67 ml/m®
< 23,63 %
Measuring instrument(s) used
Manufacturer’s Representative
Position Signature
Datel Name
Authorized Person
Position Signature
Datel Name
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Form D.19 — Tests of the quality of oxygen-enriched air produced by supply systems
with oxygen concentrator(s)

Healthcare facility Area identification

COMPLETE INSTALLATION (Sheet

This is to certify that the quality of oxygen-enriched air supplied by the supply system with oxygen
concentrator(s) has been tested according to ISO 10083 before filling the pipelines:

Oxiygen Carbon S Particulate Hydrocarbon Water vapour
. . Carbon dioxide A L
concgntration monoxide contamination | contamination content

NOTE REequirements for oxygen-enriched air are given in ISO 10083.

Measuring instrument(s) used

Manufacturer’'s Representative

Position Signature

Date Name

Authorized [Person

Position Signature

Date Name
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Form D.20 — Filling with specific gas

Healthcare facility Area identification

COMPLETE INSTALLATION (Sheet ......... of ......... sheets)

This is to certify that the following medical gas pipelines have been filled with the specific gas as follows:

Medical gas Filling Flow from all terminal units
observed

Manpfacturer’s Representative

Position Signature

Date Name

Authorized Person

Position Signature

Date Name
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Form D.21.1 — Tests for gas identity using an oxygen analyser

Healthcare facility

Area identification

COMPLETE INSTALLATION

This is to certify that the identity of the gas at all terminal units has been checked as follows:

Medical gas Nominal O, concentration Measured O, concentration
% %
Medigal air 21
Oxygen 100

Oxygen-nitrous oxide mixture

(as specified)

Oxygen-enriched air

(in accordance with specification)

Air for driving surgical tools 21
Measuring instrument(s) used
Manufacturgr’'s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
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Form D.21.2 — Tests for gas identity using different pressures

Healthcare facility Area identification

COMPLETE INSTALLATION (Sheet ......... of ......... sheets)

This is to certify that the identity of the gas at all terminal units has been checked as follows:

Medical gas Pressure used Pressure recorded

Nitrous oxide

Carbon dioxide

Nitrogen for driving surgical tools

Medical air

Air for driving surgical tools

Vacuum

Measuring instrument(s) used

Manufacturer’s Representative

Position Signature

Date Name

Authorized Person

Position Signature

Date Name
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Healthcare facility

Form D.21.3 — Tests for gas identity using a gas-specific analyser

COMPLETE INSTALLATION

Area identification

This is to certify that the identity of the gas at all terminal units has been checked as follows:

Medical gas Pass/Fail
Nitrous oxide
Carbon dioxide
Nitrogen
Measuring instrument(s) used
Manufacturgr’s Representative
Position Signature
Date Name
Authorized [Person
Position Signature
Date Name
104 © 1SO 2007 — All rights reserved
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E.1

ISO 7396-1:2007(E)

Annex E
(informative)

Temperature and pressure relationships

Principle

Frorrl the ideal gas law:

and

wherle

NOT

NOT

E.2
Ane

The
This

wherle

P2 _ P1
T, T

po=(p1)(T2/Ty)

b, s the initial pipeline absolute pressure;

b, s the final pipeline absolute pressure;

I, is the initial pipeline absolute temperature;
I, is the final pipeline absolute temperature:

E 1 Absolute pressure = gauge pressure™+-100 kPa.

Example
xample of correction_using the diagram in Figure E.1 is given below.

bressure of aisystem previously at 1 400 kPa will fall to about 1 350 kPa with a 10 °C drop in
can be confirmed by calculation using the equation in E.1, as follows:

+~is 1 500 kPa (1 400 kPa gauge pressure);

T, is 293K (20 °C);

T, is283K (10 °C);

po is 1449 kPa (1 349 kPa gauge pressure).

© 1SO 2007 — All rights reserved
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Key
X pipeline pressure, in kilopascals (kPa)

Y temperature change, in degrees Celsius (°C)
Figure E.1 — Relationship between temperature and pressure at typical pipeline pressures
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F.1
Risk
This
and

mea

The

the medical gas pipeline system and the healthcare facility (H) representative(s) during:

F.2

When managing the risks associated with medical gas pipeline systems, it is first necessary to co
assessment of the overall system.

Havihg assessed the risks (i.e. the combijnation of severity and probability of occurrence of th
design should endeavour to mitigate the-risks by using procedures in the following order of priority;

F.3

Tablg F.1 D.gives a list of typical safety objectives, root causes, hazardous situations and apq
contfol-measures to mitigate the risk to acceptable levels. It also identifies the organizations re§

acti

ISO 7396-1:2007(E)

Annex F
(informative)

Risk management checklist

General

management should be carried out in accordance with ISO 14971.
annex gives the recommended risk management procedure and checklist used to identify thg
sures for medical gas pipeline systems.

risk management procedure and the risk control checklist should be used-by both the manufg

Hesign, installation, commissioning and operation of new medical gas pipeline systems;

bngoing operation and monitoring of existing medical gas pipeline systems.

Risk management procedure

1) inherently safe design;
P)  protective measures(injthe medical device itself or in the manufacturing process;

B) information forsafety.

Risk management checklist

root causes

hazardous situations (i.e. cause of harm) related to defined safety objectives and appropriaté risk control

cturer (M) of

mplete a risk

e harm), the

ropriate risk
sponsible for

1)

In Table F.1, MGPS means Medical Gas Pipeline System.

© 1SO 2007 — All rights reserved
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