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SHTM 2022 (Part 1): Medical gas pipeline systems

Executive summary

An MGPS is installed to provide a safe, convenient and cost-effective
system for the provision of medical gases to the clinical and nursing staff at
the point of use. It reduces the problems associated with the use of gas
cylinders such as safety, porterage, storage and noise.

The guidance given in this SHTM should be followed for all new installations,
and for refurbishment or upgrading of existing installations.

It is not necessary to apply the guidance retrospectively unless patient or
staff safety would be compromised. In this case, the guidance given in this
SHTM should be followed.

Existing installations should be assessed for
plan for upgrading the existing system shou
the priority for patient safety. Managers will n

plighice with this SHTM. A
beYepayfd, taking account of
d toWgfse with medical
ublished by the Department
of Health in order to assess the syste al shortcomings.

This part of Scottish Health Techni
issues of design, installation, Vi

randum (SHTM) 2022 looks at
nd validation. It covers the user

on the design, installati omimodation of plant and medical pipeline
distribution system dition flhis part describes the procedures to be

> pipeline system (MGPS) can be taken into
iad out at each stage of the installation programme

documen

This part is nded for use by designers, installers, manufacturers,
operational m@ynagers, engineers, quality controllers, technicians, finance
officers and other professionals involved in the day-to-day running of an
MGPS.

The primary objective of this part is to ensure the provision of safe and
reliable MGPS and their efficient operation and use. This objective will only
be achieved if the medical and nursing users and estates staff participate in
the introduction of an operational policy designed to minimise the hazards
likely to arise from misuse of the system.
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1. Scope

Guidance in this document

Guidance in this part of Scottish Health Technical Memorandum (SHTM)
2022 covers piped medical gases, medical compressed air and medical
vacuum installations, and applies to all medical gas pipeline systems
(MGPS) installed in healthcare premises.

An MGPS is installed to provide a safe, convenient and cost-effective
system for the provision of medical gases to the clinical and nursing staff at
the point of use. It reduces the problems associated with the use of gas
cylinders such as safety, porterage, storage and p#ise.

The guidance given in this part should be fo all new installations

and refurbishment or upgrading of existing i

It is not necessary to apply the guidagc spectively unless patient or
staff safety would be compromise '
part should be followed.

sse@for compliance with this part. A
m should be prepared, taking account of

Guidance or{tne provision of MGPS is given in Health Building Notes and
Scottish Hoss¢al Planning Notes.

Design, installation and testing

This part of SHTM 2022 deals with the issues involved in the design,
installation and testing of an MGPS.

The standard specification, Model Engineering Specification C11, supports
this SHTM. C11 provides details of the extent of the works required and is a
procurement specification.

Whenever appropriate, British Standard specifications should be used.
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2. General principles

General statement

An MGPS is designed to provide a safe and effective method of delivering
the required medical gas from the source of supply through a pipeline
system to the patient via a terminal unit.

Each medical gas must be supplied from a separate system, and it is
essential that all parts of each system are gas specific to ensure that there is
no possibility of cross-connection between any system. A schematic diagram
of a typical MGPS is shown in part 2 of this SHTM, ‘Operational
management’ (Figure 1).

Systems for dental air and vacuum are cove
1, Dental compressed air and vacuum syste
different. However, where anaesthetic
departments, the guidance given in this

TM 2022; Supplement
requirements are
istered in dental
ould be followed.

During the installation stage, exten
there is no cross-connection.

are carried out to verify that

Where medical air 400
medical equipment, thi
stage to ensure th

used for testing surgical tools and other
requirei@ent should be considered at the design
ient capacity is available. Details of design flows

MGPS should n used to supply pathology departments, general
ical services. The 400 kPa medical air system may,

surgical tool$are serviced, such as in sterile disinfection units (SDUSs),
electronic anc¢ybiomedical equipment (EBME) workshops etc. In such cases
only, to facilitate the testing and checking of operation of equipment for the
different medical gases, all terminal units (excluding vacuum) may be
connected to the medical air supply and be provided with simplified alarm
facilities and labelled accordingly.

Separate installations should be provided for pathology and general
laboratories and workshops, although it is recommended that they are
constructed to the same specification as MGPS. They should not be
provided with medical gas terminal units. Piped medical vacuum systems
are not recommended for infectious disease units.
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Quality requirements for medical gases and air

Medical gases supplied from cylinder or liquid sources comply with the
appropriate sections of the current edition of the European Pharmacopoeia
(Ph Eur). There is currently no Ph Eur for site-generated medical air and
oxygen pressure swing adsorber (PSA) systems. The quality specification
for medical air is as given in Table 1.

The introduction of the new Ph Eur for medical air was effective from 1998
and therefore medical air will need to comply with this new specification. The
Ph Eur also specifies validation protocols which will need to be adopted.

The quality of piped medical compressed air, the particulate content,
dryness and concentration of impurities, should comply with the
requirements for maximum concentrations given inglable 1, which is based
on the specification for breathing air in BS EN :1991. Information on
testing procedures is given in Chapter 15, 'V iggfand verification’.

Table 1: Quality specification for medical
(for the requirement for dental compr
supplement)

ir Yefer to the relevant

Parameter cification

Oxygen 0.9 +/-1.0%

Nitrogen 78% by inference

Particulate contamination Practically free from visible particles in a 75I

sample

Water content — 115 vpm (0.095 mg/l) ( equivalent to dewpoint

-40°C at atmospheric pressure)

CcoO 5ppm viv
CO, 500 ppm v/v
Oil content (drojtet or mist) <0.5 mg/m®
Odour — see paragraph 2.11 none

Note: Similar values apply to other medical gases; see relevant paragraph(s) in appropriate
Ph Eur monograph.

Odour and moisture
Odour

The oglour threshold of measurable particulate matter is approximately 0.3
mg/m"~.

Some elastomeric materials, such as those commonly used in flexible hose,
may have a distinctive odour, particularly when new. Extensive tests have
shown that the agents likely to be responsible for the odour are present only

Version 2.0: June 2001 Page 17 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



2.13

2.14

2.15

2.16

2.17

2.18

2.19

SHTM 2022 (Part 1): Medical gas pipeline systems

in minute (parts per billion) quantities and are considered to be of no
toxicological significance. Clearly the odour should not be nauseous.

Moisture

Similarly, those elastomeric materials have been shown to desorb minute
quantities of moisture into the gas stream. The amounts of moisture are very
small but, on initial testing, may result in moisture levels slightly in excess of
0.095 mg/l. These slightly raised levels of moisture may persist on initial
testing for several months. Extensive tests have shown that these slightly
raised levels are of no consequence, and reduce following purging with the
working gas or use of the system.

Bacteria filters should be included in medical compressor systems to reduce
the risk of delivering spores or other infectious material to vulnerable
patients.

aterial is wet.
supplied to a
onths) at the test

Micro-organisms can penetrate a bacteria filte
Therefore it is essential that the dryness of
bacteria filter is checked regularly (at least e
point, using the test equipment specifiey

Pipeline distribution system

The following general inf. tio required in order to design an MGPS:

a. schedule of provisica of ternfnal units;

b. design flow n re requirements at each terminal unit;
c. diversified section of the pipeline system,;

d. total f

Guidance oiggeriving and calculating the above parameters is given in
4 of this part.

The definition of “departments”, which may comprise several wards,
treatment rooms etc, should be agreed at the project design stage to avoid
confusion.

Safety

The safety of MGPS is dependent on four basic tenets:

a. identity;

b. adequacy;

c. continuity;

d. quality of supply.
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Identity is assured by the use of gas-specific connections throughout the
pipeline system, including terminal units, connectors, etc, and by the
adherence to strict testing and commissioning procedures of the system.

Adequacy of supply depends on an accurate assessment of demands and
the selection of plant appropriate to the clinical/medical demands on the
system.

Continuity of supply is achieved by the specification of a system which (with
the exception of liquid oxygen systems which may include a secondary
vessel) have duplicate components, and by the provision of an adequate
emergency/reserve supply for all systems except vacuum; by the provision
of alarm systems, and by connection to the emergency power supply
system. Anaesthetic gas scavenging systems (AGSS) and high-pressure
surgical air systems are not considered as life-support systems and
therefore duplicate components and, in the case ofthe latter, an
emergency/reserve supply system, are not nor y required. For
operational reasons, reserve air cylinders co th regulators are
usually available for surgical tools in operati

Quality of supply is achieved by the purchased to the
appropriate Ph Eur requirements or pigduce plant performing to

specified standards, by the mainte’Ngnc cleanliness throughout the
installation of the system, ang,by t leMentation of the various testing
and commissioning procedure

Installation/sup equidment/maintenance

The installatio hould only be carried out by specialist firms
registered to BS ISO 9000 with scope of registration appropriately

defined.
Modificaticws

Special precautions are required when existing installations are to be
modified or extended to ensure that all sections of the pipeline system
remaining in use are not contaminated, and that the supply to patients is not
compromised. The section to be modified should be physically isolated from
the section in use. Closure of isolating valves is insufficient for this purpose.
Where area valve service units (AVSUs) have been installed the blanking
spades should be used. This isolation procedure is not required when work
IS to be carried out on individual terminal units.

Modification of existing systems may be detrimental to the overall
performance of the system. In the case of older systems there may be
insufficient capacity to permit the system to operate safely with the flows
typically encountered in use today.
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Any work involving alteration, extension or maintenance work on an existing
system should be subject to the permit-to-work procedure (see the
‘Operational management’ part 2 of this SHTM).

Removal of pipework

Removal and cutting out of redundant medical gas pipelines and equipment
can present as great a hazard to patient safety as any other modification. All
such removal, including cutting into existing pipelines, capping off and
removal of redundant pipeline and equipment, should only be carried out
by specialist medical gases contractors. It should not be carried out by
demolition contractors.

Validation and verification

The objective of validation and verification is t&&n that all the necessary
safety and performance requirements of the WGF, wil met. Validation
and verification procedures will be required foigne allations, additions to
existing installations and modificatio ' installations. The scope of
work will dictate the specific progr requir®®. This is described in more
detail in Chapter 3, ‘Provision of teli@ginainits’.

General fire preca

The siting and @ ctural principles for the design of liquid oxygen
storage accommgyiation are given in Chapter 4, ‘Liquid oxygen supplies and
VIEs’ and ulgents for plantrooms and gas manifold rooms in
Chapter 1 odation’.

General

Guidance onylinder storage and handling is given in the ‘Operational
management’ part 2 of this SHTM.

Fire detection system

Smoke or heat detector heads should be installed in the plantrooms,
medical gases manifold rooms and (when internal) medical gases cylinder
stores in any hospital having a fire detection system in accordance with NHS
in Scotland Firecode SHTM 82, ‘Alarm and detection systems’.

Electricity supply to medical gas installations

General

The whole of the electrical installation should be carried out in accordance
with the extant edition of the IEE Regulations for Electrical Installations.
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The electricity supply to medical gas installations should be taken from
separate circuits from a distribution board which is an “essential” board fed
by the emergency generator system. This should also apply to the medical
gas alarms. Reference should be made to SHTM 2011; Emergency
electrical services.

Care is required when selecting pipeline routes to prevent the pipes coming
into contact with electric cables and wiring, and to minimise the risk of
electric shock in the event of a fault on adjacent cables.

The final connection to any equipment, for example alarm panels or control
panels, should be made via an unswitched fused connection unit.

In the event of power failure or interruption, all systems should continue to
operate exactly as before the interruption occurred. For example, except for
automatic cycling compressors, dryers, pumps etc,the same compressor
and dryer (or vacuum pump) set should be on-lig€; and for manifold systems
the same bank should be running.

accordance with EMC Directives to rej
mains noise typically occurring in ho
equipment and current spikes cau
made to SHTM 2014; Abatement of

b

lant start-up. Reference should be
trigwl interference.

These systems should
systems which may be fither nqa-
changeover delays.

atible with emergency electrical supply
rruptible or interruptible with variable

Earthing

Pipelines uld

Regulatio

onded to the consumer’s earth terminal as required by
e |IEE Regulations. This bonding should be made as
to the point at which the pipeline enters the building from
the plant. Thigysize of the bonding conductor should be in accordance with
Table 54f of tfie Regulations. The pipelines should not themselves be used
for earthing the electrical equipment.

Flexible pipeline connections between the compressors or vacuum pumping
plant and the fixed pipelines should be bonded across to comply with this
requirement. Flexible connections in the fixed pipelines should not normally
be used, but if they are specially approved they should be similarly bonded
across.

Installation of electrical cables

Distribution pipelines should preferably be physically separated from the
metal sheath and armour of electric cables, as well as from metal conduits,
ducts and trunking and bare earth-continuity conductors associated with any
electric cables which operate at low voltage or above. Reference should be
made to SHTM 2007; Electrical services: supply and distribution.
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When physical separation is impracticable, or where there might be contact
with extraneous metal work, for example, where the pipes are carried in
metal partitions or where terminal units are mounted on metal bed-head
units, the pipelines should be effectively bonded to the metal work in
accordance with Regulations 525-10 of the IEE Regulations.

Where piped gases and electric wiring are enclosed in a boom, gas control
panel or other similar enclosure, the wiring should be carried in separate
conduit or trunking so that it cannot come into direct contact with the piped
gas installation. Where this is not possible, the wiring should be secured in
the most effective manner possible, clear of the medical gas pipes. The
cables should comply with IEE Regulation 523-17.

Electrical wiring in plantrooms

All electrical wiring in these rooms should be carri
cable of the type indicated in IEE Regulation 52
protection against mechanical damage.

out using MICS cable or
7, with adequate

Fire-resistant cable conforming to BS 6387,
single insulated cables in conduit ma

red cables, and

Each compressor, vacuum pump
separate sub-circuit.

ifold should be supplied from a

ts and switches should be used in
ropriate.

Metal-clad sockets, conn
plantrooms; plastic fittinfjs are not

Electrical s en ts

ings — rigid, multi-purpose type

The constr sriould provide segregation of low voltage, functional extra-
low voltage LV) electrical services by means of flexible partitions or
conduit, as appropriate. Access to “live” components should be via panels

which are removable by means of tools only.
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Bed-head trunking/walling system

2.50 These fittings should generally be in accordance with SHTM 2015; Bedhead
services. Separate compartments should be provided for electrical services,
nurse call/radio etc and medical gas pipelines.
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3. Provision of terminal units

General

A typical schedule of provision of terminal units is given in Table 2. Medical
treatment policy is evolutionary, and therefore the project team should
review the requirements for individual schemes.

Terminal units should be mounted in positions which give the shortest
practicable routes for flexible connecting assemblies, between the terminal
unit and apparatus. Terminal units may be surface or flush mounted. They
may also be incorporated with electrical services, nurse call systems and TV
and radio audio services, in proprietary fittings sugit as bedhead trunking,
wall panel systems and theatre pendant fitting fer also to SHTM
2015; Bedhead services.

When planning the installation of theatte pendgnt fi S, the location of the
operating luminaire and other ceilinggno vices should be taken into
consideration. When the operatingyroowg.is pr ed with an ultra-clean
ventilation (UCV) system, it may beSgoreacticable (and cost-effective) to
have the services (both medi electrical) incorporated as part of
the UCV system partial w.

The following installatiofis are s@ongly deprecated:

vwach body or other fluids are drawn through a fixed
ing a terminal unit or other connector to a remote

All terminal UQits should conform to BS 5682:1998. Terminal units intended
for installation*with the socket axis horizontal, i.e. wall mounted, include a
non-swivel device so that directly connected equipment such as flow meters
remain vertical; terminal units intended for installation with the socket axis
vertical, for example in certain types of pendant, do not include a non-swivel
device. Secondary locks are no longer included in terminal units.

An anaesthetic gas scavenging (AGS) terminal unit should be provided
whenever nitrous oxide is available for anaesthetic procedures. In recovery
areas, when nitrous oxide is not provided, where there is no primary source
of anaesthetic gas pollution and/or where nitrous oxide is used for analgesic
purposes only, no anaesthetic gas scavenging system (AGSS) is required.
Where nitrous oxide is provided for analgesic purposes, scavenging is not
practicable and pollution should be controlled by mechanical ventilation.
Details of ventilation requirements are given in the appropriate Health
Building Notes, Scottish Hospital Planning Notes, and Design Guides.
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SHTM 2022 (Part 1): Medical gas pipeline systems

NOTE: Reference should be made to EL(96)33 covering publication advice
on the implementation of the Health & Safety Commission’s ‘Occupational
Exposure Standards for Anaesthetic Agents’ published by the Department of
Health, March 1996. Further guidance is given in Anaesthetic agents:
Controlling exposure under COSHH, prepared by the Health Services
Advisory Committee, ISBN 0- 7176-1043-8.

The terminal unit (AGS) is specified in BS EN 737-4: 1998. AGSS are
covered in Chapter 10.

If nitrous oxide is provided in the equipment service room or workshop, an
appropriate AGSS must also be provided.

Medical quality compressed air should be available to at least one
workstation in the equipment service room and workshop. Terminal units in
accordance with BS 5682:1998 should be providgfi. The supply should be
taken from the medical air pipeline wherever

Where an anaesthetic equipment testing aredjis , it will be
necessary to provide medical gases fogthe tesiing and calibration of
anaesthetic equipment. A full range s terminal units will be
required, but wherever possible, ir should be used for testing
purposes. If medical air is provided f the medical gas, the terminal
units must be clearly labelled onfusion: “TEST PANEL — GAS
TERMINAL UNITS CON TEW,TO 4-BAR MEDICAL AIR ONLY™.

di

Where gas mixers (blerfilers) ar@ito be tested, it will be necessary to provide
the appropriate g e may be provided either from the MGPS or
from cylinders.

The specifi
covered s

cial requirements for nitric oxide pipeline systems are
hapter 11.

Where an arfay of terminal units is provided at a location, they should be
arranged as f@tlows:

a. for a horizontal array, when viewed from the front, left to right: oxygen,
nitrous oxide, nitrous oxide/oxygen mixture (50% v/v), medical air 4-bar,
surgical air 7-bar, vacuum, anaesthetic gas scavenging, nitric oxide,
oxygen/carbon dioxide mixture:

02, N2O, N2O/O;, , MA-4, SA-7, VAC, AGS, NO, 0,/CO;

b. for a vertical array, with oxygen at the top and in the sequence as for a
horizontal array. In many cases a vertical array is impracticable and a
more convenient arrangement will comprise a number of rows, for
example:

0O, N,O and/or NzO/Oz
MA-4, SA-7, VAC, AGS, NO, 0, /CO; ;
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c. for a circular array, for example where terminal units are installed on the
under surface of a pendant, with the sequence as for a horizontal array,
in a clockwise direction when viewed from below. The AGS terminal unit
may occupy the centre of such an array.

3.14 Mounting heights for terminal units should be between 900 mm and 1400
mm above finished floor level (FFL) when installed on walls or similar vertical
surfaces.

3.15 When installed in pendants or similar, terminal units should be of a type

suitable for mounting within the specified fitting.

3.16 Pressure losses across terminal units should be in accordance with BS
5682: 1998. (The standard does not give pressure loss data for surgical air
at 350 I/min — but see Table 4)
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Table 2: Scale of provision of terminal units.
Department (0] N2O N20/O> MA4 SA7 VAC AGSS

Accident and emergency department
Resuscitation room

per trolley space 1 1 - 1 - 1 1
Major treatment room/plaster room

per trolley space 1 1 1p 1 1p 1 1
Post-anaesthesia recovery

per trolley space 1 - - 1p - 1 -
Treatment room/cubicle 1 - - - - 1 -

Operating department

Anaesthesia room 1 1 - 1 - 1 1
Operating theatre

Anaesthetist 1 1 - 1 1p 2 1

Surgeon 1 1 - 1 1p 2 1
Post-anaesthesia recovery

per bed space 1 - - 1 - 1 -
Equipment service room

per work space 1 1 1 1p 1 1

Maternity department
Delivery suite
Normal delivery room

Mother - 1 - - 1 -

Baby - 1 - 1 -
Abnormal delivery room

Mother 1 1 1 1 - 2 1

Baby - - 1 - 1

Operating suite

1 1 - 1 - 1 1
1 1 - 1 - 1 1
- - - 1

1 - - 1 - 1 -

1 - - 1 - 1 -

er work space 1 1 1 1 - 1 1

Neonatal unit
per cot space 2 - - 2 - 2 -
Eq ent service room(**)

per work space 1 - - 1 - 1 -

(*) provision for 2 cots only, irrespective of number of cot spaces
(**) Where the delivery suite and Neonatal unit are in close proximity, one equipment service room can be shared.
In-patient accommodation

Single bedroom 1 - - - - 1 -
Multi bedroom

per bed space 1 - - - - 1 -
Nusery

per cot space (*) 1 - - - - 1 -

(*) provision for 2 cots only, irrespective of number of cot spaces.
p = project team option
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Scale of provision of terminal units

Department 0O, N,O N,O/O, MA4 SA7 VAC AGSS
Radiology department
Special procedures room 1 1 - 1 - 1 1
Anaesthesia room 1 1 - 1 - 1 1
Holding and delivery 1 - - 1p - 1 -
Ultrasound 1 - - - - 1 -
Fluoroscopy 1 - - - - 1 -
Urography 1 - - - - 1 -
General purpose room 1 - - - - 1 -
Tomography 1 - - - - 1 -
In-patient accommodation #
Single bed room 1 - - 1p - 1 -
Multi bed room
per bed space 1 - - 1p - 1 -
Treatment room 1 - - 1p - 1 -
# appropriate for adult acute, children and elderly
Intensive therapy unit (ITU)
per bed space 2 2p 4 - 4 2p
Equipment service room
per work space 1 1 p 1 - 1 1p
Coronary care unit (CCU)
per bed space - 2p - 2 -
Acute mental illness accommodation
ECT room 1 1 - 1 - 1 1
Post-anaesthesia recovery
per bed space 1 - - 1p - 1 -
Adult acute day care accomm 1on
Treatment room
Anaesthetist 1 1p - 1p - i 1p
Surgeon B ) ) ) .
1 - - 1p - 1 -
1 - - - - 1 -
1 - - - - 1 -
1 - - 1p - 1 -
Endoscopy room (p) 1 1p - 1p - 1 1p
Fracture clinic
Plaster room 1 1 - 1p 1p 1 1
Oral surgery, orthodontic department
Consulting/treatment room
Type 1 1 1p - 1 - 1 1p
Consulting/treatment room
Type 2 1 - - 1 - 1 -
Recovery room
per recovery position 1 - ; - - 1 -
Appliance laboratory
per workstation _ . _ . 1 - _
p = project team option
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Scale of provision of terminal units

Department O, N,O N,O/O, MA4 SA7 VAC AGSS

Out-patient department

Treatment room 1 1p - 1p - 1 1p

Sterile services department
Washing room - - - 1 - - -
Packing room - - - - 1 - -
Medical equipment re-assembly
per work station 1 - - 1 - 1 -
Medical equipment workroom

per workstation 1 - 1 - 1 -

p = project team option

Note:

1. Nitric oxide

Terminal units for nitric oxide may be requ as‘Qoroject team option in intensive therapy
units and neonatal units. In exceptiggal cir Nnces, nitric oxide may be required in

3.17

(i) 150 £"2.5 mm for two terminal units only;

This should be sufficient for double flow meters to be used, for example
between an oxygen terminal unit and a vacuum terminal unit serving two
bed spaces;

b. the distance between the centre of the terminal unit and a potential
obstruction on either side (for example when installed in a corner) should
be a minimum of 200 mm on either side.

NOTE: Where, in some ward areas, terminal units are installed in recesses
behind covers/decorative panels etc, allow an additional 2100 mm on each
side of the outermost terminal units and 200 mm from centre to top of recess
and 300 mm from centre to bottom of recess. The depth of the recess
should be 150 mm.
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Terminal units for nitric oxide, oxygen/carbon dioxide

mixture

BS 5682 does not include a terminal unit for nitric oxide or oxygen/carbon
dioxide mixture. In the absence of standards, the dimensions given are
recommended. They are based on the diagrams and tables in BS
5682:1984 as follows:

NOTE: BS 5682: 1984 has since been withdrawn and replaced by BS 5682:

1998.

Recommended probe dimensions for nitric oxide and oxygen/carbon
dioxide mixture (CO;less than 5%) and NIST dimensions for nitric

oxide

Diameters of probe

Service Identification
symbol
Nitric oxide NO
02/C02 OZ/COZ
(CO,<5%)

mixture (CO,<5%)
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(a) Dimensions

27.75 +0.5
-0
2.54 70.15
18.23 +0.16 +
~ 15
Q 0 -0 6.0~
(o3 -
+1 oo R0.30 T
S ! 11.56 7015 0.15
® ™~ - o
= N =
2 IR )
= = TN
— N A0
S J
— L ) - 1
_ + ! ol o | T
o Q Q
L R N N vo B 4
_— - N
P2 JKﬁ o
. S
15°46" incl. 5
4.0 +0.2
ref only B g
Saol| RO5 .
[©lo.03]x T 7
| 5 ] p |
All Diameters ~ RO.2 RO.2 Hose insert or
e 0.1 NIST fitting (see
@ 9
[Qlo. 0[] 0.1
v 5960+ 0.35 11.1.2 and 11.1.4)
unless otherwise
stated
46 min.
Surface Finish
1.6
unless otherwise
stated
Al dimensions in millimetres Indexing collar to be irremovable
(b) Enlarged sectiogfof probe (c) Dimensions of optional
nose locating slot of indexing collar
6.35 +0.30
[(e]
[a\]
oo
T
©
o)
t 03 Sharp
—+0. 1.2
RO.5 9™ with V/ﬁmsh fe"gzi?d

0.56 0.15

Area where service,

/ Slot to be in same plane

manufacturer’'s ID and BS as angled hose insert (see
number should be stamped figure 3 and 11.1.3)
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Diameters of body of NIST connectors

Service Identification Diameter Diameter
symbol E F
Nitric oxide NO 11.00 +0.11 14.00 +0.11
-0.0 -0.0
A
19.06 0.15
13.06 0.15
6.06 0.15
OJ0.03[x] —0]0.03] x|
75
[x]
A>\
0)6
- £3
1 A £ 0 §§
+ w S ~ gs
— s e | =%
| 0.8 ° ? = A Tglﬂ
0/ O 2 = 65
5 o X © 1 os 2 g@
5| EE §5"
Bl 83 84
o 3@
© 0.70x45 min.
5)) 0 max.

NOTE: Diametegl & =
location of faciA o)
is movable, e.g! 3

check valve, med
prevent its move
19.00mm.

Finish to be §/

unless otherwise stated

JIf this face
part of a

should be provided to
t to o depth greater than

For vacuum service the diameter of
12.50mm extends over the full depth
of 19mm and this chamfer will
appear at the nose of the fitting.

All dimensions are in millimetres
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Diameters of nipples of NIST connectors

Service Identification Diameter Diameter
symbol H J
Nitric oxide NO 11.00 -0.05 14.00 -0.05
‘0" Rings to BS 4518
Ref. No. 0076-24
(recommended hardness
75 LR.H.D)
14 min.
0.8
0,
0.8
[fpR(e) S
S — x
S o o o
= [ T o™ ~ €
Q o Q 23 3 ©
o = 2
=
]
Al 5.06 0.15
©)0.03] X
0.03 56 0.15
18.56 0.15
Surface Finish
1.6
unless otherwise
stated
oo
All dimensions a + 1
) o
o o
NOTE: It has been that gas tightness and 0 co
smooth aperation d €d when the O—ring is ES I
compressed between 32mm and 0.134mm on diameter [te]
under maximum and imum tolerancing conditions. o
=S
/ RO.4
RO.5 0.2
max
R0.3 ot
0.2 g ©
X0
\/_/ q
3.3+0
—0.20 7.56 0.1
12.06 0.15
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Nitrogen for surgical tools

3.19 BS 5682 does not include a NIST for nitrogen. In the absence of a British
Standard, the NIST connector allocated in ISO 5359 may be used.

3.20 Where nitrogen is provided for surgical tools, the NIST connector is
recommended with the “body” forming the wall outlet. To avoid the hazard of
discharge of stored energy in low pressure, flexible, connecting assemblies,
a limited leak check valve should be included in the nipple.
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4. Gas flow

General

A schematic diagram of a typical MGPS is shown in the ‘Operational
management’ part 2 of this SHTM. This diagram shows the pipeline

distribution system from the gas source to the point of use that is the
terminal units.

There are three aspects of gas flow to consider when designing the pipeline
distribution system:

the flow which may be required at each termi

b. the flow required in each branch of the di

system (see the
schematic, which shows a system with i

anches);
c. the total flow, i.e. the sum of the flows in

The pipeline system should be desig o)
Table 4 can be achieved at each t in nit.

simultaneously, it is ne¢z2ssary
branch of the system, t&arrive

ly a diversity factor to the flow in each
a realistic design flow.

The total f
department!

ystem is the sum of the diversified flows to each

The design erigineer should always ensure that due account is taken of the
stated use of a particular department. For example, the number of terminal
units in use for ward areas may be appropriate for a DGH, but the number
may need to be increased for a specialist chest department. The pipeline is
required, however, to meet the peak simultaneous demand and is designed
accordingly. The source of supply will usually be required to deliver a lower
continuous flow.

It must be remembered that there is a limited range of pipe sizes, and that
where there is any doubt about flow requirements, a larger pipe size should
always be selected.

All flows are in normal litres per minute (I/min) unless otherwise stated.
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NOTE: At the design stage the project team should define the individual
room/space required. The definitions which follow are generic and are not as
detailed as those given in Table 2.

Gas flow
Terminal unit flows

The following formula is used to calculate the volume flow required in the
pipeline at pressure Pg upstream of each terminal unit.

Table 4. Gas flow — flows required at terminal units

Service Location Nominal Flow litres/min
pressure kPa®

esign flow Typical flow

required
Oxygen Theatre 400 20
All other areas 400 6
Nitrous oxide All areas 4 15 6
Nitrous Delivery rooms 31 275 20
oxide/oxygen All other areas 0 20 15
mixture
Medical air Theatres 400 40° 40
400 kPa ITU/neo 400 80° 80
CCu 0 80° 80
Other 400 20 10°
Surgical 700 350 350
air/nitrogen
Vacuum 40 40 40
(300 mm Hg) 40 40
below 40 40
d areas atmospheric 40 40
Nitric oxide ITU, neonatal 400 15 6
theatres
Oxygen/carbon Cardio-thoracic 400 100 40
dioxide mixture theatres, oncology

a. During oxygen flush in operating and anaesthetic rooms.
Minimum pressure at 275 I/min.

These flows are for certain types of gas-driven ventilators under specific operating
conditions, and nebulisers etc.

d. Surgical tools/tourniquets.
Pressure required at terminal unit, not in pipeline.
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The flow Qa required at a terminal unit is expressed in terms of free air flow
at standard temperature and pressure (STP). The relationship between
volume flow Qa at STP and the volume flow Qg at the pipeline pressure (Pg)
is:

axA
Qg=2xAP
Pg

Were Ap = atmospheric pressure (absolute)
Pg = pipeline pressure (absolute)

NOTE: For manual calculations based on Table 4, the volume flow is
expressed in terms of free air flow Qa and it is, therefore, not necessary to
calculate Qg.

The flows required at terminal units, as shown i
for each terminal unit; the actual pipeline distri
the diversified flow rates derived using the niath
following paragraphs.

able 4, are design flows

Pipeline flows

Normally, because Pg is considere be
pipeline network, the volume
T-junction is simply the
branches.

nstant throughout the entire
ired in the upstream branch of a

f thgyvolume flows in the downstream

By simply adding the.d streaf flows in this way, the resultant total flow is
in e and would result in unnecessarily large

allowance for diversity of flow is made.

are guideli
adequate in

For vacuum systems, the minimum vacuum should not fall below 300 mm
Hg at each terminal unit at a flow of 40 I/min.

The design of the pipework system is based on flows and acceptable
pressure loss as shown in Table 4 to include terminal unit pressure loss
given in Table 23, Chapter 15. The overall consumption may be lower in
practice, but the systems would be capable of meeting the calculated
demand within an acceptable range, that is, the design flow operating at a
nominal pressure of 400 kPa.

Departments usually comprise several ward units and treatment rooms. In
order to avoid confusion, departments should be defined at the project
design stage so that diversified flows may be calculated.
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Pressure requirements for surgical air are based on the requirement that the
minimum pressure should be 700 kPa at the point of use, that is, the
terminal unit at a flow of 350 I/min.

Details of pressure requirements for all systems are given in Appendix 10.

Oxygen
In-patient accommodation

Oxygen is used at a typical flow of 5-6 litres/min. Each terminal unit should,
however, be capable of passing 10 I/min (at STP) at a supply pressure of
400 kPa (nominal) as shown in Table 4, in case nebulisers or other
respiratory equipment is used.

The diversified flow to each six-bed room is calcyfdted on the basis that 10

I/min will be required for the first terminal unit only 33% of the flow
to the remainder at 6 I/min will be required. Tai i nt to a maximum
of three terminal units in use simultaneously | room

ting the diversified flow QW to the
Table 6 may be taken as the

treatment room, for the purpose o
ward, the number of terminal units

comprises ber of identical ward units; where this is not the case, the
diversified flol is QW for the first (or largest ward unit) plus 50% of the total
for the remaining ward units.

If one ward unit is significantly larger than the others, average the flows from
the ward units to obtain a more realistic flow.
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Hyperbaric oxygen chambers

Monoplace hyperbaric oxygen chambers for clinical purposes should be
supplied from a separate branch. Typical flows for one-person chambers are
as shown in Table 5.

Table 5: Gas flow hyperbaric chambers

Max time for one
complete treatment

Total consumption for
max treatment time

Consumption for each
additional minute

O, atmosphere and (litres) I/min
recirculation

* 0N open circuit 2 hours 30,000 250
e on recirculation 2 hours 7,250 40
O, only; no 2 hours 30,000 250
recirculation

O, delivery by built-in 2 hours 1,2 10
breathing mask and

overboard pump

O, delivery by built-in 2 hours

breathing hood and
overboard pump

Note:

1. The flows for a recirculati
recirculation throughout
designed for open circui

2. Clinical practice 13

necessary to
consideration

3. Some hyperbaric

consum ad

ensure adequate flow under all conditions.

usion of air during the treatment; it may also be
nlikely event of an oxygen convulsion. Therefore
W@ to the provision of medical air.

aambers use air as a buffer and considerably less oxygen is
» of the manufacturer should be sought.
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Table 6: Oxygen diversified flows

Department Design flow for each terminal  Diversified flow
unit I/ min .
Q I/min

In-patient acute

Ward units — single and multi- (h-1)6
bedrooms 10 QW =10+ 3
Treatment rooms

Each ward unit ( 1)
Departments comprising 10 QD= QW 2
several day units

ITU and CCU 10 Ql=10+ (nB-1)6
Adult acute day care

Major treatment room 100 =100 + 20(T-1)
Endoscopy room 10 QR =10+ (n-1)6
Recovery room 10 QR =10+ (n-1)6
Maternity department

Delivery suite (n - 1)6
Normal delivery room 100 QM =100 +

Abnormal delivery room

Operating dep

Neonatal un ; 10 QON=10+(n-1) 6
ent

Operating room 100 QT =100 + 20(T-1)
Anaesthetic room 10 QA=10+(A-1)6
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Legend for all tables

n = number of terminal units

nB = number of bed spaces

W = number of ward units

T = number of operating rooms or major treatment rooms

A = number of anaesthetic rooms

S = number of operating suites (1 operating room + 1 anaesthetic room)
Q = diversified flow

QW = diversified flow to ward units

QD =diversified flow to a department

QI = diversified flow to ITU or CCU

QT = diversified flow to operating room or major treatment room
QA  =diversified flow to anaesthetic rooms

QR = diversified flow to recovery rooms

QM = diversified flow to maternity suite

QN = diversified flow to neonatal unit

QB = diversified flow to baby bed space
QDent = diversified flow to dental departme
QWS = diversified flow to equipment worksh
QP  =diversified flow to plaster rog

Operating departments

The diversified flow for opera
required for the oxygen f
operating room and an
unlikely that an oxygen

should be able to pass 100 I/min. It is
e administered simultaneously in several

operating rooms flow, QT, is based on 100 |/min for the first
operating roo in for the remainder.

For anae ic roCs, each terminal unit should be capable of passing

10 I/min, b al flow likely to be used is 6 I/min. The diversified flow is

based on 1 in for the first room and 6 I/min for the remainder, since it is
[l anaesthetic rooms may be in use simultaneously. Recovery
is considered 1n a similar way, since again, it is possible that all bed spaces
may be in use simultaneously. To obtain the flow to each operating suite,
add the flows to the operating room and anaesthetic room, that is: 110 I/min.

The need for an oxygen flush in anaesthetic rooms should be taken into
account in the design. Assume one terminal unit in each department is in
use with oxygen flush at any one time, irrespective of the overall number of
operating suites.

Major treatment rooms, A&E theatres, surgery and maternity operating
departments should be treated as operating departments.
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Intensive therapy and coronary care units

The diversified flow for these units assumes that all bed spaces may be
occupied. Each terminal should be capable of delivering 10 I/min and the
diversified flow is calculated assuming 10 I/min for the first bed space and 6
I/min for each of the remainder.

Bed spaces are used instead of numbers of terminal units to calculate the
diversified flow, since each bed space may have up to four (or more)
terminal units associated with it.

Oxygen should not be used as the driving gas for gas-powered ventilators if
they are capable of being powered by medical air. The minimum flow
characteristic which has proved adequate to drive current types of ventilator
Is 80 I/min at 355 kPa.

If oxygen has to be used to power ventilators angfor ventilators are operating

Maternity

For all normal delivery suites,
first terminal unit and 6 |/ remainder. In this case, terminal units
are provided for both y and, therefore, the number of

terminal units rather thegy roomsfshould be used to calculate diversified flow.

in the same way: JFoperating room. The abnormal delivery suite
d in the same way as the operating department.

The maternity operating suite should be considered in the same way as
operating departments.

Nitrous oxide

Nitrous oxide is provided mainly for anaesthetic purposes and may be
provided occasionally for analgesic purposes. In all cases each terminal unit
should be capable of passing 15 I/min, but in practice the flow is unlikely to
exceed 6 I/min.

Therefore, for operating rooms and anaesthetic rooms allow 15 I/min for the
first room and 6 |/min for the remainder.
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It must be assumed that where nitrous oxide terminal units are provided,
they may all be in use simultaneously. Design and diversified flows for
nitrous oxide are given in Table 7.

Table 7: Nitrous oxide diversified flows

Department Design flow for each terminal Diversified flow
IHRIR i
All departments 15 Q=15+(nB-1)6

nB = number of bed spaces or number of rooms as appropriate

Nitrous oxide/oxygen mixture

coronary care units is
based on 20 I/min for the first bed sp min for each of the
remainder, since it is possible that xide/oxygen mixtures could be
administered at all bed spaces whe

s is based on 275 I/min for the first bed
ainder, of which only 50% will be in

The diversified flow in d
space and 20 I/min for ¢ach of
use simultaneously.

ows for nitrous oxide/oxygen mixtures are given in

Department Design flow for each terminal Diversified flow
IRl I®in
Delivery rooms 275 OM = 275 + 20(nB —1)
Other areas 20 Ql =20 + 15(nB-1)
Medical air
General

Medical air is used to provide power for several types of equipment including
surgical tools, ventilators and nebulisers. Oxygen should be avoided as a
power source because of fire risk and cost, and should not be used where
medical air is available, unless specifically recommended by the device
manufacturer.
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NOTE: BS 4272:Pt 3:1988 provides for auxiliary outlets on anaesthetic
machines for both air and oxygen.

Medical air should be provided at two different pressures:

a. apressure of 400 kPa is required to drive ventilators and for other
respiratory applications;

b. a higher pressure of 700 kPa is required to drive surgical tools. In this
document, medical air at 700 kPa is referred to as surgical air to avoid
confusion.

Medical air 400 kPa
General

The use of medical air, particularly for respiratQyy useghas increased
markedly in recent years. This service is the ical #f the medical gas
services, since air-powered ventilators ceas oparaig’in the event of
failure of the supply.

Medical air is also directly inhaled
also be used to dilute oxygen befo
potentially toxic effects of pur

ients G&Ting ventilation and it may
istration because of the

The supply system for
compressor system or ning system (synthetic air) and includes an
emergency/reservegs mpressor plant should always be specified
where air-powe [ re to be used.

One of the major{es of medical air is for patient ventilators. Patient

ventilator main categories — those used during anaesthesia and
those use ensive therapy. Pneumatically powered ventilators can
use up to 80y!min free air continuously. The exact flow requirements will

depend on th§design of the ventilator. The flow and pressure requirements
for some typical ventilators are given in Table 9.

Current models of anaesthetic ventilators are very similar to intensive
therapy models, and may require peak flows of up to 80 I/min and average
flows of 20 I/min. Almost all such units are pneumatically driven and
electronically controlled.

Medical air 400 kPa is also used for other equipment such as anaesthetic
gas mixers, humidifiers and nebulisers. The flow rates normally required
would not exceed 10 I/min, and this flow is always in excess of the actual
volume respired.
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Pressure requirements

The minimum pressure required at terminal units for respiratory use is 355
kPa and all terminal units should be tested to ensure that the pressure does
not fall below 355 kPa at flows of: 80 I/min in intensive therapy units and
coronary care units; 40 I/min in special care baby units and operating suites;
20 I/min in ward areas.

Table 9: Typical pressure and flow requirements for ventilators and
nebulisers

Ventilator type Pressure kPa Flow I/min free air
Anaesthesia, typically gas driven, 300-700" Pneumatically driven
electronically controlled. nominal 400 ventilators use up to
80 I/min
20 I/min continuous
Intensive therapy 300-700" 180 peak2
Electronically controlled nominal 40 80 continuous
Gas powered
Neonatal — electronically controlled 300-700" 0 peak2
Gas driven 00 40 continuous

Nebulisers 10

Notes:

1. Iltis strongly recommended that
since the blenders only
differential pressure for

tors aré not connected to the 700 kPa system
ily with a tolerance of about 10% on the

These flows can b

a. aflow limiing device is provided to protect the medical air system in the
event of failure of any downstream component;

b. a non-return valve is incorporated to protect the system integrity.

The flow requirements should be ascertained and taken into account prior to
the installation of the equipment.

In-patient accommodation

In ward areas and treatment rooms, all terminal units should be capable of
passing 20 I/min, although typically 10 I/min will be required.

4.60 The diversified flow to each six-bed room is calculated on the basis of
numbers of terminal units and that only 33% of the flow at 10 I/min will be
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required for the remainder. This is approximately equivalent to a maximum
of three terminal units in use simultaneously in a six-bed room.

In a typical ward comprising four six-bed rooms, four single-bed rooms and a
treatment room, for the purpose of calculating the diversified flow QW to the
ward, the number of terminal units used in Table 10 may be taken as
number of terminal units in the ward.

A department may comprise several ward units and treatment suites. The
diversified flow for each department, QD, is based on QW for the first ward
unit, plus 50% of the flow for the remaining ward units.

Surgical air 700 kPa

Flow and pressure requirements for 700 kPa sutgical air system

and flows may vary between 200 and 350 I/
surgical tools are designed to operate within
pressures are likely to cause damage
however, is likely to result from the |

adequate tool performance,

of the specified pressure.

The introduction of synthetic air (fro blending of oxygen and
nitrogen) leads to the possibi [ itrogen as the power source for
surgical tools. Synthetic 34 ed in Chapter 7, ‘System design —
medical air’.

The pipeline syst
700 kPa at the
specification; in
be about finige the

ipe the pressure drop at a flow of 350 I/min will
ssure drop at 250 I/min.

Diversity

Surgical air 760 kPa is only required where surgical tools are to be used.
This would typically be orthopaedic, neuro-surgery theatres and possibly
plaster rooms. However, to facilitate maximum flexibility, surgical air should
be provided in all theatres. The diversified flow is based on the assumption
of 350 I/min for the first theatre and 25% of the remainder — see Table 12.

Because surgical tools are used only for specific applications, it is unlikely
that more than one tool is actually in use at any given time, even in a large
operating department comprising several theatres.
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Table 10: Medical air 400 kPa design and diversified flows

Department Design flow for each terminal  Diversified flow Q I/min
unit I/min

In-patient acute

Ward units — single and multi- (n - )10
bedrooms 20 QW =20+
Treatment rooms

Each ward unit 20 +w-1)0
U—-—0

3 QD =qw [
Departments comprising o 2 0
several ward units
ITU and CCU 80 80
80+nB-1* —
2
Adult acute day care

Major treatment room ~ . 40
Endoscopy room QT =40+ (T-1) 7

40
Maternity department
. . _ L 40
Delivery suite QM =40 + (T-1) -
Normal delivery room \ QM =40n

40
Operating suite QM =40 + (T_1)*T

Neonatal unit 40 QN =40nB
Dental department

. _ , 40
Major dental/oral s @ 40 QDENT =40 + (T-1) "

Operating departme

Operating ro 40 QT =40+ (T'l)*%
Anaesthetic roo 40 QA =40+ (A'l)*%O
Recovery 40 QR =40+ (nB-l)*l—f
Plaster room 40 QP =40+ (nB'l)*%O

Accident and emergency

40
Major treatment / 40 QMT =40 + (T—1)*7
radiodiagnostic / special
procedures
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Table 11: Typical pressure and flow requirements for surgical tools

Type of tool Pressure kPa Flow I/min
Small air drill 600-700 200
Medullary reaming machine 600-700 350
Oscillating bone saw 600-700 300
Universal drill 600-700 300
Craniotome 600-750 300

System capacity

Unlike respirable equipment, surgical tools are used intermittently, typically
for a short burst of a few seconds up to a maximum of 2/3 minutes. The
manifold or plant, therefore, should have the capafity to provide the design
flow of the pipeline for a maximum period of 5 in any 15-minute
period.

Table 12: Surgical air 700 kPa desigg,and d flows

Department Design flow for e
terminal unit I/min

iversified’ flow Q I/min

-1)350
Operating room =350 + (T 4)

SDU, ODA,
workshop etc.

QWS =350

Terminal units or equipment testing

It may be provide surgical air at 700 kPa in the equipment
service wor p for testing purposes. Unless a surgical air 700 kPa
pipeline is avijilable nearby, it may be cost-effective to use portable
cylinders, with"a two-stage regulator.

If a pipeline supply is to be provided, then each terminal unit should be
capable of passing 350 I/min. Where several terminal units are provided, it is
unlikely that more than one terminal unit will be in use at any time, and
therefore the total design flow for the equipment service workshop will be
350 I/min. Because the actual use will be low, it is unlikely that the provision
of such a terminal unit for testing purposes will have a significant effect on
the total design flow for the surgical air 700 kPa system.

Version 2.0: June 2001 Page 48 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



4.71

4.72

4.73

4.74

4.75

4.76

a4.77

4.78

4.79

4.80

4.81

SHTM 2022 (Part 1): Medical gas pipeline systems

Vacuum
In-patient accommodation

Where vacuum terminal units are provided in ward areas, it is unlikely that
more than one terminal unit in any room (single or multi-bed) will be in use at
any time. Therefore the diversified flow QW should be calculated on the
basis of 40 I/min per ward unit of 28 beds, although each terminal unit
should be capable of passing 40 I/min.

For a department comprising several ward areas and treatment rooms, the
diversified flow is based on 80 I/min for the first bed and 1 I/min for the
remainder. For treatment rooms, 40 I/min should be allowed for the first
room and it may be assumed that no more than 25% of the remainder will
be in use simultaneously — see Table 13.

For a hospital comprising several departments{ithe #fal flow is based on
g S not already

80 I/min for the first bed and 1 I/min for any
assigned to a specific department.
A factor of 0.75 should be applied to ca d total flow to avoid

unrealistically high flows.
Operating departments
Vacuum is provided forgne surgi am and anaesthetist; it is also

provided in the anaesthitic roonfiand recovery.

d in each operating room. Since it is possible
5 operating room to be in use simultaneously,
s will require 80 I/min and each terminal unit should be

For anaesthé&iic rooms, it may be assumed that 40 I/min will be required at
each terminal*nit.

Where there are several operating suites, each comprising one operating
room and one anaesthetic room, the diversity may be calculated on the
basis that for the first two suites no diversity should be allowed, that is,
240 I/min.

For more than two theatres, it may be assumed that 50% of remainder will
be in use simultaneously at 120 I/min per suite.

Maternity, accident and emergency theatres, and major treatment rooms
should all be treated as operating rooms.

Each terminal unit in recovery should be capable of passing 40 I/min. The
diversity of flow is calculated on the basis that vacuum is being used
simultaneously at 25% of bed spaces (minimum one).
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Table 13: Vacuum design and diversified flow

Department Design flow for each Diversified flow Q I/min
terminal unit I/min

In-patient acute

Ward units — single and multi-

bedrooms 40 QW =40
_ L 40
Treatment rooms 40 QT =40 + (nB-1) 7
Departments-ward areas 40 QD =80 + (nB-1)*1
Operating department
Operating room 40 QT =80
Anaesthetic room 40 =40
Operating suite
S-2)*120
1 operating room 40 A = 470%2) + %
_ , 40
Recovery room 40 QR =40 + (nB-1) 7
_ , 40
ITU and CCU Ql'=40 + (nB-1) 7

Intensive ther ry care unit and neonatal unit

4.82 Each terminal un
assumed
(minimum

ould be capable of passing 40 I/min, but it may be
o of bed spaces will require vacuum simultaneously

4.83 All other high®ependency areas should be treated as ITU/CCU.
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5. System design — general

Cylinder manifold installation

General

Manifolds should be connected to the pipeline via a control panel which
provides two equal banks of gas cylinders. The changeover from the “duty”
to the “standby” bank of cylinders should be automatic. All manifolds should
be capable of passing the full pipeline flow. The temperature of the gas may
fall as low as -30°C as the gas passes through the regulator at maximum
capacity, and the equipment should be designed accordingly.

A schematic layout for a typical installation is givgft in Figure 1. Total storage

The nominal and usable capacity of
manifolds are given in Table 14 (t
temperature and pressure).

Table 14: Capacities of me

Gas

Oxygen J size 6,540
Nitrous oxide J si 18,000

Gsi 9,000 8,900
Nitrous oxi n 5,000 4,740
mixtures G s
Medical air J s 6,400 6,220

5,550

Oxygen/carbon dioxide 6,800 6,540
mixture (5% CO,) J size
Nitric oxide AU size 1,500* -
Nitric oxide AK size 4,000* -

* This may be subject to change.

** The usable figures are for discharges down to a gauge pressure of 7 bar g. Two sets of
figures are provided for air — for 400 kPa systems and 700 kPa systems — the latter is for
discharge down to 15 bar g.

An automatic manifold changeover from “duty” to standby should occur at a
cylinder pressure which will ensure the greatest possible utilisation of the
contents of the cylinders in the “duty” bank. If the normal operation of the
changeover control depends on an electricity supply, the design should be
such that failure of the electricity supply does not disrupt the flow of gas to
the distribution system.
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Figure 1: Schematic layout of cylinder manifold (400 kPa) system
(reproduced by kind permission of MEDAS)
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5.5 Manifolds and control panels should be designed and certificated for use

with 230 bar g cylinders. The manifold headers should incorporate a
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renewable non-return valve to allow removal and replacement of any
cylinder and to prevent the discharge of a bank of cylinders in the event of
“tail-pipe” rupture. The “tail-pipe” manifold connector should be gas-specific.

In the event of power failure, on restoration of the power supply, the original
running bank should be on-line, that is, the same bank as was the running
bank prior to interruption of the supply.

NOTE: Some manifolds default to a specific bank following a power failure,
regardless of which bank was the running bank prior to interruption of the

supply.

The tail-pipe cylinder connector must be a pin-index yoke connector in
accordance with BS EN 850 for oxygen, nitrous oxide/oxygen mixture (50%
v/v) and medical air. The connector for nitrous oxide should be a side outlet
valve connector in accordance with BS 341 PE1,4"ne manifold connectors
should be in accordance with the following:

M26 x 2 (O 2
M24 x 2 ir

M22 x 2

M20 x 2 %

M18 x 2
M16 x 2

M14 x 2 2 oxygen free (purge)
Pressure indication shalild be pfavided to indicate pressure in each cylinder
bank and in the M .

Pressure con

The pres ntré@should maintain the nominal pipeline pressure within
the limits g pendix 10.

There should{ye separate pressure regulating valves for each cylinder bank
and the control system should be designed so that the cylinders of one bank
can be changed, or the pressure regulator for one bank can be overhauled,

without loss of continuity of the gas supply.

Pressure safety valves should be of the self-closing type and be installed on
each distribution pipeline downstream of the manifold line pressure regulator
and the main isolation valve. A pressure safety valve should also be installed
between the emergency/reserve manifold and the pipeline distribution
system. It should have a flow capacity at least equal to that of the pressure
regulator immediately upstream of it. The discharge pipe should be at least
one size larger than the main pipeline.
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This discharge pipe line should be vented to atmosphere, outside the
building, in an area where the discharge of oxygen, nitrous oxide, nitrous
oxide/oxygen mixture, oxygen/carbon dioxide mixture, and nitric oxide or
nitrogen will not contribute to a fire risk, or cause injury to personnel.

It should be well clear of any openable window or air intake. The ends of the
discharge pipelines should be turned downwards to prevent the ingress of
dirt and moisture, and be placed and protected so that frost cannot form or
be collected upon them. Similar safety valve arrangements are required for
installations supplied from liquid oxygen cylinder installations.

Manifold monitoring and indicating system
The monitoring and indicating system should perform the following functions:

a. overall manifold monitoring;
b. manifold condition indication;
c. overall supply plant indication.

ndic&tiors should have a
d be capable of automatic

VY.

All functions should be appropriately i
design life of at least one year. The sgste
reinstatement after restoration of peREr su

Manifold monitoring, indicati n systems should be on the
essential electrical suppl

Manifold control unit

v

Manifold monitoWig

The control unit a green “mains supply on” indicator.

Each auto ifold should be provided with monitoring to detect:

a. duty bankoperating;

b. duty bank empty and standby bank operating;

c. standby bank below 10% capacity when the duty bank is empty;

d. reserve bank below nominal 14 bar g (for nitrous oxide) and below 68

bar g pressure for other gases;

e. pipeline pressure faults below —20% or above +20% of nominal
pressure.

NOTE: The emergency/reserve manifold is monitored for condition 5.17d.
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Manifold indicator unit
There should be indicators to show the following conditions:

a. for each automatic manifold:

(i) a green “running” indicator for each bank. This should display when
the bank is supplying gas, irrespective of the pressure;

(i) a yellow “empty” indicator for each bank when the running bank is
empty and changeover has occurred;

(ii) a yellow “low pressure” indicator for each bank to be illuminated
after changeover, when the pressure in the bank now running falls to
the low pressure setting;

NOTE: In practice, conditions (ii) and (iii) are the same.

b. for each emergency/reserve bank a yellowgridica#r to be illuminated
when the pressure in the bank falls belo g fggnitrous oxide or
below 68 bar g for other gases;

c. forthe pipeline distribution syste ‘|G pressure” and a red “high
pressure” indicator to be illumipatéyl whe respective conditions
occur.

Alarm signal status unit

The following indicationfof manifgl nditions should be provided:

Indication Legend

a. green‘“no normal

b. change cylinders

C. change cylinders immediately
standby $hw”

d. yellow “emergency/reserve reserve low
banks low”

e. red “pipeline pressure fault” pressure fault

Conditions (b) to (e) should be transmitted to the central alarm system.
Where relays are used, they should be normally energised relays which de-
energise under fault conditions, with contacts having a minimum rating of
50V dc, 50 mA.

Alternatively, volt-free, normally closed contacts rated at 50 V dc, 50 mA
should be provided for transmission of conditions (b) to (e) to the alarm
system.
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The panel can be incorporated into the manifold control unit or be a
separate unit within the plantroom. If mounted separately, the cabling should
be monitored for open/short circuit. In the event of such a cable fault, a red
“system fault” lamp should be illuminated on the alarm signal status unit,
together with the appropriate alarm condition.

Emergency reserve supply
General

A permanently connected reserve supply system must be provided for all
MGPS including nitric oxide systems (excluding 700 kPa surgical air
systems), for emergency use or to permit servicing or repair.

The reserve supply should be designed, when practicable, to provide the
same flow rate as the primary system and have sufficient connected
capacity to supply the pipeline for at least 4 hougf” When such provision
would result in six cylinders or more on each additional cylinders
should be held in the manifold rooms. A non and isolating valve
should be installed immediately upstream of te re e manifold connection
to the pipeline distribution system.

The requirements for the emergen
out in the operational policy and sh
situation for cylinders, liquid s
system flow that would uir

e e supply capacity should be set
tak® into account the local supply
In th&»event of an emergency and the
The gas supplier should be consulted.

The specific requireme
Where this resul

system an sideration should be given to either a bulk liquid or liquid
cylinder emelfsency/reserve supply.

will dgpend on the method of primary supply.
tic number of cylinders being kept on site,
d be set out giving details of procedures to be

The operational policy should set out the action to be taken in the event of
loss of the primary source of supply.

In the event of loss or failure of the primary source of supply, the
emergency/reserve system should be able to provide (at least for a short
time) the total system flow, since it will not always be possible to advise
users immediately of an emergency situation.

The operational policy should provide details of further action to be taken,
location of emergency manifolds, cylinders etc.
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Emergency reserve supplies for manifold installations

The supply should be brought into operation automatically via a non-return
valve.

A two-cylinder emergency reserve supply would normally be considered
adequate for a cylinder manifold supply system. The cylinder valve of one
should be permanently open so that gas is immediately available. The
cylinder valve of the second cylinder should be closed so that by alternative
use a continuous supply can be maintained. A typical system is shown in
Figure 2.

Emergency reserve supply for air compressors/liquid oxygen/oxygen
concentrators (PSA)

The supply should normally comprise a two-bank manifold system. A typical
number of cylinders in each bank would be five ix depending on size and
location. See also the Chapter on bulk liquid pply systems for
more details of the back-up and emergency Qup aciliyg”

Location

The emergency/reserve manifold
in the manifold rooms of the primar
other systems should similarlj§3ae

th linder system should be located
Reserve manifold rooms for
in an appropriate manifold room.

Design

Except as stated
conform to the

erggncy/reserve manifold systems should
en manifold supply systems in general.

, iIn accordance with the requirements for manifold
0 kPa systems given in Chapter 5.

Provision shopld also be made for an emergency/reserve inlet supply for
either a replacement or alternative supply.

Emergency/reserve supplies for liquid oxygen systems are covered in the
Bulk liquid oxygen systems section of Chapter 6. It may be advisable to
locate the emergency/reserve supply, or the emergency supply facility,
where provided, in a location remote from the primary source of supply.
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Figure 2: Emergency supply manifiold (reproduced by kind permission
of MEDAS)
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6. System desigh — oxygen supplies

Bulk liguid oxygen systems and vacuum insulated
evaporator (VIE)

General

A VIE can be used for the storage of any cryogenic liquid which can include,
in healthcare premises, oxygen, nitrogen and nitrous oxide. The VIE is a
cryogenic pressure vessel made of stainless steel supported within an outer
vessel, similar to a vacuum flask. The VIE plant has advantages over other
oxygen supply systems where high demands exist, and is used whenever it
can be shown to be more economical, provided a suitable location is
available. Bulk liquid oxygen installations sho iff®ant manual handling
savings over conventional cylinder manifold he system usually
remains the property and responsibility of thefyas er, who retains full
legal responsibility for compliance wit malQtenarice requirements and
the Pressure Systems Safety Regul S

The hospital should be made aware 2 th neral operating principles by
the medical gases contractor II'ged to include the VIE system in the
hospital alarm system.

Consideration should b@ given t¢the legal and operational management
consequences of 8o iffergt supplier of oxygen on the same pipeline
system. Any cQ sinvolving different suppliers should clearly state the
obligations and of liabilities.

The cons ygen is increasing steadily, and in order to ensure
continuity o ply‘it is essential that the VIE is correctly sized for the
demand, andithat a telemetry system is installed.

System sizing

The liquid oxygen vessel is normally selected to provide for at least 14 days’
consumption. An emergency back-up supply equivalent to 24 hours’ average
use should be available on site. This may be provided by bulk liquid, liquid
cylinders or compressed gas cylinders, as appropriate for each site.

A maximum of 20 cylinders are normally connected to the emergency
manifold — ten on each bank. Where it would be impractical to hold 24 hours’
supply in cylinders on site (for example, in a large teaching hospital),
consideration should be given to the ease of supply in an emergency, for
example proximity to gas supplies depots, telemetry systems, etc, to see
whether it would be possible to reduce the number of cylinders on site. It is
essential that any relaxation of the number of cylinders held should be
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validated and documented with the gas supplier, clearly stating
responsibilities and expectations for supply of cylinders.

Where additional outlet points are installed on a pipeline system fed from a
VIE, the hospital should notify the gas supplier to ensure that changes in
consumption do not jeopardise the security of stock.

With the use of telemetry systems, it is possible to monitor gas usage and
thus optimise the delivery frequency whilst maintaining adequate stocks. The
gas supplier should advise on the most appropriate vessel size for a
particular site, geographic location, and the standby requirements, taking
into account the demand, peak consumption and site location.

Equipment description

The system is designed to provide:

a liquid oxygen VIE at a pressure of at le

b. standby oxygen facility with a capacity o
supply to protect against VIE supply failu

c. stand-alone emergency supply f
against failure from the VIE t

Standby oxygen facility
This may be provided b

a. standby liquid VIE;

b. manifold li ders;

c. manifold co ssed gas cylinders.
System la
The various Skstems are:

Figure 3 VIE with cylinder back-up;
Figure 4 VIE with VIE standby;
Figure 5 VIE with liquid cylinder standby.
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VIE

6.12 A VIE installation comprises:
a. avacuum insulated tank to store the bulk liquid at the appropriate
operating pressure;
b. a pressure raising system to maintain the VIE operating pressure;
c. avaporiser system to convert the liquid into gaseous product at ambient
temperature.

6.13 The control panel and instrumentation for the VIE are normally mounted
centrally at the front of the vessel. Pressure vessel details are given on a
plate mounted on the outer vessel. The vessel must be clearly labelled with
the product name.

6.14 A separate ambient vaporiser system converts liquid into gas at the
required working pressure of 10.5 bar g.

Q
N
S
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Figure 3: Typical VIE layout and pipework configuration with cylinder
backup (reproduced by kind permission of BOC)
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Figure 4: Typical VIE layout and pipework configuration with VIE
standby (reproduced with kind permission of BOC)
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Figure 5: Typical VIE layout and pipework configuration with liquid
cylinder standby (reproduced by kind permission of BOC)
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Control piping and instrumentation

The VIE pipework configuration will depend on the standby system. The
VIEs have top and bottom fill connections with a liquid outlet supply to the
vaporiser and a top gas economiser connection.

IT IS NOT RECOMMENDED THAT ANY OF THE VALVES ARE OPENED
OR CLOSED EXCEPT BY THE GAS SUPPLIER’S PERSONNEL OR
EXCEPT IN AN EMERGENCY BY AUTHORISED PERSONNEL.

NOTE: The valve information applies to BOC VIEs only. If other
manufacturers’ installations are in use, the operating procedures should be
ascertained by the authorised person (MGPS) for the site.

Pressure raising system

The pressure of the VIE is automatically controiZd byga pressure raising
regulator which controls the flow of liquid to ure gaising vaporiser as
required. The vaporised liquid maintains the WE spfice pressure at a
minimum of 10.5 bar g.

Where several vaporisers are ins uld be automatic control of
changeover to prevent excessive ic individual vaporiser.

e differential pressure type, indicating
the liquid content. ' es required for use with differential

A telemetry syste be installed which continuously monitors and
records t ents and tank pressure. This information can be used
to identify s and consumption rates, and can indicate the VIE
operating cogdition to assist maintenance requirements.

This data will
required.

e transmitted to both the hospital and the gas supplier as

Telemetry systems data can be used to predict the consumption rates and
future demands.

Safety note — VIEs are strictly designed and manufactured to recognised
national/international codes. Associated equipment is designed to the
appropriate standards and authorised by design authorities.

There must be no modification to the design of any part of the VIE system
without written authorisation from the gas supplier.

Records should be kept of design, installation, maintenance and of any
modifications which are carried out by the hospital and the gas supplier.
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Control panel

The VIE medical control panel is designed to accept a supply of gaseous
oxygen from the VIE (at 10.5 bar g) or from the standby manifold (at 8.5 bar
g) and to reduce the pressure to 4.2 bar g in the oxygen pipeline distribution
system.

Sites for liquid oxygen storage

The VIE should be located inside a fenced compound, which may also
house the control panel and the standby manifold. The location should be
acceptable to both the gas supplier and the hospital, and should be
exclusively reserved for the storage of liquid oxygen and other non-
flammable cryogenic liquids. The vessel should not be located inside a
building. It may be necessary to comply with local authority planning
constraints in some areas. The site chosen shouldgomply with the safety
distances in the British Compressed Gases Assgfiation Code of Practice 19,
Bulk Liquid Oxygen Storage at Users’ Premis

Space should be provided to facilitate any magoe of the delivery

vehicle. Typical turning circle dimensi e ay follows:

Coupled length idth (m) Turning circle (m)
Articulated vehicle 16.5 2. 27.5
Rigid vehicle 8.6 5 20.0

ures 6 and 7 are taken from the BCGA
uld be at least 8m from roads, drains,

be concrete and should have free access at
) “no parking” area. It should be free from

ders, and not used as a general storage area. The VIE
tnder store. It is also important that it is served by a
ugh and with turning facilities for road tankers. The road
nobstructed at all times.

The safety distances slbwn in
Code of Practice.
buildings etc. Th

rubbish, e
compoun
good road,

Operation

During normal operation of the system, the valves should be in the positions
indicated below:

Valve ref/description Normal operation To reduce normal pressure
Gas withdrawal Closed Open

Liquid withdrawal Open Closed

Gas isolating Open Open

Liquid isolating Open Closed

Top fill Closed Closed

Bottom fill Closed Closed
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6.31 Oxygen is supplied to the control panel at a pressure of 10.5 bar g where its
pressure is reduced to 4.2 bar g before it flows to the pipeline distribution

system. The control panel comes supplied with the following alarm
conditions:

Standby system in use
6.32 Should the oxygen supply from the main VIE fail, the standby system will

automatically supply oxygen and simultaneously a “standby in use” alarm
will be given.
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Figure 6: Safety distances for cryogenic storage vessels (reproduced
by kind permission of BOC and BCGA)

Size of Storage

TABLE 1: SEPARATION DISTANCES LIQUEFIED
FLAMMABLE GASES. FLAMMABLE LIQUIDS AND
OXYGEN STORAGE

Liquid LPG Vessels a) LPG Storage
Oxygen Weight Equivalent Separation b) Other Bulk Flammable Liquids and Liquefiable
Vessel Capacity Liquid Capacity Distance Flammable Gases
(Tonnes) (Tonnes) (m®) 15°C Metres
Up to 0-1.1 0-22 6.0 The separation distances listed above for LPG
200 1.1-4.0 22-78 7.5 should apply to the same stored volumes (m®) of
4.0 - 60.0 7.8-117.0 15.0 other bulk liquefied flammable gases and may be
60.0 — 150.0 117.0-124.0 22.5 used for the same stored volumes (m®) of bulk
150.0 & above 294.0 & above 30.0 flammable liquids (+). These distances may be
reduced depending on the nature of the flammable
LPG cylinders and other liquefied liquid and any protective measure and in these
flammable gas * cylinders above cases and individual assessment of the proposed
50kg total capacity location shall be carried out.
7.5
*  Common examples of liquefied flammable gases
suppliedgn cylinders include: ammonia,
sulphide and ethylene oxide.
* ples of bulk flammable liquids
ne, methanol, diesel, petrol.
Compressed Flammable Gas Liquid Oxygen : SEPAXATION DISTANCES: COMPRESSED

Cylinders (m°)

(Gas volume measured as Nm?® at
1013 mbar and 15°C)

Storage Up to 200
tonnes Separation
Distance (Me

Up to 70
Above 70

For liquefied flammable gas cylinders, see table 1.

Flammable Liquid or Gas Lin

Size (Nominal)

Distances in Table 2 are bases on hydrogen
cylinders. Reference: BCGA CP8 (1986)

For separation distance for acetylene, BCGA CP6
(1986) (23) should be referred to.

TABLE 3: SEPARATION DISTANCES: FLAMMABLE
nnes LIQUID OR GAS LINES WITH UNION FLANGES ETC
jon Distance AND OXYGEN STORAGE

Up to
Up to
Above

metres Notes:-
6.0 1) The above separation distances are intended to
10.0 provide protection for the LOX storage tank
15.0 against jet flame impingement from an ignited

release from the flammable liquid/gas line.

2) The distances are based on LPG as the contents
of the flammable liquid/gas line and are given as
a ‘worst case’.

3) For flammable liquids or gases other than LPG in
the line, the above distances should be used,
unless it can be shown that smaller distances are
adequate to avoid jet flame impingement.

4) If some means of protection from jet flame
impingement (such as shielding of the joint by
fire resistive material) can be provided between
the union/flange on the flammable liquid/gas
line and the LOX storage and this can be shown to
provide an equal or greater degree of protection
than the separation distances shown, the
separation distances may be reduced.
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Figure 7. Safety distances for cryogenic storage vessels (reproduced
by kind permission of BOC and BCGA)
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SAFETY DISTANCES FOR LIQUID OXYGEN STORAGE 20 TONNES TO 200 TONNES NET
LIQUID CAPACITY (DISTANCES IN METRES)
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Safety note: this is not the initial alarm condition of the system. The
VIE (see user manual) is supplied with a differential pressure switch for
liquid level alarm. The VIE user manual should describe in detail the
operation and actions necessary should this alarm condition be
initiated.

The VIE level alarm and “standby in use” alarm will remain on until the VIE is
refilled.

Standby low

Should no action be taken after VIE supply failure the standby system will
supply until pressure falls to a pre-set pressure at which time a “standby
low” alarm will be given.

Low line pressure

Gas usage without VIE or cylinder replenishm
drop. At an outlet pressure of 3.75 bar g, a “
given. This alarm condition will also be initiat
within the control panel failing shut or afginelin@ failure.

ause further pressure
ure” alarm will be
ent of a regulator

High line pressure

If a regulator within the contré@papgt falg open, a high pressure alarm “high
line pressure” will be giv; t bar g.

Emergency shutdown:

afet e blowing:

, upply to vaporiser) to reduce VIE pressure to
b 16

(i) no supplier immediately;
b. in case ogvessel bursting disc blowing:
(i) close valve (liquid supply to vaporiser) to reduce VIE pressure;
(i) check that VIE pressure is below 16.0 bar g;
(i) change valve to alternative bursting disc position;
(iv) notify the gas supplier immediately.

VIE filling

After commissioning, subsequent filling of the VIE is controlled by the gas
supplier. The driver should fill the VIE without disturbing the customer’s
supply pressure or flow and without lifting safety valves or blowing bursting
discs. After filling, the driver should report any defects to the gas supplier
immediately.
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NOTE: All users should check their own installations and ensure that they
are aware of the operating instructions. The advice of the gas supplier
should also be sought in cases of doubt.

Maintenance

Maintenance is the responsibility of the gas supplier, but there are customer
checks which should be carried out daily and weekly. In addition, it will be
necessary to test the alarm system.

To test the alarm system, each alarm condition is initiated by the operation
of a pressure switch. The control panel is supplied with three-way ball valves
on the oxygen supply lines to each pressure switch. Rotation of these valve
handles through 180° allows oxygen pressure to the pressure switches to be
reduced, which operates the pressure switches and the appropriate alarms.

NOTE: The high line pressure alarm requires gfiecig#st test equipment and
the gas supplier should normally be contactéy t ry this test.

Standby oxygen facility

A standby oxygen facility must al rovided.

It should be sized to provide
bulk liquid, liquid cylinde essed gas cylinders.

In the event of failure oithe maily VIE, the standby system should come into
operation automa#ce ould be a non-return valve to protect the
standby syste @Ao hrough the VIE in the event of a fault.

To prevent unviecessary gas losses, the economiser circuit should be piped
into the main supply distribution system downstream of the main vaporiser.

The back-up vaporiser should be sized to provide 24 hours’ usage at
average flow rates.

Liquid cylinder back-up

The number of liquid cylinders required will depend on the flow rate
requirements, rather than the capacity.

To prevent unnecessary gas losses, the economiser circuit should be piped
into the main supply downstream of the main supply vaporiser.
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Compressed gas cylinder back-up

The minimum size of the back-up manifold should be a 2 x 5 (J-size
cylinders).

There should be sufficient additional cylinders on site to provide adequate
back-up, and arrangements should be made to ensure that 24 hours’ supply
is available.

Emergency supply facility

Where a risk assessment has identified a potentially vulnerable situation,
such as a remote liquid facility separated from the hospital by roadways etc,
then it may be advisable to consider an additional emergency supply facility.

This may be either:

a permanent manifold system, located withii thegmain hospital complex;

b. a portable manifold system (for exampl
on a trolley for immediate use, to be con
screw thread (NIST) connectors fo [

linders) mounted
on-interchangeable

Where such a permanent manifol
requirements if appropriately sized.

For a permanent manifol be fully automatic and protected by non-

ngements (as indicated in the

inspected and
should beg

J stock control procedures. Specific attention
piry dates on the batch label fitted to each cylinder.

The following indication of manifold conditions should be provided:

Indication Legend
a. green “normal” normal
b. yellow “VIE low < 25%" re-fill liquid
c. yellow “VIE empty, standby in re-fill liquid immediately
use”
d. red “pressure in standby system reserve low
< 50%”
e. red “pipeline pressure fault” pressure fault
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Conditions (b) to (e) should be transmitted to the central alarm system.
Where relays are used, they should be normally energised relays which de-
energise under fault conditions, with contacts having a minimum rating of 50
V dc, 50 mA.

Alternatively, volt-free, normally closed contacts rated at 50 V dc, 50 mA
should be provided for transmission of conditions (b) to (e) to the alarm
system.

The panel can be incorporated into the VIE control unit within the VIE
compound, or be a separate unit within the enclosure. If mounted
separately, the cabling should be monitored for open/short circuit. In the
event of such a cabling fault, a red “system fault” lamp should be illuminated
on the alarm signal status unit, together with the appropriate alarm condition.

Liquid oxygen supplies from cylinder
General

Traditionally, piped medical oxygen ha n Sypplied from compressed gas
cylinder manifolds or VIEs, dependin o} Xygen usage rate and
storage requirements. The introducy supply by liquid cylinders
provides greater flexibility of storag r mid-range gas volumes
between the smaller compres ifold capacities and the more
substantial bulk liquid v S.

The advantages of medggal oxygen liquid cylinders are:

increased h# | efficiency;

labour saving®r the hospital;
environment;

greater urity of supply and stock holding;

® o 0o T o
3
o
=
@]

reduced rivanifold and cylinder space.

A typical installation is shown in Figure 8. Due to increasing oxygen
consumption, the use of telemetry systems to monitor cylinder contents is
recommended. (See also telemetry systems for VIE systems in the ‘Bulk
liquid oxygen’ section of Chapter 6.)

Liquid cylinder design

Medical oxygen liquid cylinders are double-walled with vacuum and multi-
layer insulation. They are suitable for transportation and storage of liquid
oxygen, and provide a complete self-contained gas supply system for
hospital use.
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Cylinders are designed and supplied with gas-specific liquid fill and gas use
connections, as follows:

a. Liquid fill - CGA 440;
b. Gas use —1S0O 5145.

Liquid cylinder manifolds

In practice, to cater for normal supply requirements, liquid cylinders will be
required to be manifolded together with the attendant control panel, alarm
and standby supply systems.

The manifold is designed to allow a number of liquid cylinders to be
manifolded together in such a way as to complement their particular
operating characteristics, giving a single gas outlet point to the control panel.

Control panel
The control panel is designed to maintain arigpu resgidre of 4.2 barg ata
required flow rate of up to 30 m/hr (500 I/min
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Figure 8: Typical liquid cylinder installation (reproduced by kind
permission of BOC)
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The standby supply feeds into the control panel and, in the event of the
liquid cylinder pressure dropping below a pre-set value, a flow of oxygen will
commence automatically. This ensures that a constant supply of oxygen at
the correct pressure is maintained.

Emergency compressed oxygen manifold

The emergency oxygen supply consists of a manual or automatic
changeover manifold which comes into operation automatically. The
manifold size, and quantity of hospital stock, should be dictated by a
particular hospital’s requirements.

Siting requirements

It is not recommended that liquid cylinders are installed within buildings; they
should be installed in the open air in an enclosuregtesigned for the purpose.

building or a confined area, but only i
cylinder vents will be connected) i
control valve. This valve should be
cylinder relief valve setting, t
safe area in a safe manner.

pressure below that of the liquid
y excess pressure is vented to a

Where installed in buildthgs, gegerdas ventilation should be provided by
means of fully-louvred ess dgors to the outside.

The appropria ation must be made to ensure that there is adequate

ventilation.
The site s ce from obstructions, with sufficient access to the liquid
cylinders, old, control panel and fill point.

The floor on which the liquid cylinders will be located (and where they will be
filled) should be concrete hard-standing, strong enough to support the
weight of the cylinders when full.

The floor should be level but designed to avoid any accumulation of water in
the vicinity of the liquid cylinders.

The cylinders should be located at least 3 metres from:

open sewers/drains;
pits;

a.
b

c. trenches;
d. any openings to underground rooms/enclosures;
e

any combustible materials.
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For further guidance on liquid cylinder location, refer to BS EN 1251-3: 2000
‘Cryogenic vessels — transportable vacuum insulated of not more than 1000

litre volume — operational requirements’ and the BOC Guidance Notes, Form
G4521.

Liquid cylinder manifold sizing

The manifold will be sized according to the average annual usage, with liquid
cylinder installations being ideally suited to annual consumptions of between
3000 and 40,000 Nm?®per annum.

As the lower end of the medical VIE range reflects a minimum annual usage
of approximately 27,500 Nm? per annum, there is an overlap of annual
consumption between 27,500 Nm? and 40,000 Nm?® per annum, where either
a bulk VIE or a liquid cylinder installation could be considered to satisfy a
particular requirement or accommodate possible sjte restrictions.

NOTE: One 200 litre liquid cylinder (LC200)
approximately 24 J-sized cylinders.

e g capacity equal to

Refilling

Refilling of liquid cylinders is carrie
analysis and certification of thg, cyli
with a fill header which en

itu, including pre- and post-
e cylinder manifold is equipped
illing of multiple cylinders in situ.

e same as for VIE systems.

anifold conditions should be provided:

Indication Legend

a. green “Karmal” indicator normal

b. yellow “liquid low < 25%” re-fill liquid

c. yellow “liquid cylinders empty, re-fill liquid immediately

standby in use”

d. red “pressure in standby system reserve low
< 50%”

e. red “pipeline pressure fault” pressure fault

Conditions (b) to (e) should be transmitted to the central alarm system.
Where relays are used, they should be normally energised relays which de-
energise under fault conditions, with contacts having a minimum rating of 50
V dc, 50 mA.

Version 2.0: June 2001 Page 78 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



6.87

6.88

6.89

6.90

6.91

6.92

6.93

SHTM 2022 (Part 1): Medical gas pipeline systems

Alternatively, volt-free, normally closed contacts rated at 50 V dc, 50 mA
should be provided for transmission of conditions (a) to (e) to the alarm
system.

The panel can be incorporated into the liquid cylinder manifold control unit,
or be a separate unit within the accommodation. If mounted separately, the
cabling should be monitored for open/short circuit. In the event of such a
cabling fault, a red “system fault” lamp should be illuminated on the alarm
signal status unit, together with the appropriate alarm condition.

Oxygen concentrator installations (PSA plant)

General

Oxygen concentrators or pressure swing adsorber
alternative to the more traditional supply syste
concentrator and PSA are interchangeable). T

SA) systems may be an
he terms oxygen

le, very restricted sites).
Otherwise, PSA systems should only Qg i when an investment

When installed, a PSA syste i IV&p product gas via the “oxygen”
pipeline system.

Oxygen concentrators ¢aerate b adsorbing, under pressure, other gases in
the atmosphere hich have specific physio-chemical
properties, thug e oxygen which is stored and transmitting it for

referred te
adsorbing \ s, Other regenerates. The waste product, essentially
nitrogen, is g&charged to atmosphere during regeneration of the
adsorbents. [fysome systems, the use of vacuum increases the efficiency of
the regeneration/adsorption process. Regeneration requires the use of a
small proportion of the product gas.

The PSA process has reached a high level of technical sophistication and is
capable of producing oxygen with a concentration of about 95%. (For the UK
the minimum level, below which the emergency/reserve manifold will come
into operation, is 94%.) The remainder is mainly argon with some nitrogen.
The highest concentration is not likely to exceed 97/98%, except when the
emergency/reserve manifold is in use, when it will be 100%.

The major components of a PSA system and their layout are shown in
Figure 9. The typical major components of the system are the compressors,
receiver, dryers, molecular sieves, vacuum pumps, filters and regulators.
Other components are identical to those used for medical air and vacuum
plant, which are described fully in the appropriate sections. A suitable
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operating and indicating system is also required, as specified below.
Package supply systems, which should be specified to meet the
requirements given in this memorandum, are available from manufacturers.
Siting

The plant should have all-round access for maintenance purposes and
allowance should be made for changing major components.

The siting of the plant should allow for adequate flows of air for three
different purposes:

a. air intake to the compressors;

b. cooling of the compressed air by the after-coolers;

c. cooling of the compressors.

Each compressor may require ducting to ensu
air. The manufacturer should be consulted
temperature for which the system is designe
refrigeration of the cooling air may neegyto be

quate flow of cool
of operating
circumstances,

ply with BS 1ISO 5011: 2000 and
aper element filters.
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Figure 9: Schematic diagram of a typical PSA installation
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Plant configuration
The plant should comprise:
a. duplex compressor — if more than two compressors are installed, the

plant should provide the design flow with one compressor out of service;

b. duplexed air treatment/molecular sieve devices, that is, two sets of filters
and a pair of molecular sieves (one adsorbing whilst the other
regenerates), and one vacuum pump (if required by the manufacturer).

All duplexed components should be capable of independent operation.
Compressors and vacuum pumps

The compressors for the PSA systems may be any of the type
recommended for compressed air systems. It is algp possible to provide a
combined medical air PSA plant. Generally, the glompressed air requirement
per litre of product gas is of the order 4:1, an ult the compressor

A vacuum pump may be required as ystem. The vacuum pump,
if provided, is utilised during the adsowWgtion eration process. Vacuum
pumps may be of any type as for i medical vacuum system. It will
not generally be practicable tgQ use r semled pumps nor to utilise the
medical vacuum plant.

Compressor noise

the plant oul&got normally exceed the following values:
Reciprocatin Screw Vane Power
85 dBA 76 dBA 760dBA 7.5 kW
89 dBA 78 dBA 76 dBA 7.6 — 15 kW
93 dBA 80 dBA 79 dBA 15.1 — 22 kW
97 dBA 92 dBA 90 dBA 22.1 - 60 kW

In noise-sensitive areas, an acoustic enclosure should be included in the
purchase specification for all compressors. Such an enclosure should
produce a reduction of at least 10 dBA in the free field noise level at 1 m.

Molecular sieves

Duplex molecular sieves should be provided in pairs to permit continuous
generation of oxygen. One of the pairs of duplex sieves will be in the
adsorbing stage, whilst the other regenerates.
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Dryers

Air dryers of the desiccant type are usually integrated within the molecular
sieves and therefore do not regenerate independently. Refrigerant dryers
may also be included.

Oxygen monitoring system

The plant should include a calibrated paramagnetic oxygen monitoring
system comprising oxygen analyser, oxygen concentration indicator, oxygen
flow monitor and oxygen concentration/flow recorder. Connections for
calibration cylinders should also be provided. In the event of the
concentration falling below 94%, the monitoring system should isolate the
PSA system from the pipeline distribution system so that the
emergency/reserve manifold goes into operation. In addition to the above,
an independent monitoring system should be provigled to isolate the plant
when the concentration falls below 94%. The s d system need not be
provided with a flow indicator or recorder.

Operating and indicating system

The operating and indicating system@Qiou rm the following functions,
as appropriate:

a. overall plant control and i
b. individual compress rtin

c. individual vacuum gump stafling (where fitted);

d. control of dr ; lled as separate component);

e. control of

f. plant itoring and indication;

g. option n of the plant alarm status (this function may be

consider{d to be part of the alarm system).

Provided that the individual compressor starters are housed in a separate
compartment, these functions may be carried out by separate units or may
be installed in a common panel and located on the plant or on the plantroom
wall.

Control panels containing pneumatic components should have vents to
permit release of pressure in the event of component failure. All functions
and indicators should be appropriately identified and should have a design
life of at least five years. The operating system should be capable of
automatically restarting after reinstatement of the power supply.

All components of the PSA supply system should be connected to the
standby electrical supply. The control system should ensure that
compressors restart in sequence to avoid overloading the essential power

supply.
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Plant control unit

The plant control unit should have a separate power supply for each
compressor and vacuum pump, controlled by a separate sub-circuit. The
design should be such that no single component failure in the control unit
will result in loss of plant output.

The unit should allow either manual selection of duty/standby for each of the
compressors or have an automatic sequence selection with a means for
manual override. The unit should ensure that two or more compressors do
not start simultaneously when power is applied.

A warning notice which complies with BS 5378 should be affixed which
indicates the presence of low voltage.

Each compressor should have a selector switch which, when turned to the
“on” position, allows the maximum and minimu essure switches on the
receiver to control the “on” and “off” loading of: pressor. An

alternative “auto” position of the selector swigh automatic
selection of the compressors.
NOTE: The vacuum pump, if provideGiform of the molecular sieve

system.

Plant control indication

There should be indicatbrs for h*Compressor as follows:

green “main

b. green “com
is eleckically

d for” which indicates that the compressor motor
rgised;

c. anindi pressure produced by the compressor.

Compressorfand vacuum starter units

There should be individual starter units for each compressor and vacuum
pump, which should include the features recommended for medical air
compressor plants and vacuum plants respectively.

Molecular sieve control unit

The molecular sieve control unit may be mounted on the molecular sieve
columns or may be located with the plant control unit. There should be
separate power supplies for the “duty” and “standby” sieve assemblies,
taken from the same phase.
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The molecular sieve control unit should contain the following:

a o o ow

®

a duty selector switch;
an on/auto selector switch;
individually fused, separate cycling systems for each sieve pair;

a system to control regeneration of the sieves in relation to pipeline
demand;

an oxygen concentration, dryness sensor and a pressure sensor;

an automatic changeover to the standby molecular sieve system, in the
event of failure of the duty unit by oxygen concentration, dryness or
pressure. This requires:

(i) electrical and pneumatic isolation of the “duty” sub-assembly so that
it is taken off-stream;

(i) electrical and pneumatic energisation ofgie “standby” sub-assembly
so that it is brought on-stream;

(i) activation of the appropriate fault indijato sociated volt-free
contacts;

(iv) the sub-assembly to remain IS of operation until the fault
has been rectified,;

green function indicators ur e er'sub-assembly to indicate:

(i) molecular sieve c

(i) molecular sieve 2 selectd;
(i) selected py®

&

u [ — “normal”;

(iv) selecte sieve — “failed” (this fault indicator should remain

until ma y reset by means of a reset button);
a fail- e hich on failure of the power supply causes the
closure Iniet, outlet, exhaust and purge valves.

Plant status Fonitoring

A monitoring system must be provided to detect the following faults in the air
compressor system:

a.

plant faults (for each compressor):

(i) control circuit failed;

(i) overload tripped;

(i) after-cooler temperature high;

(iv) compressor temperature high;

(v) compressor run-up time too long;

(vi) activation of other safety devices supplied by the manufacturers;
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b. plant faults (for each molecular sieve unit):
(i) control circuit failed;
(i) “vacuum pump called for”;
(iif) overload tripped;
(iv) activation of any of the safety devices supplied by the manufacturer;
(v) oxygen concentration failure;
(vi) pressure fault;
c. plant emergency:
(i) oxygen concentration failed at below 94% concentration;
(i) receiver pressure 0.5 bar g below the standby cut in pressure;

(iif) dryness above 0.51 mg/m?3 (dewpoint —26°C at atmospheric
pressure);

d. pressure fault (cylinder reserve);
(i) pressure in each bank below 50% (o@norigal der pressure) ;
e. pressure fault (pipeline);
(i) low pipeline pressure;

(i) high pipeline pressure.
Plant status indicator upi

In addition to the plant
indicator panel whig
either the comps
warning notice v
voltage.

ication, there should be a plant status
nted on the plantroom wall or adjacent to
nit or the plant control unit. It should have a
ies with BS 5378 to indicate the presence of low

There sho Ifidicators for each compressor to show the following
conditions:

green “mains supply on”;

yellow “control circuit failed”;

yellow “overload tripped”;

yellow “compressor temperature high”;

a.
b

c

d. yellow “after-cooler temperature high”;

e

f. yellow for each individual safety device provided by the manufacturers;
g

yellow “compressor failure”.
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There should be indicators for each molecular sieve dryer system to show
the following:

green “mains supply on”;

yellow “oxygen concentration fault”;

yellow “pressure fault”;

o o o w

yellow “dryness fault”.

When the standby dryer is in operation, conditions (b) and (c) (paragraph
6.122) should be transmitted as a plant emergency to either the alarm
system or to the plant alarm signal status unit.

Alarm signal status unit

An alarm signal status unit should be provided a rt of the control system.
It should display the following conditions:

Indication Lege

a. green “normal’ a

b. yellow “plant fault” ndit b-f (see 6.121)

c. yellow “plant emergency comglition g (see 6.121)

d. yellow “emergency/re ergency/reserve banks low <50%
e. red plant emerge pipeline fault

concentration bel

r fault conditions, with contacts having a minimum rating of 50
V dc, 50 mA.

Alternatively, volt-free, normally closed contacts rated at 50 Vdc, 50 mA
should be provided for transmission of conditions (b) to (f) to the alarm
system.

The panel can be incorporated into the plant indicator unit or be a separate
unit within the plantroom. If mounted separately, the cabling should be
monitored for open/short circuit. In the event of such a cabling fault, a red
“system fault” lamp should be illuminated on the alarm signal status unit,
together with the appropriate alarm condition.

The alarm signal status unit should be supplied from all individual plant
control units, or from a separate common supply.
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Plant management

Connections should be provided which allow monitoring (but not control) of
the plant operation. For example: compressor — on, off, on-load, unloaded;
molecular sieves — on or off. These connections should be used to provide
input to the hospital energy management and building management
systems.
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7. System desigh — medical air

Compressor systems for medical air 400 kPa
General

The major components of a medical air system and their layout are shown in
Figure 10. A suitable operating and indicating system is also required, as
specified below. Appropriate layout and adequate siting of these
components should be provided. Package supply systems which should be
specified to meet the requirements given in this memorandum are available
from manufacturers.

Quality

The required quality level for medical air is sjggci b EN 132:1991.
The requirements for maximum concentration§\are nin Table 1. The
European Pharmacopoeia (Ph Eur) ' ximum impurity levels for

, hitrogen monoxide and
dioxide, moisture and oils. In future}§ e necessary for provision to be
made to control the level of t inants and to monitor the supply to
ensure conformance with

Siting

all- access for maintenance purposes and
de for changing major components.

The siting@athe

different p v

a. air intakegio the compressors;

should allow for adequate flows of air for three

b. cooling of the compressed air by the after-coolers;
c. cooling of the compressors.

Each compressor may require ducting to ensure an adequate flow of cool
air. The manufacturer should be consulted over the range of operating
temperature for which the system is designed.

Air inlet filters should be fitted immediately upstream of the compressor. In
exceptional circumstances, additional screens, filters and silencers may be
required. The filters should comply with BS ISO 5011: 2000 and be either
dry medium filters or grade CA paper element filters.
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Compressor noise

The noise level produced by the compressors will increase with the capacity
of the supply system. The maximum free field noise level for unsilenced
compressed air plant, at 1m from the plant, varies with the type and power of
the plant but should not normally exceed the following values:

Reciprocating Screw Vane Power

85 dBA 76 dBA 76dBA 0-7.5kW
89 dBA 78 dBA 76 dBA 7.6 — 15 kW
93 dBA 80 dBA 79 dBA 15.1 - 22 kW
97 dBA 92 dBA 90 dBA 22.1 - 60 kW

In noise-sensitive areas, an acoustic enclosure should be included in the
purchase specification for all compressors. Such ag enclosure should
produce a reduction of at least 10 dBA in the fr noise level at 1 m.

Air intake
The air intake for a compressor shou caed to minimise contamination
from internal combustion engine exha@sts a discharge from vacuum

systems, anaesthetic gas scaven
systems or other sources of cgnta
located at levels of at least 5

S ms (AGSS) and ventilation
ts.Wdeally, air intakes should be
nd level.

Compressor types

There are many
market. Three &

f compressor currently available in the
ich are most commonly available are:

a. recipr ing PWton compressors;

b. rotary ressors;
C. rotary SCipw COmpressors.

The compressors may be of any type, provided they are suitable for
continuous running on load and for start/stop operation. If reciprocating
compressors are used they may be either single or two stage, although for a
400 kPa system a single stage compressor is usually satisfactory.

Compressors for medical air systems are selected by plant manufacturers
from the range of units currently available for industrial users, and should be
selected for their reliability and performance.
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Figure 10: Typical medical air 400 kPa system (reproduced by kind

permission of MIM)
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Compressor lubrication

Compressors may be oil-lubricated, provided that suitable arrangements are
made to ensure that the air quality specification given in Table 1 is fulfilled.

Rotary compressors are sealed and cooled by oil or water. Oil control is,
therefore, essential and is usually provided as an integral part of the
compressor. Reciprocating compressors may be oil-lubricated, carbon ring,
PTFE ring or diaphragm-sealed type.

Oil-free compressors may be beneficial in reducing filtration requirements.

Where water is used as the sealant, it should be de-mineralised and the
compressor should be provided with suitable feed water pre-treatment, Such
treatment must ensure that there is no risk of microbial contamination to the
air supply. In the event of failure of the water treatment system, the
compressor should automatically shut down to pgfvent contamination.

d decompose at
ountered by fitting a
e compressor with
compressors if excessive

There is a danger that PTFE rings and lubri
high temperatures to form toxic products. Thi
temperature sensor to the cylinder he
suitable controls to cut off the power
temperatures are sensed.

On start-up, when oil is used
pressure forms an emulsi
is readily separated. B
with plant capacity, it m

Where oil- compressors are used, suitable means of separating oil
from conde e should be provided.

Once a complessor installation has been selected:

a. the number required should be left to the supplier of the plant. The plant
should include at least two compressors, but additional compressors
may be included provided that in all cases the total capacity will provide
100% of system design flow with one compressor not running;

b. the individual compressors should be arranged so that they will supply
the system simultaneously if necessary;

c. the relative magnitude of the capital and running costs should be
evaluated at the time of purchase. Too much emphasis has been placed
on low capital cost at the expense of reliability and high power costs.
The running costs should be calculated at realistic levels of usage;

d. the control system for the compressor plant should include an “hours-
run” counter and should be constructed in accordance with the
guidelines given below;
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e. the efficiency of plant, expressed as the volume of air delivered to the
pipeline distribution system (after losses in the drying system) per
kilowatt-hour, should be stated by the supplier of the system. The
commissioning procedure should evaluate this efficiency by testing the
power consumption over a suitable period of time at 100%, 10% and 0%
of the system design flow. A minimum efficiency of 5 m3/kWh at 100%
and 10% is required. The power consumption at zero flow should be less
than 1% of that at 100% design flow.

After-coolers

After-coolers (and inter-coolers) usually form part of the compressor sub-
assembly. After-coolers should be fitted to oil-lubricated medical air
compressor systems, but may not be required on water-sealed screw
compressors. These will normally be air-cooled and may need ducting with
forced ventilation to ensure an adequate supply of gooling air.

Receivers

Air receivers should comply with BS 5169:19 and should be
supplied with test certificates. The mini weater capacity of the receivers
should be 50% of the compressor o ti ute, stated in terms of free
air delivered at normal working préQsur eceivers should also be fitted
with an automatic drain.

To facilitate the statutory
valved air receivers, or
mode only) in order to

, there should be either two suitably-

ter the compressed air system from three sources: the
atmosphere,the compressor and the pipeline distribution system. Each
potential soure must be taken into account when specifying the type and
location of air treatment equipment. Filtration equipment may include pre-
filters, coalescing filters, carbon filters, particulate filters and any other
additional filtration equipment necessary to provide the appropriate quality.

Solid contaminants

Dirt particles in the environment cover a wide range of sizes, but
approximately 80% are less than 0.2 um and are therefore not removed by
the intake filter to the compressor.

Although particles smaller than 40 um are unlikely to cause mechanical
damage, a 5 pum intake filter is preferred, to avoid blockage of internal air/oil
separators.
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There are a number of methods for measuring particle size and
concentration, such as cascade impactors, particle counters, light dispersion
photometers, laser counters etc. None of these is suitable for sampling from
a compressed air pipeline.

Filters are specified in terms of performance tests, for example, sodium
flame test, DOP test, etc.

Water

Water is always a contaminant in a compressed air system, regardless of
the type and location of the compressor plant, since the air drawn into the
compressor intake is never completely free of water vapour. The amount
can vary from 2.59/m3to over 4Og/m3, depending on the climatic conditions.
Some of this is removed by the after-cooler and receiver, but about 20 g/m3
is likely to remain in the compressed air unless removed by dryers.

can only perform satisfactorily down t e dewpoint of about +3°C
and are therefore not recommended orm of drying.

hydrocarbon vap wn into the compressor. Qil levels in the air
edto 0.1 mg/m3, with means of monitoring on a

properly designed, the amount of oil present as vapour should be small and
is unlikely to exceed 0.5 mg/m®.

The amount of oil present as bulk liquid and aerosol present in a
compressed air system is more difficult to predict. With modern, well
maintained oil lubricated compressors it is unlikely to exceed 5 mg/m3due to
the high efficiency oil/air separator.

Oil-contaminated compressor condensate is classified as a trade effluent by
virtue of section 14 of the Public Health and the Public Health (Scotland) Act
1897 (drainage of trade premises) Act 1937. An oil condensate separator
should therefore be installed.

Under the Water Resources Act 1991 section 85, it is illegal to make a
discharge of trade effluent to “controlled waters” via a surface water drain
without the consent of the Scottish Environment Protection Agency.
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NOTE: The maximum limits of oil in water are from 5 mg/l up to 15 mg/I.

Similarly, under the Water Industry Act 1991, Regional Water Authorities
enforce the limit of oil condensate discharged into the public foul sewer.
Prior consent to discharge is mandatory.

NOTE: Maximum limits range from region to region, from 25 mg/l up to 500
mg/l; the Local Water Authority should be consulted.

Condensate from oil-free compressors may be discharged to drain.

Any condensate produced from the compressor/dryer system must be
regarded as trade effluent, and is therefore not suitable for discharge to any
surface water system draining to any surface water sewer, water-course or
soak away; this may not apply if a suitable separaigr is installed.

Dryer controls

The dryer control system should ensure that rfigen n is operated in
proportion to the compressed air usa e eljectiveness of the control
system will become apparent when t ffic of the compressor system
is tested at 10% and 0% of the sy ign flow. Evidence of the reliability
and performance of a dryer system sought from manufacturers,
since these items are critical t performance of the compressor
system. The dryer contr te ould include a dewpoint meter.

Dust filters

There should R
down to 1pum,
accordan '

't filter downstream of the dryers to remove particles
yenetration of less than 0.03%, when tested in

Each dryer filter assembly should be rated for continuous use at the
system demé&ad flow, with air at 100% relative humidity at 35°C.

Activated carbon filter

Duplex activated carbon filters should be installed upstream of the final
bacterial filter.

Bacteria filters

Duplex bacterial filters should be fitted upstream of the final pressure
regulator with appropriate isolating valves. The filters should provide particle
removal to 0.01 mg/m3 and a DOP penetration of less than 0.0001%.

Pressure control

The pressure control should maintain the nominal pipeline pressure within
limits given in Appendix 10. Duplex line pressure regulators should be
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provided with suitable isolating valves. The regulators should be of the non-
relieving type.

Test point

A test point comprising shut-off valve and terminal unit should be provided to
permit sampling of the medical air quality.

Safety valves

Safety valves should be provided in accordance with the system
requirements given below. All safety valves should conform to BS 6759 Part
2:1984. A safety valve of the certified discharge capacity stated should be
fitted in each of the following positions:

a. on the delivery pipe of each compressor and upstream of any isolating
valve, non-return valve or after-cooler, capahi of discharging the total
throughput of the compressor;

b. on each air receiver and dryer tower, cagab isgharging the sum of
the throughput of all the compressors. It i ssary to provide
safety valves on the dryer colum system is already
protected by a safety valve on th d the downstream

is already sufficiently protected,;

c. Iimmediately downstream
discharging the syste

ssure regulator, capable of

All safety valves shouldibe of thfAclosed bonnet type and connected to
suitably-sized pipexss afe discharge, not necessarily to the
outside. The sejgress safety valves should be as given in
Appendix 10.

Traps an
Automatic diflinage traps

Electrically or mechanically operated automatic drainage traps should be
provided on the after-coolers, receiver, separators and coalescing filters.
The discharge from these drainage traps should be piped to a suitable
gulley. Co-ordination with building work is required for this provision.

NOTE: See paragraphs 7.34 to 7.38 for effluent discharge requirements.

Drainage and tun-dishes are usually provided under the building contract.
Separators should be provided under the air compressor contract. Provision
of interceptor tanks may be provided under either the building contract or the
air compressor contract, as appropriate.
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Non-return valves

Non-return valves are required to prevent backflow of the air supply in
certain situations. These valves should be located as follows:

a. between the compressor and the receiver, but downstream of any
flexible connector;
b. downstream of the dust filter on the dryer;

c. upstream of the emergency cylinder reserve connection in the pipeline
connecting the plant to the pipeline distribution system, to prevent back
feeding this plant;

d. upstream of any inlet point which may be used to feed the system in an
emergency;,

e. downstream of the emergency cylinder manifold regulators.

Isolating valves

Isolating valves should be provided downstr ongreturn valves and
upstream of, for example, the connectign of th§ emewgency reserve
manifold. Isolating valves should be inwrder to facilitate

maintenance or replacement of plgat it&gs.

ould be located in the positions
n of Components such as receivers,
dryers, automatic drain gulators and filters. There should also
be a valve on the com plant, upstream of the non-return valve
and the connectio ncy cylinder reserve.

Manually-operated ball isolati
shown in Figure 10, to allowi

Pressure ould comply with BS EN 837-1: 1998, or have an
equivalent ce if electronic indicators are used. Calibration should
be in bar g Pa. All gauges should have a minimum scale length of 90
mm, and the orking range should not exceed 65% of the full scale range,
except on differential pressure gauges. Where digital gauges are provided,
the height of the display should not be less than 14 mm. Pressure indicators
should be connected by means of gauge cocks.

Pressure indicators should be located:

on the plant control unit indicating receiver pressure;

on each receiver;

downstream of each pressure regulator;

on each dryer tower;

on the plantroom pipework, downstream of the plant isolating valve;

-~ ® 20 T

on the test point.
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Differential pressure indicators should be located on:

a. each coalescing filter;

b. each dust filter;

c. each bacterial filter;

or any combination, as appropriate.

All control devices should be connected directly to the pipework via a
minimum leak device (to allow removal for servicing) and not isolated by

valves. Gauges should be isolated for maintenance purposes by gauge
cocks.

Operating and indicating system
The operating and indicating system should perforg the following functions:

overall plant control and indication;
individual compressor starting;

control of dryers;

plant status monitoring and indicatign;

® o o T 9

indication of the plant alarm sta

Provided that the individu
compartment, these fu
be installed in a comm
wall. Control pane
release of pres

be appropriate ‘@

The opera efi®should be capable of automatically restarting after
reinstatem the"power supply.

ssor starters are housed in a separate
carried out by separate units or may
d located on the plant or on the plantroom
mponents should have vents to permit

t of component failure. All indicators should
and should have a design life of at least one year.

All componenys of the medical air supply system should be connected to the
standby electrical supply. The control system should ensure that
compressors restart in sequence to avoid overloading the essential power

supply.
Plant control unit

The plant control unit should have a separate power supply for each
compressor, controlled by a separate sub-circuit.

The unit should allow either manual selection of duty/standby for each of the
compressors or have an automatic sequence selection with a means for
manual override. The unit should ensure that two or more compressors do
not start simultaneously when power is applied.
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A warning notice which complies with BS 5378 should be affixed which
indicates the presence of low voltage.

Plant control indication
There should be indicators for each compressor as follows:

green “mains supply on”;

b. green “compressor called for” which indicates that the compressor motor
is electrically energised;

c. an indicator of the pressure produced by the compressor.
Compressor starter units

There should be individual starter units for each compressor which operate a
single designated compressor. The starters shoulgfoe provided with safety
interlocks, as specified by the compressor ma rs, which should
inhibit plant operation until manually reset b of a jutton. The starters
should allow automatic restart after an interrugti
starter unit should contain the following;

an isolator interlocked with th

b. either HRC fusesto BS 88 or s
and/or BS EN 60898;

an industrial grade
a “total hours” counger if not fhcluded in the plant control unit;

e. aagreen “mai p dicator if mounted separately from the plant
control uni
Dryer co

The dryer c@gkrol unit may be mounted on the dryers or may be located with
| unit. There should be separate power supplies for the “duty”

and “standby” dryer assemblies taken from the same phase.

The dryer control unit should contain the following:

a. aduty dryer selector switch;

b. a service function — to enable selection of continuous/normal running;

c. individually fused, separate cycling systems for each dryer,

d. a system to control regeneration of the dryers in relation to pipeline
demand;

e. a dewpoint meter and a pressure sensor;

f. an automatic changeover to the standby dryer system in the event of
failure of the duty unit by either dryness or pressure. This requires:
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(i) electrical and pneumatic isolation of the “duty” sub-assembly so that
it is taken off stream;

(ii) electrical and pneumatic energisation of the “standby” sub-assembly
so that it is brought on-stream;

(ii) activation of the appropriate fault indicator and associated volt-free
contacts;

(iv) the sub-assembly to remain in this mode of operation until the fault
has been rectified;

a. green function indicators for each dryer sub-assembly to indicate:
(i) dryer 1 selected;
(i) dryer 2 selected;
(i) selected dryer — “Normal”;

(iv) selected dryer — “failed” (this fault indicatg® should remain until

manually reset by means of a reset b
b. a fail-safe system which on failure of the fio causes the
following:
(i) closure of the exhaust and p&
S.

(i) opening of the inlet and o \
Plant status monitoring
A monitoring system shijuld be groWeded to detect the following faults in the

air compressor system:

h compressor):
(i) control cii¥glit failed;

(i) afteNCooler temperature high;

(iv) complessor temperature high;

(v) compressor failed to go on load;

(vi) activation of other safety devices supplied by the manufacturers;
c. plant faults (for each dryer unit):

(i) dryer failure;

(i) pressure fault;
d. plant emergency:

(i) receiver pressure 0.5 bar below the standby cut in pressure;

(i) receiver pressure 0.5 bar above cut out pressure;

(iif) dryness above 0.51 mg/m3 (dewpoint at -26°C at atmospheric
pressure);
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e. pressure fault (cylinder reserve):

(i) pressure in duty bank below 50% (of normal cylinder pressure);
f. pressure fault (pipeline):

(i) low pipeline pressure;

(i) high pipeline pressure.

Plant status indicator unit

In addition to the plant control indication, there should be a plant status
indicator panel which may be mounted on the plantroom wall or adjacent to
either the compressor starter unit or the plant control unit. It should have a
warning notice which complies with BS 5378 to indicate the presence of low
voltage.

There should be indicators for each compressor how the following
conditions:

green “mains supply on”;
yellow “control circuit failed”;

a
b

c. Yyellow “overload tripped”;

d. yellow “after-cooler temperature
e

f.

g

There should b

a. gree
b. yellow ault”;
c. yellow “piessure fault”.
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Alarm signal status unit

An alarm signal status unit should be provided as part of the control system.
It should display the following conditions:

Indication Legend

a. green “normal’ normal

b. yellow “plant fault” conditions (b-g), see 7.70; (c), see
7.71

c. yellow “plant emergency” low reservoir pressure; high
moisture, that is, condition (b), see
7.71

d. yellow “reserve low” emergency/reserve banks low
(<50%)

e. red “pipeline pressure fault” pressure

Conditions (b) to (e) should be transmitted t
Where relays are used, they should be norm
energise under fault conditions, with ¢
V dc, 50 mA.

Alternatively, volt-free, normally clo C cts rated at 50 V dc, 50 mA
should be provided for trans o™ 0] itions (b) to (e) to the alarm
system.

o the plant indicator unit, or be a separate
unit within the plag ted separately, the cabling should be
monitored for Q
“system fault” Ia

together the agg@ropriate alarm condition.

The alarm
control units,

| status unit should be supplied from all individual plant
r from a separate common supply.

Plant management

Connections should be provided which allow monitoring of plant alarm
conditions (b) to (e) and pump running for each “compressor”. These
connections should be volt-free contacts normally closed for each condition
having a minimum rating of 50 V dc, 50 mA. The building management
system should not be used to control the plant.

Operating considerations

Plant should be operated in accordance with the manufacturer’s instructions
and covered by a sound, effective, planned preventative maintenance (PPM)

policy.
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Synthetic air
General

This section gives technical details of the process and systems required to
generate medical air from mixing gaseous oxygen and nitrogen, derived
from a cryogenic supply.

For the purposes of the Medicines Act, it is considered that the synthetic air
is manufactured on-site, for use on that site only, in exactly the same way as
for medical air derived from compressor plant.

The production of synthetic air implies a manufacturing process, and as
such the process should be subjected to the same safety requirements as
for a pharmaceutical process. This should include, for example, a HACCP
analysis and other safety analyses which may be pgcessary.

concentration is provided to check th
automatically in the event of out-of-spQgifica

e system shuts down
oncentration.

In the event that one mixing system ts'@pwn, the pipeline is supplied
from the back-up mixing syste continuity of supply.

The feasibility study shguld prov ore information on the details of the
monitoring and alarm systems rguired, as well as operational information.

evaporator (VIE) system supplying the medical
oxygen may be tpafi apply the synthetic air system, depending on the

d t0 the synthetic air system may also be used to provide
ce for surgical tools instead of surgical air at 700 kPa.

An electrical power supply is required in order, for example, to operate
solenoid valves and monitoring instrumentation. Therefore the system
should be on the essential power supply and connected via an
uninterruptable power supply (UPS) with at least 4 hours’ capacity. This
should ensure continuity of supply in the event of power failure.

System description

The gaseous oxygen and nitrogen are derived from bulk liquid supplies
contained in a VIE — as described in the Liquid oxygen supplies section of
Chapter 6.

The oxygen for synthetic air may be taken from the VIE supplying the
medical oxygen system or it may be from a dedicated VIE. It would normally
be more cost-effective for the oxygen to be taken from the main VIE,
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although this would obviously depend on the existing VIE capacity, the
demand, space constraints etc. The feasibility study should provide more
detailed information on whether it is likely to be more cost-effective to
provide a totally separate VIE system or to use the existing medical oxygen
VIE.
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Figure 11: Typical synthetic air layout — oxygen VIE supply (reproduced
by kind permission of BOC)
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Figure 12: Typical synthetic air layout — nitrogen VIE supply with air
mixing equipment (reproduced by kind permission of BOC)
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For both the oxygen and nitrogen it is necessary to have a back-up system.
Since it is essential to ensure continuity of supply, the system demands are
such that this back-up should be derived from a second, smaller VIE.

This second back-up VIE can also provide the back-up to the medical
oxygen system, thus providing a more realistic back-up facility than the
cylinder manifolds currently installed.

Since four VIEs will be required (although two of them will be relatively
small), there will of necessity be space requirements to be considered when
planning the installation of a synthetic air system.

The system comprises:

a. storage vessels — one main vessel and one back-up vessel for both
oxygen and nitrogen;

b. vaporizers for both oxygen and nitrogen ;

c. medical oxygen flow control — where us ply gredical oxygen
systems;

d. surgical nitrogen flow control — wi uiRed;

e. control panel for the nitrogen gad en stpplies to the mixing panels;

f. duplicate air mixing panels;

g. buffer vessels — each mixelNgfis a buifer vessel to smooth fluctuations in

demand,;
h. warning and alarm §ystem;

i. duplicate o on each mixer.

The system is sHaQf:
BOC and y

in Figures 11 and 12, which are provided courtesy of
at.

Storage vesfels
Vessel summary

The following vessels are required:

a. one main oxygen vessel;

b. one standby oxygen vessel with 24 hours’ capacity;

C. one main nitrogen vessel,

d. one standby nitrogen vessel with 24 hours’ capacity.
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Vessel operating pressure
The following operating pressures are required:

a. main vessels 12.5 bar g;
b. back-up vessels 12.5-14 bar g.

Main vessel capacity

The main vessel should normally be sized on the basis of 2 weeks’ supply.
This should be calculated as 14 x the average daily usage. This should
provide adequate storage and a cost-effective vessel filling regime. The gas
supplier should, however, be consulted as there may be other factors, such
as geographical location, space etc, which need to be taken into account
when sizing the main vessels.

Back-up vessel capacity

t time, that is, it
usage. This will

The standby vessel should have 24 hours’ cegac

In addition to the normal instrumentagi set out in the “Liquid oxygen
supplies” section of Chapter ould be fitted with a telemetry
system to continuously maoni vessel contents.

This information shoul
hospital. The exac

itted direct to the gas supplier and also the
much information, and where it should be

The main vesse level alarm is activated at 25% full; the back-up low
' at 50% full.

The safety
with the BC

f valves and bursting discs should be sized in accordance
Code of Practice.

The liquid from the vessels should be supplied to the process at a nominal
pressure of 12.5 bar g.

Vaporisation

The main and standby vessels should have dedicated vaporisers designed
for continuous capacity and 24 hour capacity respectively at 1.5 x the
required flows to ensure that the vaporisers are not overdrawn.

This may be achieved in each case by either a single set of vaporisers, or by
vaporisers operated on timed or manual changeover.

It is preferable for the vaporisers to operate on a timed changeover as this
minimises the maintenance actions which the hospital are required to carry
out.
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The timed changeover will require a 110V or 240V supply; this should be on
the emergency supply and an uninterruptible power supply should also be
provided with at least 4 hours’ capacity.

Each isolatable vaporiser or set of vaporisers must have a safety relief valve.
Medical oxygen flow control

A control panel (similar in principle to a C11 panel) should be provided — the
only difference is that the standby supply is from a low-pressure liquid
source, instead of high-pressure cylinders.

Surgical nitrogen flow control

A control panel to regulate the gaseous nitrogen to between 7.5 and 9.5 bar
g, depending on the system design, should be provided.

The pipeline distribution system should be desi
as for surgical air 700 kPa systems, as descgb

exactly the same way
r 8.

Control panel for the nitrogen and oxvgen Supp
panels

to the mixing

The control panel should be sized |
flows as appropriate for the in
200m>hr.

rdefto provide pressure regulated
; this would typically be up to

The standby supply regilation cfits in when the main line pressure falls to 11
bar g; there is no regslla on fle main supply line.

A non-return vé
supply lines withi

installed in both the nitrogen and oxygen
ne mixer to prevent cross contamination.

A non-retu
and the sta
line becomin

ould also be installed on both the main oxygen supply
y oxygen supply to the mixer to prevent the medical oxygen
ontaminated with nitrogen.

Air mixing panels

A range of sizes of mixing panels are available with, typically, nominal
capacities of 50, 100 and 200m>/hr.

A regulated supply of nitrogen and oxygen is mixed in a mixing valve. The
differential pressure at the inlet to the mixing panel is critical and should not
exceed 0.5 bar g. A pressure switch operated solenoid valve opens and
shuts on a 0.5 bar g differential.

The main mixer solenoid valve opens when the line pressure falls to 4.2 bar
g; the standby mixer solenoid valve will open if the line pressure continues to
fall to 4.0 bar g.
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Two independent paramagnetic oxygen analysers are provided on each
mixer to give continuous on-line measurements.

If the oxygen concentration falls outside 20—-22% as measured by either
analyser, the mixer solenoid valve is held closed and the mixer is shut down.
In addition, a signal is relayed downstream to close the solenoid valve on the
buffer vessel associated with that mixer.

Buffer vessels

Each mixer has associated with it a buffer vessel to smooth fluctuations in
demand.

In the event that the oxygen concentration is outside the specification, that
is, 20-22%, the solenoid valve downstream of the buffer vessel will also
close, preventing air from the buffer vessel from entering the distribution
system.

The buffer vessel, together with appropriate hould be sized to

match each mixing panel to provide stable o
Alarm signal status unit

The same alarm conditions for liqui should also be transmitted and
displayed for the liquid nitrog he following conditions should be
displayed for the mixing

Indication Legend

a. green “nor normal

b. yellow “pl low gas pressure to any mixer

c. yello nt rgency” analysis out of specification on any
mixer

d. yellow (eserve low” operating on final mixing panel/buffer
vessel only

e. red “pressure fault” pressure fault

Conditions (b) to (e) should be transmitted to the central alarm system.
Where relays are used, they should be normally energised relays which de-
energise under fault conditions, with contacts having a minimum rating of 50
V dc, 50 mA.

Alternatively, volt-free, normally closed contacts rated at 50 V dc, 50 mA
should be provided for transmission of conditions (b) to (e) to the alarm
system.

The panel can be incorporated into the mixing panel control unit, or be a
separate unit within the plantroom. If mounted separately, the cabling should
be monitored for open/short circuit. In the event of such a cabling fault, a red
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“system fault” lamp should be illuminated on the alarm signal status unit,
together with the appropriate alarm condition.

Emergency supply facility

7.128 This may be appropriate on some sites. A risk assessment should be carried
out to establish the vulnerability of the main supply system of both oxygen
and nitrogen.

7.129 An emergency supply facility may be either:

a. a medical air compressed gas manifold located away from the main
supply within the hospital,

b. portable emergency manifolds on trolleys.
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8. System design — surgical air 700 kPa

General

Surgical air at 700 kPa is only used as the power source for surgical tools.
These tools typically require high flows — up to 350 I/min — at 700 kPa at the
point of use. Where nitrogen is available on site, it may be used as an
alternative source of supply.

Supply systems for surgical compressed air may be a cylinder manifold
system, a dedicated 700 kPa compressor system or a compressor system
capable of supplying both the 700 kPa and the 400 kPa supplies. In
practice, the decision about which compressor system to install needs
careful consideration due to the flow rates requigfd and total usage.

Cylinder manifold systems would normally b§th ropriate supply
system; a compressor system would only be yqui r large theatre
complexes specialising in orthopaedic urosurgery, and thus
necessitating a high use of pneumati p

It is possible to use nitrogen instea
tools. This may be derived frorgei
case, the terminal units vy
700 kPa terminal units.
connector is already sp

the power source for surgical
iquid source or cylinders. In either

angeable screw thread (NIST)
nitrogen and should be used.

The pressure nit should comprise a regulating valve with upstream
and downstreani{g c'gauges.

Whatever stem is installed, the overall system should be designed
to provide imum of 700 kPa at the front of each terminal unit at a flow
of 350 I/min.

The maximum pipeline distribution pressure under “no flow” or “low flow”
conditions should not exceed 9 bar g.

Cylinders of medical air should always be available for use in an emergency.

Cylinder manifold supply systems

These should generally be based on the systems described for medical air
cylinder manifold systems in Chapter 5, except that the emergency/reserve
supply will not normally be required and the alarm system will be much
simpler.

The alarm conditions should be transmitted to the central alarm system to
alert porters and other staff of the need to change cylinders.
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Compressor supply systems

These should generally be based on the requirements for medical air 400
kPa systems given in Chapter 7, and the quality of the delivered surgical air
should be the same as medical air, as specified in paragraph 2.10.

It is not necessary to provide duplex systems, since surgical air is not used
for life support systems. It may, however, be considered appropriate to
provide a simple standby manifold for larger installations. To avoid confusion
with the emergency/reserve cylinders supplies for 400 kPa systems, the
surgical air standby system for 700 kPa systems, where provided, is referred
to as a back-up system.

Operating and alarm system — cylinder manifold supply
system

Manifold monitoring and indicator system
The monitoring and indicator system should [(erforfg th€ following functions:

a. overall manifold monitoring;
b. manifold condition indication;

c. overall supply plant indicagion.

All functions should be pria identified.

Manifold monitori

The manifold onitored to detect the following:
a. duty operdging;

b. dutyb and standby operating;

c. standby gank below 10% capacity when duty bank is empty.
Manifold indicator unit
There should be indicators to show the following conditions:

a green “running” indicator;

b. a yellow “empty” indicator for each bank when the running bank is empty
and the reserve is in use;

c. ayellow “low pressure” indicator for each bank when changeover has
occurred and the pre-set low pressure has been reached.

NOTE: Conditions (b) and (c) are the same.
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Alarm signal status unit

The following indication of manifold conditions should be provided:

Indication Legend

a. agreen “normal’ normal

b. ayellow “duty bank empty, change cylinders
standby running” condition

c. ayellow “duty bank empty, change cylinders immediately
standby low” condition

d. ared “pipeline pressure fault” pressure fault
indicator

Conditions (b) to (d) should be transmitted to the cgntral alarm system.

Where relays are used, they should be normall ergised relays which de-
energise under fault conditions, with contacts i minimum rating of 50
V dc, 50 mA.

Alternatively, volt-free, normally close actyyrated at 50 V dc, 50 mA
should be provided for transmission on (b) to (e) to the alarm
system.

The panel can be incorporate
separate unit within the If mounted separately, the cabling should
be monitored for open/ irclit.9n the event of such a cabling fault, a red
“system fault” lamp sho inated on the alarm signal status unit,

together with the p rm condition

Compressor s S m

The comp erating system should be based on the

recommen ns tor 400 kPa compressor systems, except that simplex

plant operati€a only would be required.
Plant status monitoring

A monitoring system should be provided to detect the following faults in the
air compressor system:
a. plant faults for each compressor:

(i) control circuit failed;

(i) motor tripped;

(i) after-cooler temperature high;

(iv) compressor temperature high;

(v) compressor failed to go on load;

(vi) activation of other safety devices supplied by the manufacturers;
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b. plant faults for each dryer unit:
(i) dryness failure (dewpoint meter > -26°C);
(i) pressure fault;
c. plant emergency:
(i) receiver pressure 0.5 bar g below the standby cut-in pressure;
(i) receiver pressure 0.5 bar g above cut-out pressure;

(iif) dryness above 0.51 mg/l (dewpoint at —26°C at atmospheric
pressure);

d. pressure fault (cylinder reserve):

(i) pressure in duty bank below 50% (of normal cylinder pressure);
e. pressure fault (pipeline):

(i) low pipeline pressure;

(i) high pipeline pressure.

Plant status indicator unit
In addition to the plant control indicat@gn, ould be a plant status
indicator panel which may be mo the plantroom wall or adjacent to

either the compressor starter unit or prg@t control unit. It should have a

warning notice which complieSji 78 to indicate the presence of low
voltage.

There should be indicatirs for efich compressor to show the following
conditions:

green “mai ;
trol uit failed™;

a.
b

C tripped”;

d. yellow r-cooler temperature high”;

e. Yyellow “compressor temperature high”;

f. yellow for each individual safety device provided by the manufacturers;
g. Yyellow “compressor failure”.

There should be indicators for each dryer system to show the following:

a. green “mains supply on”;
b. yellow “dryness fault”;
c. yellow “pressure fault”.
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Alarm signal status unit

An alarm signal status unit should be provided as part of the control system.
It should display the following conditions:

Indication Legend

a. green “normal’ normal

b. yellow “plant fault” condition (b-g), see 8.23; (c), see
8.24

c. yellow “plant emergency” low reservoir pressure, high

moisture, i.e. condition (b), see 8.24
d. red “pipeline pressure fault” pressure fault

Conditions (b) to (d) should be transmitted to the cgntral alarm system.

Where relays are used, they should be normall ergised relays which de-
energise under fault conditions, with contacts i minimum rating of 50
V dc, 50 mA.

Alternatively, volt-free, normally close actyyrated at 50 V dc, 50 mA
should be provided for transmission on (b) to (d) to the alarm
system.

The panel can be incorporate nt status indicator unit or be a
. the event of such a cabling fault, a red
inated on the alarm signal status unit,

should be supplied from all individual plant

The alarm sign
i separate common supply.

control u

Plant ma ement

Connections should be provided which allow monitoring, but not control, of
plant alarm conditions (b) to (e) and pump running for each “compressor”.
These connections should be volt-free contacts normally closed for each
condition having a minimum rating of 50 V dc, 50 mA. The building
management system should not be used to control the plant.

Operating considerations

Plant should be operated in accordance with the manufacturer’s instructions
and covered by a sound, effective, planned preventative maintenance (PPM)

policy.
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Simplex plant

The same philosophy should be applied to simplex plant as for medical air
compressor plant, except that no standby compressor, dryer system or
emergency/reserve manifold or cylinders will be required.
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9. System desigh — medical vacuum supplies

General

The medical vacuum pipeline system provides immediate and reliable
suction for medical needs, particularly in operating theatres.

The medical vacuum pipeline system consists of the vacuum supply system,
the distribution pipework and terminal units. The performance of the pipeline
system is dependent on the correct specification and installation of its
component parts. This section describes the requirements of the vacuum
supply system.

The medical vacuum pipeline system should be
vacuum of at least 300 mm Hg (40 kPa) at ea
system design flow tests; see Appendix 7.

signed to maintain a
al unit during the

To ensure continuity of supply, the va plaat should be connected to the

essential electrical power supply.

The capacity of the vacuum supply ergshould be appropriate to the
estimated demand. Observat pacity actually used (in terms of
hours run by vacuum pl ' ing systems show clearly that the system
design flow calculation itals have been in excess of actual

in capacity may be undertaken in an

cuum supply system based on the design

criteria in Chap en replacement is due. This could lead to
considerable sa apital investment and the release of plantroom floor
space.

With the ex lon of the vacuum discharge to atmosphere, the pipeline

distribution sy{stem for vacuum has traditionally been constructed of copper.
PVC pipeworK can be considered where cost-effective. Pressure testing of
PVC pipework should be carried out at 100 kPa.

The major components of a medical vacuum system and their layout are
shown in Figure 13. A suitable operating and indicating system with alarms
is also required. Appropriate layout and adequate siting of these
components should be provided. Packaged supply systems are available
from manufacturers which should be specified to meet the requirements
given in this memorandum.

The plant should consist of at least two identical pumps, a vacuum reservoir
with by-pass facilities, two duplex bacteria filters with drainage traps,
appropriate non-return valves, isolating valves, gauges and pressure
switches, an operating and indicating system, an exhaust system and a test
point.
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Siting

9.9 The plant should have all round access for maintenance purposes and
allowances should be made for changing major components.

9.10 The siting of the plant should allow for adequate flows of air to cool the
pumps. The manufacturers should be consulted over the range of operating
temperature for which the supply system is designed. In extreme cases,
refrigerator cooling may be required.

Version 2.0: June 2001 Page 119 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



SHTM 2022 (Part 1): Medical gas pipeline systems

Figure 13: Schematic diagram of a typical medical vacuum system
(reproduced by kind permission of MEDAES)
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Pump noise

The noise level produced by the pumps will increase with the capacity of the
supply system. For larger systems this can result in an unacceptable noise
level at the pump. The maximum free field noise level at 1 m from the
unsilenced pump should not exceed the following values for individual
pumps:

Power Noise level
5 kw 75 dBA
5.1-15 kW 82 dBA
15 kW 89 dBA

A suitable acoustic enclosure may be required in the purchase specification
for all pumps with a free field noise level at 1m of 0 dBA or over. An
enclosure should produce a reduction of at leas#f10 dBA in the free field
noise level at 1m.

Vacuum plant exhaust

The position of the termination point ul refully chosen to be clear
of windows, ventilation intakes ana@he ke of air compressors and other
equipment, since for oil-lubricated S vacuum exhaust is likely to be
polluted with oil fumes.

Noise from the exhaustfshould sidered and a silencer fitted.

The construction d to the following criteria:

a. the exhaus ized to give a back pressure at system design
flow whaich is ched to the pump performance;

b. theter oint should be provided with protection, to reduce the
effect offvind pressure and prevent the ingress of rain, snow, insects or

animals;

c. weatherproof notices should be fixed at the discharge point(s) with the
legend “medical vacuum discharge point — do not obstruct”;

d. the exhaust pipe should be provided with a drainage valve at its lowest
point;

e. a silencer should be fitted on the exhaust pipe from each pump. This
may be integral with the pump unit.

Efficiency

The efficiency of the plant should be measured at 100% and 10% of system
design flow. The efficiency should not be less than 200 I/min of free air
aspirated, corrected to STP per kilowatt of electricity used when the pump is
equilibrated at normal operating temperature and whilst maintaining
pressure of 450 mm Hg (60 kPa). The pump should be capable of producing
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a higher vacuum than that required in the pipeline, so that the resistance of
the bacteria filter and back pressure in the exhaust system can be
overcome. For this purpose the pump should be capable of providing a
vacuum of not less than 650 mm Hg (87 kPa).

The capacity of the vacuum pump should be specified in terms of the free air
aspirated (FAA) in I/min when the pump is operating at a vacuum of 475 mm
Hg (63 kPa) and at 450 mm Hg (60 kPa) at the plant pipeline connection.
The performance of any pump is a curve which varies between a negligible
FAA at the maximum vacuum, and maximum FAA at the atmospheric
pressure, so that the capacity of any pump depends on the vacuum at which
it is operating. If a single FAA capacity value is quoted for a vacuum pump, it
has no meaning unless it is referred to a single vacuum setting. A pump
should be chosen which has a good performance curve in the range 500—
650mm Hg (67-87 kPa).

Vacuum pumps

Vacuum pumps for medical vacuum plants
manufacturers from the range of units curren
New designs of vacuum pumps conti
of pump may be used provided it
efficiency and reliability which are

cte plant
av. e for industrial use.
pliear on the market. Any type
ements of performance,

Rotary vane pumps ar
replaced reciprocating

optimised for dif
reliability under
C

Pumps sh W 0 aily be oil-lubricated. Vapours from the lubricating oil are
unlikely to b significant component of the exhaust gases if correctly
maintained. “Qry running” rotary vane pumps are available at increased
capital cost and with lower efficiency than oil lubricated pumps of
comparable performance.

At least two pumps should be provided. The actual number is at the
discretion of the plant manufacturer to ensure optimum cost benefit of the
system. In all cases, the total capacity must be at 75% of the system design
flow with one pump not running. All pumps should be designed for
continuous operation.

All systems should comprise pumps and motors of identical type which are
suitable for continuous running and stop/start operation.

Pump motors should comply with the National Health Service Model
Engineering Specification C51 with the addition of Class F insulation and
Class B temperature rise.
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A vacuum reservoir should be provided so that the duty pump does not run
continuously for low loads. The reservoir should be manufactured in
accordance with BS 5169 for class Ill, with test certificates provided to the
user. The minimum test pressure should be 4 bar g.

The water capacity of the reservoir should be equal to the plant design flow
at 450 mm Hg (60 kPa), in terms of free air aspirated in 1 minute with the
pump operating at 450 mm Hg (60 kPa).

Provision should be made for draining the reservoir under vacuum
conditions. By-pass facilities should be provided so that the reservoir can be
drained and inspected without interruption to the vacuum supply. The
reservoir should be fitted with suitable lifting lugs and feet.

If multiple reservoirs are provided, they should be arranged in parallel.

The bacteria filters and drainage trap should comfrise two identical sub-
assemblies with manually operated isolating v.
sub-assembly to be on stream. Each sub-a

bacteria filter rated at the plant capacity.

The bacteria filter should be marked $§ith t nd “bio-hazard”, together
with a description of a safe proced@ge hanging and disposing of the
filters and emptying the drainage tr

The drain y be integral with the bacteria filter and should be fitted
with a tran nt Sterilizable bowl to collect liquid.

Microbial cont2imination — whereas there is no firm evidence which has
demonstrated the need for bacteria filters, it is recommended that such
devices are included as precautionary measures.

NOTE: Precautions for changing filters are included in the ‘Operational
management’ part 2 of this SHTM.
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Pressure control

The cut-in setting for the vacuum pumps should be adjusted to allow for the
pressure drop across the pipeline distribution system and the bacteria filters.
The cut in may be expected at about 500 mm Hg (67 kPa).

The cut-out setting should be at an appropriate point on the performance
curve of the pump, which minimises stop/start operation but is at a vacuum
which is economically attained by the pump. This cut-out setting may be
expected at about 650 mm Hg (87 kPa).

Valves

Non-return valves should be fitted, when necessary, at the inlet and outlet of
each pump to prevent backflow when a common discharge pipe is used.
(Some vacuum pumps include integral non-return valves.)

sitions shown in
, reservoirs, by-

Manually operated valves should be arranged ¢
Figure 13, to allow isolation of components
pass pipework, drainage taps and bacteria fil

Pressure regulation of vacuum sy

A vacuum of 300 mm Hg is require th&§connection point of each terminal
unit with a flow of 40 I/min w t m is operating at system design
flow.

Procedures for these tegits are given in Chapter 15.

A pressure dropgs m (13 kPa) is allowed across the terminal unit
at a flow of 40 32:1998). A further pressure drop of 50 mm Hg
(7 kPa) is allowed® R the distribution pipework, giving a total pressure drop of
150 mm ayetween the terminal unit connection point and the
plant test p should be 450 mm Hg (60 kPa).

Vacuum indicators should comply with BS EN 837-1 or have an equivalent
performance if electronic indicators are used. Calibration should be 0-760
mm Hg (0-101 kPa). All gauges should be a minimum scale length of 90
mm.

Vacuum indicators should be located on:

a. the plant control unit indicating the vacuum in the pipeline (ie on the
pipeline side of the bacteria filter);

b. each reservoir.
A differential vacuum indicator should be located across the bacteria filter.

All indicators should be connected directly to the pipework and not isolated
by valves.
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Electrical supply

The electrical supply to the medical vacuum plant should be connected to
the essential electrical supply. A time-delay system should be provided to
avoid overloading the power supply on changeover.

Pump operating and indicating system
General description
The operating and indicating system should perform the following functions:

a. overall plant control and indication;

b. individual pump starting;

c. plant status monitoring and indication;

d. alarm signal status unit.

Provided that the individual pump starters ar§y h d ing? separate
compartment, the operating and indicating sygtem e housed in

separate units or may be installed in a anel and located on the
plant or on the plantroom wall.

jon. All functions should be
have a design life of at least one

The control (it should have a separate power supply for each pump
controlled by & separate sub-circuit. It should be manufactured and installed
in accordance with IEE regulations, and the design should be such that no
single component failure in the control unit will result in loss of plant output.

The unit should allow either manual selection of duty/standby for each of the
pumps or have an automatic sequence selection with a means for manual
override. The control unit should ensure that two or more pumps do not start
simultaneously when power is applied.

A warning notice which complies with BS 5378: Part 3: 1982 should be
affixed which indicates the presence of low voltage.

For testing purposes, each pump should have a selector switch which when
turned to the “on” position allows the pump to run continuously.
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Plant control indication
There should be indicators for each compressor as follows:

a. green “mains supply on”;

green “pump operating” which indicates that the pump motor is electrically
energised,;

b. green “pump operating” which indicates that the pump is drawing
vacuum;

c. an indicator of the vacuum produced in the pipeline.
Pump starter units

There should be individual starter units, each one operating a single
designated pump. The starters should be providegfwith safety interlocks as
specified by the pump manufacturers, which s ighibit plant operation
until manually reset by means of a button. T uld allow
automatic restart after an interruption to the . Each starter unit
should contain the following:

an isolator interlocked with th

b. either HRC fuses to BS 88 or s le"Qgcuit breakers to BS EN 60947-2
and/or BS EN 60898;

c. starter;

d. anindustrial grade §mmetertio BS 89;

e. a total hour r, cluded in the plant control unit;

f. agreenm n” indicator, if mounted separately from the plant
contr i

Plant statu g

A monitoring §ystem must be provided to detect the following faults in the

vacuum supply system:

a. plant faults for each pump:
(i) control circuit failed;
(i) motor tripped;
(iif) pump failed to go on load;
(iv) activation of other safety devices supplied by the manufacturers;

a. plant emergency — receiver vacuum has fallen, for example, by 50 mm
Hg (7 kPa) below the cut-in setting for the pump;

b. pressure fault (pipeline) — pipeline vacuum less than 360 mm Hg (48
kPa).
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Plant status indicator unit

In addition to the plant control indication there should be a plant status
indicator panel which may be mounted on the plantroom wall or adjacent to
either the pump starter unit or the plant control unit. It should have a warning
notice which complies with BS 5378: Part 3: 1982 to indicate the presence of
low voltage.

There should be indicators for each pump to show the following conditions:

green “mains supply on”;

yellow “control circuit failed”;

yellow “motor tripped”;

yellow for each individual safety device provided by the manufacturers;

yellow “pump failure”.
Alarm signal status unit
The following indication of plant condit%ﬁ be"provided:
end

® 2 0o T o

Indication

a. green “normal” indicator. orral

b. yellow “plant fault” conditions (b-d), see 9.57
c. yellow “plant emertiency” condition (e), see 9.57

d. red “pipeline y@guiu uliz plant failure

e. Red “pipe «@» e fault pressure fault

Condition
Where rela
energise un
V dc, 50 mA.

d, they should be normally energised relays which de-
r fault conditions, with contacts having a minimum rating of 50

Alternatively, volt-free, normally closed contacts rated at 50 V dc, 50 mA
should be provided for transmission of conditions (b) to (e) to the alarm
system.

The panel can be incorporated into the plant status indicator unit, or be a
separate unit within a plantroom. If mounted separately, the cabling should
be monitored for open/short circuit. In the event of such a cabling fault, a red
“system fault” lamp should be illuminated on the alarm system status unit,
together with the appropriate alarm condition.
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Plant management

9.62 Connections should be provided which allow monitoring (but not control) of
plant alarm conditions (b) to (e) and pump running for each vacuum pump.
These connections should be volt-free contacts normally closed for each
condition having a minimum rating of 50 V dc, 50 mA.

9.63 Plant should be operated in accordance with the manufacturer’s instructions
and be covered by a sound, effective planned preventative maintenance
(PPM) policy.
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10. System design — anaesthetic gas scavenging
systems

General

Anaesthetic gases are considered to be substances hazardous to health for
the purposes of the Control of Substances Hazardous to Health Regulations
1999 (COSHH), except where they are administered to a patient in the
course of medical treatment.

Detailed guidance on compliance with COSHH is given in EL(96)33 and
enclosure: Advice on the Implementation of the Health & Safety
Commission’s Occupational Exposure Standardsgor Anaesthetic Agents,

discharged. It is therefore the respo
executive to implement the regyir
respect to anaesthetic g

lons require that, for every exposure to substances
ealth, the following should be carried out:

assessment of the risk;
b. methods of achieving control of the risk;

c. means of monitoring that the methods of control are maintained in an
effective condition.

Both publications listed in paragraph 10.2 give details of the management
actions which will need to be carried out in order to comply with the
requirements of the COSHH regulations, and are briefly covered in this
chapter.
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Effective control of exposure to anaesthetic gases will involve a combination
of the following measures:

a. the use of an effective scavenging system to remove the pollution at
source;

b. good room ventilation to dilute pollution from leaks, patients’ expired air
etc;

c. good housekeeping to minimise leakage arising from poorly fitted face
masks, flowmeters inadvertently left on, poorly maintained anaesthetic
or scavenging equipment etc.

Control of the risk is achieved by a combination of good housekeeping, that
Is, minimising leaks, room ventilation and the removal of waste anaesthetic
gases at source by a scavenging system.

This section covers the specification, design andgfistallation of anaesthetic
gas scavenging systems (AGSS).

Background
The following anaesthetic gases an e ypically used in general
anaesthesia:

N,O 6 litres/min

0O, 4 Iitres/mi( :
Halothane

Isoflurane

Enflurane

The flammaie anaesthetics such as ether and cyclopropane are no longer
used. Cyclopigpane is no longer manufactured. The AGSS is not usually
designed for use with flammable anaesthetic agents. Refer to Scottish
Health Guidance Note ‘Static discharges’.

To ensure that all devices, for example anaesthetic machines, ventilators
and breathing systems, are suitable for the purpose, the guidance given in
BS 5724 Part 1/BS EN 60601-1 should be followed. (See also the Report of
a working party to review the anti-static requirements for anaesthetising
areas.)

Nitrous oxide and oxygen are usually supplied from the MGPS, but the
halogenated anaesthetic agents are supplied from a vaporiser on the
anaesthetic machine. Leakage and spillage can occur from the anaesthetic
machine, for example when filling vaporisers, or if flowmeters are
inadvertently left switched on.
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There are several different types of breathing circuit which can be used to
administer the anaesthetic gases to the patient, depending on the procedure
to be carried out. Nearly all breathing circuits, apart from paediatric circuits,
incorporate an expiratory valve or port, in the case of a ventilator, to which a
scavenging system can be connected.

The major source of pollution when a general anaesthetic is administered is
spillage from the expiratory valve or adjustable pressure limiting valve on the
breathing system, or from the expiratory port of the ventilator. This valve
needs to be replaced with a modified valve, to which a scavenging system
can be connected. The characteristics of these valves may vary with
orientation; there may be a further variation when a scavenging system is
connected. The anaesthetist will need to be aware of this and adjust the
valve as appropriate.

Both the expiratory valve and the expiratory port ofgthe ventilator should
comply with the requirements of BS EN 737 and¢5S EN 740, so that a
scavenging system can be connected.

The expired gas flow depends on whether thegati breathing
spontaneously or whether a ventilato ing Ysed, and if so, the type of
ventilator. Typically the expired gas fl&§t can h 130 I/min, although this
will be for a short duration.

Sources of pollution and pr GS systems

Sources of pollution incfide the ing:

ry valve on the breathing system;

b. iratory port of the ventilator, which may include
C. patient;

d. om equipment, poorly-fitted face mask etc;

e. spillage frém receiving system of the AGSS;

f. diffusion through tubing (this is thought to be negligible);

g. discharge from gas monitoring equipment (when used).

An AGSS can remove only pollution which can be captured at source, that
is, it can only remove pollution from the first two and the last sources. It
cannot remove pollution from any other source. Local ventilation systems
may remove pollution discharged into the environment, although the
effectiveness of such systems is being investigated.

In practice, this means that an AGSS can only be used to remove pollution
from anaesthetic breathing systems incorporating an expiratory valve or port
which complies with the requirements of BS EN 737 and BS EN 740 to
which an AGSS can be connected.
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Therefore, AGSS should only be installed in areas where anaesthetic gases
are administered as a general anaesthetic via a breathing system. Since
nitrous oxide is almost always administered via a breathing system, an AGS
terminal unit will be required in all areas where a nitrous oxide terminal unit
is provided.

Details of the level of provision for AGS terminal units are given in Table 2.

In general, AGS terminal units should always be provided in areas where
general anaesthetics are administered, such as operating and anaesthetic
rooms. There may be other areas, such as X-ray and endoscopy
departments, where general anaesthetics are also administered on a regular
basis, and therefore consideration should be given to providing an AGS
terminal unit in these areas. This is indicated in Table 2 as a project team
option.

The Ayres T-piece and Jackson-Rees open-en
used in paediatric anaesthesia. It may not be
these types of paediatric breathing system. ned local exhaust
ventilation systems have not been shown to by eff , and therefore the
requirement for good room ventilatio ictgarly important.

reservoir bag are often
I¥="to use an AGSS with

Inhalation analgesia is used for p elig§and reduction of anxiety during
childbirth, dentistry (where the prac i ally referred to as relative
analgesia) and occasionally i py, ITU and acute wards, using a

oxide/50% oxyges
composition of.
, administration is via a specially designed face

exhales directly into the environment. Considerable

It is not pos§ible to use an AGSS when nitrous oxide is administered in
this way as ah analgesic.

For dentistry, local exhaust systems are currently being developed to
remove the pollution from the vicinity of the dental chair where relative
analgesia is used. These may be effective in reducing the resultant
environmental pollution.

In obstetrics, local exhaust ventilation systems, hoods and other extract
systems have not been shown to be effective in removing the pollution in
delivery areas where 50% nitrous oxide/50% oxygen is used as an
analgesic. In this case, the pollution should be minimised by good room
ventilation and good housekeeping techniques.
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In recovery areas, the major source of pollution is the patients’ expired
gases. Local exhaust systems or proximity devices have not been found to
be effective because of the need for excessively high extract flows and close
positioning of the device to the patient, which may interfere with effective
nursing. In recovery areas, good room ventilation should be provided.

Scottish Health Technical Memorandum 2025; Ventilation in healthcare
premises gives further information.

AGSS design
General

For new installations, an AGSS which complies with the requirements of BS
EN 737 and BS EN 740 should be installed in all operating departments and
other areas as required, in accordance with the level of provision set out in

Table 2 and as discussed above.

A typical system schematic is shown in Figu
6834 and shows the terminology used. A dia
shown in Figure 15.

ceiving system is

NOTE: BS 6834 has been withdra
Requirements), BS EN 737-4(Ter
Requirements).

arndis replaced by BS EN 737-2 (Basic
Uris) and BS EN 740 (Particular

For existing installation@ which &% not comply with BS EN 737/BS EN 740,
an assessment of the elgctiveni'ss of the system should be carried out in
| management’ part 2 of this SHTM. The

assessment s @slude tests to ensure that the criteria for patient

in terms of
to installing

o remove pollution, then consideration should be given
ystem which complies with BS EN 737/BS EN 740.

Active and passive systems

AGSS which comply with BS EN 737/BS EN 740 are active systems, that is,
the air flow form the disposal system is as a result of a powered device such
as a fan or suction unit.
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Requirements), BS EN 737-4 (Terminal Units) and BS EN 740 (Particular

BS 6834 has been withdrawn and is replaced by BS EN 737-2 (Basic
Requirements).

Figure 14: Schematic diagram of AGSS
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Figure 15: Schematic diagram of receiving system (reproduced by kind
permission of MEC Ltd)

Flow to disposal system

5 Filter pore size 150pum

—~————— Surface area 44cmz=
?/k Flow indicator
E< Flow fromglransfer system
30“ nnector

—— |dentification label

Protective cage
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Passive systems are those in which the air flow from the disposal system
does not result from a powered device. The patient provides the driving
force to expel the gases.

Passive systems are not recommended. This is because they cannot meet
the specified safety requirements under all conditions due, for example, to
variations in wind direction and pressure which may result in excessive
suction pressure.

Some AGSS have been installed in which the disposal system discharges
into the mechanical ventilation system; such systems may be described as
semi-passive or assisted-passive systems. The ventilation system
provides the motive force to remove the pollution. These systems are not
recommended because, like passive systems, their performance is not
reliable and they cannot meet specified safety requirements under all
conditions.

Where passive and assisted-passive systems
of their efficiency should be carried out as degcr
management’ part 2 of this SHTM. Considera@on s
replacing these systems with an AG i mplies with BS EN 737 and
BS 740.

General design requiremen

h not be used to remove waste
edicalgzatium system is designed to provide a
m Hg ;53 kPa) at the terminal unit — see Chapter

The medical vacuum sy
anaesthetic gases. Th
suction pressure of 40
9. If the patient
would almost

Canisters gui Qrb the volatile agent from the waste anaesthetic gases
are availa ot recommended as a substitute for an AGSS
because th annot adsorb nitrous oxide.

All safety deviCes should fail safe.

AGSS are in contact with the patient’s expired breath and hence there is the
potential for bacteriological contamination. The materials should be
reasonably resistant to corrosion, and should withstand cleaning,
disinfection or sterilization as appropriate. It is recommended that the
transfer system and other detachable components should withstand steam
sterilization at 134 + 3—0°C. The manufacturer should recommend methods
of cleaning, disinfecting and sterilizing the system and the manufacturer’s
recommendations should be followed.

The fixed pipework may be of copper or other suitable material such as
PVC. Where copper pipework is installed at the same time as the MGPS, it
is desirable to use degreased pipework to the same specification as that
used for the MGPS (see Chapter 13) in order to avoid confusion.
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10.45 Where PVC pipes larger than 38 mm diameter pass through a fire
compartment, they should be protected with metal sleeves extending for 1m
either side of the compartment, in accordance with the Building Scotland
Regulations. The requirements of NHS in Scotland Firecode and SHTM 81
should be followed.

Safety criteria

10.46 The following safety criteria are specified in BS 6834 and all AGSS should
comply with these criteria, irrespective of whether they comply fully with the
other requirements of the British Standard.

NOTE: BS 6834 has been withdrawn and is replaced by BS EN 737-2 (Basic
Requirements), BS EN 737-4 (Terminal Units) and BS EN 740 (Particular
Requirements).

Table 15: Safety criteria for AGSS

Maximum pressure ath
30 I/min continuous fl

ximum pressure at inlet at
90 I/min continuous flow

Positive pressure relief at inlet 50 Pa 500 Pa

to transfer system

increase Maximum pressure increase
atinlet at 90 I/min for5 s

With any hose or tubing totall 2 kPa

obstructed

Maximum induced flow to th ystem from the transfer system

0.5 I/min

10.47 Experienc any sub-atmospheric pressure at the patient end of
the AGSS e a gas flow from the breathing system under certain
conditions. ilst this does not result in any barotrauma, there have been
instances whéve insufficient gas has been available to the patient as a result
of this phenomenon. Therefore there is a requirement in the British Standard
that the induced flow from the patient’s breathing system should not exceed

0.5 I/min.
Performance criteria

10.48 An AGSS which complies with BS EN 737/BS EN 740 is intended to remove
all gases delivered to the receiving system, within the performance and
safety criteria specified. There should be no spillage of nitrous oxide from
the receiving system when the AGSS is set up as specified in the British
Standard. This test is intended to be carried out by the manufacturer. It is
not easy to reproduce the specified challenge waveform in an operating
department. It should not be necessary to carry out this test on-site, as no
spillage should occur provided the extract flow and pressure losses are
within the specified limits.
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The performance criteria for the disposal system are specified in the British
Standard in terms of the extract flows at specified resistance, as shown in
Table 15.

The performance criteria shown in Table 2. (Anaesthetic gas scavenging
systems) should be achieved regardless of the number of terminal units on
each system; where more than one terminal unit is provided on the system,
the performance criteria should be achieved with all, or one, of the terminal
units operative.

Table 16: Performance criteria for disposal systems

Flow with a resistance to flow producing a Flow with a resistance to flow producing a
pressure drop of 1 kPa pressure drop of 4 kPa

Maximum flow 130 I/min Minimum 80 I/min

Flow diversity

Although more than one AGS terminal
room or anaesthetic room for conve
terminal unit will be in use at any g§

alled in an operating
be assumed that only one
ay also be assumed that
and in the operating room will
hen sizing the plant, assume one
ch theatre suite.

not be in use simultaneously.
receiving system only in 0

Discharge outlet

Careful consides sho given to siting the discharge outlet from the
disposal syste @apreferably be sited at roof level, well away from
ventilation inlets, €3ening windows and other apertures, to prevent pollution

from re-e e ilding.
Duplex sys

Where duplex systems are installed, each pump should be capable of
meeting the full design flow.
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Plant control indication

There should be indicators to show the following conditions:

Indication Legend

a. green “mains on and air flow” Normal

b. yellow “duty pump failed” plant fault

C. red “system failed” plant emergency

Indicator panels should be installed in the operating room and the nurses’
station.

The air flow, that is, “plant on”, indication should be initiated by either a
pressure switch or air flow detection device at theghump, that is, mains

supply to the pump is not sufficient.
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11. System design — nitric oxide

Nitric oxide pipeline installations
Introduction

Nitric oxide (NO) pipeline installations are a developing science at
preliminary stages. The following paragraphs are intended as best practice
guidance at present.

The use of nitric oxide as a selective pulmonary vasodilator has had a major
impact on the management of both neonates and adults suffering from
respiratory distress syndrome. The immediate impgvement in the patient’s
condition with nitric oxide has made its use roufi ough the long-term
benefits have yet to be established by clinic

Until recently, delivery systems have relied o f portable cylinders,
either AV (10 litre) or AK (40 litre) al ders located at the
bedside. The introduction of such gylirgers, ver, adds to the congestion
in highly serviced ward spaces an n additional safety hazard to
both staff and patients. Wher. ller AV-size cylinder is more
manageable, its smaller ¢ acervates the likelihood of running out,
which could cause pati vasoconstriction resulting in hypoxia
and pulmonary hyperte

ribution system is intended to provide a safe
delivery. It also helps to reduce congestion in the

Design con{iderations

In the UK, nitric oxide for medicinal use is currently supplied as a mixture of
1000 ppm in nitrogen. (This may change in the future.)

The therapeutic concentration of nitric oxide required in the patient breathing
system is normally between 5 and 20 ppm, with a maximum flow at each
terminal unit of about 200 ml/min. The gas is administered in conjunction
with medical oxygen to maintain the appropriate oxygen concentration to the
patient.

NOTE: The breathing system should include nitric oxide and nitrogen
dioxide monitoring systems.

In the presence of oxygen, nitric oxide forms higher oxides of nitrogen,
particularly nitrogen dioxide (NO,), and dinitrogen trioxide (N>O3). The rate of
conversion depends upon both the concentration of nitric oxide and oxygen.
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The higher the concentration of both components, the faster the rate of
oxidation. This is shown in Table 17.

In the presence of moisture, these compounds form nitric acid (HNO3) and
nitrous acid (HNO3) which will react with the traditional materials used for
MGPS.

Although during normal operation no part of the pipeline should become
contaminated with oxygen and moisture, experience has shown that such
contamination is possible. Consequently, the use of austenitic 303 stainless
steel is recommended for terminal units, non-interchangeable screw thread
(NIST) connectors, pipeline installation components and manifolds.
Elastomeric components used for valve seats, low-pressure flexible
connecting assemblies etc should be compatible with nitric oxide.

Table 17: Nitric oxide conversion rates

NO ppm
0,% 20 40 120
20 60.08 6 3.00 1.32
30 40.05 2.00 0.88
40 30.03 1.35 0.66
50 24.03 1.20 0.52
60 20.0 1.00 0.44
70 17616 0.85 0.37
80 15. 0.75 0.33
90 0.66 0.24
100 0.60 0.26
Time (min) O, with different mixtures of NO in nitrogen.

Provision o{terminal units, valves and area valve service units (AVSU)s

In highly serviced ward areas such as neonatal intensive care units and
ITUs, it is normal policy to provide at least two oxygen, two MA(4 bar), and
two vacuum terminal units for each bed space.

To ensure maximum flexibility it is similarly recommended that two nitric
oxide terminal units are installed for each bed space.

The provision of nitric oxide has also been suggested for installation in
specialist operating departments. A clinical judgement will have to be made
on such provision, taking into account the additional complexity and
consequences of discontinuation of the supply during patient transfer.

BS 5682 does not include a terminal unit for nitric oxide. In the absence of
standards the dimensions given in paragraphs 3.18 — 3.20 are
recommended; they are based on the figures and tables in BS 5682:1998.
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Manifold

The manifold should be located near to the areas to be served, in secure
accommodation and provided with good ventilation to the outside. The
accommodation should comply with the general requirements in this SHTM
and have good access for cylinder handling.

In existing premises it may not be practicable to provide an external manifold
room. In such cases, mechanical ventilation will be necessary to prevent the
accumulation of gas in the event of a leak and during purging after cylinder
changing.

The manifold should be semi-automatic, complying with the requirements for
medical gas manifolds in this SHTM.

Additionally, the manifold should have a nitrogen purging facility to purge
any air introduced during cylinder changeover ongZach tailpipe. The purging

system should be provided with venting to out low purging with the
working gas before the manifold is made re ig®. The pressure of
the nitrogen supply used for purging needs t ow the minimum

operating pressure of the manifold, to
patient and to prevent overriding of t

The manifold
discharge |

The manifold operating pressure should be set to 4.2 bar g as
recommended for other medical gases. The nitrogen purging system should
be set to operate at 2 bar g, such that the warning system will continue to
alarm if the service gas cylinder valves are not opened after cylinder
charging.
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Provision of valves

Where nitric oxide systems are installed within or close to the department
served, the control of the distribution system will be by AVSUs and valves
installed as part of the manifold system.

Where nitric oxide manifolds are remotely located, AVSUs will need to be
installed within the ward area.

Provision of AVSUs

AVSUs should be provided for the neonatal intensive care unit, ITU and
theatres (if provided) to control one of each pair of terminal units installed.
This will ensure continuity of gas supply if the need arises for urgent
servicing or repair of terminal units.

AVSUs for nitric oxide systems will not require N
spades. They will be of stainless steel constr
lockable box with emergency access.

connectors or blanking
enclosed in a

Many nitric oxide systems will be insta
preclude the recommended valving
to separate individual pairs of ter
half of the total number should be s& om a separate AVSU.

remises which may
Where it is impracticable

AVSUs will be required t
oxide and nitrogen dioxifie are tox
in terminal units for thisgpurpose
tight.

rminal units for servicing, since nitric
nd the check valves typically included
re not considered to be sufficiently gas-

Pipeline distri

The flows in clinical use are modest and pressure loss is not a
critical desi > The installation will generally comprise 6 mm stainless
steel tubing Kistalled by means of orbital welding using an argon shield.

Argon should%lso be used during pressure testing and purging prior to
commissioning.

Identification

The pipeline installation should bear identification generally in accordance
with this SHTM. Green has now been accepted as the identification colour.

Alarm systems

The main alarm system indicator panel should be located in one of the
critical care areas where, as stated in the operational policy for the hospital,
staff responsible for cylinder management can be contacted. Repeater
alarm panel(s) should be located elsewhere, for example the neonatal
intensive care unit.

Version 2.0: June 2001 Page 143 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



11.31

11.32

11.33

11.34

11.35

11.36

11.37

SHTM 2022 (Part 1): Medical gas pipeline systems

The alarm system should comply fully with the appropriate requirements for
manifold alarms and as follows:

Condition Legend Colour Audible

a. duty bank empty — change cylinder yellow yes
change over to
standby bank

b. standby bank below 50 change cylinder yellow yes
% capacity immediately

c. Purge cylinder change cylinder yellow yes
pressure below 10% immediately*

d. pipeline pressure pressure fault red yes
below 80%

* This action will be necessary before changing working gas cylinder.

Concerns about the effects of exposure to
documented and have lead to the developm
departments, AGSS is not a practical ol
assessment, ventilation is considere

thoa*and, based on a risk
isfactory alternative.

The quoted occupational exposure [ii nitric oxide are 25 ppm over an
8 hour time-weighted averag or 15 minutes, and for nitrogen

dioxide are 3 ppm over ime-weighted average and 5 ppm for 15

minutes.

Therapeutic conc ric oxide are extremely low, below current

. I'he conversion to higher oxides of nitrogen
ation-dependent) is unlikely to result in
occupatio e limits being exceeded.

ventilator outl€t and were between 2.0 and 8 ppm nitric oxide and 0.2 to 0.5
ppm nitrogen dioxide were recorded. (With scavenging, the maximum levels
were respectively 0.2 ppm and a nil value for nitrogen dioxide.)

On this evidence, the provision of waste gas scavenging does not appear to
be an occupational hygiene priority although, if otherwise available, staff
may wish to use an existing system. (Standard AGSS components and
materials are satisfactory.)

Chemical adsorption filters are possible, but their availability is limited and,
taking into account the relative risk, may introduce a greater problem of
disposal.
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Validation and verification

Pressure testing and purging should be carried out in accordance with
‘Validation and verification’, except that argon should be used for this stage.

On satisfactory completion of all purging, the system should be filled with the
working gas and all terminal units should be checked for gas identity. Quality
tests should be performed using argon prior to this stage.
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12. Warning and alarm systems

Genera

The provision of a warning and alarm system is essential to monitor the safe
and efficient operation of MGPS. There are three reasons for this
monitoring:

a. toindicate normal function of the pipeline system by means of visual
indicators;

b. to warn by visual and audible indication that routine replacement of
cylinders or other engineering action is required;

c. toinform the user by visual and audible e
abnormal conditions have occurred whic
the user. This alarm condition will requir
various departments’ staff.

alarms that
ire urgent action by
onse by the

A schematic diagram of a typical
in Figures 16 and 17.

rm system layout is shown

Warning and alarm systems a
systems. A much simplifi
for anaesthetic gas scafenging
panel located in the ting r

or all medical gas and vacuum

is required for surgical air systems and
stéms (AGSS), with the warning/indication
m.

Warning and
providing inform
located w info
taken. Are
of the desig

S comprise pressure sensors, a central system
on ail monitored functions, with repeater panels

tion is required to ensure the necessary action is

ould be provided to give warning to users downstream
ed area valve service unit (AVSU).

Pressure sensors should be connected to the pipeline by means of minimum
leak devices.

All MGPS warning and alarm indicating panels should comply with the
requirements of this SHTM, including all operating room panels.

Panel location
Central indicator panel

Warning and alarm conditions for all medical gases in a central system
should be displayed on a central panel which is located in a position subject
to continuous 24 hour observation, such as the telephone switchboard room
or the porters’ lodge.
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Repeater indicator panel location

12.8 Repeater panels include an audible facility and should be provided for a
central system to display information which is essential for the continuing
operation of the system.

Area warning and alarm panel location

12.9 Local systems to display high and low gas pressure in the area should be
installed downstream of the AVSU. The sensors for these systems should
be located downstream of designated AVSUSs. It should not be possible to
isolate the sensor with a separate shut-off valve. The panel, appropriately
labelled, should be located at a nurses’ station within each department, and
in special departments (SCBU, ITU and A & E). Some warning system
information may be appropriate in the pharmacy department, particularly in
the case of pressure swing adsorber (PSA) plant, synthetic air plant and
compressed air systems.

NOTE: Sensors may be fitted within the AV
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Figure 16: Typical warning and alarm system layout (reproduced by
kind permission of Shire Controls)
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Figure 17: Typical area alarm panel (reproduced by kind permission of
Shire Controls)
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System description
System components
Warning and alarm systems include the following functional elements:

a. transmitters which convert the signal from the plant or manifold volt-free
alarm contacts into a form which can be transmitted via multiplexed
cable (for example using pulse width modulation — see Figure 18). The
transmitter may be a separate unit or may be incorporated:

(i) in plant or manifold control panel;
(i) in a separate unit;
(i) in an indicator panel.
Cases (ii) and (iii) should include line fault monitgg#ng devices;

b. indicator panels which display the trans

c. Iinterconnecting multiplex wiring which cor@aect ransmitters to all

indicator panels.
System layout

Central system

A typical system layout
at remote locations sucfias the
compound, medicg® & a

igure 16, which shows initiating devices
cuum insulated evaporator (VIE)
m plantrooms, nitrous oxide manifold room

g devices. Indicator panels are typically located
hange, the porters’ room and the engineer’s office, to

are areas such as theatres, delivery suites, special care
intensive care units should also have repeater indicator
panels on the 'central system to show emergency alarms which require
action from the user.

Area warning and alarm systems

A typical layout of an area system is shown in Figure 17. For each gas
service there should be local pressure switches for high and low pressure.
These conditions should be indicated on a locally mounted indicator panel,
with facility to provide a common alarm condition for connection to other
alarm panels. The extent of the interconnecting wiring in an area alarm
system is reduced by comparison with a central system. The area alarm
panels carry no indication of the warnings for cylinder replacement and plant
function which are given on central systems.
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12.18
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SHTM 2022 (Part 1): Medical gas pipeline systems

General requirements
Labelling

All visual signal panels should be permanently labelled according to their
function. including clear identification of the areas, rooms or departments
served.

Visual signals

Flashing visual signals should have alternate periods on and off, each of
equal duration between 0.25 and 0.50 seconds.

There should be two separately energised light sources for each signal,
arranged so that the failure of one source does not affect the other.

The light sources should have a design life of at M#ast five years of
continuous operation.

Audible signals

All audible signal tones should be mdglula ally at a rate of 4 Hz+10%
between two tones of 440 Hz+109 0 Hzx10%.

Automatic re-setting

When a warning or alargh'si rs and the system condition
subsequently reverts t
should automatic

Temporary m

Means m d on each panel for the user to mute the audible
signal. The st re-sound after a nominal 15-minute period if the fault
condition stilgexists. The process of muting and reinstatement of the signal

should be reppated until the fault condition has been rectified. Operation of
the mute should be accompanied by change from flashing to steady
illumination of the corresponding visual indicator on the central panel only.
Operation of the mute on area alarm or repeater panels should not be
accompanied by a change from flashing to steady illumination.

Continuous muting

An internally mounted switch should be provided to allow continuous muting
during periods of maintenance. When the system condition returns to normal
the continuous muting should automatically reset to normal operation. When
the continuous muting is in operation on any alarm condition, it should not
prevent the operation of the audible signal on other alarm conditions when a
fault condition arises.
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SHTM 2022 (Part 1): Medical gas pipeline systems

Electrical wiring
All electrical wiring should be in accordance with IEE regulations.
System integrity

If extra low voltage (ELV), maximum 50 V, is superimposed on the signal or
communication circuit (for example by cross-connection), the system design
should ensure that any damage to the system is limited to replaceable panel
components and that such damage is indicated as a system fault.

The performance of the system should not be compromised by the use of
multi-core cabling which carries ELV and communication signals in adjacent
cores.

The system should be designed to reject spurious radio frequency (RF) or
mains noise typically arising in hospitals, exampl eing diathermy
equipment and current spikes caused by plan

Relay conditions

If relays are used to transmit alarm siginars} lays should be energised
in their normal closed condition.

Mains power supply

The mains electricity sugfoly Shou
supply (that is, must befon the

e derived from the essential power
ergency system).

SELV/FELV po

y be designed either as a safety extra low voltage
(SELV) s ctional extra low voltage (FELV) system, as defined
[ iring Regulations.

supply may be housed either in the alarm panels or in a
separate metal enclosure.

The power supply should be rated for the full load of the panel, with visual
and auditory signals on all normal and alarm conditions.

Test facility

Each panel should be provided with a means to test all visual and audible
signals on that panel. The power supply should be capable of sustaining all
indicators and audibles.
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Warning and alarm system faults
General

A flashing red visual indicator and an audible signal should operate on all
panels when any of the following conditions occur:

a. line fault from the initiating device;
b. communication fault or other wiring fault;
c. mains power failure.

Line fault

The system should monitor the integrity of the lines between the initiating
devices and the panel or transmitter units. The “agirm system fault” condition
should be indicated on loss of integrity, for ex le ghben or short circuits.

Communication/wiring fault

The system should indicate an alar t in the event of loss of data
transmission between panels and ganSgitters.

Mains power failure

Failure of mains power
audible signal, which s
audible signal ma

own by a flashing red indicator and an
red from an internal battery. The
not automatically reinstate as required

under normal p pp paragraph 12.19), but the visual indicator
should continu il either the fault has been rectified or the battery
has discharged.

Standby b

A battery sho@ld be provided with sufficient capacity to power the visual and
audible “alarm system fault” signal for a minimum period of four hours. The
battery should be sealed and exchangeable and should automatically
recharge within 72 hours.

Legend

The legend on this indicator should be “alarm system fault”.
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Indicator panel requirements for all systems
Indicators

Panels should be provided with all indicators for the gas services in local
use.

The visual indicators should be arranged vertically in priority order, with the
normal indicators at the top. The sequence of gas services should be from
left to right:

a. medical oxygen (cryogenic and cylinders/pressure swing adsorber (PSA)
systems);

nitrous oxide;

nitrous oxide/oxygen mixture;

medical air 400 kPa (compressor plant, egf and, synthetic air);
surgical air 700 kPa,;
medical vacuum (pumps);
nitric oxide;

@ ™o a0 0o

oxygen/carbon dioxide mixture;
In addition to the gas seng: indicators, each panel must include:

a. agreen “power on”fadicatoriwithout an audible signal;

b. ared “alarm dicator with an audible signal.
Labelling
Panels sh led as follows:

a. medical ¢as alarm;

b. with the identification of the medical gas services indicated, and the
areas and departments served.

Construction

The fascia panel should be removable to allow access to the rear of the
fascia or to the panel for maintenance purposes.

Access to the interior of the panel should be tamper-proof.

It should be possible to replace the source of illumination without removing
the legend.

Panels should have electrical sections with protection at least equal to IP 32
of BS EN 60529: 1992.
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12.45 Panels and their housings should be of adequate strength for their purposes
and be manufactured from corrosion-resistant materials.

12.46 If gas services are brought into the panel, they should be housed in
separate, enclosed compartments which are vented to the outside.

12.47 There should be gas-tight seals where electrical services pass through any
gas compartment.

Remote audible sounder

12.48 All panels should have provision for connection to a remote audible sounder.

Central indicator panel requirements

Displays
12.49 The central panel should display all signals f@r PSgvhich are
generated by the warning and alarm system, s f

Normal
The normal condition for all piped ould be displayed as a steady
green visual signal. The “norrgal” i r Should extinguish in warning and

alarm conditions.

Warnings

Warning conditig to each MGPS should be displayed as a

al which may be accompanied by a mutable

Emergenc

Emergency aarms are generated by loss of pipeline pressure or vacuum
and are indicated by flashing red visual signals accompanied by mutable
audible signals.

Alarm system fault

The “alarm system fault” condition should be displayed as a flashing red
visual signal accompanied by a mutable audible signal.

Mute functions

12.50 The temporary mute should cancel the audible signal for about 15 minutes
and change the visual indicators from flashing to continuous on all central
and repeater panels.

12.51 Operation of the continuous mute should inhibit the 15 minute reinstatement
of the audible alarm.
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SHTM 2022 (Part 1): Medical gas pipeline systems

Operation of the mute should not inhibit the visual or audible indication of
any subsequent alarm conditions.

Panel legend and display

Panel legend and display should be as shown in Table 19.

Repeater indicator panel requirements

Displays
The repeater indicator panel should always display “normal”, “emergency
alarm” and “alarm system fault” conditions as given above. The repeater
panel should display some or all of the warning conditions which are

displayed on the central indicator panel as given in_paragraph 12.49. The
extent of the display of warnings should be variegfto suit local clinical

requirements.

Mute functions

a ignal for about 15 minutes
h. Operation of the temporary
e visual indicator to continuous

The temporary mute should cancel t
whilst the visual indicator continu
mute (on the central panel) should
illumination.

Operation of the contingbus mut st inhibit the 15-minute reinstatement

of the audible alarm.

Operation of th ho ot inhibit the visual or audible indication of
any subseque itions.

Panel leg play

The panel legend and display should be as shown in Table 19.

Area warning and alarm panel
Displays

Area panels should display “normal”, “emergency alarm” and “alarm system
fault” conditions as given in paragraph 12.49.

Mute functions

The temporary mute should cancel the audible signal for about 15 minutes
whilst the visual indicator continues to flash.

Operation of the mute should not inhibit the visual or audible indication of
any subsequent alarm conditions.
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Panel legend and display
The panel legend and display should be as shown in Table 20.
Location

The initiating devices for local area alarms should be located after
designated AVSUSs. This designated position will normally be after the final
AVSU.

The area alarm panel should be located where it will be clearly visible, for
example in the operating room or at the reception desk, not in a corridor or
unmanned area.

Area alarm panels should be designed similarly to central alarm panels. All
alarm/indicators installed in operating departments should comply with the
requirements of this SHTM, and any medical gasgridicator should similarly
comply with these requirements.

For multi-theatre complexes, and critical carefare
signals from each theatre area alarm el may be
alarm panel.

several AVSUs, the
ltiplexed to a single
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Table 19: Signals and display locations on central alarm systems

Plant Alarm condition Legend Colour Auditory  Location
signal ABCD
Cryogenic oxygen 1 VIE low<50% Refill liquid Yellow Yes AB
plants 2 VIE low<25% Refill liquid Yellow Yes AB
immediately
Automatic 1 duty bank empty; Change cylinders Yellow Yes ABD
manifolds standby bank running
2 standby bank below
10% capacity (14 bar Change cylinders Yellow Yes ABCD
N,O) immediately
Medical air 1 Plant fault Plant fault Yellow Yes AB
compressor 2 Plant emergency Plant emergency Yellow Yes ABC
Surgical air supply 1 system fault Change cylinders/ Yellow Yes AD
plant fault
2 emergency/ reserve Reserve bank Yellow Yes AD
low (if installed) empty/plant
Medical vacuum 1 Plant fault low Yes AB
plant 2 Plant emergency ellow Yes ABC
Oxygen 1 Plant fault Yellow Yes AB
concentrator 2 Plant emergency Red Yes ABC
Compressed Reserve pressure Yellow No AB
cylinders on below 68 bar (<14 bar
reserve manifold for N,O)
serving an
automatic manifold
Compressed air Pressurefh either Reserve low Yellow No ABC
cylinders on of reserve x50%
reserve manifold
serving a cryogenic
oxygen system
Compressed Reserve low Yellow No ABC
cylinders on
reserve manifold
serving a
compressor plant
Pressure fault For each gas service Pressure fault Red Yes ABC
(pipeline) High or to indicate that the
low and oxygen pressure in the
concentrator fault distribution system has
for PSA risen/fallen 20% from
normal working
pressure and oxygen
concentration below
94% O,
Vacuum pressure To indicate that the Pressure fault Red Yes ABC

(pipeline)

vacuum in the pipeline
serving the department
has fallen 20% below
the normal working
vacuum

Locations:
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A. central panel — telephone operator/switchboard and or/porters’ room/24-
hour manned,;

B. facilities management office;

C. theatre manager’s desk, special care baby unit and ITU nurses’ station;
D. operating room.

For nitric oxide manifold alarm systems refer to Chapter 11.

Table 20: Area alarm legend and display

Alarm function

Legend Colour  Auditory signal
For each gas service to indicate that the pressure in the pipeline High Red Yes
serving the department has risen 20% above normal working pressure
pressure.
For each gas service to indicate that the pressure in the pipeline ow Red Yes
serving the department has fallen 20% below normal working ressire
pressure.
For vacuum to indicate that the vacuum in the pipeline serving oW, Red Yes
the department has fallen 20% below normal working vacuum. \%

oS
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13. Pipeline installation

Accommodation of pipes

Generally, MGPS should be kept away from areas where they may be
subject to any of the following:

mechanical damage;

chemical damage,;

excessive heat;

oo o w

splashing, dripping or permanent contact with oil, grease or bituminous
compounds, electrical sparks etc.

Service ducts or voids containing medical g
adequate ventilation to prevent gas concentr
leakage occurring.

es should have
' event of any

Exposed pipelines should not be i afts, kitchens, laundries,
boiler houses, generator rooms, inc rooms, storage rooms designed
to house combustible materiafg or i other fire risk area. Where
pipelines in hazardous ar navoidable, they should be enclosed in

osed ducts with other services such as steam
Mmstems, they should be inspected regularly as
corrosion gan occegas a result of chloride deposits following leakage. They
should no closed ducts with other services where they cannot
be inspect

Pipelines sho@id be protected from the possibility of lightning strikes.

Pipelines should be suitably protected where there is a possibility of physical
damage, for example from the passage of trolleys. Wherever practicable a
clearance of at least 25 mm should be maintained between each service
and 150 mm should be the separation distance between medical gas
pipeline and heating, hot water service and steam pipelines. Where
pipelines cross over other services and a clearance of 25 mm cannot be
maintained, they should be electrically bonded and wrap insulated, in
accordance with IEE regulations. They should be bonded to main earth at
building entry and exit.

Buried pipelines should be run in a trench not less than 450 mm x 450 mm,
with the pipe protected throughout its length by a continuous glazed
earthenware pipe or carried in properly drained ducts with removable covers.
These glazed pipes or ducts should be further protected where the pipe
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crosses areas used by wheeled traffic; in such areas the glazed pipes and
ducts should be encased in concrete. Multi-way ducts should be used where
more than one pipe is to be carried.

The route of the pipeline should be identified on the surface and should be
clearly shown on site layout drawings. Pipelines concealed within walls and
floors should have their route clearly shown on “as-fitted” drawings.

Pipelines should not be encapsulated in floors, and any joints should be kept
to the minimum practicable. Pipelines in stud or plasterboard walls or
partitions are acceptable.

Care is required when selecting pipeline routes to prevent the pipes coming
into contact with electric cables and wiring, and to minimise the risk of
electric shock in the event of a fault on adjacent cables. See Chapter 2.

Pipeline materials

Quality
The manufacturer should comply with BS EN$S0 or pipes and for all
materials including fittings, terminal u . Alcomplete specification is

given in Model Engineering Specifica C

li from other countries, the

ce with BS EN IS0 9000.

Where materials are obtained,from
suppliers should be registere

Pipes

Material for pipe
to BS EN 197

I phorus de-oxidised, non-arsenical copper
sions must be in accordance with BS EN 1057.

nting fittings must be phosphorus de-oxidised, non-
arsenical cofiaer to BS EN 1976. Pipe jointing fittings should be end-feed
capillary fittings to BS EN 1254-1: 1998.

NOTE: For straight couplings, expanded joints may be made instead of
using BS EN 1254 fittings.

Other fittings

Other fittings for connection to copper pipes, for example valve and control
panel fittings, may be of copper, brass, gunmetal or bronze to the
appropriate standard.
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Cleaning
Pipes

All pipes must be cleaned and degreased for oxygen service and be free of
particulate matter and toxic residues. They must be individually capped at
both ends and delivered to site identified as medical gas pipes.

NOTE: Pipes should only be cut with wheel pipe-cutters, not hacksaws, to
prevent the ingress of particulate matter.

Pipe jointing fittings

All pipe jointing fittings and sub-assemblies of fittings for connection to pipes
must be cleaned and degreased for oxygen service and be free of

frequently installed by the contractor si
pipelines. Degreased pipe and fittin
vacuum installations to avoid conf
vacuum and anaesthetic gas scaveriiing
used for larger systems.

VC pipework may also be used for
tems (AGSS), and is generally

Pipeline jointing

, copper-to-copper joints only will be permitted
azing filler rods which can be used without flux and in
-free nitrogen, which will be blown through the

pipeline du razing procedure to prevent the formation of oxides.

Carbon dioxide should not be used as the inert gas shield.

This method eliminates the formation of oxide within the pipe, leaving a
clean bore. Some slight burnishing may occasionally be observed on
sectioned joints. Purging is still required to remove the internal shield gas
and the other particulate matter not associated with the brazing operation.

Copper joints to brass or gunmetal fittings will require the use of flux, with
subseqguent cleaning to remove the flux residues and oxide deposits.

Heating of the joint for brazing should be carried out with oxygen/acetylene
or acetylene, hydrogen, liquid petroleum gas/ambient air torches. Additional
heating may be required for some fittings, for example by means of a
second torch.
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In order to maintain the pipeline cleanliness and prevent formation of
verdigris after completion, it will be necessary to maintain the completed
system charged with medical air until the installation is finally commissioned.
On larger projects completed sections of pipeline should be similarly
protected.

The techniques recommended cover all copper-to-copper joints and all
copper-to-brass/gunmetal/bronze joints in an MGPS, and are explained in
more detail below.

By agreement between the health facility management and the pipeline
contractor, the use of a purge gas may be waived on joints such as break-
Ins to old pipeline systems, where pipe joints will not have been made in
accordance with this new technique.

as pipeline services. The
al departments in

This new technique should be used on all medical
method is recommended for use in other non-cl
hospitals, such as pathology laboratories.

Jointing methods

Mechanical (threaded or flanged) joirfg.m ade where pipelines are
connected to items such as valve trol equipment. For vacuum

pipelines of 76 mm diameter and abgye, wed or flanged compression
fittings may be used. Mechan fintsYHould not be used elsewhere for

general pipework install

NOTE: A procedure fo
given in paragrap,

e rem¢val of flux residues and copper oxides is
ernative process which is equally effective

Brazing c ss/gunmetal/bronze

uld be made using a copper-silver-zinc brazing alloy to
4 and an appropriate flux;

b. the flux reSidues and copper oxides created by this process should be
chemically removed and if necessary the complete assembly must be
cleaned and degreased for oxygen service;

c. no flux should be used for making joints on site. Joints must be carried
out under controlled conditions off-site and sub-assemblies delivered to
site.

NOTE: Where brass/gunmetal/bronze fittings form part of an installation,
they should be supplied to site individually packed and complete with copper
pipe tails brazed to them so that these fittings can be joined to the pipeline
installation by fluxless brazing. Because of this requirement, it will be
necessary for a copper-to-copper brazed joint to be made adjacent to these
fittings, for example in a wall adjacent to a terminal unit or a valve.
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Brazing copper-to-copper joints:

a. brazed joints should be made using a silver-copper-phosphorus brazing
alloy to BS EN 1044. No flux should be used;

b. brazing should be carried out using oxygen-free nitrogen as an internal
inert gas shield, to prevent the formation of oxides on the inside of the
pipes and fittings;

c. when brazing, ensure adequate protection of adjacent pipe runs to avoid
oxidation.
Pipe preparation

Pipe ends should be cut square with the pipe axis, using sharp wheel-cutters
and cleaned of any cuttings or loose burrs. Expanded joints should be made
using the appropriate tools and dies. Only where the cut pipe has either
deformation or a burr which significantly restricts flow of gas will de-
burring be necessary.

Use of Nyinternal inert gas shield

Application

Oxygen-free nitrogen should be su
unbrazed, pipework through
regulating device.

the inside of the pre-assembled,
egulator and flow controller or flow

If necessary, the purgefias sho@id be fed from two ends of a T-joint. Care
should also be takagato @asure fiat other pipelines in close proximity to the
one being braze ot 0 due to heat transfer.

NOTE: It |
flushed to
by a contin

herair. This may be followed during the brazing operating
termittent flow as necessary, to prevent the ingress of
air. Pipe end@amay be capped if desired to direct the flow of N, into sections
of the pipe or Pipes to be brazed. Particular attention should be given to the
gas shielding of T-joint fittings.

Safety

If working for prolonged periods in very confined spaces, precautions must
be taken to avoid excessive build up of nitrogen, by ventilating the space or
by piping the shield gas safely out of the space.

NOTE: If necessary, the oxygen content of the ambient air should be
monitored.

Version 2.0: June 2001 Page 165 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum




13.34

13.35

13.36

13.37

13.38

SHTM 2022 (Part 1): Medical gas pipeline systems

Control of cylinders

The contractor and the site engineer must keep a record of nitrogen
cylinders held on a site. Nitrogen cylinders should be accounted for and
removed from the site at the end of the contract, and must not become
mixed up with medical gas cylinders.

Other installation processes

Oxygen-free nitrogen should also be used internally on pipework — as in
paragraph 13.31 — whenever annealing or hot forming of pipework is carried
out.

Inspection of joints

Joints brazed should be inspected in accordance with the following
procedure:

a. before pressure testing, the site engine
fittings to be cut out for examination in o
the finished joint. The exact numb
of the installation, but as a guid e fitting per 200
installations should be cut out event,’a minimum of two and not
normally more than five fittings e cut out for examination;

ify a number of
ish the quality of
ill vary with the size

b. the fittings cut out should
examined. If unacce

cut out until the ext@nt of a
The joints shoul

(quartered longitudinally) and

are found, adjacent fittings should be
fawity workmanship has been established.
b&assessid in accordance with paragraphs 13.37 and

j

ade good;
fully inserted up to the shoulder of the fitting.

The tube and Yitting should be internally clean and free from oxides and
particulate matter. Some heat burnishing may be apparent and is
acceptable.

Penetration
Penetration of brazing alloy:

a. due to tolerances of the capillary space on these pipes and fittings, full
penetration of the brazing alloy may not occur and is not necessary;

b. the minimum penetration at any point on the joint must be three times
the wall thickness of the tube or 3 mm, whichever is greater.
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Capping

Sections of pipeline should be capped as soon as they are completed, to
prevent the ingress of air.

Removal of flux residues and oxides

The residue of flux and oxide resulting from the brazing of copper-to-brass/

gunmetal/bronze fittings must be removed before components are delivered
to site. The following procedure should be used, or alternatively, one which

is no less effective may be substituted.

Allow joints to cool naturally to room temperature or at least to a temperature
at which they can be handled. This is specifically for gunmetal fittings which,
if cooled (or quenched) from the brazing temperature by dipping in cold

water, could crack.

The flux residues should be removed by im hot water and

brushing with stainless steel type wire brush
The oxides formed should be remov mysing in a 5-10% sulphuric

dichromate has been added. The nt should then be thoroughly
rinsed in hot water at 80°C (ngmi i
component.

The fitting should be defjrease essary and bagged.

Purging with th

ut strictly in accordance with the procedures

Purging should
i d verification’.

givenin* tio
Pipe supp

The pipeline should be adequately supported at sufficient intervals in
accordance with Table 21 to prevent sagging or distortion. Supports for
surface mounted pipework should provide clearance to permit painting of the
surface. Where it is essential for pipes to cross electric cables or conduit,
they should be supported at intervals on either side of the crossing to
prevent them from touching the cables or conduit. Supports should be of
suitable material or suitably treated to minimise corrosion and prevent
electrolytic reaction between pipes and supports.
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Table 21: Intervals between copper pipe supports

Outside dia mm Maximum interval for vertical Maximum interval for
runs m horizontal runs m
12 1.2 1.0
15 1.8 1.2
22 2.4 1.8
28 2.4 1.8
35 3.0 2.4
42 3.0 2.4
54 3.0 2.7
76 3.6 3.0

Pipelines need not be laid with falls. In the case acuum, the sub-

atmospheric pressure will result in the evapor ny moisture entering
the system. It is possible, however, for vacu flow and thus for
systems to require flushing through.

nits into the main unit

ine to avoid flooding other vertical
in riser should be provided with
inage when the system is under

e lockable in the closed position. No

ts are required.

The connection from individual vacu
should be taken from the top of t i
pipe drops during flushing. Each va
a double valve arrangement
vacuum: one of the valve
other sloping or drainagf arran

Pipelines need fu piRYectigi’in certain circumstances as follows:

a. where pipe
with sleeves

h walls, partitions or floors they should be fitted
opper pipes which conform to BS EN 1057 and be
priate wall or ceiling plates;

b. inradio nostic procedure rooms etc, radio frequency (RF) screening
f extended sleeves will be necessary. The advice of the
equipment manufacturer should be sought;

c. corrosion of pipes can occur where they are in contact with timber
treated with fire-resistant or flame-retardant compounds, for example
some timber used for roof trusses and floor joists.

This contact should be avoided by the use of impermeable non-metallic
materials in the area where contact may occur. PVC spacers or adhesive
PVC tape may be used for this purpose. If spacers are used they should not
be liable to drop out due to shrinkage or subsequent movement of the pipe
or timber.

Such precautions are not required where untreated timber is used or where
the treated timber is effectively sealed with paint or varnish before the pipes
are fixed to it.
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Identification of pipelines

Pipelines should be identified in accordance with BS 1710 and colour
banding for the pipelines should be used outside of the plantroom. Colour
band identification (see Figure 19) should be applied near to valves,
junctions, walls etc. Each gas should be identified in 6 mm letters. Self-
adhesive plastic labels of approved manufacture may be used for this
purpose. A band 150 mm wide is usually adequate. All colour-coded tapes
applied by the pipe manufacturers should be removed before the systems
are identified, in accordance with this paragraph.

Care should be taken to maintain pipeline identification when periodical re-
painting is undertaken. The direction of flow should be indicated.

Pipeline fittings

General
Pipeline fittings which may be attached to a in e various types of
terminal unit, valves, area valve service units YAV and other

components such as emergency inle

Ceiling pendant fittings —rigid, rpose type

The construction should prov
(FELV) electrical service

ion of functional extra low voltage
of flexible partitions or conduit as
nts should be via panels which are

ment to rigid pipework or terminal units should
appropriate non-interchangeable screw thread (NIST)
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Figure 19: Colour code identification for medical gas terminal outlets
and pipe installations

00E55 WHITE

A\/

Notes:
1. Base colours are as ©:
follows:
A — ye"OW OChre 08C35 A 20D45 FRENCH BLUE
B = light blue 20E51 \ i

. . NO
2. All colours in this

diagram should be taken

to be representative 00ESS 20D45
rather than exactly \
accurate. N

0O,/ NO (50 % mixture)

3. Reference numbers in
colour codes conform to
BS 4800:1972

FRENCH GREY 12B21 00E

0,/CO, CO, <5%)

BLACK 00E53

Medical air

PRIMROSE 10E53 B

AN

Medical vacuum

A GREEN 14E53

NO (nitric oxide)
"Proposed”

AGSS

B BLACK 00ES53
\
N 2

Colour code identification for medical gas terminal outlets and pipe installations
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The fittings should be provided with adequate venting to allow escape of gas
in the event of rupture of one or all of the medical gas services.

The recommended height for rigid pendants is 2000 mm above finished floor
level (FFL).

The use of medical air for pneumatically actuated pendants is covered in
Chapter 4.

The manufacturer should confirm that these requirements are met prior to
the installation of the equipment; this should be demonstrated during the
validation and verification procedures.

Flexible pendant fitting

These should comply with the requirements of BS 5682, as amended. In
particular, all loose assemblies should be provid ith appropriate NIST
connectors.

Bed-head trunking/walling system

C with SHTM 2015; Bedhead
be privided for electrical services,

These fittings should generally be in
services. Separate compartments

Flexible connecting assembli ed witHin the fitting should comply with BS
5682, as amended.

The medical gas cg ent ghould be provided with ventilation by means
o pre he accumulation of any gas in the event of
pipeline services.

In some
services wi aled recesses (or behind decorative panels, paintings,
etc) to engel{ller a more domestic appearance. In such cases, adequate
provision muspbe made for ventilation, and the required space to permit
connection and disconnection of equipment should be considered. The
covers should be clearly labelled to indicated that medical gas equipment is
installed within/behind.

There are two possible alternative installation procedures:

a. the connection between the pipeline and the trunking should be
considered as first and second fix, with the trunking being pre-piped and
certificated as complying with SHTM 2022;

b. the connection between the trunking and the pipework should be as
paragraph 13.56.
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Shut-off valves

All valves should be of the lever ball type, which open and close with a 90°
turn.

Provision of valves

Valves should be provided on items of plant and sources of supply to permit
servicing and isolation of the main components and to connect the sources
of supply to the pipeline distribution system. Lockable line valves should be
provided:

a. atthe pipeline entry to a building;
b. at the pipeline exit from a building;

c. on branches, risers etc. at the connection to thg main pipeline.

All valves located outside the plantrooms, wh ssible, should be

provided with lockable, ventilated enclosure

Area valve service units (AVSUSs)

AVSUs are provided for user acc
purposes). They comprise a ball val
lockable door permitting locki ;

in"4@ emergency (or for maintenance
inst@iled within an enclosure, with
“open” or “closed”. The means of
emergency operation s introduce the possibility of injury. The
AVSU should provide nmfzans fo ically isolating and blanking off the
pipeline both upstream @nd dow stream of the valve. The means of isolation
both the pipeline and the valve port and be
n the event of leakage of the blanking device, gas
must be freely vEg ust not be able to enter either the valve port or

In an emer y, the user must be able to gain access in order to operate
the isolating Yalves quickly and simply without the need for a key. There are
several methads of providing such emergency access, for example break-
glass panels, plastic push-out inserts etc. Whichever method is used must
be safe and secure, but must not provide a risk of injury to the user. The
method of emergency access must be obvious and clearly labelled, and its
use must be evident.

The appropriate NIST connector bodies, with self-sealing check-valves,
captive plugs or caps, should be provided upstream and downstream of the
blanking plate. AVSUs may be designed for a single pipeline service or
multi-services. Where the cover bears the name of the gas service it should
be gas-specific. In the case of multi-service AVSUs, the design should be
such as to permit the attachment of a hose assembly to any one or more of
the NIST connectors while the cover is locked. The AVSU may include
provision for pressure gauges/pressure switches by means of separate
bosses.
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The enclosure should have adequate ventilation to prevent the accumulation
of gas in the event of a leak. Pipe entries and other penetrations should be
sealed to prevent gas escape by routes other than the vents or openings
into the user space. The enclosure should be designed to facilitate sealing
of these entries on site.

AVSUs should be clearly labelled to indicate their function and the
areas/beds etc served. Emergency access should not compromise the
labelling.

Provision of AVSUs

General

AVSUs should be provided as follows:

for general wards — one valve near the entragCe to the ward;

b. for intensive therapy units, recovery, sp
valve at the entrance plus additional val
between four and eight beds. The control more than
half the outlets in any one depar

vaige at the entrance to the department
plus valves to control each swte at 19 operating room, recovery room,
plaster room;

and isolation rtments.

as day-care surgery units, this may result in
mbers of AVSUs. As a guide, where there are fewer

If possible, inCritical care areas such as ITUs and neonatal units, each
AVSU should control only half the total number of terminal units in each
space. Where two sets of terminal units are provided to each bed/treatment
space, consideration should be given to using one AVSU for one of each
pair of sets.
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NOTE: Where pneumatically actuated pendant fittings are used, the medical
air supply is typically used for the power source. In this case, closure of one
of the medical air AVSUs may inactivate the pneumatic function, as well as
isolating half the terminal units. The fact that the AVSU controls the
pneumatic operation of such devices should be clearly labelled on both the
AVSU and the relevant NIST connector in the pendant fitting. The more
sophisticated pendants may have three NIST connectors for medical air —
one for the pneumatic function and two for terminal units.

These would be isolated by two separate AVSUSs. In this case, the NIST
connectors should be clearly labelled showing which terminal units or
pneumatic function are served, and which AVSU isolates each NIST.

Labelling

All valves should be clearly labelled to identify th
served. In addition, AVSUs should be labelled &'
rooms etc controlled. All valves and AVSUs
arrows.

reas/departments
ify the individual
w direction

The AVSUs should be similarly labeligd, | g which terminal units and
which pneumatic function is isolatdg b ch AVSU.

Pressure sensors

Pressure sensors to pr function will need to be fitted to
pipeline distribution sysgems. InTWll cases they should be installed in a
location which is 8 lated and having access for maintenance.
In AVSUSs. Pressure sensors should be
2ment item. They should be connected to the

f a minimum leak connector.

factory set and
pipeline bymean

Pressure

Pressure gauges are not usually required outside the plantroom of an
MGPS. If provided, however, they should similarly be installed in an
adequately ventilated location. They may be incorporated within AVSUS,
theatre supply fittings etc. They should be installed with isolation cocks.

Test points

Each supply plant, that is, liquid facility, manifold, compressor, pressure
swing adsorber (PSA) and blending plant, should be provided with a test
point comprising lockable valve and terminal unit for test purposes. This
should be within the plantroom or enclosure, and be sited immediately
upstream of the distribution pipeline isolating valve.
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Emergency inlet port

Medical oxygen and 400 kPa medical air systems should be provided with
an emergency inlet port to the pipeline distribution system. This should be
located downstream from the main source of supply, to permit connection of
a temporary supply plant. The emergency inlet should comprise a lockable
valve and blanked, gas-specific connecting port, and should incorporate a
non-return valve.

An emergency inlet port is not required for 700 kPa surgical air systems.
Line pressure alarms and safety valves

The purpose of the line pressure alarm is to warn users that the nominal line
operating pressure is out of limits and that gas mixtures, whether supplied by
a blender/mixer or by an anaesthetic machine, may deviate from the clinical
desired proportion. Local action can then be takgf'to adjust the mixture, or

portable cylinder can be made availab
been set to accommodate the desig mo
equipment where differential pres
performance.

h/low pressure limits have
s of anaesthetic

The line pressure safety

pressure effects since tfe pres t which maximum discharge occurs will
result in a differential m@ch greater than that for which the anaesthetic
equipment has b hey are therefore strictly system protection
devices.

The com
and alarm d pressure settings is crucial to performance of
anaesthetic ipment and patient safety; once commissioned, medical gas
pipelines are\jubject to strict permit-to-work procedures, and
decommissioning a complete system is highly disruptive to patient care and
introduces considerable risk.

Statutory obligations under the Pressure Systems Safety Regulations 2000
require the periodic testing of pressure safety devices. It is not appropriate to
test a medical gas pipeline system by either raising the line pressure
regulator setting or manually unseating the relief valve. Such action could
result in failure of anaesthetic equipment, and in the event of failure of the
safety valve to re-seat, considerable gas loss and further hazard. Medical
gas pipeline line distribution systems should be provided with a pressure
relief device downstream of the line pressure regulator connected by means
of a three-way cock so that the safety device can be exchanged for a
“certificated” replacement in accordance with the frequency required by the
Regulations.

Version 2.0: June 2001 Page 175 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



SHTM 2022 (Part 1): Medical gas pipeline systems

14. Accommodation

Design and construction of plantrooms
Location of plantrooms

14.1 Cylinder gas/liquid supply systems should not be located in the same room
as medical air compressors, PSA systems or vacuum plants.

14.2 Manifold rooms, emergency/reserve manifold rooms for pressure swing
adsorber (PSA) systems, vacuum insulated evaporator (VIE) installations
and medical compressed air systems should be located near to the medical
gas cylinder storage area.

14.3 All manifolds, including the emergency reser Ids, may be located
on an external

wall(s) to facilitate ventilation, which will be regui igh and low level.

14.4 The emergency/reserve manifold for
been located within the VIE comp
manifold separately. For new dnstal
manifolds should be located s

systems has traditionally
it is preferable to site the
ese emergency/reserve

14.5 It is preferable to site th? manif medical air 700 kPa systems within
the operating depar Howe'Jer, the gas used is at high flows, but the
overall consumpfit nd therefore there may be little
disadvantage i
cylinders stored

Nl

yuildings should be kept to a minimum.)

14.6 The medic Pa manifold room may be used as the ready-use store

for a small rigfnber of spare cylinders to be used on anaesthetic machines.
Access
14.7 Access to manifold rooms should be from the open air, not from corridors or

other rooms.

14.8 Normal commercial lorry access is suitable for gas cylinder delivery vehicles,
but consideration should be given to the provision of a raised level loading
bay when this is justified economically on the basis of cylinder handling
Ccosts.

14.9 Two doors should preferably be provided in a manifold room. One should be
large enough to facilitate cylinder handling and must be in an outside wall.
Exits must be free of all obstructions. Doors must open outwards. All doors
must normally be locked to prevent unauthorised access, but should be
provided with means of entry and exit in an emergency, for example by a
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combination of a key in a break-glass box and a push-bar arrangement on
the inside.

The internal walls, including any internal doors of the manifold room, should
be suitable non-combustible 2-hour fire-resistant material as defined in BS
476-4. Internal doors should be avoided where practicable. Heat detectors
should be provided.

Construction and layout of manifold rooms

The manifold room will contain the manifolds as well as cylinder racks
holding sufficient spare cylinders to replace one bank of each manifold and
the emergency/reserve manifold. Further replacement cylinders should be
supplied from the non-flammable medical gas cylinder store. The size of the
manifold room should therefore be determined from the size of the
equipment, as advised by the manufacturer. Adeagate space should also be
allowed for cylinder handling.

A typical automatic manifold with two “duty”
m long and 0.6 m deep. One extra cylinder o
approximately 0.5 m to the overall le
approximately 4 m long.

by cylinders is 1.8
k adds

e the same room. Additional
floor area should be provided date separate storage racks for
each gas. The racks sh igned along the lines of those on the
manifolds, but the storell cylindegs rifay be closer together. Racks should
conform to BS EN . Qlooden racks should not be used. With the

All medical gas manifolds m

Ventilation I¢{vres should be provided at both high and low levels for all
manifold roon{s, to allow circulation of air. As a guide, well-separated
openings equivalent to at least 1.5% of the total area of the walls and room
should be provided. For example, given a manifold room 5.0 x 4.0 x 2.4 m
with a total area of the walls and ceiling of 63.2 m?, the total free open area
for ventilation required is 1 m?.

The aspirated air inlets should, if possible, be located externally, and should
vent to a safe area away from ventilation plant intakes etc. However, they
should not be taken as an alternative to the provision of an adequate air
supply for cooling purposes.

All vents should be vermin/bird-proof.
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PSA and medical air compressors liberate, under maximum flow conditions,
considerable heat. Moreover, these plants aspirate air for breathing
purposes. Generous natural ventilation should be provided. The ambient
temperature of manifold rooms and plantrooms should be maintained within
the range of 10°C to 40°C. The ventilation rates should ensure that the
plantroom temperature does not exceed ambient temperature by more than
10°C.

In some cases it may be necessary to provide mechanical ventilation for
plantrooms, with supply air directed towards the compressor air intakes and
inter-/after-coolers. It should rarely be necessary to provide cooling.

Manifold rooms may be used to store small numbers of nitrous oxide/oxygen
cylinders intended for portable use; these are taken from the main cylinder
store for the purpose of temperature equilibration, before being delivered to
wards etc.

To achieve temperature equilibration, additio
the natural ventilation must not be reduced.
it should be preferably by indirect means, for
warm air. Naked flames and expose ic eiements should not be used,
and excessive surface temperature sitguld ided. If necessary,
cylinders should be protected fro ceSgive heat. Any primary heat source
should be located in a safe pgsiti ly remote from the manifold
room.

Additional space may
used on trolleys (in add
pipeline system) 46
Cylinder recog
should be promi

uch manifolds for holding cylinders
re cylinders intended for use with the
ature equilibration displays as appropriate.
' conforming to BS EN 1089-3 or BS EN 850,
itly displayed as appropriate.

Lighting

Manifold roorigs should be provided with lighting to an illumination level of
150 lux (15 lumens/sq ft) by means of bulkhead lighting fittings to IP 54 BS
EN 60529: 1992. Plantrooms other than manifold rooms should be provided
with a lighting level of 200 lux (20 lumens/sq ft).

Noise control

Plantrooms should be designed and constructed to ensure the satisfactory
control of noise emission. The effect of two vacuum pumps or compressors
running together, in the case of duplex installations, and three or more in the
case of multiplex installations, will be to increase the free-field noise level
outside the plantroom by 5 dB (A) for each additional pump or compressor
operation over and above the specified limits. Consideration should be given
to providing acoustic enclosures to reduce the free-field noise levels in
noise-sensitive areas adjacent to plantrooms.
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Acoustic enclosure and/or plantroom design must not inhibit normal cooling
functions or maintenance activities.

Free-field noise levels should be given to the architect to assist in acoustic
design of the plantrooms.

The discharge from some vacuum pumps may require silencing, although it
should be noted that rotary pump exhausts are not likely to require silencers.

Compressors and pumps should be mounted on properly selected anti-
vibration mounting, where necessary, to minimise transfer of noise and
vibration to the structure of the building.

All pipework and electrical conduits connected to the plant should be fitted
with flexible connectors where necessary, to prevent the transmission of

noise and vibration along the pipelines and condu@

Version 2.0: June 2001 Page 179 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



15.1

15.2

15.3

154

15.5

15.6

15.7

SHTM 2022 (Part 1): Medical gas pipeline systems

15. Validation and verification

General

This section covers the validation and verification and filling for use of
MGPS. The requirements for anaesthetic scavenging systems are also
covered in paragraphs 15.118-15.1309.

The test procedures and methods are also included in this chapter.

The objective of testing and commissioning is to ensure that all the
necessary safety and performance requirements of the MGPS will be met.
Testing and commissioning procedures will be reggired for new installations,
additions to existing installations and modificati togxisting installations.
The scope of work will dictate the specific tegt required. This is

test methods. Tests are
ppendix 2.

This chapter describes the tests require
listed in Appendix 1 and the associ

For extensions comprising fewer th biazed joints, all the tests may be
e pressure test being replaced by a leak
connections would, however, be

uiring all the appropriate tests to be
tion (and leak test). For the purpose of

S, a straight coupling comprises two joints
aioints.

test. An extension com
deemed to be a small i
carried out, up to thefi

For modif
should be with an inert gas shield, to avoid widespread oxide
contaminaticiy and, thus, it is essential that a physical break is employed
between the [gpeline being modified and any “in-use” systems and
prohibition labels are affixed to outlets in areas occupied by patients and that
all the identity, purity and quality tests are carried out. On a minor
modification, from which existing terminal units would not be removed, it may
not be practical to carry out a pressure test on the new carcass and
therefore this could be deleted. All other tests would be required, including

the pipeline pressure test.
The programme of tests is divided into three phases:

tests and checks on the pipeline carcass;

b. tests and commissioning of the complete pipeline system (with terminal
units installed) for safety, performance and particulate contamination
using test gas;

c. filling of the systems with specific gases, quality tests and proof of the
identity of those specific gases prior to use for patient care.
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15.8 The basic rationale for the tests is depicted as a decision tree in Figure 20.

15.9 The personnel and test equipment needed for these tests are listed together
with the test requirements in Table 22. The particulate contamination of all
pipeline systems may be checked using dry, oil-free medical air to establish
that the pipeline has been constructed correctly and is not contaminated.
Successful completion of the commissioning tests normally indicates the end
of the installation contract. The systems may then be left under pressure,
filled with medical compressed air, for an indefinite period. Responsibility for
the system during this period needs to be clearly defined in the contract.

NOTE: Systems that are not to be taken immediately into use should be
filled with medical air and left under pressure. Nitric oxide systems should be
filled with oxygen free nitrogen. Because of the possibility of oil
contamination, systems other than medical air supplied from compressors

should be filled with medical air from cyIinders@
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Table 22: Personnel and test equipment requirements

Paragraph Test Personnel Equipment
Pipeline carcass CSO & CR

15.37 Labelling and marking CSO & CR

15.38 Sleeving and supports CSO & CR Pressure device

15.39 Leakage CSO & CR

15.43 Cross-connection CSO & CR

Pipeline system

15.44 Leakage CSO, CR & AP Pressure device
15.50 Area value service units CSO, CR P Pressure device
15.58 Cross-connection CSO, & A

15.63 Flow and pressure drop Cs P Special test device
15.64 Mechanical function CSOUR & Test probe

15.65 Gas specificity & AP

15.66 NIST connectors CSO, & AP

15.68 System performance ,CR&AP Metered leaks and

special test device

15.72 Supply systens CSO, CR & AP
15.74 Press feQpvalve CSO, CR & AP
15.76 w CSO, CR & AP
15.78 As CSO & AP
15.79,15.86 ging*and filling CSO & CR
15.88 Particulate contamination and CSO, CR,QC & AP Particulate matter
quality tester, oil, water, CO
and CO, measuring
devices
15.106 Gas identification CR, QC, & AP O, analyser and N,O
meter
15.118 Anaesthetic gas scavenging CR & AP AGS test device and
system induced flow test
device
Key: CR Contractor’s representative AP Authorised person (MGPS)
CSO Contract supervising officer QC Quality controller
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Ry

Figure 20: Decision tree for testing and commissioning
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no o Completely
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tests of total system
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Tests for cross-connection are made on the complete pipeline system.
These tests are of fundamental importance to the safety of the pipeline
systems.

All supply systems and their major components should have certificates (as
specified in Model Engineering Specification C11) which show that they
meet the design requirements of the pipeline system.

Validation and verification should only be undertaken by contractors who are
registered to BS EN ISO 9000 with their scope of registration defined to
include commissioning.

All relevant tests should be carried out by the persons listed in Table 22 and
witnessed by the appropriate persons, who must record the results of the
tests in writing for the hospital authority.

Summary of tests
Tests and checks on the pipeline carcas

The following tests must be carried ou r ingtallation of the pipeline
carcass but before concealment:

visual check of pipeline labellin ar , Sleeving and support;
leakage test;

documented tests f@ cross-co ction;

oo o w

zoniny and leakage.

tem

ust be carried out after complete installation of the

tests for ijakage on each medical gas pipeline system;

b. tests of area valve service units (AVSUS) for closure, zoning and correct
control of the terminal units involved;

c. tests for cross-connection, flow, pressure drop, mechanical function and
gas specificity of the terminal units and for cross-connection, mechanical
function and gas specificity of NIST connectors;

d. performance tests of the pipeline system;

e. functional tests of all supply systems;

f. inspection of safety valve certification;

g. tests of warning systems;

h. tests for particulate contamination. These tests may be carried out with
either medical air or after purging and filling with the specified gas. If the
system is not to be taken into immediate use, the tests for particulate
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contamination should be carried out with medical air and the system
then left under pressure.

Tests before use

The following tests must be carried out after purging and filling with the
working gas:

test for particulate contamination;

a

b. test for gas identities;
c. tests for gas quality;
d

checks of the labelling of AVSUs (to include gas label, flow direction
arrow and area served.

General requirements for testing

General

A physical break must always be used betwe
and any in-use system and any systemgfilled
achieved either by deploying the spafigs
valve service units (AVSUS) or by @uitti

“danger do not use” prohibition labe
service.

exgting pipeline systems,
h purge gas. This can be
iy plates incorporated in area
nd capping the pipe. Full-size disc
be fitted to outlets taken out of

must all be carried out, in the order

be necessary to modify the test

ns or extensions to existing systems. Care
sure that the basic principles are followed.
Hils of the tests required for modifications/

q systems.

The tests described in
given, for new installati
programme slig
must be taken
Paragraph 15.
extension exis

orl'leakage is carried out in two stages for pressure gas
irst pressure tests are applied to the pipeline carcass, the
second to the"whole installation, which may include terminal units and
medical supply units as appropriate. There is a third stage, which applies to
vacuum systems only. The whole installation is tested with the vacuum plant
in operation.

Purging and testing must be carried out with clean, oil-free, dry air or
nitrogen, except for those tests where medical air or the specific working gas
is prescribed. All test gases must meet the particulate contamination
requirements of paragraph 15.95. The shield gas may be used for the
leakage test on the pipeline carcass described in paragraph 15.39. Medical
air from the compressor plant may be used to test medical air and vacuum
systems, provided the quality tests (including those for particulate
contamination), as discussed in paragraphs 15.88-15.105, have been
carried out. Cylinders must always be used as the source of test gas for
oxygen, nitrous oxide, oxygen/carbon dioxide and oxygen/ nitrous oxide
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systems in order to prevent the possibility of contamination with oil. Argon
should be used for testing nitric oxide systems.

Before the pipeline system tests are carried out, every terminal unit in a
system under test must be labelled to indicate that the system is under test
and that it should not be used.

NOTE: The terminal units should all be marked “Do not use” before
modifications have started.

Terminal units are required to be supplied with such labelling affixed. Special
connectors will be needed to introduce test gas into different pipeline
systems. These must be of distinctive construction and permanently labelled
with their function and the contractor's name. The location of special
connectors on the site must be recorded and should be subject to routine

The results of all tests must be part of the p
and should show details of the services and . The test
procedures are outlined in paragraph s of the appropriate
forms are given in Appendix 1. All si entitled to copies of the
test forms. The procedure for filin taining these forms should be

the case of compresse@lair systiims, the pressure at the plant must be

reduced below pi n pressure.
All errors foun yng must be rectified and the relevant systems
must be r appropriate before the records are signed.

provide all forms, labour, materials, instruments and
uired to carry out the tests described in paragraphs 15.37—
15.85. This mwst include all cylinders of test gas together with medical gas
probes and the test device described in Appendix 3.

The quality controller (QC) should provide the test equipment specified in
Appendices E and F.

The sequence of tests given in paragraphs 15.44-15.78 and 15.86-15.110
must be maintained. Where a test is repeated one system at a time (for
example cross-connection), the order in which the systems are tested may
be decided on-site by consultation between the contract supervising officer
and the contractor's representative.
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Modifications, extensions or repairs to existing systems

Where modifications, extensions or repairs to existing systems are carried
out, the tests and the sequence of tests summarised in paragraph 15.14
should be followed as far as possible. In any case, great care must be taken
to ensure that the principles of the tests are followed; for example, leakage
tests should always be carried out before cross-connection tests.

The permit-to-work system should always be followed whenever any work is
carried out on an existing system. The authorised person (MGPS) should act
on behalf of the management and would not, therefore, be a member of the
contractor’s staff.

Whenever modifications or extensions are carried out, it is always advisable
to test both the existing system and the new system separately, before the
break-in is made. Existing systems should be tested to determine their
performance and to identify any potential limitatigfis which may arise as a
result of modifications. Where there is any do the cleanliness, it is
obviously desirable that tests for particulate igf1 should also be
carried out on the existing system prior to an U It is the responsibility
of the hospital authority to ensure th teQts are carried out prior to the
design phase of any modifications or @gtens It is the responsibility of the
management to ensure that reme WOk IS carried out on an existing
system.

The tests for particulate
should only be carried ¢ut with rae

ion on any extension or modification
al air.

The exact tests
modification/e
performance of
as possib hat ¢

0 i viously depend on the nature of the
specification should be prepared for the

ompieted system. This specification should be as close
en in Table 23.
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Table 23: Validation and verification: pressure during pipeline system

tests
Medical gas Pipeline distribution  Terminal unit test Max pressure Min pressure (this Plant
pressure kPa flow I/min (see drop in pipeline may vary by +/- 5%  pressure
‘Design at system between max flow kPa
considerations’ for ~ design flow kPa  and static condition)
design flows) kPa
0O, 400 10-100 40 370 430-490
N,O, NO 15
Medical air 20-80
400 kPa
0,/N,0 400 20 90 310 430-490
mixtures 275
inhalationary gasps
Surgical air 770 350 110* 700 kPa at 350 See
700 kPa I/min (max 900 kPa  ‘Design
at no flow condition) consider-
ations’
Vacuum 53.3 kPa 40 26.60xPa 0 kPa (300 mm
(400 mm Hg) (200 H Hg)
below standard
atmospheric
pressure of 101.3
kPa (760 mmHQ)
* To the back of the local regulator 0 nal u
15.34 Existing compressed aifsyste have been designed to provide 250
I/min at the terminal unifin accoflance with HTM 22 (1978). It may not be
possible for suc m ide 350 litres I/min, as specified in Table 4
Chapter 4, andg¢ nay be circumstances where this would be acceptable.

cd in the specification for the performance of the
owever, every effort should be made to comply with the

15.35 It may be nedgssary to repeat some of the system performance tests such
as flow and pressure drop, at selected terminal units on the completed
system to demonstrate satisfactory performance (see paragraph 15.33).

15.36 The break-in to the existing system should be carried out with an inert gas
shield where practical, and a physical break must always be made between
the existing in-use system. A leak test must be carried out using a suitable
leak detection fluid on this joint at working pressure, and the joint purged
with the working gas. Fluxless brazing should, of course, be used. ‘Danger —
do not use’ labels should be affixed to outlets taken out of service in areas
occupied by patients.
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Requirements for pipeline carcass tests
Labelling and marking

A visual check must be made on each pipeline system to ensure that the
pipelines are labelled in accordance with the contract specification, and that
the terminal unit base blocks are marked in accordance with BS 5682:1998.

Sleeving and supports

A visual check must be made on each pipeline system to ensure that the
pipelines are sleeved and supported in accordance with the contract
specification.

Leakage

The aim of this test is to establish that there is n
medical gas systems. This is best shown by t
measuring equipment. With suitable equipm le to make such
measurements during a relatively short test pgiod, may be more cost-
effective and will minimise errors whic ise al\a result of temperature
change.

akage from the piped

of 4 hours must be less than
0.025% per hour. The pressu be corrected for variations due to
temperature (see Appengs ). ems must be tested at a working
pressure of 18.0 bar g
10.0 bar g for all other pressed medical gas systems and 7.0 bar g for
vacuum system
with the area g'\iice units or other valves open.

sections o individually.

During pressude testing, any safety valves and pressure-sensing devices
installed may be removed and the connections blanked off.

It is not desirable to cross-link the carcasses to form a single system for the
purpose of the carcass leakage test.

Cross-connection

The contractor must test for cross-connection and document the results of
these tests.
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Requirements for pipeline system tests
Leakage from total compressed medical gas systems
There must be no links between the MGPS.

This test must be carried out on the pipeline system with the supply system
disconnected, so that gas cannot be supplied to the pipeline from the supply
system. For the purpose of this test, the supply system extends to the last
valve(s) detailed on the appropriate schematic drawing. This point should be
identified on the contract drawings.

A leakage of not more than 0.02 I/hour is permitted from each terminal unit.

The system must be tested at pipeline distribution pressure. After a period
under test, a pressure drop may be observed in thg system. The pressure
drop must not exceed the value calculated from formula:

o= 2n.h
V
where: \

p = gauge pressure drop, in k
n = number of terminal u

h = number of hours st Qetween 2 and 24)
V = volumetric capécity, in lifies, of the pipeline system at atmospheric
pressure.

The following be noted:

(see Appéendix 2);

c. where leakage is in excess of the specified limits, the source of the leak
must be identified and the fault rectified,;

d. the volume of the system may be measured by the procedure given in
Appendix 8.

Leakage into total vacuum systems

Prior to testing, the vacuum plant should be operated to remove any
condensation in the system. With the system at pipeline distribution
pressure and with the source isolated, the pressure increase in the pipeline
must not exceed 10 mmHg after 1 hour. There is no additional allowance for
temperature correction in this test.
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Closure of area valve service units

For pressurised systems the system upstream of the closed valve under test
must be at pipeline distribution pressure and the downstream line should be
evacuated by using an opened flow meter or probe. This upstream pressure
must be recorded and there should be no pressure decrease upstream from
the valve over a period of 15 minutes.

In the event of loss of pressure it will be necessary to identify the faulty
AVSU. This may be accomplished by introducing a pressure to about 1 bar g
after AVSUs, and checking for increased pressure.

For vacuum systems, the systems on the supply plant side of the closed
valve must be at pipeline distribution pressure and the terminal unit side
should be at atmospheric pressure. This upstream pressure must be
recorded and there should be no loss of vacuum ugstream of the valve over
a period of time, typically 30 minutes.

AVSU. This may be accomplished by introdu
mm Hg after AVSUs and checking for '

With pressure in one system
to ensure that each AVSUsg
controls only those ter
labelling of each termin
and is in accord

ipeline under pressure is labelled and
nded in the design (see opposite). The
t be checked to ensure that it is correct
2:1998.

The AVSU un be closed; all other AVSUs should be open.
For press S, the system upstream of the valve should be at
pipeline dis ressure and the downstream section should be de-

pressurised ) about 1 bar. All downstream terminal units should be checked
for pressure avid the results recorded. During the test, the recorded pressure
of 1 bar, or thereabouts, will fall depending upon the number of terminal
units controlled, and it may be necessary to ‘top up’ the pressure to
complete the test.

NOTE: Where pneumatically-activated pendant fittings are installed, a check
should be made to ensure that the power source of medical air has been
taken from the correct AVSU.
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For vacuum systems, the downstream vacuum should be about 200 mm Hg
(27 kPa) and all downstream terminal units should be checked for increase
in vacuum. (As for pressurised systems it may be necessary to “top up” the
vacuum to complete the test.

NOTE: A downstream pressure or vacuum is required to positively identify
terminal units controlled, and to discount the effect of a leaking terminal unit
if the pressure were zero Similar valve closure and zoning tests should be
performed for main service valves.

Cross-connection

Each system in turn, including vacuum, must be checked as follows to
ensure that there is no cross-connection between pipelines for different
gases and vacuum.

Cross-connection tests should not commence
complete. All AVSUs and any other valve in
open on all systems. The system under test
pressure and all other systems must bggat at
must be made to ensure that gas flo
system under test, one at a time, @ad
other terminal units.

installations are

i@ system must be
Ipeline distribution
sphevic pressure. A check
very terminal unit of the
there’is no gas flow through any

The test must be repeate system in turn, including vacuum,
preferably at one sessi

There must be no g@ss-@annegon.

This test must &g, reg gin full if any subsequent modifications are made

drop at terminal units

The pressure@irop must not exceed the values in Table 1 of BS 5682: 1998
(1992), as amended (but see also Table 23 for surgical air systems and
oxygen/carbon dioxide) when each terminal unit is tested one at a time,
using the appropriate device described in Appendix 3, at its specified flow
with the pipeline at pipeline distribution pressure.

Mechanical function of terminal units

It must be demonstrated for each terminal unit that the appropriate gas-
specific probe can be inserted, captured and released, and that the probe
does not swivel in any horizontally-mounted terminal units. In vertically-
mounted terminal units the probe should be capable of twisting without
undue force.

NOTE: This test requires that the terminal unit is complete with its fascia in
place.
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Gas specificity of terminal units

For each terminal unit, it must be demonstrated that gas is released only
when the correct probe is inserted, that no probe is captured, and that no
gas is released when probes for all other gases are inserted. All probes
used for this test must be certified to BS 5682:1998. NIST connectors

For each NIST connector, it must be demonstrated that normal flow of gas is
achieved only when the correct NIST probe is inserted and mechanical
connection made. The NIST probes for all other gases must not make
mechanical connection.

It must be demonstrated (except for vacuum) for each NIST connector that
the self sealing device substantially reduces the flow of gas when the nut
and nipple is removed.

NOTE: Itis not necessary to carry out these te
NISTs which are incorporated into certified

ctory connected

Performance tests of the pipeline sygtem

Each pipeline system in turn should b
by introducing a number of calibrat
at representative terminal unigg, thr
test flow for these termin it
given in Table 23.

era t the specified design flow

ed leaks. It must then be verified
ut the installation, that at the normal
e pressure does not fall below the values

This test requires th

the metere

b. thefl 1as at the test pressure is determined for each jet size
used,

the desi

d. the leaks ¥hust be placed where the downstream flow could be at least
equal to the total flow through the leak. These leaks may be placed at
terminal units, AVSUs or NIST connectors as appropriate. This is not
likely to be the end of the branch;

flow is corrected for the density of the test gas;

e. approximately 20—25% of the terminal units distributed throughout the
system must be tested with the device described in Appendix 3, to
measure the pressure at the specified flow.

For large vacuum systems, the specified design flow may be set by the
procedure given in Appendix 7. With the system running at the design flow, it
must then be verified, at representative terminal units throughout the
installation, that at the normal flow for these terminal units (40 I/min) the
pressure drop does not exceed the value given in Table 23. It may be
necessary to incorporate an additional uncalibrated leak at the plant test
point to stabilise the vacuum level to 450 mm Hg at the plant/pipeline
interface.
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For mixtures of oxygen/nitrous oxide (50% v/v), each terminal unit must be
tested to ensure that a peak flow of 275 I/min for 5 seconds can be achieved
with a minimum pressure of 310 kPa (3.1 bar g). This is the minimum
pressure for satisfactory operation of demand valve regulators. This is in
addition to the total system flow test.

Functional tests of supply systems

For all systems, prior to carrying out any tests, check that the provision is in
accordance with Table 2.

All supply systems must be tested for normal and emergency operation,
according to the manufacturers' manuals and contract specifications. Check
lists must be written for the appropriate functions of all the items of plant in
the installation. Particular attention should be paid to the following:

a. manifold installations — test gas may be usedfor the following checks:

NOTE: The appropriate alarm functions ma he same time.

(i) check that each half of all aut
specified pressures. A standa@d ga
pressurise the manifold a
the operating pressure;

ifolds operate at the
der must be used to
leak allows observation of

(i) check the operation o ressuve regulating valves and non return
valves;

(iif) check the opergiion of aly heaters, where fitted,;
(iv) check t can deliver design flow rate;
(v) check of the emergency manifold,;

lant operates with start-up in the correct sequence
d to the stand-by power source;

b. liquid oxygen installations:

(i) check that the heater unit, where fitted, vapouriser pressure controls,
relief valves, pressure controls and warning devices operate
according to specification;

(i) check the function of the changeover to the reserve manifold;
(iif) check that operation is at maximum specified flow;

(iv) check the operation of the warning and alarm system and the plant
indicator unit;

c. compressed air plants:
(i) check for the correct rotation and current at full load;
(i) check for excessive vibration and noise;
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(iif) check all automatic operations;

(iv) check the changeover to reserve manifold;

(v) check the function of automatic drains and by pass valves;

(vi) check the operation of all plant at its maximum continuous rating;

(vii) check that the power consumption of the compressed air plant is in
accordance with the contract specification;

(viii) check the accuracy of all pressure gauges and thermometers;

(ix) check that the insulation resistance and effectiveness of earthing of
all electrical items are in accordance with IEE regulations — extant
edition;

(x) check that all plant operates with start up in the correct sequence
when switched to the standby power source;

(xi) check that the position of the air intake togtie compressors is in
accordance with the contract specificatn;

(xii) check the operation of the warning m syfiem and the plant
indicator unit;

d. vacuum plants:

(i) check for the correct rotat urrent at full load;

(i) check for excessive noise;
(iif) check all autom
(iv) check the operétion of turn valves and sensors;
f ns and bypass valves;

of all plant at its maximum continuous rating;

(ix) checkshat the insulation resistance and effectiveness of earthing of
all electrical items are in accordance with IEE regulations — extant
edition;

(x) check that all plant operates with start-up in the correct sequence
when switched to the stand-by power source;

(xi) check that the position of the vacuum discharge is in accordance
with the contract specifications;

e. oxygen concentrator plant:
(i) check the operation of cycling systems for each sieve pair;

(i) check the control system to regenerate the sieves in relation to
pipeline demand,;
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(iif) check the operation of automatic changeover to standby molecular
sieve in the event of failure of duty sieve, low O, concentration,
dryness or pressure;

(iv) check the operation and calibration of sensors for O, concentration,
dryness and pressure, and all pressure gauges and thermometers;

(v) check the operation of all pressure-regulating valves and non-return
valves;

(vi) check the activation of appropriate fault indicator and associated
volt-free contacts, and that the sub-assembly remains in this mode
of operation until the fault has been rectified;

(vii) check the operation of each dryer sub-assembly function indicator;

(viii) check operation in the event of a power failure, to ensure that all
valves close in a fail-safe mode and to ensure the operation of the
emergency manifold;

(ix) carry out the same checks for each c resgor as for compressed
air plant;

(x) check the operation of all plant at its rigaxi continuous rating
and check that the design sp ionyor flow, pressure and quality
IS achieved,;

(xi) check the operation of the i nd alarm system and the plant
indicator unit.

Pressure safety valve

Check that the spegifi
valves have bee

essuie safety valves, line valves and non-return

Verify that the va
specificati co

are certified to operate in accordance with the contract
orm to BS 6759: Part 2: 1984.

Warning sygiems

The operation of warning systems should be tested in all operating and
emergency conditions for one function at a time and one system at a time.
Particular attention should be paid to the following:

a. that all warning systems operate within the specified tolerance limits at
all operating parameters and fault conditions, and can be seen and
heard as specified in Table 19;

b. that systems react correctly following return to normal status;

c. that all panels and switches are correctly marked;

d. that all warning functions on all stations operate correctly;

e. that the warning system will operate from the essential supply standby
power source;
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f. that all systems are labelled to show the areas they serve, or as detailed
in the contract specifications.

The following tests should also be carried out:
a. for central alarm panels, check that the operation of the mute switch

cancels the audible alarm and converts the flashing signals to steady;

b. for repeater alarm panels, check that the mute switch cancels the
audible alarm and that the flashing signals are converted to steady only
when the central alarm panel,

c. for area alarm panels, check that the operation of the mute switch
cancels the audible only;

d. check power failure operates red “system fault” indicator and audible;

e. check that a contact line fault operates the “system fault” indicator, the
alarm indicator and the audible;

f. check communication/wiring faults betwe
operate the “system fault” indicator and &ud

| and repeater alarms

g. check audible reinstatement for e alarig) paner,

h. check that the audible can be coli§auo uted via operation of the
internal push-button for gas s€fgice§arm condition only;

i. check for correct identifi
“departmental” or pla

h gas service on alarm panels and

Verification of as-fittefl drawir®ys

written in the expectation that this will happen. In such circumstances the
contract should require that the particulate contamination and odour tests
specified in paragraphs 15.95 and 15.105 are carried out as an interim
measure, using medical air as the test gas. Satisfactory completion of these
particulate contamination and odour tests may then signify the completion of
the construction contract.

NOTE: With the exception of medical compressed air systems supplied from
compressors, medical compressed air cylinders should be used. For nitric
oxide systems, oxygen-free nitrogen cylinders should be used.

It is the responsibility of the client to ensure that proper provision is made in
a specific contract for the maintenance, integrity and any special connectors
which may be required during this interim period.

Version 2.0: June 2001 Page 197 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum




15.81

15.82

15.83

15.84

15.85

15.86

15.87

15.88

SHTM 2022 (Part 1): Medical gas pipeline systems

All MGPS should be left filled with medical air at pipeline distribution
pressure until they are filled with the specific working gas shortly before use.
The medical vacuum pipeline need not be maintained under vacuum.

Provision should be made for regular running and maintenance of all supply
plant during such an interim period.

Details of the work carried out, as well as records of the system pressures,
should be recorded. This information is required in order to demonstrate that
the systems have been satisfactorily maintained under pressure during this
interim period. Tests for particulate contamination should be carried out after
the systems are filled with the specific gas. The extent of the tests is at the
discretion of the quality controller (QC).

Check that a “Danger — do not use” label is affixed to each terminal unit.

When the construction contract has finished, th ntractor should record

the removal of all special connectors and cyli

ed with the specific working gas shortly
should apply:

Each pipeline system mu
before use. The followin§y conditio

a. all sources of 198 ustéie disconnected;

b. all special g& gors must be removed from site;

c. each pipeline®/stem must be at atmospheric pressure with all AVSUs

open;
d. eachs must be filled to pipeline distribution pressure with the
specific gys from the supply system;

e. with the supply system on, each terminal unit must be purged at a
known flow with a volume of gas at least equal to the volume of the
pipeline being tested,;

f. all oxygen, nitric oxide, oxygen/carbon dioxide mixtures, nitrous oxide,
and nitrous oxide/oxygen mixtures released during the purging process
must be disposed to a safe place.

Purging is not necessary for vacuum systems.
Quality of compressed medical gas systems

General

The objective of these tests is to establish whether the pipeline has been
contaminated during construction or modification. With the exception of the
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particulate contamination and odour tests, these tests must be carried out
after the systems have been filled with the specific working gas. Oxygen,
oxygen/carbon dioxide, nitric oxide, and nitrogen must be vented to a safe
place. These tests are not required on a vacuum system.

These test procedures are based on existing practice. The particulate
contamination test is subjective in that it requires the quality controller (QC)
to make a judgement on whether or not particles are visible on the filter.

The oil, water, carbon monoxide and carbon dioxide tests are intended to be
carried out with detector tubes. These tubes give a quantitative response
and are not intended for re-use. The tubes should be agent-specific since
non-agent- specific (poly-test) tubes can respond to various agents such as
volatile inorganic compounds, giving misleading results. A dewpoint meter
could be used for water content.

These tests must be carried out on a representagve sample of terminal units
in each system at the discretion of the QC. T e must include as a
minimum the most distant terminal unit on eggh rmally the first
terminal unit to be tested. Depending on the e tests, the QC
should decide the number and locati
tested.

These tests are summarised |

Medical compressed air
the pipeline distributionfsystem i

plant should be tested for quality before
d with the working gas.

Quality tests sho Coll t on the plant as well as on the pipeline
distribution sy:

Particula

The test fo te matter should be carried out at every terminal unit. It
can be carriell out either after completion of the construction phase or after
the system has been filled with the specified gas. If, after construction, the
system is to be left filled with medical air, the particulate test would be
completed first. Once the system is filled with working gas, it would not
normally be necessary to repeat the test at every terminal unit. The actual
number of terminal units sampled is at the discretion of the QC. It would,
however, be necessary to repeat the test in full where there is insufficient
evidence to show that a system has been satisfactorily maintained under

pressure when left filled with medical air for the interim period.

The most distant terminal unit on each branch must be tested with a
membrane filter at a flow not less than 150 I/min for 30 seconds. The filter
must be free from visible particles when viewed in good light. A suitable test
device is described in Appendix 4. All other terminal units should be purged.
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Table 24 Summary for quality tests for medical gases pipeline systems

Test Gas Paragraph Specification Test result
Particulates All 15.95 Practically free Practically free from
from visible visible particles on
particles in 75 | membrane filter*
sample
Pipeline odour  Oxygen and 15.105 None * No odour
medical air and
surgical air
Water All 15.99 115 VPM®0.095 H,O detection tube
mg/l equivalent to satisfactory2
dewpoint-40°C at
atmospheric
pressure)
Oil Medical air 15.97 Oil content droplet Oill
400 kPa and mist detection
Surgical air Oil va tube
700 kPa <5p satisfactory
oxygen supplied
from PSA plant
CO Medical air 15.101 v Gas
400 kPa detection
Surgical air tube
700 kPa satisfactory
Oxygen supplied
from PSA plant
CO, Medical air 15.102 <500 ppm v/v Gas
400 kPa detection
i tube
satisfactory
<300 ppm v/iv
NOTES

15.97

15.98

it of resolution of human eye.

ay be used instead of H,O detector tubes.

e is required to detect these levels (at least 2 hours running).

Odour threshold for particulate material is approximately 0.3 mg/m®

The current moisture specification for oxygen is 60 vpm, the proposed Ph Eur for O, /air and
N,O is 50 vpm.

Testing on-site cannot be as accurate as testing under manufacturing conditions.

Oil

A representative sample of all terminal units on medical compressed air
systems and oxygen concentrator systems supplied by compressor plant
must be checked to ensure freedom from odour or oil.

The most distant terminal unit on the index pipe run and plant test point must
be tested for the total oil content. Oil may be present as liquid, aerosol or
vapour, and an appropriate test device is described in Appendix 2. The total
oil content should be in accordance with Table 24. This test must also be
carried out at a test point on the compressor system and oxygen
concentrator system. It is desirable to carry out this test at a plant test point
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before any pipeline system is supplied by that plant, to prevent
contamination of the pipeline distribution system. Care should be taken in
selecting the test point, to ensure a representative sample.

NOTE: The compressor plant must only be used to supply medical air
systems and vacuum systems for test purposes.

Water

This test is intended to identify contamination of the pipeline system by
moisture. It should not be confused with the test for compressor plant dryer
performance, although it may indicate a failure in the dryer system.

The plant test point and a representative sample of terminal units distributed
throughout the pipeline systems should be tested for total water content. The
water content must not exceed 115 vpm. The typigil water content of

y be measured using
the appropriate test device described in Appgn n monoxide.

The most distant terminal units on eac
system supplied from a compressor A systems must be tested
for carbon monoxide, although it lly be necessary to test
more than five terminal units. The c€gcerigation of carbon monoxide should
not exceed 5 ppm v/v. This ured at up to five terminal units in
each system using the ap r vices described in Appendix 5.

dical air pipeline

Carbon dioxide

The most dista al'omi each branch of a medical air pipeline

system supplie dapressor or an oxygen concentrated plant must
be tested for carb@i dioxide. The concentration of carbon dioxide must not
exceed 5 v/

Carbon dio must not be used as the inert gas shield during brazing.

Version 2.0: June 2001 Page 201 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum




15.104

15.105

15.106

15.107

15.108

15.109

15.110

SHTM 2022 (Part 1): Medical gas pipeline systems

Nitrogen

Nitrogen is used as the inert gas shield, and all terminal units, should be
tested to ensure that the systems have been adequately purged. For oxygen
systems and nitrous oxide/oxygen, an oxygen analyser must be used to
ensure that the oxygen concentration is not less than that given in Tables 24
or 25. For nitrous oxide systems, nitrogen has been used as the inert gas,
and an instrument based on thermal conductivity, or an infra-red meter, must
be used to check that the system has been adequately purged at every
terminal unit.

Pipeline odour

This test must be carried out as the final test. A representative sample of
terminal units on all systems must be checked to ensure that there is no
taste or odour. This check is performed to ensureghat no contamination has
is pipe caps, etc. This
ide/oxygen

ill release small quantities
rea throughout their life, for

nt assemblies, etc. Research has
d are of no toxicological significance.

of volatile organic matter into the ga
example, flexible hose assenTigi
indicated that the quantiti

Gas identificat]

be tested at every terminal on all MGPS. This
would include al terminal units, whether on a new installation or a
jon, and a representative sample of terminal units on
hich may have been affected by the work. All systems
n filled with the specific gas according to paragraph 15.86.
do not connect any system to medical equipment.

an existing
must have
During the te

The composition of all compressed gases must be positively identified. This
can be accomplished using an oxygen analyser for oxygen, nitrous
oxide/oxygen and air, and a thermal conductivity or infra-red meter for
nitrous oxide.

A sampling procedure must be used which will minimise pollution from nitric
oxide, nitrous oxide and nitrous oxide/oxygen mixture.

The nominal gas concentration at the specific terminal units is given in Table
25.

Vacuum must be identified by observation of suction at the terminal units.
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Table 25: Gas concentrations for identification purposes

Medical gas Oxygen concentration Nitrous oxide concentration
% viv % viv

0O, minimum 99.0 n/a

Medical and surgical air 21.0+/-1.0 n/a

N,O 0 minimum 98.0

N,O/O, 50%/50% 50.0 +/- 2.0 50.0 +/- 2.0

Notes:

1. The tolerance of the measuring instrument should be allowed in
addition.

2. For oxygen concentrator plant (PSA) supplied system, the minimum
concentration must be 94% oxygen.

3. For bulk liquid/liquid or gaseous cylinder sup
in accordance with the European Pharma
requirements.

d systems, this must be
iap(Ph Eur)

NOTE: 93% was the suggested EP figure wh

ering specification.

Requirements before a MGRS i ken'into use

General

Before a system is use
the tests and procedur

iate persons must certify in writing that
in paragraphs 15.37-15.78 and 15.86—
15.110 have bee d that all systems comply with the
requirements. t include certification that all drawings and manuals
required by the e been supplied and “as-fitted” drawings are
correct.

It must be d that the AVSUs and the warning systems have been
labelled in adgordance with the contract specification and are labelled (or will
be labelled prior to formal use) in a secure manner to state where they
serve.

All certificates must be dated and signed by the appropriate witnesses, by
the contract supervising officer and by the representative of the contractor.

For modifications or extensions to existing systems, the performance tests
for flow and pressure drop (as described in paragraph 15.68) must be
carried out on the completed system using the working gas. If the
performance is in accordance with the specification prepared (as described
in paragraphs 15.29-15.36), the system may be taken into use, provided
that all the other tests have been satisfactorily completed.
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Operational policy

A procedure must be available in accordance with the ‘Operational
management’ part 2 of this SHTM, and must ensure continuity of supply of
cylinders and bulk liquid. This will incorporate a procedure for recording
delivery, handling and storage of full and empty cylinders, with an indication
of who is responsible for these activities. the composition of the cylinder
contents must be certified by the supplier. All deliveries of bulk liquid oxygen
should be tested for conformance to the product licence specification before
despatch by the supplier, and should be supplied with a certificate indicating
compliance.

Cylinder storage and handling

There should be recorded visual checks for correct labelling, including batch
numbers. See the ‘Operational management’ parig of this SHTM.

Removal of construction labels

When all tests have been completed satisfactdily, thie construction labels
which were fixed to the terminal unit 0 emoved on the authority of
the authorised person (MGPS).

Anaesthetic gas scave

3
n

General

BS EN 737 and B3 S fy the tests to be carried out on AGS

g @ with British Standards. The tests specified are
~ g Wre that the system performs in accordance with
ifiCqgion and safety tests, to ensure that the safety criteria

performance te
the desig
are met.

Systems whig¢h do not comply with the British Standard should also be
tested to ascertain their performance and to ensure that the criteria for
patient safety can be achieved.

The tests for performance and safety criteria are described in this Chapter. It
is recommended that all AGSS are tested at commissioning and that the
tests are repeated yearly, or more frequently if there is reason to suspect
that the performance of the system is not satisfactory. Monitoring staff
exposure to anaesthetic gases is recommended in the ‘Operational
management’ part 2 of this SHTM in order to comply with the requirements
of COSHH. The results of such monitoring will identify potential
inadequacies in the AGSS, which should then be tested to ascertain its
performance.

The responsibility for the tests should be clearly identified at the contract
stage for new installations, in the same way as for the MGPS. In general, the
contractor should carry out the tests, which should be witnessed by the
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authorised person (MGPS). It is unlikely that each health authority or trust
can justify the purchase of the specialist equipment required to carry out
these tests, unless there are a significant number of AGSS installed on the
site.

The general requirements set out in this volume for validation and
verification should be followed, including tests for cross-connection and
mechanical function of terminal units.

Performance tests: disposal systems
Powered device

All equipment should be tested to ensure that it performs satisfactorily during
continuous operation under full load for one hour.

All electrically-powered equipment should be te as follows:

a. check for correct rotation;

b. check the current through the powered detiice | load;

c. check the insulation resistance th iveness of the earthing of
all electrical items.

Pipework/ductwork install

n
The procedure set out igF'BS EN and BS EN 740 should be followed.

Where the AGSS igains d withi other medical gases systems, it should be
included in the nn n tests as specified in paragraph 15.58.
Performaice te g

The dispo should be tested to ensure that it meets the following
requirement§regardless of the number of terminal units on the system:
Pressure drop Extraction flow

1 kPa maximum 130 I/min

4 kPa minimum 80 I/min

NOTE: Developments in oxygen standards may result in reduced extract
flows for systems in the future.

These criteria should be met, regardless of the number of receiving systems
connected to the disposal system.

The test should be carried out as described in BS EN 737 and BS EN 740.
Where a disposal system is designed to operate with more than one
terminal unit, that is, more than one receiving system in use simultaneously,
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the test should demonstrate that the above criteria can be met under all
conditions, that is, with one or all of the terminal units in use.

The test device should therefore first be inserted into each terminal unit in
turn, with all other terminal units closed. The test should be repeated with all
other terminal units open and in use. Ideally, this would mean inserting a test
device into every terminal unit on the system and checking at each terminal
unit in turn that the required criteria are met. In practice, it is sufficient to
connect a receiving system conforming to BS EN 737 and BS EN 740 to
every terminal unit, and to then check each terminal unit in turn.

The contractor should provide a certificate giving details of the performance
of the system.

Receiving system

The induced flow into the receiving system by th
tested at every receiving system, to ensure th
exceed 0.5 I/min.

isposal system should be
ifduced flow does not

The procedure and the test equipmentagauire@ are described in BS EN 737
and BS EN 740.

Performance efficiency

ceis setoutin BS EN 737 and BS EN
comprising a mixture of oxygen and

It should not be
receiving

detect any nitrous oxide in the vicinity of the
n the system is challenged in this way.

This test is ult to carry out under site conditions, since it is not easy to
set up the cogect challenge flow and the ambient conditions will affect the
results. This t€st should be carried out under laboratory conditions by the
manufacturer of the receiving system and a certificate should be provided in
accordance with BS EN 737 and BS EN 740.

It may be necessary to carry out an assessment of the performance of an
existing scavenging system which does not comply with BS EN 737 and BS
EN 740. In this case, the test procedure set out in the British Standard
should be followed as far as possible.

The operation of flow indicators, power-on indicators and alarm systems
should also be checked.

For the purposes of diversity it may be assumed that in any operating
department, one receiving system for each operating suite is in use at any
time.
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Methods and procedures for validation and verification of
medical gas pipeline systems

General

The procedure given here is an example only. Other procedures may be
used, but validation of the test method should be documented.

The sequence of tests in this procedure is important and should be followed.
The general requirements of paragraphs 15.17-15.36 must be observed.
All tests will need to be planned and carried out by the appropriate persons.

Forward planning will be necessary to ensure that the necessary persons
and test equipment will be available.

Summaries of the tests required on the pipelin@cargfss and on the total
pipeline system are given in Tables 22 and

Labelling and marking

Inspect each pipeline carcass to
are labelled in accordance with the
that the terminal unit base bl
5682:1998.

urc@hat the pipelines and the AVSUs
tracyspecification, and BS 1710 and

ed in accordance with BS

If the labelling and marking is carect, complete Form B1.

If the sleevingi and supports are correct, complete Form B1.

Table 26: Summary of tests required on pipeline carcass

Test order Description Form

1 Labelling and marking Bl

2 Sleeving and supports Bl

3 Leakage Bl

4 Cross-connection B1
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Table 27; Summary of tests required on pipeline system.

Test order form Description

5 Leakage from total compressed into total vacuum system B3
6 Leakage into total vacuum system B4
7 Closure of AVSU B5
8 Zoning of AVSU B5
9 Cross-connection B6
10 Flow and pressure drop at terminal units B7A
11 Mechanical functions of terminal units B7A
12 Gas specifity of terminal units B7A
13 NIST connectors B7A
14 Performance tests of the pipeline system B8
15 Functional tests of supply system B9
16 Pressure safety valves B10
17 Warning systems B11
18 Verification of drawin B12
19 Filling with medical al B13
20 Purging and filling spedific gases B13
21 Quality B14
22 Gasi B15
Leakage

1\ to link the carcasses to form a single system for the
aremust be taken to ensure the links are removed.

ay be carried out on sections of the pipeline,

e pipeline is omitted.

If it has been
purpose of this
Alternativ et
provided n

General conditions

The pipeline should be completely installed and correctly supported. The
base blocks of all terminal units should be fitted and blanked. Other devices
such as safety valves or pressure sensors need not be fitted. All connection
sockets for such devices should be blanked.

Procedure

Connect a suitable pressure measuring device to the pipeline. Fill the
pipeline with test gas at the specified test pressure. Disconnect and remove
the gas supply. Record the pipeline pressure and room temperature initially
and again at the end of the test period (2—24 hours).
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Results

The rate of pressure drop during the tests should be less than 0.025% per
hour, except for pressure changes due to temperature variations. The
pressure change due to temperature variation is approximately 0.35% per
°C. Record the results on Form B1.

Cross-connection

Any links between the systems should be removed before this test is carried
out. All pipelines should be at atmospheric pressure and all AVSUs should
be open. A single pressure source should be used and connected to one
pipeline at a time. This should remain under pressure throughout the test. At
least one base block on all other pipelines should be fully open.

Procedure

at no gas flows from
nder pressure.
pened, checked for
comipleted on one pipeline,
pipeline should be left
then be pressurised and the

Connect one pipeline to the pressure source.
the open-base block on the other pipelines vwhi
Each terminal unit on the pipeline under test
flow and then reblanked. When testin
the pressure source should be remo a
open to atmosphere. Another pipetige uld
procedure repeated.

Results

The contractor should riicord thal satisfactory tests have been completed on
Form B2.

Leakage from medical gas systems

ibed above should have been completed
inal unit valves and other devices such as safety valves
ensors should be fitted. The supply system should be isolated
from the pipelte. there should be no links between the pipeline systems.
The test may be carried out on sections of each pipeline, provided no
section is omitted. Different sections and pipelines may be tested at the
same time.

e

Procedure

Connect a suitable pressure measuring device to the pipeline. Fill the
pipeline (or section of pipeline) with test gas at pipeline distribution pressure.
This filling procedure may also be used to measure the volume of the
pipeline (see Appendix 8). Disconnect and remove the gas supply. Note the
pressure and temperature initially and again at the end of the test period.
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Results

The rate of pressure drop during the test period should not exceed the value
specified in Table 23, after allowing for pressure changes due to
temperature variation. Record the results on Form B3.

Leakage into vacuum systems

The leakage test described above should have been completed
satisfactorily. All terminal unit valves and other devices, such as pressure
sensors, should be fitted. The vacuum supply should be connected to the
system under test.

Procedure

Connect a vacuum gauge to the system. Run the vacuum supply system to
maintain pipeline distribution pressure until the pigeline system is dried out.
With the system at pipeline distribution press i e the vacuum supply
system. Note the vacuum initially and again h

Results

Record the results on Form B4. T
not exceed 10 mmHg. There is no
variation in this test.

p ure Ificrease after one hour should
| allowance for temperature

Closure of AVSUs

The test specified igghargaraphg’15.50-15.53 must have been completed
satisfactorily.

Procedure

IS test is as follows:

a. connect cyoressure-measuring device to the system. The system should
be at pipeline distribution pressure, with all AVSUs closed,;

b. depressurise the pipeline downstream of all AVSUs by inserting and
leaving an open probe or flow meter into downstream terminal units.

Results

Record the results on Form B5. There should be no pressure or vacuum
decrease upstream of the valve under test.

Zoning of AVSUs

The tests specified in paragraphs 15.54-15.57 must have been completed
satisfactorily.
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Procedure
The procedure for the test is as follows:

a. connect a pressure-measuring device to the system. The system should
be at pipeline distribution pressure, and all AVSUs except the one under
test should be open;

b. decrease the pressure in the pipeline downstream of the AVSU under
test to about 1 bar g (or 200 mm Hg (27 kPa) for vacuum). Note the
number of terminal units controlled by the AVSU and check that they are
all at the test pressure of 1 bar g (or 200 mm Hg (27 kPa));

c. as test probes are inserted into terminal units in the section under test,
there may be loss of pressure or vacuum. If necessary, re-adjust the test
pressure;

d. check the AVSU for leakage into the environ

Results

Record the results on Form B5. Open the A t eve pipeline
distribution pressure and proceed to next AVSU.

During the test, it will be necessa h the supply system connected to
maintain pressures.

Cross-connection

These tests should be Garried ot on one pipeline at a time. All pipelines
should be at atmogPENgri e and AVSUs should be open. A single-
pressure sour d be used and connected to one pipeline at a time,

which should re ﬁ ' pressure throughout the test.

Procedure
The proceduis is as follows:
a. connect one pipeline to the pressure source at pipeline distribution

pressure,

b. in order to depressurise the other system, insert an open probe into one
terminal unit on each other system. Check that no gas flows into or out
of these probes;

c. check that gas flows through every terminal unit of the pipeline under
pressure;

d. check that there is no gas flow from any other terminal units when they
are opened with the correct probes.

Results

Record the results on Form B6 if there are no cross-connections.
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Repeat the procedure described above on each pipeline in turn, including
vacuum, preferably at one session. This test should be repeated in full if any
subsequent modifications are made to the pipeline system during
construction.

Functional tests of terminal units

These tests may be carried out at the same time as the cross-connection
test described above. In this case, only one system at a time is pressurised.

Procedure
The procedure is as follows:

a. before commencing the tests, check that the test equipment meets the
requirements given in Appendix 3 for the system under test. All terminal
units should be complete with the fascia plat

b. insert the test device described in Appen each terminal unit in

specified flow does not exceed the value given ragraph 15.63;

c. check that the gas-specific prob rted, captured and
released and that it does not sy horizGntally-mounted terminal
units, and that it can swivel with e force in vertically-mounted
terminal units;

a

d. check that no gas is t each terminal unit by the probes for all
other gases used, bes can be engaged,;

e. check that all I s accept the NIST probe for the correct
onnection is made. Check that the NIST

2s do not make mechanical connection;

NOTE: NI
(see parag

f. note that the NIST self-sealing device functions as specified in
paragraph 15.67.

Results

Record the results on Form B7A, if they are in accordance with paragraphs
15.63-15.67. (Note numbering)

Performance tests of the pipeline system
These tests should be carried out on one system at a time.

All AVSUs should be open. Connect a supply of test gas at the supply
source of sufficient capacity to meet the total design flow of the system. The
vacuum supply system may be used to test the vacuum pipeline system, as
described in Appendix 7.
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Procedure
The procedure is as follows:

a. Iinsert leaks into selected terminal units, AVSUs and NISTs as
appropriate throughout the system under test, to provide a total flow
equal to the total design flow of that system;

b. run the system so that the pressure/vacuum at the source meets the
specification given in column 6 of Table 23;

c. check the gauge pressure at the specified flow (Table 4) at selected
terminal units throughout the system;

d. record the results on Form B8 if they are in accordance with paragraph
15.68.

NOTE: Remedial work may be needed if these specifications are not met.

Supply system tests
General

All supply systems should be installe dc cted to normal and standby
power supplies.

Procedure

The procedure is as fol

a. the functions
checked;

arameters of each item of plant should be

b. the supply s ms should be shown to operate on the essential power
suppl

c. all pipe jolrits should be tested for leakage at normal operating
pressur

d. the compressor plant should be tested for leaks during normal running.
Results

It should be confirmed that the manufacturer's specification meets the
requirements of the contract specification.

Record the results on Form B9, if they are in accordance with the specific
checklist.
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Safety valve inspection

Tests of safety valves are not required.
Procedure

The procedure is as follows:

a. Iinspect each safety valve to check that the discharge capacity and the
set pressure are in accordance with the contract specification;

b. check that the safety valves conform to BS 6759: Part 2;
c. Inspect the certification supplied with each valve.

Results

Record the results on Form B10 if they are in accgpdance with paragraph
15.72.

Warning system tests

General

The tests should be carried out fo
time.

e ction at a time on one system at a

All alarm systems shoul stalled and in operation.

Procedure

b. observeWiat the appropriate changes in warning-system conditions
occur in ggcordance with paragraphs 15.76 and 15.77;

c. check that the warning system will operate from the essential power
source.

Results

Record the results on Form B11 if they are in accordance with paragraphs
15.76 and 15.77.

Verification of drawings
Procedure

Inspect the “as-fitted” drawings, to ensure that all variations from the
contract drawings have been recorded.
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Record the results on Form B12, if the drawings are in accordance with
paragraph 15.78.

Filling with medical air

When an indefinite period may elapse before the system is taken into use, it
should first be tested for particulate contamination, using medical air, as the
test gas, in accordance with paragraphs 15.79-15.85.

Procedure

The procedure in paragraphs 15.79-15.85 should be followed for the
particulate contamination test only, in accordance with paragraphs 15.95
and 15.96. If the test is satisfactory, the system should be filled with medical
air and left pressurised at pipeline distribution pressure.

Results

If the results are satisfactory, they should bege d ong~orm B13, which
should be annotated to indicate that the systein hagb tested with
medical air.

Special connectors

At the end of the contract peré
special connectors are re

tractor should ensure that any

Purging and filling with speci
General

The following sh be carried out prior to purging and filling with the
specific g Sy s may be filled with their specific gases at the same
time):

all previo@s tests should have been satisfactorily completed;

b. each pipeline system should be connected to its source of supply, with
all AVSUs open;

all sources of test gas should be disconnected;
all special connectors and cylinders should be removed from site.

Procedure
The procedure is as follows:

a. starting at atmospheric pressure (except for vacuum systems), fill each
pipeline system to pipeline-distribution pressure;

b. with the supply system on, purge each terminal unit with a known
volume of gas at least equal to the volume of the pipeline being tested;

Version 2.0: June 2001 Page 215 of 264
© Borders General Hospital NHS Trust on behalf of
NHSScotland Property and Environment Forum



15.199

15.200

15.201

15.202

15.203

15.204

SHTM 2022 (Part 1): Medical gas pipeline systems

c. leave each system at pipeline-distribution pressure, with the supply
system connected.

Results

Record on Form B13 that the systems have been filled in accordance with
paragraph 15.86.

Tests for quality

The pipeline systems should be at pipeline-distribution pressure and filled
with the specific gas, except for tests for particulate contamination, which
may be carried out with medical air if the system is not to be taken into use
immediately.

Procedure

The procedure is as follows:

hafild be carried out on
eaC¥’system, at the
ude as a minimum the most
ould normally be the first

a. the tests specified in paragraphs 15.88—
a representative sample of termin i
discretion of the QC. The sampl
distant terminal unit on each
terminal unit to be tested. Dep
should decide the numb ion“of additional terminal units to be
tested,;

c. thetests are s

Results

Tests for gaf\identity

General

All systems should preferably be tested at the same time. The previous tests
must have been satisfactorily completed.

Procedure

The tests specified in paragraphs 15.106-15.110 should be carried out at all
terminal units, using the equipment described in Appendix 6.
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Results

Record the results on Form B15 if they are in accordance with paragraphs
15.106-15.110 and Table 25.

System taken into use

When all the tests have been satisfactorily completed, the construction
labels should be removed and the system may be taken into use.
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Appendix 1

Testing, commission and filling for use: forms to be
completed during testing and commissioning of piped
medical gases systems

Form
Summary of tests BO
Carcass tests

Labelling and marking Bl
Sleeving and supports Bl !

Leakage test

Cross-connection
System tests
Leakage test B3

Vacuum leakage ig B4
AVSUs — clos d*Zzaning tests B5
Cross-conpection g B6
Functiona inal units

and QIST connectors B7
Design flow p€rformance test B8
Sources of supply B9
Pressure safety valves B10
Warning systems B11
Verification of drawings B12
Purging and filling B13
Quality B14
Gas identification B15
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Medical Gas Pipeline Carcass Tests

Hospital

File Number

Summary of tests

Form BO (Sheet of Sheets)

Scheme

Date

This is to certify that the following tests have been carried out:

Form Test Carried Out Satisfactorily
System
Carcass tests
Labelling and Marking B1
Sleeving and Supports B1
Leakage Test B1
Cross Connection Tests B2
System Tests
Leakage Test B
Vacuum Leakage Test B
Area Valve Service Units — Closure and Zoning B5
Tests
Cross-connection Test
Functional Tests of Terminal Units and NI B7
Connectors
Design Flow Performance Tests
Sources of Supply B9
Pressure Safety Valves B10
Warning Systems B11
Verification of Drawings B12
Purging and Filling B13
Quality B14
Gas Identification B15
Permit-to-wor
Construction L
Responsible Offige
Status Signed
Date Name

All appropriate tests satisfactorily carried out. System may now be taken into use.

Authorised Person (MGPS)

Status

Signed

Date

Name
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Medical Gas Pipeline Carcass Tests Form B1 (Sheet of Sheets)
Hospital Scheme
File Number Date

Part 1 — Leakage Test, Labelling and Marking, Sleeving and Supports

This is to certify that a LEAKAGE test in accordance with paragraphs 15.39 — 15.42 was
carried out on the piped system on this scheme and that during the test, a pressure, as
shown in column 2 below, was held as follows.

A certified gauge number was used.
Section Test Hours Pressure | Pressure | Pass/Fail Labelling Sleeving
Tested (1) | Pressure | on Test | Drop Drop Specification & Marking and Supports
2) 3) (kPa) %l/hr 0.025% as para as para
4 (5) (6) 15.37 15.38
Yes/No Yes/No
) ®

Part 2 — Link Betweg
For the purpose of €

A

S test, the following links have been made:

This is to certif the above tests have been carried out and that the following links have been

removed:

Contractor’s representative
Status Signed

Date Name

Contract Supervising Officer

Status Signed
Date Name
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Medical gas Pipeline Carcass Tests Form B2 (Sheet of Sheets)
Hospital Scheme
File Number Date

Cross Connection Test

This is to certify that a CROSS CONNECTION test, in accordance with paragraph 15.43 was
carried out on the following medical gas pipeline systems:

No cross connections between these systems were found.

Contractor’s representative

Status Signed
Date Name
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Medical Gas Pipeline Total System Tests

Hospital

File Number

Form B3 (Sheet

Scheme

of

Sheets)

Date

Leakage Test from Total Compression Gas System

This is to certify that a LEAKAGE test in accordance with paragraph 15.44-15.48 was carried

out on the piped system on this scheme and that during the test, a pressure of kPa
was held for hours with a pressure drop of kPa.
Section Tested No of Hours Volume | 2n/h Pressure | Pass/Fail
Terminal on of \V/ Drop
Units (n) Test (h) system found
V) (kPa)
Contractor’s Repre
Status Signed
Date Name
Contract Supervigag Officer
Status Signed
Date Name
Witnessed on behalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B4 (Sheet of Sheets)
Hospital Scheme
File Number Date

Leakage into Total Vacuum System Test
This is to certify that a LEAKAGE test in accordance with paragraph 15.49 was carried out

on the piped vacuum system at a system pressure of mmHg. The pressure
increase after 1 hour was mmHg (max 10 mmHg).

Contractor’s Represe ve

Status Signed

Date Name

Contract Supervising Officer

Status Signed

Date Name

Witnessed on behalf of
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Medical Gas Pipeline Total System Tests Form B5 (Sheet of Sheets)
Hospital Scheme
File Number Date

Area Valve Service Units-Closure and Zoning Tests

This is to certify that CLOSURE and ZONING of the AVSUs was tested in accordance with
paragraphs 15.50-15.57 on the pipeline system as follows:

AVSU Number Test Downstream | Terminal Terminal
Pressure | pressure Units Unit
(kPa) change after | Controlled Labelling

15 min (kPa) | (Total no)

Contractor’s Repreg @

Status Signed
Date Name
Contract Superviging Officer
Status Signed
Date Name
Witnessed on behalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B6 (Sheet of Sheets)
Hospital Scheme
File Number Date

Cross Connection Test

This is to certify that a CROSS-CONNECTION test in accordance with paragraph 15.58-15.62
was carried out on the following medical gas pipeline systems:

Contractor’s Repres e
Status Signed
Date Name
Contract Supervising Officer
Status Signed
Date Name
Witnessed on behalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B7a (Sheet of Sheets)
Hospital Scheme
File Number Date

Functional Tests of Terminal Units
(in accordance with the Contract Specification and paragraphs 15.63-15.65)

System
Specified Flow I/min  Specified Pressure Drop kPa
Specified
Specified Pressure
TERMINAL Room ;Igr\:;/eved ,I:A)\cr:ﬂi)eved Mechanical Gas
UNIT NUMBER | Number Yes/No Yes/No Function Specificity
Contractor’s Repre Q
Status Signed
Date Name
Contract Supervisgag Officer
Status Signed
Date Name
Witnessed on behalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B7b (Sheet of Sheets)
Hospital Scheme
File Number Date

Functional Test NIST Connectors
(in accordance with the Contract Specifications and paragraphs 15.66-15.67)

System

NIST Gas Location or Room Gas Specificity | Self-Sealing
Identification Number Pass/Fail Adequate/Inadequate

Contractor’s Repres

Status Signed
Date Name
Contract Supervising Officer

Status Signed
Date Name
Witnessed on behalf of

By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B8 (Sheet of Sheets)
Hospital Scheme
File Number Date

Design Flow Performance Tests
(in accordance with paragraphs 15.68-15.71).

System System design flow (I/min)
Terminal Unit test flow (I/min) Test Pressure (kPa).
Minimum gauge pressure allowed (kPa).

Terminal | Room | Specification | Terminal | Room | Specification | Terminal Room Specification
Unit No No Met (V) Unit No No Met (V) Unit No No Met (V)

Contractor's Represendive

Status Signed
Date Name
Contract Supervising Officer
Status Signed
Date Name
Witnessed on behalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests

Hospital

Scheme

File Number

Date

Form B9 (Sheet of Sheets)

Source of Supply

This is to certify that the following sources of supply have been tested according to paragraphs
15.72-15.73 and the attached sheets and found to comply with the specification.

Source of supply

Contractor’s Representative
Name/Signature

Contract Supervising Officer
Name/Signature

Manifold

Manifold

Manifold

Liguid Oxygen Plant

Air Compressor

Vacuum Plant

Oxygen Concentrator

Witnessed on behalf of

By

Status

Signed

Date
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Medical Gas Pipeline Total System Tests Form B10 (Sheet of Sheets)
Hospital Scheme
File Number Date

Pressure Safety Valves

The pressure safety valves fitted to the pipeline systems have been inspected together with
their certification and are in accordance with the contract specification and paragraphs
15.74-15.75

Location Valve Position Pipeline Certified B/A
Number Distrib. Discharge (%)
Pressure (A) Pressure (B)

If certificates are not provided, do not

Contractor’s Representative

Status Signed
Date Name
Contract Supe Officer

Status Signed
Date Name

Witnessed on behalf of

By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B11 (Sheet of Sheets)
Hospital Scheme
File Number Date

Warning Systems

This is to certify that WARNING SYSTEMS on the following medical gas pipeline systems
have been tested in accordance with paragraphs 15.76-15.77 as follows:

System 0O, N,O N,O/O, MA-4 Surgical Air VAC

Specified Warning Pressure

Observed Warning Pressure

Warning Given

Return to normal

Marking

All Functions on all stations

Stand-by Power

Contractor’s Represe

Status Signed
Date Name
Contract Superv

Status Signed
Date Name
Witnessed on behalf of

By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B12 (Sheet of Sheets)
Hospital Scheme
File Number Date

Verification of Drawings

This is to certify that in accordance with paragraphs 15.78, the as-fitted drawings of the
following systems record all variations from the contract drawings:

Contract
Contractor’'s Supervising
Drawing Representative Officer
System Numbers Status/Name Status/Name Date
O;
N,O
N,O/O,
MA-4
Surgical Air
VAC
AGS
Witnessed on befalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B13 (Sheet of Sheets)
Hospital Scheme
File Number Date

Purging and Filling

This is to certify that medical gas systems have been purged and filled with the working
gases in accordance with paragraphs 15.79-15.85 and/or 15.86-15.87 as follows:

Action 0O, N,O N,O/O, MA-4 Surgical Air VAC

Special Connectors/
Cylinders removed from site

Filling

Purging all Terminal Units
Venting

Contractor’s

Status Signed
Date Name
Contract Supervising Officer
Status Signed
Date Name
Witnessed on behalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B14 (Sheet of Sheets)
Hospital Scheme

File Number Date

Quality

This is to certify that medical gas pipeline systems have been tested in accordance with
paragraphs 15.88-15.105 as follows:

Parameter Specification Sample* Tick when specification is met
(o)} N-O N.O/O; Medical Air Surgical Air
Particulate particle free
matter
Odour No odour N/A N/A
Qil <0.5 mg/m?® N/A | N/A N
Water <115 VPM
(0.095 mg/l)
CO Less than N/A N/A /A
<5 ppm
CO, Less than
<500 ppm
*Insert actual number of samples tested and loggtion:
For PSA Systems only, CO2 < 300 ppm.
Contractor’s rese ve
Status Signed
Date Name
Contract Supervising Officer
Status Signed
Date Name
Witnessed on behalf of
By Status
Signed Date
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Medical Gas Pipeline Total System Tests Form B15 (Sheet of Sheets)
Hospital Scheme
File Number Date

Gas ldentification

This is to certify that the gas at all terminal units has been tested in accordance with

paragraphs 15.106-15.110 as follows:

Piped Supply Test For Specification Result
Limit
Oxygen 0O, Not less than 99.0%
N,O 0
N,O 0, 0
N,O Not less than 98%
N,O/O, 0,
N.O
Medical Air 0O,
N,O
Surgical Air 0O,
N,O
Vacuum Suction

All % are v/v

Contractor's R

Status Signed
Date Name
Contract Supervising Officer

Status Signed
Date Name
Witnessed on behalf of

By Status
Signed Date
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Appendix 2

Gas pressure variation with temperature

General

1.

Tests are specified for leakage of the pipeline carcass and the
pipeline systems. During these tests, pressure changes may occur
which are caused by temperature changes rather than leakage.

2. Pressure changes due to temperature difference may be calculated
according to the Gas Laws.

3. It is assumed that the temperature in the gfpeline is uniform in all
branches. If substantial runs are exter erage temperature
should be chosen.

Calculation

4. The change in gas pressurditfigemperature is as follows.

5. P1/T1=Po/To,where P e initial and final absolute
pressures of a fixe of gas and T :and T :are the initial and
final absolute te

6. (bar absol

Therefore P,

7. Care\llst be taken to express pressure and temperature in absolute
value

8. Pressure is normally expressed in gauge pressure. Absolute pressure
= gauge pressure + atmospheric pressure.

9. Temperature is normally expressed in °C. Absolute temperature =
temperature in °C + 273 (expressed in K).

10. Absolute temperature (K) = temperature in C + 273
(expressed in K).
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Examples

10. The carcass of a medical air pipeline is tested for leakage at a
working pressure of 14.0 bar gauge pressure. The temperature is
13°C at the beginning of the test and 17°C at the end of the test.

P;=14.0+1.0=150bara
T1=273 + 13 = 286K
T,=273 + 17 + 290K

15x290 _ 15.21 bar (absolute) or 14.21 bar g

Therefore P, =

that is, gauge pressure should read 14.21 bar at the end of the test,

assuming that no leakage has occurred. @
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Appendix 3

Pressure drop test device
General

Special test devices are required to measure the pressure at specified flows
at each terminal unit.

Suitable test devices are commercially available or may be constructed in
accordance with the outline specification given below.

Measurement principle

Flow at a specified pressure may be measuregeith ith a calibrated
orifice or with a flowmeter.

Pressure may be measured with a bo gagge.

A gas-specific probe conforming t@BS 9682 should be used to connect the

device to the terminal unit.

terminal unit by the gas-specific probe
Is read on the gauge.

The test device is conne 6)
and the pressure at thefpecifie

Functional requi

The test devic ist of the following components:
a. gas-s rowy to BS 5682,

b. body ( al on/off valve);

C. pressure

d. orifice or flowmeter.

The body may be of a design which allows exchange of the following
components:

a. gas-specific probes;
b. calibrated orifices;
C. pressure gauges.

An on/off valve may be incorporated into the body.

The complete assembly should be tested for leaks.
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Where it would be impractical to use gas-specific probes, it is permissible to
use a specially designed universal probe, provided it is impossible for such a
probe to be improperly used on medical equipment. The special probe
should be clearly marked “test only”.

Test probes for gas specificity

The gas-specific probe for each service should be as specified in BS 5682:
1998.

Orifices

The orifices should be selected from the information on the manufacturer’s
data sheets or from practical testing.

These devices should be checked against a flowmeter before use.

Flowmeter
A bobbin flowmeter calibrated to a flow of 40%mi a used to measure
flow under vacuum.
Pressure gauge

A 50 mm bourdon gauge with,an a riaee full scale reading and interval
should be used as follows:

Test pressure kPa le Scale interval

400 0—7 bar 0.1 bar

700 0-11 bar 0.5 bar

Vacuum 0-760 mm Hg 50 mm Hg
(0-100 kPa) (5 kPa)

Note: 1 bar = 100 kPa approx.
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Appendix 4

Membrane filter test device
General

The function of this test device is to collect particulate material which may be
present in the pipeline.

The terminal units to be sampled should be in accordance with paragraph
15.91.

Filter holders appropriate to the pressure encounteged are commercially
available.

The filter holder should be specified for use ¢t p ne-déstribution pressure
and be oxygen-compatible.

Measurement principle
A known volume of gas is passed thigh®y membrane filter which will
collect all visible particles.

nge of pore sizes. A maximum pore
size of 10 um will colleciall visib®s material. Pore sizes below 0.2 um are
likely to restrict fl

The QC shoul condition of the filter, which should be free from
visible pari

The followingR®2quipment is required:

a membrane filter holder;

b. a supply of white membrane filters of not more than 10 um pore size and
with high mechanical strength;

a means of connecting the filter to the pipeline;

a means of controlling the flow through the filter, which is connected
downstream of the filter. One method of achieving this is to use the
appropriate Amal jets to achieve a minimum flow of 150 I/min at 400 kPa
and 700 kPa;

e. all equipment must be oxygen-compatible and hoses should be anti-
static.
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ey

Procedure

The following procedure should be carried out:

a. place a single filter into the filter holder;

b. assemble the filter holder so that it seals;

c. setthe flow controller to 150 I/min;

d. connect the filter holder to the terminal unit for 30 seconds;

e. inspect the filter. Evaluate and record the result.
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Appendix 5

Equipment for contaminant testing
General

The function of these tests is to establish whether the pipeline has been
contaminated during construction or modification. The specifications for the
permissible concentrations of each component are summarised in Table 24.

Simple equipment which is of the required sensitivity and is suitable for use
on site is commercially available.

Measurement principle

A known volume of gas is passed through atub [ ,

quantitatively with the compound to b and produce a colour
change along the length of the tube, Waich | ortional to the
sured.

Tubes are available with app
water, carbon monoxide
oxides of nitrogen.

dioxide, sulphur dioxide, and higher

Procedure

It is possible to ter, carbon monoxide and carbon dioxide
simultanegsly by necting a tube and pump for each contaminant to a
common ich¥s connected to the pipeline at a flow of 2 to 5 I/min.
The pump i draw a known volume of gas through the tube at

re (the gas being tested should be allowed to escape freely
to a safe area), and allow evaluation of the concentration of the compound
being measured.

There are tubes currently available to measure oil contamination.

These tubes give a quantitative response and are not intended for re-use. It
may be appropriate if a nil reading is recorded, to validate that the tube is
functional by testing the tube on a known sample.

Record the results.

NOTE: Non agent-specific detector tubes are difficult to interpret and are not
recommended because of their qualitative and not quantitative response.
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Appendix 6

Equipment for gas identification
General

The function of these tests is positively to identify medical gases by
measuring their oxygen, nitrous oxide and nitric oxide content. The specified
concentration limits for this purpose are given in Table 25.

Portable equipment of the required specificity and sensitivity is commercially
available.

NOTE: N2should be used as the inert gas shie n dioxide should not
be used.

carbon dioxide detector tube

Specificity

ing different measurement principles are

ture The oxygen sensor should not give greater than
presence of 100% nitrous oxide, 100% nitrogen or

. Nitrous oxide and nitric oxide could be present at up
ntrations if the system has been inadequately purged.

100% carb
to 100% co

NOTE: A paramagnetic meter is the specified instrument for identity of
oxygen.

Nitrous oxide

The nitrous oxide sensor should not give greater than £1% response in the
presence of 100% oxygen, 100% nitrogen or 100% carbon dioxide. An infra-
red/fuel cell meter is now commercially available.

Specification

The equipment should be portable, preferably battery-powered, with digital
or analogue indication of 0-100% to one decimal place. The battery should
give at least eight hours’ continuous running between recharging or
replacement.
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An accuracy better than £ 1% is required, with a zero stability of 2.5% per
day.

The response time must be not more than 15 seconds to 90% of the final
reading.

Procedure
This is as follows:

a. calibrate the equipment to check zero and 100% response;

b. regulate the flow of gas from the terminal unit to the equipment;
c. allow the reading to stabilise;

d. record the result for each terminal unit.
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Appendix 7

Procedures for measuring the design flow of vacuum plant
General

A method is described which enables a large vacuum system to be run at
the system design flow, using a minimum quantity of calibrated test
equipment.

Measuring principle

A calibrated orifice device is connected to the syst
that the plant runs at the system design flow. T
then noted.

close to the plant so
acuum at that point is

The calibrated orifice is then removed and a fyamb uncalibrated leaks
are introduced throughout the system ive tle same level of vacuum at
the plant.

Test equipment
Suitable calibrated orific ic re available.

Uncalibrated leaks mayyoe consfiucted from medical gas probes connected

to large AMAL jet S uitable diameter tubing.

Procedure

Connect t eter at a suitable point adjacent to the plant. Set the
meter orific stem design flow.

Run the plant§tontinuously with the pipeline system isolated.
Record the pressure on the vacuum gauge.

Reconnect the pipeline system to the plant. Close the meter orifices, leaving
the vacuum gauge connected.

Insert non-calibrated leaks at suitable points throughout the pipeline system.

Adjust the number and size of the non-calibrated leaks until the vacuum
gauge at the test point shows the same reading as in paragraph 8 above.

The system will then be running at the system design flow and the total
system test can be carried out at each terminal unit for performance.
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Appendix 8

Procedure for measuring pipeline volume
General

A method is described to measure the volume of a compressed medical gas
system with an acceptable accuracy.

Measurement principle

A known volume of gas is delivered into a closed system from a cylinder.

The pressure changes in the system and the cylinder are noted. Since the
volume of the cylinder is known, the volume of pipeline system can be
calculated.

The accuracy of the method depends upon tfij ac
pressure changes.

of reading the

Test equipment

The following equipment is regyiir

a. acylinder of test g
not the volume of giis contalhed in the cylinder. To achieve maximum
accuracy it i

In practice ed to charge the system for this test should be
the smalles to fill the pipeline to the operating pressure;

b. acyli e regulator fitted with an accurate gauge to measure
cylind A gauge of at least 100 mm diameter with an

appropr full-scale reading is required;

(100 mm) gauge to measure pipeline pressure. This gauge
should be calibrated in the same units as the cylinder pressure gauge,;

d. a means of connecting the cylinder to the pipeline.
Procedure

Establish the water capacity of the cylinder of test gas (medical air or
nitrogen).

Fit the regulator onto the cylinder and read the pressure on the gauge.

Connect the pipeline pressure gauge to the pipeline and bleed the pipeline
to zero gauge pressure.
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Connect the cylinder to the pipeline and allow test gas to flow slowly into the
pipeline up to pipeline distribution pressure. Turn off the cylinder valve. Allow
the system to equilibrate for a few minutes.

Read the pipeline pressure gauge and the cylinder pressure gauge.
The volume of the pipeline may be calculated as follows:

cylinder volume x change in cylinder pressure

Pipeline volume = ——
change in pipeline pressure

P1V1+ PaVo = P3Vi+ P4Vo

Vi(P1—P3) = V2(P4—P2)

Therefore
V2 - Vl (Pl _PS)
(P4 _Pz)
where
V1 = cylinder volume
V, = pipeline volume
P, = initial cylinder gauge S
P3 = final cylinder gaug ssur.
P, = initial pipeline pressu e

The volume (watecontent) of a G-size medical air cylinder may be taken as
23.3 litres ol
be taken a S.

To ensure magimum accuracy it is recommended that the system is vented
and refilled 2—-3 times and the average result taken.
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Appendix 9

Pressure loss data
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Pressure loss data
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Pressure loss data
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Pressure loss data
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Vacuum at 450mm Hg (60 kPa)
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Pressure loss data
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Appendix 10

Pressure regulation for 400 kPa (medical gases and medical
air) and 700 kPa systems (surgical air)

Pressure regulation for 400 kPa systems (medical gases and medical
air)

The minimum pressure of 355 kPa which must be available at each terminal
unit is the minimum required for medical equipment, specifically blenders.
The pressure settings of the line regulators are based on achieving this
minimum pressure, taking into account the operatigg tolerances of the
components.

Typical pressure relationships are shown in

When designing the pipeline distributi
allowance of 10% (including termina
minimum plant pressure of 420 k
control tolerance of +4%; the maxi
conditions is 460 kPa.

The pressure relations
intended as a guide to

It is important,
achieved

s should be checked to ensure that any extension or

modification § compatible with the existing systems.

Pressure regulators which require a continuous bleed to control pressure are
not recommended because of the wastage of gas or air.

The pressure losses across a terminal unit and across a pendant (which
includes a terminal unit) are shown in Table 1 (Pressure regulation). This is
derived from BS 5682, amendment 5419:1987 and has been modified to
include surgical air with flows at 350 I/min. Refer to BS 5682: 1998.

Pressure regulation for surgical air 700 kPa systems

Compressed air for surgical tools should be available at the terminal unit at a
pressure of 700 kPa at the required maximum flow of 350 I/min. To avoid
over-pressurisation at lower flows, it will be necessary to provide a pressure
control unit upstream of the terminal unit. The pressure loss of the hose
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connection between surgical tools and the terminal unit should be taken into
account.

When designing the upstream pipeline distribution system, the pipeline
pressure loss allowance of 15% requires a minimum plant/manifold pressure
of approximately 1150 kPa. The line pressure regulator has a control range
of £5%; the maximum pressure likely to occur during static conditions is
therefore approximately 1265 kPa.

These pressures are approximate; in practice the exact settings will depend
on the design of the supply system and the distribution system. It is
important to achieve the required flow at the minimum pressure at the point
of use; the actual pressure settings which are used to achieve this will vary
with each system design.

Area alarm nominal setting

The following statements apply to both 400 KkP. 0 kPa systems.

It should be noted that the alarm pressure s
valve settings overlap. It is not intende
provide a warning of safety valve reli

to provide users with advance wargi
line pressure which could adversely
as blenders. Safety valves ar€§nt
event of regulator failure

and the safety
system should
pressure alarm is intended
a potentially hazardous increase in
e operation of equipment such
provide system protection in the

The over-pressure alarf settinggshould allow the alarm to switch off at a
pressure just abo [ static pressure in the system.

Safety valves t
minimum lift pres
pressure i

ve a specified performance in which the
is 97% of the set pressure whilst the full discharge
e safety valve set pressure.

Air receiver §at pressure is 110% of the nominal working pressure.
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Figure 21: Pressure settings for 400 kPa systems
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