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Disclaimer
The contents of this document are provided by way of general guidance only at the time of
its publication. Any party making any use thereof or placing any reliance thereon shall do so
only upon exercise of that party’s own judgement as to the adequacy of the contents in the
particular circumstances of its use and application. No warranty is given as to the accuracy,
relevance or completeness of the contents of this document and NHS Scotland Assure, a
part of Public Services Delivery Scotland, shall have no responsibility for any errors in or
omissions there from, or any use made of, or reliance placed upon, any of the contents of
this document.
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Preface

About Scottish Health Technical Memorandum

Scottish Health Technical Memorandums (SHTMs) give comprehensive advice and
guidance on the design, installation and operation of specialised building and engineering
technology used in the delivery of healthcare.

The focus of SHTM guidance remains on healthcare-specific elements of standards,
policies, and up-to-date established good practice. They are applicable to new and existing
sites and are for use at various stages during the whole building lifecycle.

Language usage in technical guidance

In SHTMs verbs such as “must,” “should” and “may” are used to convey notions of
obligation, recommendation, or permission. The choice of modal verb will reflect the level of
obligation needed to be compliant.

The following describes the implications and use of these modal verbs in SHTMs (readers
should note that these meanings may differ from those of industry standards and legal
documents):

A. “Must” is used when indicating compliance with the law

B. “Should” is used to indicate a recommendation (not mandatory/ obligatory), for example
among several possibilities or methods, one is recommended as being particularly
suitable - without excluding other possibilities or methods

C. “May’ is used for permission, for example to indicate a course of action permissible
within the limits of the SHTM

Typical usage examples

A. “All pipeline components must be clean for oxygen service.” [obligation]

B. “This document makes recommendations for the allocation of duties to personnel and
the manner in which these duties should be performed.” [recommendation]

C. “Further advice on the application of this guidance may be obtained from the
Authorising Engineer (Medical Gas Pipeline Systems) (AE (MGPS))” [permission]

D. “Shall,” in the obligatory sense of the word, is never used in current SHTMs

August 2026 V2 Page i



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Project derogations from the Technical Guidance

Healthcare facilities are expected to support the provision of high-quality healthcare and
ensure the right to a clean, safe, and secure environment. It is therefore critical that they are
designed and constructed in accordance with appropriate technical standards and
guidance. This applies to all new and refurbishment projects, regardless of procurement
model.

Note 1: The healthcare organisation, and their project teams, should ensure that they have
a fully documented list of technical standards and guidance that are applicable to the
specific project.

It is recommended that the starting point for all projects should be one of full adherence to
the SHTM guidance. While it is recognised that derogations may be required in some
cases, these must all be risk-assessed and documented in order that they may be
considered within a structured derogation review and approval process. In all instances
derogations must not compromise the health and safety or operational resilience of the
healthcare facility. Healthcare organisations should ensure that any derogations do not
impact on their legal or statutory obligations. Further guidance can be found in Scottish
Health Technical Note (SHTN) 00-06 Derogation identification and management guidance.

Derogations must be properly authorised by the project’'s Senior Responsible Officer (SRO)
and informed and supported by appropriate technical advice including that of the Medical
Gas Safety Group (MGSG), irrespective of a project’s internal or external approval
processes.

A schedule of derogations should be created for any project, including details of approvals,
risk assessment and identified mitigations.

Note 2: This guidance does not alter the healthcare organisations legal or statutory
obligations.

NHS Scotland Sustainable Development Policy Drivers

Responding to the global climate emergency is one of the Scottish Government’s highest
priorities. Sustainable development, the concept that the needs of the present must be met
“‘without compromising the ability of future generations to meet their own needs” is integral
to the Scottish Government’s overall purpose. The Scottish Government’s National
Performance Framework (NPF) shares the same aims as the United Nations’ Sustainable
Development Goals. It highlights the need for a ‘whole system approach’ to successfully
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deliver the NPF’s national outcomes for Health and recognises the important role that NHS
Scotland has in helping to achieve this.

Over recent years the current and future impact of climate change has been well
documented, with risks to human health and to health and social care delivery highlighted
within Scotland’s summary report of the UK Climate Risk Independent Assessment. For
more information, visit the UK Climate Risk website for the Climate Change Risk
Assessment (CCRA) Evidence Report Scotland Summary. NHS Scotland is committed to
the delivery of a high quality, environmentally and socially sustainable health service that is
resilient to the locked-in impacts of climate change. Director Letter (DL) (2021) 38 ‘A Policy
for NHS Scotland on the Climate Emergency and Sustainable Development’ provides the
framework for this aim to become a reality, and to maximise NHS Scotland’s contribution to
mitigating and limiting the effect of the global climate emergency.
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Executive Summary

Introduction

Since the last revision of Scottish Health Technical Memorandum (SHTM) 02-01 Part A
there have been considerable changes and advances in the way in which medical gases
are supplied and distributed. The key drivers for this are:

1. changes in anaesthesia clinical practice:

i.  areduction in the use of nitrous oxide and other anaesthetic agents due to their
environmental impact

li. general anaesthetic practice is now based largely around low-flow inhalation
techniques and greater use of total intravenous anaesthesia (TIVA)

2. local exhaust ventilation (LEV) control measures (anaesthetic gas scavenging system
(AGSS)) should be reviewed to confirm they remain functional and suitable due to
reduced fresh gas flow rates (FGF) and the adoption of anaesthetic agent harvesting
and capture technologies

3. net-zero requirements and embodied carbon - some services are no longer required to
be provided as a central plant or piped installation, with an informed design process
(IDP) now being used for their specific application to identify the most appropriate and
efficient supply source, medical vacuum (MV) being an example of this

4. similarly changes in technology rendering surgical air not being required as a centrally
piped system

5. ‘Never-Event’ investigations and subsequent research by the National Patient Safety
Agency has determined that medical air has limited clinical applications and is now not

a preferred installation requirement due to numerous sub-optimal outcomes and
fatalities from rebound hypoxia when it has been administered instead of oxygen

6. the continued use from a non-anaesthetic perspective of piped nitrous oxide and
oxygen for dental sedation and pain management. This will include pre-mixed nitrous
oxide/oxygen (50% volume per volume (v/v)) gas mixtures such as, Entonox or
Equanox

7. the lessons learned from the COVID-19 pandemic in respect of acute respiratory care,
respiratory medicine and practices for oxygen supply sources and distribution systems

“Primo Nil Nocere”- First do no harm

“First do no harm” is part of the Hippocratic Oath and it is globally accepted for healthcare
professionals as part of the creed for caring and nurturing human beings.
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In the wider context of healthcare, the actions, and services we use to treat patients should
not damage the environment which we inhabit, otherwise we are breaching that first tenet of
the Hippocratic Oath.

There is a global climate crisis, and society is awakening to the need for net-zero carbon
and zero emissions. Healthcare is very energy and carbon intensive in its construction,
operation, and treatment therefore the basic principles of net-zero in our design
construction and operation must be embraced to limit this and do no harm to the planet on
which humanity depends upon.

Patient safety and resilience is key to the provision of health care buildings, facilities, and
the environments in which care is given. This has been paramount in design guidelines
from the pre global crisis era.

Historic guidance led to a tendency for designers to oversize and oversupply services and
provision of utilities, medical gas supply systems being a key example of this. Guidance
tables and algorithms provided within previous revisions of SHTM 02-01 Part A were based
on outdated clinical application, resulting in large margins of supply source capability and
over provision of terminal units (TU) and gas flow rates. This results in high capital
expenditure, high operational costs and increased complexity of maintenance, electrical
energy to drive the devices, and higher embodied carbon in the construction materials,
fittings, and equipment.

The pitfalls of overdesign and oversupply of medical gas systems were realised during the
COVID-19 pandemic when the poor understanding of supply systems and associated
equipment led to difficulties with the supply of oxygen for acute respiratory care. Whilst
there was sufficient oxygen available at healthcare facilities, the distribution and application/
administration for treatment was far from straightforward or understood and this raised
questions of competences and communication within specialities/ disciplines and
organisations as a whole.

A key requirement throughout this document suite is that of competency and the ability for
individuals to be able to demonstrate the knowledge, skills and behaviours (KSBs) required
to perform the relevant functions within the overall design and management of medical gas
pipeline system (MGPS) and supply sources in a suitable and sufficient manner. There is
also an onus on healthcare organisations and their management to support the delivery of
the recommendations within this guidance.

Crucial to this has been the development of a supported educational training framework in
Scotland based on specific National Occupational Standards (NOS) (created from the
recommendations of the Healthcare Safety Investigations Branch (HSIB) report into oxygen
use during the pandemic) for all the designate person disciplines identified within the MGPS
speciality area.

August 2026 V2 Page v



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Competency at all levels has been the cornerstone of many recent public inquiry outcomes
and this area is soundly addressed within the new suite of guidance from the
conceptualisation stage as an IDP, to the competent person installing, maintaining, and
testing these systems for safe, efficient use for patient therapy.

Status

This 2025 version of SHTM 02-01 Part A supersedes all previous versions of SHTM 02-01
Part A 'Medical gas pipeline systems - Design, installation, validation and verification'.

General

This SHTM is divided into two parts. Guidance in this part (Part A) covers piped medical
gases and MV installations. It applies to all MGPS installed in healthcare premises.
Anaesthetic gas scavenging (AGS) disposal systems are also included. Specifically, it
covers the design, installation, and validation and verification (testing and commissioning)
of a MGPS. Part B covers operational management.

Throughout this document, the phrase ‘Part B’ is used as a generic term to describe the
‘Operational management’ part of SHTM 02-01.

Aim of this guidance

The guidance given in this document should be followed for all new installations and
refurbishment or upgrading of existing installations. All new works should be subject to an
IDP prior to installation. The IDP should be undertaken as described in Chapter 1 of this
document. This process is risk-assessment based in accordance with British Standards
(BS) EN International Standard (ISO) 7396-1 and BS EN ISO 14971.

Existing installations should be assessed for compliance with this guidance document
based on risk in accordance with BS EN ISO 14971 and the IDP risk assessment. The
standard of safety should be to the same level that is given in this document. A plan for
upgrading the existing system should be prepared if required, taking account of the priority
for patient safety.

Throughout this document, ‘medical gas pipeline system(s)’ will be described by the term
MGPS.

Other guidance

Guidance on the provision of MGPS is given in the Scottish Health Planning Notes
(SHPNSs), Health Building Notes (HBNs) that are applicable in Scotland and other relevant
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British, European, and international standards. Other relevant guidance includes British/
European Pharmacopeia as well as guidance produced by such bodies as the British
Compressed Gases Association (BCGA) and the European Industrial Gases Association
(EIGA).

Who should read this guidance?

This document will be of interest and practical help to those involved in the design,
installation, validation, and verification of MGPS and equipment.

Main changes since the 2012 edition

The 2026 edition is an update to the previous version of SHTM 02-01 Part A as published
by NHS Scotland. Key changes in this SHTM include:

A. this guidance is now based around an informed design approach, with comprehensive
evidence-based information provided for use when developing MGPS designs

B. it aligns with all relevant national and international standards at the time of publication

C. it embraces national guidance and statutory requirements for net-zero carbon targets,
reduction of embodied carbon, and reduction of global warming potential (GWP)
emissions

D. itincorporates the outcome requirements from the HSIB investigation and International
Standard (ISO) Technical Committee 121/ Sub-Committee 6 (Medical Gas Supply
Systems) into oxygen use during the Covid-19 pandemic

E. chapter 7 of Part B utilises the new NOS for the designated roles within the MGPS
management structure

F. there is a comprehensive guided risk assessment process based on the ‘well-reasoned
argument’ (WRA) approach

G. inhalation sedation (IS) for dental procedures and pain management guidance has
been included

H. test result forms are now listed in Appendix A and are available to download from the
NHS National Services Scotland (NSS) website

The four tenets of gas safety

In accordance with the Human Medicines Regulations 2012, medical gases are classified
as medicinal products. Patient safety is paramount in the design, installation,
commissioning, and operation of MGPS. The basic principles of safety are achieved by
ensuring quantity of supply, identity of supply, continuity of supply and quality of supply.

August 2026 V2 Page vii


https://www.nss.nhs.scot/publications/medical-gas-pipeline-systems-shtm-02-01/

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Quantity of supply

This is achieved by ensuring that the design of the pipeline installation and capacity of the
supply source is sufficient to provide the required flows of gases and vacuum for the
intended clinical operation and number of patients to be treated at any one time. The
adequacy of supply is established during the IDP and validated during the commissioning of
the systems.

Identity of supply

This is achieved by ensuring that all points in an MGPS to which the user can connect
medical equipment (TUs) and user-replaceable components are provided with gas-specific
connectors. Such connectors are also identified by symbol and often colour. The gas
specificity is maintained by comprehensive tests and checks during installation and
commissioning, and the application of a safe system of work during any work or
maintenance on the systems.

Continuity of supply

This is achieved by installing, as a minimum, duplex components and providing additional
means of supply provision in the event of failure of the primary and secondary source
supply system. Systems are also connected to the electric supply system for safety
services. The supply system should be designed to achieve continuity of supply to the TU in
normal condition and in a single fault condition. A single fault condition is where a single
means for protection against a safety hazard in equipment is defective, or a single external
abnormal condition is present. Loss of supply due to maintenance of a supply source (or a
component within it) is not considered a single fault condition. Failure of the pipeline is
considered a catastrophic event and is not regarded as a single fault condition.

Quality of supply

Quiality of supply is ensured using gaseous or liquid sources that are provided to an
appropriate product specification, usually a recognised European Pharmacopoeia (Ph. Eur.)
monogram. In the case of compressor-based systems, filtration equipment to a known and
agreed standard is installed. To ensure that the product is not adulterated in the distribution
system, pipeline installations and components are required to meet agreed specifications.
There are strict Ph. Eur. requirements for medical gases. The Chief Pharmacist has overall
responsibility for ensuring the quality of the supply gas to ensure patient safety is not
compromised.
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General uses of gas and pipeline installations

The general uses of medical gases and pipeline installations are described as:

A.

B.

oxygen is one of the most extensively used gases for respiratory therapy and life-
support and is additionally used in anaesthetic procedures

medical air is mainly used in respiratory therapy as a power source for patient
ventilators. Changes in clinical practice due to the occurrence of ‘Never-Events’ has
resulted in revised methods of administration for nebulised and inhaled medication. This
has much reduced use of medical air from flowmeters

piped and cylinder nitrous oxide is used for sedation and analgesic purposes, being
mixed with oxygen in a localised blender for dental sedation and pain management
applications. Pipeline systems for nitrous oxide/oxygen (50% v/v) mixture are installed
for analgesic purposes, particularly in maternity departments

vacuum is provided in clinical areas where oesophageal aspiration is an identified risk.
The IDP will determine the most effective supply source for the vacuum by risk
assessment

the control of occupational exposure to waste anaesthetic gas (nitrous oxide) and
inhalational agents is a legal requirement under the Control of Substances Hazardous
to Health (COSHH) Regulations 2002. Where nitrous oxide is provided for anaesthetic
or sedation purposes, scavenging systems must be considered as part of the control
hierarchy

Roles and responsibilities

Roles and responsibilities required to support the implementation of this SHTM are included
within Part B.
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1. Medical gas pipeline system design

The informed design process

Figure 1.1 depicts the overall informed design process (IDP) cycle. The cycle uses familiar
design stage terminology. The phases are described as follows:

1. clarify design specifications and constraints. Describe the problem clearly and fully,
noting constraints and specifications

2. research and investigate the problem. Search for and discuss solutions to solve this or
similar problems. Identify related problems, issues, and questions. Complete a series of
guided knowledge and skill builder activities (such as prepared templates) that will help
identify the variables that affect the performance of the design and inform the teams
knowledge and skill base

3. generate alternative designs. Do not stop at one solution. Approach the challenge in
new ways and describe alternatives

4. choose and justify optimal design. Rate and rank the alternatives against the design
specifications and constraints. Reflect on what is the best design; justify based upon
ratings, and new learning acquired from knowledge and skill builders. The chosen
alternative will guide the preliminary design

5. develop a prototype. Make a model of the solution. Identify modifications to refine the
design and make these modifications

6. test and evaluate the design solution. Develop and carry out a test to assess the
performance of the design solution. Complete or review Knowledge, Skills and
Behaviours (KSBs) focused on developing a fair test of the design solution. Collect and
analyse performance data to show how well the design satisfies the problem
specifications and constraints

7. redesign the solution with modifications. Examine the design and assess other designs
to see where improvements can be made. Identify the variables that affect performance
and determine which clinical and engineering concepts underlie these variables.
Indicate how to use engineering concepts and system modelling to enhance
performance

8. validate the refined design against defined test criteria that is based on in-use
conditions or operating parameters

9. complete a design portfolio or design report that documents the previously mentioned
steps. Justify the design solution and review against relevant risk assessment model
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Figure 1.1 - Informed design process
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1.2. This is the common method for an IDP. These steps can be taken and overlaid onto the
Royal Institute of British Architects (RIBA) stages template, to produce a framework for the
informed design of a medical gas pipeline system (MGPS) as shown in Figure 1.3.

1.3. Table 1.1 and Table 1.2 identify the typical relevant stakeholders and their involvement at
the various stages of the IDP forming the basis of a Responsible, Accountable, Consulted,
and Informed (RACI) matrix as part of a system of control and governance for the IDP,
recording the decisions and assumptions for the duration of the project.

14. As part of the Stage 1 and 2 activities and when assessing the need for MGPS systems,
clinical contingency strategies should also be considered by the healthcare organisation.
Where a significant dependency on the MGPS is identified, this may require increased
resilience and redundancy within the MGPS and should be considered through the IDP to
identify proportionate provisions.

1.5. Regardless of the scale and complexity of the project, the IDP principles are the same and
should be applied.

Delivery Unit

1.6. The scope for the design needs to be around a common naming protocol and with the
increasing use of modular design and modern methods of construction (MMC), these
designs would be broken down into delivery units (DUs). For a small upgrade this may only
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be one or two DUs. For a larger project such as a new healthcare facility project or major
refurbishment this may be multiple DUs that are linked by a supply system.

The DU is a notional quantity used to describe the extents of a particular area within a
project. A DU may range from an extension of a few terminal units (TUs) to a ward
refurbishment or new build clinical area. The scope will be defined by a particular clinical
speciality group who are able to provide in depth information to the design of the medical
gas needs to meet specific clinical requirements. With the drive for MMC/ standardised
units and modular construction, the DU concept lends itself to strategic modelling and
adjacencies for new-build healthcare facilities as well as refurbishment of existing facilities.
It also provides the ability to incorporate modern technology to aid control and delivery. For
new build facilities, where DUs are connected to the supply system, there should be a zero
pressure drop for the system at the design flow rate. For existing facilities where a DU is
being connected to an existing system/ infrastructure, pressure drop should be minimised to
maintain required system flow rates. An example schematic of how the DU and supply
systems join together to make up an MGPS is shown in Figure 1.2.

Supply systems

A supply system is a specific type of DU that links the DUs together. They should follow the
same protocols, principles, and engineering standards in British Standard (BS) European
Standard (EN) International Standard (ISO) 7396-1-2, and the like. ‘Business as usual’ and
escalation capabilities should be risk assessed and evidenced in accordance with Annex H
of BS EN ISO 7396-1 to confirm the assumptions of the IDP.
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Figure 1.2 - Delivery unit and supply system schematic
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The design process

1.9. MGPS should be designed based on an informed process. The IDP set out in Figure 1.3
follows the RIBA Plan of Work, which is a widely recognised framework outlining the
industry best practice approach to the design, construction, and operation of buildings. Key
stages are:

preparation and brief

concept design

spatial coordination

technical design

construction and manufacture

handover

NS ok wbd-a

in-use
Healthcare facility design development

1.10. Stage 1 of the process is where the outline brief of the MGPS design should be established.
This is the stage where the high-level requirements of the healthcare facility are
determined. The function and specifics of the facility are confirmed, and the completion of
this stage will provide an indication as to whether an MGPS will be required.
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Delivery unit concept design

1.11. The concept design and the MGPS requirements for the DUs are determined at Stage 2 of
the process. It is at this stage where the first design risk assessment should be completed
for the provision or exclusion of each gas type, the individual gas question set templates
can be used to assist (see Appendix | ).

Delivery unit spatial co-ordination

1.12. At Stage 3 the spatial co-ordination of the DUs is assessed. It is at this stage where flow
rates are first established, supply source types determined, pipe routes are considered,
space for plant is allocated, room layouts are developed, and equipment provision and
location(s) are coordinated.

MGPS technical design

1.13. Stage 4 is where the technical design of the MGPS is undertaken. It is at this stage where
the DU function, clinical requirements and flow rates are fully confirmed, equipment and
pipe sizes are determined, and construction information is generated. A risk assessment for
the final technical design is completed in accordance with the IDP risk assessment (refer to
paragraphs 1.19 - 1.26 and Figure 1.4).

MGPS equipment manufacture and installation

1.14. It is at this stage where the physical installation works are undertaken, and the equipment
specified at Stage 4 is manufactured. During Stage 5 the quality control checks (see
Chapter 11) are undertaken during manufacture and installation. The risk assessment
completed during Stage 4 should be reviewed and updated during Stage 5.

Commissioning and handover

1.15. Stage 6 is the final stage of the cycle where engineering commissioning, design validation
and verification and quality control tests are completed (see Chapter 13). It is at this stage
where the installation contractor or project team handover the MGPS for operational use to
the healthcare facility.

Stakeholders

1.16. The RIBA Plan of Work 2020 provides a linear pathway through the various design and
construction stages of a project. Table 1.1 and Table 1.2 highlight various stakeholders who
would typically form part of the IDP process and the stages that they would be involved in.
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The tables do not explicitly note the project design team, for example architects,
Mechanical, Electrical, and Plumbing (MEP) engineers, and so on, as typically their duties
would be defined under project contract documents, informed by wider industry guidance
such as Building Services Research and Intelligence Association (BSRIA) BG6 ‘A Design
Framework for Building Services’.

Table 1.1 - Typical IDP stakeholder group membership

Stakeholders Group Group Group Group Group Group
A B C D E F

Clinical Lead (Nursing) (Lead v v v
Designated Clinical Officer (DCO))

Clinical Lead (Medicine)
Project Manager

Director of Estates and Facilities

AR NHE NN
<\

Finance Representative

Users (clinical staff)

Authorising Engineer (MGPS)
Anaesthetist

Intensivist/ Respiratory therapy lead
Nursing (specialism)

Pharmacy

NN NN RN

Biomedical/ Clinical Engineering

Medical Gas Safety Group (MGSG) 4 v
Members (see Chapter 1 of Part B)

Authorised Person (MGPS) v v v

MGPS Designers v v

Medical Gas Suppliers v

MGPS Equipment Manufacturers v v v

Contract Supervising Officer (CSO) v v

MGPS Installation Contractors v v
v

Quality Controller (MGPS)
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Table 1.2 - Typical IDP stakeholder group involvement
Stakeholder group Stage1 Stage2 Stage3 Staged4 Stage5 Stage 6
Group A v
Group B v
Group C v v v v v
Group D v
Group E v
Group F v

Note 3: Individual involvement will depend on project scale and complexity, if the installation
being undertaken in Stages 5 and 6 is controlled under the forms listed in Appendix A of
this Scottish Health Technical Memorandum (SHTM), the Authorising Engineer (Medical
Gas Pipeline Systems) (AE (MGPS)) should be involved. If the installation is controlled
under a permit-to-work (see Chapter 6 of Part B) then the Authorised Person (MGPS) (AP
(MGPS)) should be involved. Stakeholder group A should liaise and coordinate with other
stakeholder groups as defined in the project RACI matrix.

Note 4: Whilst the design process follows a linear pathway, it should be noted that the IDP
is an iterative process and at times the stakeholders identified may need to be
supplemented as required, to support continued development of the design or installation.
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Figure 1.3 - MGPS informed design process

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

RIBA Stages

Medical Gas Pipeline Systems (MGPS) Design Process Stakeholders
Healthcare facility design development
1. Determine facility function 2. Facility Specifics 3. Medical Gas Needs Assessment
1. Preparation and |i) Confirm facility type i) Will the facility require any specific medical gas  |i) Undertake options appraisal for medical gases Group 'A"

Brief

ii) Determine clinical service delivery

>

equipment
ii) Will the clinical services delivered from the facility
require medical gases

>

provision
ii) If medical gases are deemed to be required,
proceed to Stage 2

2. Concept Design

Delivery unit concept design

1. Determine Delivery Unit requirements
i) Patient cohort

ii) Clinical need

iii) Categorisation of delivery unit types
based on clinical acuity

iv) Quantity of delivery units

2. Determine Delivery Unit Medical Gases
requirement

i) The medical gas provision design process should
be undertaken by a multi-disciplinary team

i) The design process should be informed based
on an assessment of the clinical requirement

3. Risk Assessment

i) A risk assessment for the provision or exclusion of
each gas type should be completed

ii) The risk assessment should identify if an MGPS is
required ensuring the three sources of supply
requirement is met

Groups 'B' and

iii) If an MGPS is still deemed to be required, proceed ¢
to Stage 3
iv) The risk assessment should identify the alternative
medical gas provision if MGPS is deemed not to be
required (refer to Section 8 in Part B of SHTM 02-01
cylinder management and configuration section)
> > v
Delivery unit spatial co-ordination
1. Determine MGPS requirements 2. MGPS Plant and Storage requirements 3. Spatial coordination
3. Spatial i) Quantity of bed spaces i) Allowances for pipe-routes i) Equipment locations T~
Coordination ii) Flow rates ii) Allocation for plant space ii) Area valve service unit (AVSU) locations Group 'C
iii) Quantity of terminal units iii) Additional capacity connection point locations iii) Room layouts
iv) Supply source types iv) Identification of appropriate storage locations iv) Proceed to Stage 4
> > v
MGPS Technical Design
1. Delivery unit requirements 2. Technical Design Development 3. Technical Design
i) Confirm function i) Confirm medical supply unit requirements i) Confirm flow rates
if) Confirm and record clinical requirements |ii) Confirm locations of terminal units ii) Undertake plant configuration and sizing
4. Technical  |and any specific therapies or activity iii) Confirm valving arrangement i) Complete pipeline design sizing Groups 'C' and
Design iv) Confirm AVSU provision iv) Undertake risk assessment of MGPS in accordance ‘D
v) Confirm other services requirements - power with Annex H of ISO 7396-1
supplies, ventilation, drainage iv) Issue construction information
vi) Confirm alarm provision and location(s) v) Proceed to Stage 5
> > v
MGPS Installation and Equipment Manufacture
5. Construction |i) Equipment manufactured i) Pipeline system installation i) Installation engineering tests Groups 'C' and
and Manufacture |ii) Plant and equipment acceptance tests ii) Proceed to Stage 6 'E'
> > v

6. Handover

MGPS Commissioning, Operation and Maintenance

i) Engineering commissioning
ii) Validation and verification of design

i) Quality Controller (MGPS) (QC (MGPS))
commissioning

i) MGPS taken into use
ii) Ongoing operation and maintenance

Groups 'C' and
E

August 2026
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Design overview

1.17. Once an initial brief is received for a DU configuration, the requirement for MGPS can be
assessed using the IDP question set templates for each gas service (see Appendix | ). The
process of the informed design can be followed with the aid of the master control sheet
(MCS). This enables the basic flow rate information to be assessed, any supply source
requirements interrogated, and the peak and average continuous demand established. This
leads on to Stage 3 where the spatial arrangement information and any additional major
incident escalation requirements or major incident immediate actions determine layout
information and pipe length estimations for sizing and pressure drop. This and the final
clinical briefing leads to the Stage 4 final technical design and then the IDP risk
assessment.

Master control sheet

1.18. The MCS is the primary control document for the IDP before the final risk assessment is
completed. It is an aide memoire for the process and a signpost to the additional design
resource such as the individual gas question prompt sheets, it's use for all projects,
regardless of size, will give a clear audit trail for the key lines of enquiry providing a ‘Claims,
Argument, Evidence’ basis for the design proposition. For some minor designs, with limited
design stakeholder groups it may, in proportion, be enough to satisfy the safety risk and
reliability requirements for the MGSG. An example of the MCS is provided in Appendix J .

IDP Risk assessment

1.19. The IDP risk assessment process follows the requirements for safety, reliability, and risk
(SRR). The process mirrors the system outlined in BS EN ISO 7396-1 annexe H based on
risk management in accordance with ISO 14971 (both of which should also be considered
in the assessment). The assessment process outlined here, is based around that of
foreseeability and proportionality rather than consequence and probability matrices and will
give a well-reasoned argument (WRA) as its form of summation.

1.20. Potential hazards need to be evaluated at all stages of the IDP, from design, installation,
and commissioning through to operational management, maintenance, and disposal.

1.21. The foreseeable hazards that should be considered include as a minimum but are not
limited to:

A. patient safety hazards including:
a. discontinuity of supply
b. incorrect pressure and/ or flow
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wrong gas supply

gas composition out of specification
contamination

leakage

fire

@ ™o oo

electromagnetic energy

hydraulic/ pneumatic energy

chemical/ physical energy

acoustic energy

mechanical energy (potential energy, moving parts)
chemical compatibility

I G ™M mDOw

biocompatibility

interface with users
J. software
K. loss of utilities (for example electricity, water, coolant)

1.22. These hazards should be evaluated against their potential impact on all relevant persons
involved in the process including but not limited to, clinical or medical users, patients and
visitors and other technical staff who are working with medical devices that utilise these
gases or services.

1.23. The WRA has been developed as a means of demonstrating that risks have been reduced
to as low as reasonably practicable (ALARP). It is structured on the principle of ‘Claims,
Argument, Evidence’ and should be as objective as practicable, describing the incident
scenarios, the possible risk reduction measures (RRMs) which have been employed or
rejected and why. The arguments should be logical and scientific together with any relevant
data on the system or its components. It should show that the duty holder has done all that
is reasonably practicable to understand the complexities and sociotechnical nature of the
hazardous system. It should minimise and justify any assumptions or omissions.

1.24. This does not mean that all WRAs are comprehensive reports, or that they will even be
necessary. If all the hazards are common in nature and all possible RRMs have been
adopted, there may be instances where there is no requirement for a WRA.

1.25. It is not possible to state precisely the level of detail required in a WRA, but the
Proportionality Matrix assists in providing broad guidance, including what level of studies
may be necessary, as shown in Figure 1.4.
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Figure 1.4 - The proportionality matrix

Typical Requirements for a Proportionate Risk Analysis
No Identify Hazards, Apply Good Practice, Guidance,
assess Standards, & Hierarchy of Controls (Note 1)
-ment Identify Initiating Mechanisms/Failure
ey Modes & Barrier Flaws (Note 2)
Identify Causes &
Reasonably
e Performance Influencing
p Factors (Note 3)
- A B C D
Single injury or 1
health effects
Single fatality or
chronic health 2
effect, or multiple
injuries

Multiple fatalities
or chronic health | 3
effects

N =Yolll= - ) =Te a a »
era ara 0 0 0
0 O 0
A A--.- N
| L)
DD A\ ~ -
s Reasoned Aro s adA
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Note 5: Notes applicable to Figure 1.4:

1. (Note 1): Hazard: Any reasonably foreseeable object, material, energy, situation, action,
reaction, or behaviour that has the potential to cause harm, for the purpose of preventing it,
or mitigating the risk.

2. (Note 2): Initiating Mechanisms/ Failure Modes provide more detail to a hazard source,
such as intergranular corrosion, no electrical isolation, exceeding design limits. Depending
on the nature and complexity of the system, this could justify some specialist study work.

3. (Note 3): Causes and Performance Influencing Factors (PIF), such as incorrect valve
position, human factors/ error, procedures, training, communications, software error, design
error. Studies, such as Systems Theoretic Process Analysis (STPA), Hazard, and
Operability (analysis) (HAZOP), bow ties, Task Risk Analysis (TRA), Safety Critical Task
Analysis (SCTA), and ergonomics may need to be considered and justified if not
undertaken.

1.26. Figure 1.5 identifies key lines of enquiry that may be considered as part of a WRA but is not
an exhaustive list. Other references and BS EN ISO 14971 may also be consulted as per
individual IDP requirements.
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Figure 1.5 - Examples of MGPS key lines of enquiry for a well reasoned argument

Risk Foreseeable
category hazards

Continuity Blockage/

of supply Partial
PPY blockage of

the pipeline
Continuity Loss of
of supply  supply from
the supply
source in
operation

August 2026

Performance Risk reduction measure (RRM)

influencing
factors

Loss or
reduction of
supply to
patient

* system
supplied
from the
reserve/
emergency
source if
primary
source fails

* loss of
supply to
patient if all
systems falil

Flow and pressure drop tests at every terminal unit before use

e ensure reserve and emergency supply sources are included
in the layout design of the supply source

* ensure reserve and emergency supply sources are included
in the capacity and location of the supply sources

stock management system established

e preventative maintenance system set up for each source of
supply

» operational procedures established to handle cylinders for
emergency situations to ensure supply continuity

» procedures established to minimise use in emergency
situations

e operational management document to address failure of
supply

* routine testing of the reserve and emergency sources of
supply to ensure they will function when primary source fails

* routine testing of the alarm system

V2

Responsibility
and review by

Stakeholder
Group F

Stakeholder
Group B

Stakeholder
Group C

Stakeholder
Group F
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Risk
category

Continuity
of supply

August 2026

Foreseeable
hazards

Catastrophic
failure of the
pipeline

Performance
influencing
factors

Total loss of
supply to the
patient

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Risk reduction measure (RRM)

design of pipework route to limit areas of high risk to the
pipeline

identify location of pipeline routes, using suitable markers to
indicate presence

location of the sources of supply relative to the usage areas
back-feed protection for ring main designs

design of pipework routing to limit pipework corrosion

design of supply source installation to prevent mechanical
damage to the installation

support pipework to provide adequate support/ protection and
to limit corrosion

component design with direct contact with the pipeline to be
compatible to minimise electrolytic corrosion

earthing of pipeline system to limit electrolytic corrosion
check installation for pipework protection in high-risk areas

permit-to-work system

use of emergency manifold systems local to the usage points
use of emergency inlet points at area shut off valves

routine testing of the alarm system

emergency plans for areas with high dependency patients
operational management document addresses issues of
pipeline supply failure

V2

Responsibility
and review by

Stakeholder
Group A and B

Stakeholder
Group Cand D

Stakeholder
Group F

Stakeholder
Group C
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Risk
category

Continuity
of supply

August 2026

Foreseeable
hazards

Inadequate/
poor
capability of
the gas
supplier

Performance
influencing
factors

» late delivery
of liquid or
cylinder
gases

o supplier not
capable to
deliver
product in
an
emergency

e supplier
insufficient
stocks of
cylinders or
tanker too
small

Risk reduction measure (RRM)

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Responsibility
and review by

Location of cylinder storage areas Stakeholder
Group A and B
* selection of gas supplier using risk management principles Stakeholder
e adequate stock management and reordering systems Group C
established
» number of cylinders held on site
e emergency plan
* routine review of delivery planning requirements
e operational management document addresses issues of
supply failure
* appropriate sizing of the storage tank Stakeholder
+ use of telemetry on storage tanks Group D
Capability to change cylinders on manifold with trained Stakeholder
personnel Group F
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Risk
category

Continuity
of supply

August 2026

Foreseeable
hazards
Poor supply
source
location/
housing

Performance
influencing factors

* mechanical
damage to the
supply source
leading to loss of
supply

e supply source
affected by
incident involving
an adjacent facility

* potential damage
to other sources of
supply

e eventual failure of
the supply source

* access blocked to
all sources of
supply leading to
loss of supply

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Risk reduction measure (RRM) Responsibility

and review by

Review risks associated with two sources being located Stakeholder

adjacent to each other Group A and B
* ensure separation distances follow national Stakeholder
regulations/ guidelines Group C

site procedures to maintain access to supply sources
routine review of supply source design of location to
ensure system remains safe

ensure that plant rooms and manifold rooms have Stakeholder
adequate temperature control and ventilation Group D
adequate physical protection from mechanical damage

clear signage to maintain delivery areas kept clear
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Risk Foreseeable Performance Risk reduction measure (RRM) Responsibility
category hazards influencing factors and review by
Continuity Failure of Alarm condition not = Operational management document addresses issues of = Stakeholder
of supply alarms detected alarm failure Group C
Uninterruptible power supply (UPS) electrical supply to Stakeholder
ensure continuity of electrical supply to alarms Group D
Connect alarms to the emergency electrical supply to Stakeholder
ensure continuity of electrical system Group E
¢ visual mechanical display of the critical parameters Stakeholder
« routine testing of the alarm system Group F
¢ routine review of the alarm system
Continuity Electricity Failure of operation = Operational management document addresses issues of = Stakeholder
of supply  supply failure of electrical electrical supply failure Group C
compqnents : UPS or emergency electrical supply to ensure Stakeholder
potentially leading to . ; G D
loss of supply continuity of electrical system roup
check capacity of the emergency electrical supply
* routine testing of the emergency electrical supply Stakeholder
» procedure to ensure that all components are restored ~ Group F

to an operational condition following reinstatement of
the power supply
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Risk
category

Continuity
of supply

Continuity
of supply

Continuity
of supply

August 2026

Foreseeable
hazards

Component
failure

Failure of the
maintenance
system

Supply failure
to areas of
high
dependency
patients

Performance
influencing factors

Potential for the loss
of supply with failure
of critical
components

Potential failure of
components and
subsequent failure
of supply system

High risk to patient
with failure of supply

Risk reduction measure (RRM)

Operational management document addresses issues of
critical component failure

review and identification of critical components
specific preventative maintenance for critical
components

specification for the critical components from approved
suppliers

alarm systems checked to ensure that failure of critical
components detected

adequate spares/ redundancy for critical components

Operational management document addresses issues of
critical component failure

identification of areas of high risk

review of emergency supply systems to high-risk areas
operational management document addresses issues
of critical component failure

Design of system to provide higher levels of redundancy
of critical components

Alarm systems checked to ensure that failure of critical
components detected

V2

Responsibility
and review by

Stakeholder
Group C

Stakeholder
Group F

Stakeholder
Group C

Stakeholder
Group C

Stakeholder
Group D

Stakeholder
Group F
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Risk Foreseeable Performance Risk reduction measure (RRM) Responsibility
category hazards influencing and review by
factors
System Incorrect Inadequate ¢ provide usage information Stakeholder
performance design/ supply to the « operational management document addresses Group C
specification  patient periodic checks of usage
grfamponents ¢ correct design of components/ pipework based on Stakeholder
and pipeline usage info_rma_tior'! . Group D
¢ design validation in accordance with Chapter 13
systems
Commissioning checks following installation Stakeholder
Group F
System Inadequate e failure of Operational management document addresses periodic Stakeholder
performance  corrosion pipework/ inspection and maintenance of MGPS Group C
p!'otectlon of components Correct design/ protection of pipework/ components Stakeholder
pipework/ » leakages Group D
components  « collapse of

supports
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Risk Foreseeable Performance Risk reduction measure (RRM)
category hazards influencing
factors
System Failure of High pressure at  Operational management document addresses:
performance pressure the terminal unit o periodic testing and maintenance of relief valves

control — high .

pressure .

periodic checks of high-pressure alarm systems
periodic inspection and maintenance of pressure
regulators

checks of equipment used on MGPS rated to a
suitable pressure to cope with failure of pressure
control system

correct design of pressure relief valves to protect
against component failure

correct design of high-pressure alarm system to
indicate high pressure condition

System Failure of Low pressure at  Operational management document addresses:

performance pressure terminal unit .
control - low  leading to low .
pressure flow conditions

Correct design of low-pressure alarm system to indicate

periodic checks of low-pressure alarm systems
operational management document addresses
periodic inspection and maintenance of pressure
regulators

low pressure condition

August 2026

V2

Responsibility
and review by

Stakeholder
Group C

Stakeholder
Group D

Stakeholder
Group C

Stakeholder
Group D
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Risk Foreseeable
category hazards
System Incorrect
performance design/
specification
of sources of
supply
System Leakage from

performance pipework

August 2026

Performance
influencing
factors

» failure of supply

* inadequate
supply to
pipeline

» potential fire
risk

» potential risk of
asphyxiation

» potential risk of
high
concentrations
of gases

» potential
inadequate/
reduced supply
to terminal unit

Risk reduction measure (RRM)

provide usage information

operational management document addresses
periodic checks of supply source installation, layout
and access

operational management document addresses
periodic checks of usage to review the supply source
capability

correct design/ size of supply source based on usage
information and supplier's capabilities/ contractual
arrangements

design validation in accordance with Chapter 13

Commissioning checks following installation

operational management document addresses
periodic checks for leakage from pipeline
operational management document addresses
periodic maintenance of pipeline

Commissioning of the system

V2

Responsibility
and review by

Stakeholder
Group C

Stakeholder
Group D

Stakeholder
Group F

Stakeholder
Group C

Stakeholder
Group F
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Risk Foreseeable Performance Risk reduction measure (RRM) Responsibility
category  hazards influencing and review by
factors
Quality of Wrong » gas delivered * certified product supplied by gas supplier Stakeholder
gas specification or e correct contractual arrangements with the gas supplier Group C
supplied supplied to manufactured e operational management document to identify the
to patient the supply on site not to Pharmacist/ Quality Control responsibilities.
source the e correct design of gas mixing/ manufacturing processes run
specification on site
gas supplied e commissioning of gas mixing/ manufacturing processes
to the patient run on site
not to the e operational management document to identify correct
correct maintenance of gas mixing/ manufacturing processes run
specification on site
wrong e operational management document to identify correct
cylinders/ testing of gas mixed/ manufactured on site
mobile ¢ operational management document to specify the correct
cryogenic procedures for connecting supply source to manifold
tanks_ ¢ operational management document to review quality
supplied/ requirements for gases supplied on site
connected to . . I
R o * check the correct connections on the manifold tailpipes Stakeholder
(gas specific where possible) Group F
¢ check that the correct labels are fitted to terminal outlets
and area shut off valves
* check that the correct signs are fitted to manifold rooms,
cryogenic tanks and medical gas cylinder stores
¢ check pipelines are marked for the correct gas
August 2026 V2 Page 22 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Risk Foreseeable Performance Risk reduction measure (RRM) Responsibility
category hazards influencing factors and review by
Quality of Contamination e gases contaminated by ® operational management document to identify Stakeholder
gas of gases components not correct cleaning procedures and testing Group C
supplied cleaned to an requirements
to patient appropriate standard * operational management document to identify
« cleaning material left in correct maintenance of gas compressors/
component and vacuum pumps
pipework * operational management document to identify
» post construction correct testing procedures medical air supplies
purging not completed for all potential contaminants
» contamination from » correct procedure and specification of the Stakeholder
compressors/ vacuum cleaning pipework and components Group E
pumps/ oxygen « correct procedure for validating cleanliness of
concentrators components used within the MGPS
e correct testing procedures identified to Stakeholder
demonstrate that conditioning systems are Group F

operating correctly
e commissioning of the MGPS to ensure the
correct cleaning/ purging standard
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Risk Foreseeable Performance Risk reduction measure (RRM) Responsibility
category hazards influencing factors and review by
Quality of Excessive » blockage of filters used  ® operational management document to identify ~ Stakeholder
gas particulate in on delivery equipment correct filter cleaning/ replacement procedures Group C
supplied MGPS leading to reduced flow and testing requirements for MGPS filters
to patient » failure of components e operational management document to identify

(regulators and the like) correct filter cleaning/ replacement procedures

« leakage of components and testing requirements for medical device

filters connected to the MGPS
e operational management document to identify
correct maintenance of filters

e correct procedure and specification of the Stakeholder
cleaning pipework and components and for Group F
checking filters after commissioning

* correct testing procedures identified to
demonstrate that filters are not blocked (and
that there is not excessive particulate in system)

Quality of Ignition/ Toxicity gases released Operational management document to ensure that Stakeholder
gas decomposition  jn the gas stream all replacement parts used on the MGPS are Group C
f“PP:'_e"t of Cgmpanents compliant with ISO 15001
© patien sec nihe Check that all components used are compliant with Stakeholder
MGPS
ISO 15001 Group E
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Risk
category
Quality of
gas
supplied
to patient

Quality of
gas
supplied
to patient

August 2026

Foreseeable
hazards
Back-feeding

of gases within

an MGPS

Cross
connections
between
MGPS

Performance

influencing factors

¢ potential loss of supply
to the patient

» potential contamination
of the supply source or

the gas supplied to the
patient

Contamination of the
supply source or the gas
supplied to the patient

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Risk reduction measure (RRM)

Operational management document to identify
correct testing and maintenance of backflow
protection devices and differential pressure
settings

Correct design of the MGPS to prevent back-
feeding of product

Commissioning checks to demonstrate
performance of any backflow protection devices or
differential pressure settings

Operational management document addresses
control of cross contamination when system is
modified/ extended

Correct design of MGPS to prevent cross
connections

Commissioning of MGPS to demonstrate no cross
connections

V2

Responsibility
and review by

Stakeholder
Group C

Stakeholder
Group D

Stakeholder
Group F

Stakeholder
Group C

Stakeholder
Group D

Stakeholder
Group F
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Risk Foreseeable Performance Risk reduction measure (RRM) Responsibility
category hazards influencing factors and review by
System Incorrect e wrong quality of gas/ * define the correct operational procedures for Stakeholder
operation operation or vacuum supplied to the each section/ component of the MGPS Group C
maintenance patient. » define responsibilities for all associated staff/
of the MGPS e failure of supply to the users of the MGPS
patient » define training requirements for all associated

staff/ users of the MGPS

* operational management document to specify
the need to assess competency of all
associated staff/ users of the MGPS and specify
the retraining requirements

e recording of training

Ensure all area shut off valves, control panels, Stakeholder
alarm panels are located in an appropriate location =~ Group E
and correctly labelled

Train all associated staff/ users of the MGPS Stakeholder
Group F
System Insufficient » wrong quality of gas/ » review the staffing requirements for safely Stakeholder
operation resources to vacuum supplied to the operating the MGPS (in and out of normal Group C
operate and patient working hours)
manage the « failure of supply to the * operational management document to specify
MGPS patient the need to review manning requirements on a

regular basis
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Risk Foreseeable Performance Risk reduction measure (RRM) Responsibility
category  hazards influencing factors and review by
System Inappropriate e wrong quality of gas/ » define the correct procedures for the operation  Stakeholder
operation action taken in vacuum supplied to the of MGPS in an emergency condition Group C

the event of an patient ¢ define emergency training requirements for all

emergency » failure of supply to the associated staff/ users of the MGPS

condition with patient * operational management document to specify

the MGPS the need to assess competency of all

associated staff/ users for emergency operation

of the MGPS and specify the retraining

requirements
* recording of training
Provide emergency training for all associated staff/ Stakeholder
users of the MGPS Group F
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2. General requirements

Introduction

2.1. A Medical gas pipeline system (MGPS) is designed to provide a safe and effective method
of delivering medical gases, medical air, and surgical air from the source of supply to the
appropriate terminal unit (TU) by means of a pipeline distribution system. Medical vacuum
(MV) can be provided by means of a pipeline system if it is the most appropriate solution
identified during the informed design process (IDP) (see Chapter 1). Anaesthetic gas
scavenging (AGS) disposal systems are provided to control occupational exposure to waste
anaesthetic gases and agents.

2.2. Dental compressed air and vacuum systems have differing requirements and are not
specifically covered in this guidance. However, the IDP can be applied with relevant
question sets that are determined from specific dental application guidance such as British
Dental Association (BDA), The Society for the Advancement of Anaesthesia in Dentistry
(SAAD) and the Scottish Dental Clinical Effectiveness Programme (SDCEP).

2.3. MGPS should only be used to supply medical gases for clinical applications. Consideration
can be given to the use of MGPS where a university theatre or room teaching medical
procedures forms part of the healthcare facility. Medical and surgical air supplies should not
be used to serve equipment such as endoscopy dryers, washer-disinfectors, or other non-
clinical applications which may impose high instantaneous loads to the detriment of the
operation and stability of the overall system.

24. Medical gas systems may be extended to those departments where respiratory equipment
or surgical tools are serviced, such as in electronic and biomedical equipment (EBME)
workshops and sterile services departments (SSDs).

2.5. Separate installations should be provided for pathology and general laboratories and
workshops, although it is recommended that they be constructed to the same specification
as MGPS. They should not be provided with medical gas TU. Refer to Scottish Health
Technical Memorandum (SHTM) 08-06 and British Compressed Gases Association (BCGA)
Code of Practice (CP) 4 for further information.

Quality requirements for medical gases and air
2.6. Medical gases supplied from cylinder or liquid sources comply with the appropriate sections

of the current edition of the European Pharmacopoeia (Ph. Eur.). The Ph. Eur. also
specifies the approved testing methods to be adopted for gas identity.
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2.7. The quality specification for medical, surgical, and synthetic air, and oxygen-enriched air
produced from a pressure swing adsorber (PSA) system, is as given in Table 14.1. The
medical air and synthetic air should also comply with the appropriate sections of the current
edition of the Ph. Eur.

2.8. The quality of piped medical compressed air, and the particulate content, dryness and
concentration of impurities should comply with the requirements for maximum
concentrations given in Table 14.1. Information on testing procedures is given in Chapters
13 and 14.

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

2.10. Micro-organisms can penetrate a bacteria filter if the material is wet. Therefore, it is
essential that the dryness of the medical air supplied to a bacteria filter is checked regularly
(at least every three months) at the test point, using the test equipment specified in Chapter
13.

Sources of supply

2.11. British Standard (BS) EN International Standard (ISO) 7396-1 proposes that all medical gas
supplies should comprise three sources of supply identified as ‘primary’, ‘secondary’ and
‘reserve’, although the latter is more commonly referred to as a third means of supply. The
supply system should be designed to achieve continuity of supply to the TU in normal
condition and in a single fault condition. A single fault condition is where a single means for
protection against a safety hazard in equipment is defective, or a single external abnormal
condition is present. Loss of supply due to maintenance of a supply source (or a component
within it) is not considered a single fault condition. Failure of the pipeline is considered a
catastrophic event and is not regarded as a single fault condition.

2.12. With respect to individual banks of a cylinder manifold installation, this SHTM refers to
separate banks of an automatic manifold as primary and secondary supplies as prescribed
within BS EN I1SO 7396-1. This SHTM will classify an automatic manifold as a single source
of supply, when used as a back-up for liquid oxygen (LOX), medical and surgical air
systems.

2.13. Regardless of these classification differences, the choice of central source will be defined
by the ability of the source not only to provide a continuous supply of gas over a range of
flow rates but also to offer security of supply by virtue of adequate capacity.
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For these reasons, types, capacities, and locations of primary, secondary, and reserve
sources of supply will be based on both system design parameters and the need for supply
security, identified by the IDP. Table 2.1 - Table 2.9 describe the various options for gas
supply. For each, the primary, secondary, and reserve sources are identified.

Table 2.1 - Compressed gas cylinder manifold systems

Primary supply Secondary supply Reserve supply (third source of
supply)
e duty bank of a e standby bank of afully e manual emergency reserve
fully automatic automatic manifold manifold (ERM) - to come online
manifold automatically via a non-return

e number of valve in the event of a single fault
cylinders based condition and to act as a reserve
on IDP supply during maintenance/ repair

works

e type and capacity of supply to be
determined by the IDP
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Table 2.2 - Bulk liquid oxygen vacuum insulated evaporator (VIE) systems

Primary supply

Simplex VIE vessel
system

One vessel of a
duplex VIE vessel
system (on same
plinth)

One vessel of a
duplex VIE vessel
system (on separate
plinths)

August 2026

Secondary supply

Automatic cylinder
manifold system (to come
on-line in the event of plant
failure)

Second vessel of a duplex
VIE system

Second vessel of a duplex
VIE system (on separate
plinths)

Note 6: Split-site systems
are intended primarily for
systems where the risk
assessment has identified
that the site for the primary
supply is limited in size or
presents too high a risk
having both tanks on the
same site. These supply
systems should be fitted
with appropriate non-return
valved connections to
prevent gas loss in the
event of one tank/ system
failing.

Reserve supply (third source of
supply)

e automatic cylinder manifold
system (May be sited to support
high-dependency areas or whole
site)

or

¢ |ocally based integral valved
cylinders with regulators/
flowmeters attached

automatic cylinder manifold
system

e may be sited to support high-
dependency areas or whole site

Type and capacity of supply to be
determined by the IDP. (May not be
required when remote dual supplies
are connected to a ring main or to a
mains (linked) pipeline distribution
system.)

Note 7: A ring main or distribution
pipeline is not regarded as a reserve
supply (third source of supply)

V2
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Table 2.3 - Liquid oxygen cylinder system

Primary supply

Liquid cylinder or
liquid cylinder
manifold system

Note 8: The latter is
NOT a changeover
manifold. All
cylinders are on-line
simultaneously

Table 2.4 - PSA plant

Primary supply

Multiplex
compressors and
columns (adsorbers)

August 2026

Secondary supply

Automatic cylinder
manifold system (to come
on-line in the event of plant
failure)

Secondary supply

automatic cylinder
manifold system (To
come on-line in the
event of plant failure)

may be fitted with third
party cylinders or filled
from compressor of
main plant. Number of
cylinders should have
sufficient connected
capacity to supply the
site as determined by
the IDP. Locally filled
cylinders or gas
suppliers’ cylinders can
be used.

V2

Reserve supply (third source of
supply)

e automatic cylinder manifold
system (May be sited to support
high-dependency areas or whole
site)

or

¢ |ocally based integral valved
cylinders with regulators/ flow
meters attached

Reserve supply (Third source of
supply)

Type and capacity of supply to be
determined the IDP
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Table 2.5 - Compressor-driven medical air systems

Primary supply Secondary supply Reserve supply (third source of
supply)

First compressor of Second compressor of a e automatic cylinder manifold

a duplex duplex compressor system system (To come on-line

automatically in the event of

compressor system
plant failure)

e type and capacity of supply to be
determined by the IDP

First compressor of = Second compressor of a Third compressor of a triplex

a triplex compressor  triplex compressor system compressor. In addition, an

system automatic cylinder manifold system
to support a dedicated

department(s) or whole site.

Two compressors of Other two compressors of a = Automatic cylinder manifold system
a quadruplex quadruplex compressor to support whole site
compressor system  system

Table 2.6 - Synthetic air plant

Primary supply Secondary supply Reserve supply (third
source of supply)

Primary oxygen and Secondary oxygen and Type and capacity of supply

nitrogen VIE vessels and nitrogen VIE vessels and to be determined by the IDP

mixer unit mixer unit
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Table 2.7 - Combined medical/ surgical air plant

Primary supply

First compressor of a
duplex compressor system

First compressor of a
triplex compressor system

Two compressors of a
quadruplex compressor
system

August 2026

Secondary supply

Second compressor of a
duplex compressor system

Second compressor of a
triplex compressor system

Other two compressors of a
quadruplex compressor
system

V2

Reserve supply (third
source of supply)

e two automatic cylinder
manifold systems:

e one dedicated to support
medical air (4 bar) (MA4)
system

e one dedicated to support
surgical air (7 bar) (SA7)
system

e all to come on-line in the
event of plant failure

e type and capacity of
supply to be determined
by the IDP

e third compressor of a
triplex compressor
system. In addition, an
automatic cylinder
manifold system to
support whole site

e SA7 and MA4 with
independent ERMs (see
above for duplex
compressors)

Automatic cylinder manifold
system to support whole site.
One for MA4 and one for SA7
(see above for duplex
compressors)
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Table 2.8 - Compressor-driven surgical air systems

Primary supply Secondary supply Reserve supply (third
source of supply)
Simplex compressor unit e automatic cylinder Locally based integral
manifold system to come  valved cylinders with
on-line in the event of regulators/ flow meters
plant failure e

e type and capacity of
supply to be determined

by the IDP
First compressor of a duplex Second compressor of a Automatic cylinder manifold
compressor system duplex compressor system  system

Table 2.9 - Central medical vacuum systems

Primary supply Secondary supply Reserve supply (third
source of supply)

First pump of a triplex Second pump of a triplex pump  Third pump of a triplex

pump system system pump system with

additional portable suction
equipment available

Two pumps of a Other two pumps of a Portable suction equipment
quadruplex pump system  quadruplex pump system

August 2026 V2 Page 35 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Note 9: Notes to Table 2.1 - Table 2.9: General guidance on vacuum systems is contained
in Chapter 8.

a. existing duplex vacuum plant systems should be reviewed for their efficiency against
Chapter 8 and the requirements determined during the IDP

b. for all compressor systems with a design flow greater than 500 litres/min, two receivers,
each able to be isolated individually, should be installed. For compressor systems with a
design flow less than 500 litres/min with a single receiver, a valved bypass line should be
installed

c. all plant is to be connected to circuits derived from the electric supply system for safety
services

d. for vacuum provision during total electricity supply failure, cylinder - or medical-gas-
system-powered vacuum generators can be used

e. the ERM supporting a fully automatic manifold is usually sited with the manifold system. If
a risk assessment indicates that this is not in the interests of supply security, they may be
sited remotely from the manifold. In all circumstances, care should be taken to ensure that
appropriate backflow protection (or non-return valves) is provided to protect the system
from failure of either manifold

f. locations of manifolds supporting LOX, medical air, surgical air, synthetic air, and PSA
systems should be determined by the IDP. Appropriate backflow protection should be
provided

g. a valved by-pass arrangement around compressor and VIE-plant non-return valves must
be provided to facilitate valve replacement or servicing of the non-return valve to avoid
disruption to the service without plant shutdown

h. all sources of supply should be fitted with a test point consisting of a TU and lockable
isolating valve. Where the test point is located externally, this should be located within a
weatherproof enclosure

Design information for gas supply sources

Key lines of enquiry
2.15. Sizing of VIE systems, liquid cylinder storage systems, PSA plant and synthetic air plant

should be based on historical consumption data, the IDP and appropriate risk assessments
carried out with the medical gas supplier. For a completely new site (or major
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redevelopment of existing), historical data should be reviewed for similar sites or for those
of the existing cohort that the new facility will accommodate.

Note 10: This data could be obtained for example from the proposed gas supplier at the
early stage of the IDP process to help inform requirements.

2.16. Various example layouts of an MGPS are shown throughout this SHTM, and each need to
be designed on a project-by-project basis to consider the anticipated design flow. Appendix
C provides a conversion table for the various units of measurement that may be
encountered.

2.17. There are several aspects of gas flow to consider when completing the IDP for MGPS:

1. the test flow that is required at each TU for test purposes (this flow is to establish that
the TU functions correctly and that there are no obstructions)

2. the typical flow required at each TU (this is the maximum flow likely to be required at
any time in clinical use)

the anticipated quantity of TU in use at any time
the flow required in each sub-branch of the supply system
the total flow to the ward/ department

the flow in the main branches/ risers, that is, the summation of all calculated flows

N o a ko

the flow required at the plant, that is, the sum of all calculated flows to all similar
departments and wards, plus individual or dissimilar departments

2.18. The pipeline system should be designed so that the flows determined during the IDP can be
achieved at each TU: the flows are expressed in free air. Peak and average flow rates will
be calculated during stage three of the IDP. Pipe size selection should be based on peak
flow rates in normal use with the supply source sizing based on average continuous
demand. Pandemic/ escalation alternative supply sources and peak demand should be
established in line with procedures set out in BS EN ISO 7396-1 Annex H.

Note 11: When considering average continuous demand flows, it is the number of bed
spaces, treatment spaces, or rooms in which the clinical procedure is being performed that
is used; this is not the individual number of TUs since, in many cases, more than one is
installed. For example, a bed position in a critical care area may have four or more oxygen
TUs.

2.19. For existing systems and refurbishments, the overall pipeline design should be based on a
5% pressure drop from the plant/ source of supply to that measured at the rear of the TU at
the specified test flows. For vacuum, this should be 50 millimetres of mercury (mmHg)
pressure loss.
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2.20. For new installations, the delivery units (DUs) pressure drop designed under an IDP, should
be designed to be zero at the DU connection point to the supply system under peak flow
conditions.

Terminal unit flows

2.21. At the appropriate design stage during the IDP, the project team should define the individual
room/ space requirements. DUs may comprise several ward units, treatment rooms, and
other spaces. At stage three of the IDP, the nomenclature for each clinical space should be
clearly defined so that the appropriate gas flow requirements can be established during that
stage.

Pipeline flows

2.22. The design of the pipework system is based on the IDP flow rates and the permissible
pressure loss from the source of supply to the TU excluding the TU pressure loss. The pipe
sizes should be selected to ensure that the pressure loss meets the requirements of the
IDP.

2.23. Table 2.10 provides indicative values for discussion during the IDP.

Table 2.10 - Gas flow - flows required at terminal units

Service Location Nominal pressure  Typical flow
(400 kilo Pascal required
(kPa)) (litres/min)
Oxygen Operating rooms and 400 20

anaesthetic rooms in
which nitrous oxide is
provided for

anaesthetic purposes

Oxygen Continuous positive 400 30
airway pressure
(CPAP)
Oxygen All other areas 400 6
Nitrous oxide All areas 400 6
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Nitrous oxide/
oxygen (50%
volume per
volume (v/v)
mixture

Nitrous oxide/
oxygen (50%
v/v) mixture

Medical air
400 kPa

Medical air
400 kPa
Medical air
400 kPa
Medical air

400 kPa

Vacuum

Vacuum

August 2026
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Location

Labour, delivery,
recovery, post-partum
(LDRP) rooms

All other areas

Operating rooms

Critical care high
dependency units
(HDUs)

Neonatal

Other areas

Operating rooms and
endoscopy

All other areas

V2

Nominal pressure
(400 kilo Pascal
(kPa))

400@

400

400

400

400

400

400 mmHg - 47 kPa
absolute (53 kPa
below atmospheric
pressure). All further
figures will be in
‘below atmospheric
pressure’

400 mmHg - 47 kPa
absolute (53 kPa
below atmospheric
pressure). All further
figures will be in
‘below atmospheric
pressure’

Typical flow
required
(litres/min)

20

20

40

80

40

10®)

40

5-10
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Note 12: Notes applicable to Table 2.10:

a. for nitrous oxide/oxygen (50% v/v) mixture the pressure at the intermittent patient
demand regulator should not be less than 310 kPa

b. these flows are for certain types of gas-driven ventilators under specific operating
conditions, and nebulisers and the like

Oxygen

In-patient accommodation

Oxygen is used at a typical flow of 6 litres/min. Each TU should be capable of passing 25
litres/min (at standard temperature and pressure (STP)) at a supply pressure of 400 kPa
(nominal) as shown in Table 2.10, in case nebulisers or other respiratory equipment are
used.

In post-anaesthesia recovery, it is possible that all bed spaces may be in use
simultaneously.

In critical care, coronary care and high-dependency units, the flow rate should assume that
all bed spaces may be in use simultaneously.

Most modern ventilators are servomotor operated or pneumatic. Oxygen should not be
used as the driving gas for gas-powered ventilators if they are capable of being powered by
medical air.

If under escalation procedures, oxygen has to be used to power ventilators and/ or
ventilators are operating in CPAP mode, the high flows that may be encountered should be
taken cognisance of during the IDP. These ventilators use exceptional amounts of oxygen,
particularly if adjusted incorrectly. If incorrectly set, they can use in excess of 120 litres/min,
but their therapeutic benefit will be effective at lower flows. Consideration should be given to
installation of systems to warn of ventilation failure and oxygen concentrations above 23%.

Maternity

For LDRP rooms, two cot spaces may be provided, each with a TU. Only one will be
considered to be in use.

In the event of multiple births, the additional gas usage will have negligible overall effect on
the total flow.
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2.31. Maternity department operating rooms are designed as a suite; that is, it is presumed that
oxygen will be provided either in the anaesthetic room or in the operating room. In post-
anaesthesia recovery, it is possible that all bed spaces may be in use simultaneously.

Hyperbaric oxygen chambers

2.32. Hyperbaric oxygen chambers should be supplied from a separate branch from the main
riser/ distribution pipe. The pipeline system should be from a liquid supply source. The
individual design and operating procedures for hyperbaric chambers varies greatly. The
equipment supplier should be consulted at Stage 2 of the IDP as individual clinical teams
may not have the relevant experience of the design requirements for this type of equipment.
This type of therapy can use large quantities of oxygen for sustained periods, a typical
example of flows for a single patient chamber are as shown in Table 2.11.

Table 2.11 - Gas flow — hyperbaric chambers

Oxygen use Max. time for Total Consumption for
one consumption for each additional
complete max. treatment minute (litres/min)
treatment time (litres)

Oxygen atmosphere and 2 hours 30,000 250

recirculation: On open circuit

Oxygen atmosphere and 2 hours 7,250 40
recirculation: On
recirculation

Oxygen only, no 2 hours 30,000 250
recirculation

Oxygen delivery by built-in 2 hours 1,200 10
breathing mask and
overboard pump

Oxygen delivery by built-in 2 hours 7,250 60
breathing hood and
overboard pump
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Note 13: Notes applicable to the gas flow in hyperbaric chambers:

a. the flows for a recirculating unit assume the standard method of operation is recirculation
throughout the treatment. It is recommended that the pipeline should be designed for open
circuit operation to ensure adequate flow under all conditions

b. clinical practice may require the inclusion of air during the treatment. It may also be
necessary to switch to air in the unlikely event of an oxygen convulsion. Therefore,
consideration should be given to the provision of medical air from a separate dedicated
medical air supply source in accordance with Chapter 6

c. some hyperbaric chambers use air as a buffer and consequently less oxygen is
consumed. The advice of the manufacturer should be sought. Where this is the case, the air
should be supplied from a separate supply system complying with the requirements for
medical air systems

Nitrous oxide - conscious inhalation sedation (Dental)

2.33. Since 1998 there have been significant changes in the provision of pain and anxiety
management in UK dentistry. The results have been an increased emphasis on the safe
provision of conscious sedation instead of a reliance on general anaesthesia. General
anaesthesia should only be provided in response to clinical need. The publication of ‘A
Conscious Decision’ in 2000 resulted in the cessation of general anaesthesia for dentistry in
the primary care setting.

2.34. All patients have the right to appropriate anxiety control for any dental procedure, the
methods used must be considered for the individual patient having a specific treatment.
Behavioural management therapy, coupled with local anaesthesia may be insufficient for
some patient cohorts and a holistic approach of anxiety management needs to be
employed. This is a combination of behavioural therapy, a calm and peaceful environment,
and the use of conscious sedation.

What is conscious sedation?

2.35. The General Dental Council define conscious sedation as “a technique in which the use of a
drug or drugs produces a state of depression of the central nervous system enabling
treatment to be carried out, but during which verbal contact with the patient is maintained
throughout the period of sedation. The drugs and techniques used to provide conscious
sedation for dental treatment should carry a margin of safety wide enough to render
unintended loss of consciousness unlikely. The level of sedation must be such that the
patient remains conscious, retains protective reflexes, and is able to understand and to
respond to verbal commands.”
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2.36. Inhalation sedation (‘IS’) is a form of conscious sedation used in dentistry, it utilises a
titrated dose of nitrous oxide gas with oxygen, as a mixed gas. The use of nitrous oxide in
healthcare has a wide margin of safety with ‘IS’ being described as a standard technique for
dentist-led sedation by the SDCEP and the Intercollegiate Advisory Committee for Sedation
in Dentistry (IACSD) It has been found to be clinically successful for dental procedures in
children and adults.

2.37. The way in which nitrous oxide is used in dentistry differs from both anaesthesia and
maternity, and as such needs appropriately configured supply and disposal systems to
control the environmental exposure and the potential environmental damage aspects. There
are certain patient groups for which suitable alternatives are not available, or not practical.
The way in which nitrous oxide is administered by clinicians differs from both anaesthetics
administration and maternity applications. Each dental service will have multifactorial
combination of patient requirements which must be meet for a successful outcome for
patient, practitioner, and the global environment.

2.38. The average carbon footprint in a dental service for a week of clinical administration of
nitrous oxide, was 518.25kg carbon dioxide emissions (CO2e) (range 38.88-1,849). Per
episode of ‘IS’, the average was 28.62kg COze (range 10.74 - 40.67). This is a considerable
sum when applied to the number of sites providing these services.

2.39. Approximately 40% use local cylinder supply sources and 24% from either a shared or
dedicated manifold supply system. The remainder is a hybrid of the two.

2.40. The supply source and system for individual applications needs careful review through the
IDP as the current Royal College of Anaesthetists (ROCA)/ Association of Anaesthetists of
Great Britain and Ireland (AAGBI) joint statement on manifold removal for general
anaesthesia applications may not provide the optimal solution for ‘IS’ applications. Some
adult interventions use large quantities of gas, and the resilience and convenience of a
pipeline supply is needed. Likewise, because of the gas being of a liquid supply type, the
pressure gauge is not an accurate means to determine remaining capacity and many
smaller individual cylinders are sent back still half full. Similarly, when larger quantities of
gas are being consumed the larger cylinders are more economical and easier to secure.

Note 14: An E-size cylinder at 50% capacity has three times the amount of remaining gas
as a G-size cylinder at the manifold changeover point, which equates to the standard
manifold bank change over in one much smaller cylinder. The level of remaining gas in
small cylinders returned due to concerns about running out of gas can eclipse the levels in
multiple banks of a controlled manifold system.

2.41. All supply systems must be managed in a suitable and sufficient manner and be leak-tight.
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242. Dental ‘IS’ is administered through an Ori-nasal mask that is designed for the purpose,
there are many proprietary types offering a broad range of sizes for a good fit to the patient.
The masks, when correctly fitted, offer an efficient method of delivery of gaseous mixture to
the patient. The mask will be configured to supply the gas and have a built-in scavenging
opening and lumen to remove the expired gas away from the patient and practitioner.

Scavenging

2.43. Dental sedation clinical guidelines recommend that there is active scavenging equivalent to
between 40- 45 litres/min attached to each nasal hood. This is occupational health-related,
to ensure that the gas the patient breathes does not contaminate the dental operating
environment.

244, For systems that are set up with higher scavenging rates, clinicians have to compensate for
this by manually increasing the flow rate of anaesthetic gas supplied by the dental sedation
machine. For example, a 'normal’ flow rate is expected to be 4-6 litres/min, but nationally it
was found that 27% of services have an average flow rate of greater than 6 litres/min.
Scavenging systems should be specifically designed for dental service as either stand-
alone portable units or as central systems. The use of BS EN ISO 7396-2 systems without
an air-break will give flow rates that, if unmodified, are excessive for ori-nasal mask
applications, increasing the patient flow demand without any clinical benefit but increasing
the quantity of anaesthetic gases used in the treatment.

Nitrous oxide/oxygen (50% v/v) mixture

2.45. All TUs should be capable of passing 275 litres/min for a short period (normally a < five
seconds’ duration) to supply inhalational ‘gasps’ by the patient, and a continuous flow of 20
litres/min. The actual flow would not normally exceed 20 litres/min.

2.46. The flow rates for LDRP room use should be based on the criteria determined during the
IDP. The peak inhalational ‘gasp’ is 275 litres/min, whereas the respirable minute volume
will be catered for with a flow of 6 litres/min - it should also be borne in mind that a woman
in labour would not continuously breathe the analgesic mixture.

2.47. Nitrous oxide/oxygen (50% v/v) mixture may be used in other areas for analgesic purposes.
The flow rate for these areas should be based on the criteria determined during the IDP.

Air

2.48. 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 unless specifically recommended by the device
manufacturer.
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2.49. Air should be provided at two different pressures but to the same Ph. Eur. Standard:

e a pressure of 400 kPa is required for medical air to drive ventilators and for other
respiratory applications

e a pressure of 700 kPa or higher is required for surgical air to drive surgical tools

Medical air 400 kPa

2.50. Medical air is directly inhaled by patients during ventilation. It may also be used to dilute
oxygen before administration because of the potentially toxic effects of pure oxygen.

2.51. The supply system for medical air 400 kPa may be a manifold system, a compressor
system, or a proportioning system (synthetic air), and normally includes an ERM. A
compressor plant, or synthetic air supply, should be considered where air-powered
ventilators are to be used.

2.52. One of the major uses of medical air is for patients’ ventilators, which fall into two main
categories comprising those used during anaesthesia and those used during critical care.
Many modern devices have integrated compressors or turbines to supply the required air,
thus negating the need for an external source. Therefore, exact flow requirements will
depend on the design of the ventilator and the equipment manufacturer, or respiratory
technicians should advise on any external medical air requirement.

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

2.54. A minimum pressure required at TUs for respiratory use is 355 kPa.
2.55. Medical air should not be used to supply mechanical services.

2.56. Some medical gas pendants use the medical air supply for operating the control/ retraction
system. This is not a preferred method of operation but may be permitted if there is no other
design solution, provided that:

e a flow limiting device is provided to protect the medical air system in the event of failure
of any downstream component

e anon-return valve is incorporated to protect the system integrity
e appropriate area valve service units (AVSU) arrangements are in place (see Chapter 3).
(The surgical air supply should be used to provide the power source whenever possible)

2.57. The flow requirements should be ascertained and taken cognisance of prior to the
installation of the equipment.
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Medical vacuum

2.58. Second to oxygen, MV is the most prominent service from a medical gas perspective. Its
use and availability is potentially the same as that of oxygen for preservation of life. How
that vacuum is actually provided at the point of clinical use can vary and depending on the
IDP can be delivered in many ways, other than from the traditional approach of having a
centralised piped system. The primary aims of ‘net- zero’ in healthcare cannot be met
unless the critical assessment of the actual requirements that are needed for safe clinical
care are developed and shared during the IDP. In a significant change from previous
revisions of this SHTM, the guidance within this document is that piped MV is not provided
as a matter of course and should now only be provided when other means of providing a
MV service has been investigated and discounted, and that there is a clear requirement for
a piped MV system.

Anaesthetic gas scavenging systems

2.59. For anaesthetic gas scavenging systems (AGSS), it is possible that more than one AGS TU
may be installed in an operating room or anaesthetic room for convenience. It should be
assumed that only one TU in each room will be in use at any given time. The theatre suite
configuration and mode of operation should be considered in the IDP as anaesthetic rooms
are not always specified or used in modern anaesthesia. Should there be a requirement for
simultaneous use, the plant should be sized for two AGS TUs in dual operation for each
theatre suite with that mode of operation. Otherwise, a flow rate for a single TU should be
the design criteria (see Chapter 9).

2.60. For other areas where AGSS might be required as identified in the IDP, for flow rates refer
to Chapter 9.

2.61. BS EN ISO 7396-2, the standard for AGS systems, recognises the reduction in overall and
fresh gas flows that have resulted from changes in clinical practice, and the resultant
reduced flow rates required to control this. Low-flow anaesthesia is a technique that
employs a fresh gas flow that is less than the alveolar ventilation (see Chapter 9).

Safety

2.62. The safety of an MGPS is dependent on four basic principles:
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 TUs, connectors, and the like, and by the adherence to strict validation and
verification 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:

A. being in accordance with BS EN ISO 7396-1, including three sources of supply
B. the provision of alarm systems

C. connection to the electric supply system for safety services

Quality of supply is achieved by the use of gases purchased to the appropriate Ph. Eur.
requirements or produced by plant performing to specific standards, by the maintenance of
cleanliness throughout the installation of the system, and by the implementation of the
various validation and verification procedures.

Installation/ supply of equipment/ maintenance

The installation of an MGPS should be carried out only by specialist organisations who are
registered to BS EN 1ISO 9001/ BS EN ISO 13485 with an appropriate scope of registration
to specifically cover the work that they are undertaking.

Modifications

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 AVSUs and/ or line valve assemblies (LVAs) have been installed, blanking
spades should be used. On older installations where the valve design does not include
blanking spades, or where physical separation cannot be achieved, an individual safety risk
and reliability assessment should be undertaken for specific isolation element in line with
the question set in the IDP risk assessment.

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. Any proposal to
extend the system should be subject to the IDP to ensure the system has sufficient capacity
for adequacy of performance.
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Any work involving alteration, extension or maintenance work on an existing system should
be controlled under the appropriate functional safety documentation (see Chapter 8 of Part
B).

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 pipework and
equipment) should be carried out by specialist medical gas contractors only and the IDP
risk assessment template applied to all relevant elements of this process. Healthcare
Associated Infection System for Controlling Risk in the Built Environment (HAI-SCRIBE)
procedures should also be undertaken in accordance with Scottish Health Facilities Note
(SHFN) 30.

Note 15: Removal of vacuum systems may present additional microbiological hazards and
should be undertaken in accordance with routine hygiene practices, that is, covering of
open wounds and immediate cleansing and dressing of cuts/ scratches received while
carrying out the work. Immunisation against certain diseases may be required by the
healthcare organisation’s occupational health department or the employer of tradespeople;
therefore, all operatives should ensure that this requirement has been met. Further advice
should be sought from the healthcare organisation’s Infection Prevention and Control Team
(IPCT).

Validation and verification

The obijective of validation and verification is to ensure that all the necessary safety and
performance requirements of the MGPS have been met as determined in the IDP.
Validation and verification procedures will be required for new installations, additions to
existing installations and modifications to existing installations. The risk management
process in the IDP will dictate the specific requirements. These are described in Chapter
13.

General fire precautions

General
The siting and general structural principles for the design of LOX storage accommodation

are given in Chapter 5, and the requirements for plantrooms and gas manifold rooms in
Chapter 12. BCGA CP 36 provides further information on the requirements for liquid
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storage and BCGA CP 44 provides further information on the requirements for cylinder
storage areas.

2.74. Guidance on cylinder storage and handling is given in Chapter 8 of Part B.
Fire detection system

2.75. A fire detection and alarm system should be installed in plantrooms, medical gas manifold
rooms, and internal cylinder stores, following the guidance in SHTM 82: fire detection and
alarm systems. Based on an assessment of risk, external stores may also require a fire
detection system.

Electricity supply to medical gas installations

General

2.76. Electrical installations should be carried out in accordance with the current edition of BS
7671 ‘Requirements for Electrical Installations’, including all current amendments and
associated guidance documents.

2.77. Provision of electrical supply and distribution should take cognisance of guidance issued in
SHTM 06-01: ‘Electrical services: supply and distribution’.

Resilience of supply

2.78. MGPS, associated equipment and alarms are a critical service within a healthcare facility.
Consideration should be given to ensure the continuity of the medical gas service under
mains power supply failure conditions in accordance with BS 7671 ‘Requirements for
Electrical Installations’ including Chapter 56 ‘Safety Services’ and Chapter 710 ‘Medical
Locations’. Consideration should also be given to BS8519 ‘Selection and installation of fire-
resistant power and control cable systems for life safety, fire-fighting and other critical
applications. Code of practice.’

2.79. Each item of plant with respect to medical/ surgical air and MV should be supplied from a
dedicated, final sub-circuit that is connected to the electric supply system for safety
services. Alternative means of supply should be considered in the event that internal sub-
distribution arrangement is compromised.

2.80. In the event of power failure or interruption, all systems should continue to function as they
did before the interruption occurred. For example, except for automatic cycling
compressors, dryers, pumps and the like, the same compressor and dryer (or vacuum
pump) set should be on-line, and for manifold systems the same bank should be running.
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2.81. All electrical systems, including plant control systems, alarm interfaces and the like, should
be designed in accordance with electromagnetic compatibility (EMC) directives. For further
details, see the ‘Electromagnetic Compatibility’ chapter within SHTM 06-01: ‘Electrical
services: supply and distribution’.

2.82. It is important that operational managers and designers are fully aware of the resilience and
availability of power supply arrangements, including the electric supply system for safety
services and that plans are available to deal with the total loss of power under adverse
circumstances.

Electrical installation

2.83. Wiring systems for medical gas installations should be selected in accordance with the
current edition of BS 7671 ‘Requirements for Electrical Installations’ with particular regard to
the environment and risk from mechanical damage.

2.84. Care should be taken when installing both electrical systems and MGPS to avoid
occasional contact between pipework and electrical cables and containment systems.
When physical separation is impractical or contact with extraneous metalwork occurs (for
example where the pipeline is carried in metal partitions or where TUs are mounted on
metal bed-head units), the pipeline should be effectively bonded to the metalwork in
accordance with the current edition of BS 7671 ‘Requirements for Electrical Installations’.

2.85. The final connection to any equipment (for example alarm panels or control panels) should
be made using a key-operated (double pole) fused connection unit to only permit authorised
electrical isolation of the equipment.

2.86. Where electrical systems and MGPS are enclosed in a boom, rigid pendant or multi-
purpose-type enclosure, care should be taken to ensure that Low Voltage (LV), Extra-Low
Voltage (ELV) and communications and data systems are maintained together but separate
from pipeline systems. There should be no access to unprotected live parts within the
pendant except by the use of a tool. Reference should be made to BS EN ISO 11197
‘Medical Supply Units’ which gives clear guidance on the requirements for such separation
and segregation.

Earthing and bonding

2.87. Medical gas pipelines should be bonded together and bonded to the local electrical
distribution board in accordance with the current edition of BS 7671 ‘Requirements for
Electrical Installations’. The pipelines should not, in themselves, be used for earthing
electrical equipment.
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Flexible pipeline connections, wherever used, should be equipotentially bonded across the
fixed points to ensure no potential difference between points.

Where a medical gas TU or pipeline system is present within Group 1 or Group 2 Medical
Locations, as defined by BS 7671 ‘Requirements for Electrical Installations’ Section 710:
Medical Locations, care must be taken to ensure the resistance of the equipotential bonding
connection is in accordance with the required value.
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3. Provision of terminal units, and the location of
area valve service units, area alarm panels and line
valve assemblies

Terminal units

3.1. Terminal units (TUs) should be mounted in positions that result in the shortest practicable
routes for flexible connecting assemblies, between the TU and apparatus. TUs may be
surface or flush mounted. They may also be incorporated with electrical services, nurse call
systems, televisions, radio, and audio services, in proprietary fittings such as medical
supply units, wall panel systems and pendant fittings and the like. When they are installed
within such fittings, it is essential to maintain the concentricity of the TU bezel with the
fascia plate aperture; if the installation is highly eccentric, the bezel will bind on the fascia
plate, and the TU will not function properly.

3.2. When planning the installation of operating-room pendant fittings, the location of the
operating luminaire, other ceiling-mounted devices and structural loadings should be taken
into consideration. When the operating room is provided with an ultra-clean ventilation
(UCV) system, it may be more practicable (and cost-effective) to have the services (both
medical gas and electrical) incorporated as part of the UCV system partial walls. This may
be advantageous if the design solution incorporates surgical air systems as rigid pipework
can be used, thus avoiding pressure-loss problems that can occur with flexible assemblies
used within pendant fittings. The use of fittings such as articulated or retractable pendants
that utilise flexible hose assemblies should be carefully considered and ultimately avoided
where possible. TUs should be located in positions where final connections can be made in
hard pipework, negating the common installation and maintenance difficulties experienced
with flexible hose installations, including:

A. excessive pressure drop necessitating significant increases in delivery pressure at
source plant (particularly relevant on surgical air and medical vacuum (MV) supplies)

B. possibility of hoses pinching or kinking inside the pendant housing due to pendant
movement over time, resulting in reduced supply volumes and pressures

C. the requirement to regularly replace these hose assemblies (nominally 5 years in the
absence of any specific alternative guidance from the hose assembly manufacturer)
and the significant disruption to clinical operations such works often cause

D. hose assemblies must comply with BS EN ISO 5359, which at the time of publication
precludes them being manufactured on-site due to the particulars of the tests which
must be carried out on them

E. the potential for water vapour and other contamination to form over time within the hose
if used infrequently
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3.3. Floor-mounted TUs are not permitted.

3.4. All TUs should conform to British Standard (BS) EN International Standard (ISO) 9170-1.
TUs intended for wall mounting where directly connected equipment such as flow meters
are to be used must include a non-swivel device. TUs intended for installation with the
socket axis vertical, for example on the under-surface of a pendant and intended for use
with indirectly connected equipment by means of a flexible connecting assembly, do not

require a non-swivel device. Dimensions of probes and materials for manufacture are given
in BS 5682.

3.5. Wherever nitrous oxide and anaesthetic agents are available for anaesthetic procedures,
the informed design process (IDP) will need to be followed to determine the requirements
for compliance with the Control of Substances Hazardous to Health (COSHH) regulations.
As with certain low-flow and total intravenous anaesthesia (TIVA) applications, this may not
be required as a piped service. If anaesthetic gas capture technology and destruction units
cannot assure the relevant safe levels of exposure are achieved, a local exhaust ventilation
(LEV) system would be the next option in the hierarchy of controls. In recovery areas,
where nitrous oxide is not provided, there is no primary source of anaesthetic gas pollution;
thus, no anaesthetic gas scavenging system (AGSS) is required. Guidance on operating
departments requires such areas to be mechanically ventilated. Where nitrous oxide mixed
with oxygen is provided for analgesic purposes, the IDP should be followed to determine
the most suitable method of environmental control in line with COSHH requirements.
Certain dental techniques and pain management procedures where oxygen and nitrous
oxide are blended before patient administration may utilise active gas scavenging, these
are tailored solutions and may use an alternative extraction system to BS EN ISO 7396-2
(see Chapter 9).

3.6. The type of TU for anaesthetic gas scavenging (AGS) is specified in BS 8532. AGS
systems are covered in Chapter 9.

Note 16: Reference should be made to the Department of Health’s (1996) ‘Advice on the
implementation of the Health & Safety Commission’s Occupational Exposure Standards for
Anaesthetic Agents’. Further guidance is given in the Health and Safety Executive’s (HSE)
(1996) ‘Anaesthetic agents: controlling exposure under COSHH’.

3.7. Where respiratory equipment or surgical instruments are serviced, such as in electronic and
biomedical equipment (EBME) workshops, the IDP should determine the type and quantity
of medical gas TUs that are installed in them.

3.8. The fixing of TUs into medical supply systems or to wall surfaces and the like, should be
such that the following forces can be applied:
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A. a lateral force of 20 Newton (N) applied at 50mm from the surface of the TU without
dislodgement or breakage

B. an axial force of 500 N without dislodgement or breakage

3.9. Where an array of TUs is provided at a location based on the IDP, they should be arranged
as follows (see Figure 3.1) with non-utilised gases being omitted from the sequence:

A. for a horizontal array, when viewed from the front, left to right: oxygen, nitrous oxide,
nitrous oxide/oxygen (50% volume per volume (v/v)) mixture, medical air, surgical air,
vacuum, AGS. If this arrangement is impracticable, a number of rows can be used

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/ columns

C. for a circular array, for example where TUs 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 TU may occupy the centre of such an array

D. in some instances, the user may require the configuration of TUs to be out of sequence
from that shown Figure 3.1, this should be agreed during the IDP
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Figure 3.1 - Terminal unit mounting order
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Mounting heights for TUs should be between 900mm and 1,600mm above finished floor
level (FFL) when installed on walls or similar vertical surfaces, the minimum mounting
height for TUs on the underside of a pendant should be 2,000mm above FFL - the optimum
height for the convenience of users of the medical gas system is 1,400mm or as defined by
the IDP.

When TUs are incorporated within a horizontal bedhead service trunking system, which
also provides integrated linear lighting for general room and/ or patient reading illumination,
it should be of a design that does not compromise the convenience of the medical gas
facility. Where there is a desire to mount TUs below 900mm, for example below worktops in
some dental surgery configurations, this would be determined as part of the IDP.

When installed in pendants or similar, TUs should be of a type suitable for mounting within
the specified fitting.

Pressure losses across TUs should be in accordance with BS EN I1SO 9170-1.

TUs that are wall mounted should be located as follows:

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

B. distance between centres of adjacent horizontal TUs should be:
a. 135 £ 2.5mm for three or more TUs
b. 150 + 2.5mm for two TUs only

C. care should be taken to ensure that connected medical gas equipment and hoses do
not foul other nearby equipment and services during use. Consideration should be
given to TU positioning with respect to worktops, electrical sockets, cupboards,
equipment rails, ventilation, and door openings. A minimum radial clearance of at least
200mm from these items is suggested, but this may have to be increased depending on
the nature of connected equipment

Note 17: To promote a more ‘domestic’ environment, some in-patient accommodation is
provided with TUs installed in recesses behind covers or decorative panels (see paragraph
11.66). To accommodate this, it is necessary to allow an additional 100mm on each side of
the outermost TUs and 200mm from centre to top of recess and 300mm from centre to
bottom of recess. The depth of the recess should be a minimum of 150mm.
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Area valve service units

General

Normally, departmental area valve service units (AVSUs) would be installed at the
healthcare facility street side of the entrance doors to a department and would reflect the
method of horizontal evacuation in the event of an emergency. The IDP and associated
Firecode guidance will inform the number and location of AVSUs required to assist
progressive horizontal evacuation away from the compartment of origin.

If a department includes one or more floors, a set of AVSUs should be provided for each
floor, which will act as emergency shut-off valves in the event of fire.

AVSUs for zones within critical care areas should be located where they can be seen by
staff - this may not always be at the staff base.

Area alarms within critical care areas should be provided for the individual space; that is, if
for example, a critical care area of 18 beds is sub-divided into three separate six-bed wards,
there should be one alarm only for each 6-bedded space and for each individual supply
circuit.

Where an anaesthetic room is directly linked to an operating room, the anaesthetic room
shall be controlled by the theatre AVSUs. Where the anaesthetic room is remote from a
theatre(s) separate AVSUs with area alarm panel should be provided.

When an anaesthetic room forms part of a special procedures’ suite then one set of AVSUs
serving both rooms is permissible.

AVSUs should be mounted at a convenient height (typically between 1,000 — 1,800mm)
such that they can be operated comfortably by staff (see Figure 3.2 and Figure 3.3). The
order of the location of individual valves in an array should follow that for TUs, for example:
oxygen, nitrous oxide and/ or nitrous oxide/oxygen (50% v/v) mixture, medical air (4 bar)
(MA4), surgical air (7 bar) (SA7), MV. If the array exceeds 1,000mm in height from top to
bottom, it may be preferable to arrange them in two columns. AVSUs should be positioned
where they are free of obstruction. Details of the design of AVSUs are given in Chapter 11.
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Figure 3.2 - AVSU mounting heights
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Figure 3.3 - Dual circuit AVSU mounting heights
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3.22. The arrangement of gases shown in Figure 3.2 and Figure 3.3 are indicative only, they
reflect the recommended order of gas services. The arrangement of gases should be
determined as part of the IDP.
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Note 18: The minimum height of 1,000mm is the optimum. In critical care areas where dual
circuits are installed, it may be necessary to reduce this to 800mm to avoid an excessive
number of columns of AVSUs.

Specific labelling requirements

3.23. All AVSUs should be labelled to identify the department and where applicable, the individual
rooms and sets of TUs that they control. They should be provided with flow direction
arrows.

3.24. In critical care areas where dual circuits and/ or subdivision of circuitry occur, TUs require to
be identified as associated with the specific AVSU. Correspondingly, AVSUs should be
similarly labelled to identify the TUs controlled.

Area alarm indicator panels

3.25. The placing of area alarm indicator panels should be determined during the IDP at locations
where they are readily visible by staff. Notices, partitioning, screens, and the like should not
obscure them. The mounting height should be such that in the event of an audible alarm
sounding, staff can activate the ‘mute’ switch, and be a maximum 1,800mm above FFL.

Line valve assemblies

3.26. Line Valve Assemblies (LVAs) should be installed at branches from risers, branches from
main runs, and where pipelines pass into or out of a building. Details of the design of LVAs
are given in Chapter 11. At ‘ring-main’ branch connections, a ‘triple tree’ arrangement is
required to facilitate the branch flow from either direction. In normal operation all the valves
in the ‘triple tree’ arrangement would be open.
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4. Cylinder manifold installations

4.1. A cylinder manifold installation consists of an automatic manifold control system and/ or
manual emergency reserve manifold (ERM).

Automatic manifold control system

4.2. The primary and secondary supplies are provided by two banks of equal numbers of gas
cylinders which are connected to the pipeline via a control panel. The changeover from the
‘duty’ to the ‘stand-by’ bank of cylinders should be automatic. The reserve supply is
provided via a manual ERM. 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.

4.3. A schematic layout for a typical cylinder manifold system is shown in Figure 4.1. The
quantity of cylinders required on each bank of the manifold and the amount held in storage
should be determined by undertaking a risk assessment as part of the informed design
process (IDP) taking cognisance of flow rates and peak demand. Additional cylinders for
one complete bank change should be held in the manifold room; for nitrous oxide/oxygen
(50% volume per volume (v/v)) mixture, sufficient cylinders to change two banks should be
held. Each cylinder bank should be capable of isolation of supply without individual cylinder
valve closure in order to facilitate periodic testing in accordance with British Standard (BS)
EN International Standard (ISO) 7396-1. Each cylinder bank should be capable of
independent selection to facilitate maintenance activity, for example, via a control switch.

44. The nominal and usable capacities of the cylinders commonly used on manifolds are
typically given in medical gas cylinder data charts provided by the medical gas supplier.

4.5. An automatic manifold changeover from duty to stand-by should occur at a cylinder
pressure that 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 electrical
power supply, the design should be such that failure of the electrical power supply does not
disrupt the flow of gas to the distribution system. In some instances, it will be necessary to
provide heaters on the manifold, for example for nitrous oxide/oxygen (50% v/v) mixture.
The heater should be selected by the manifold manufacturer to match the range of flows for
which the manifold is designed to deliver. The heater should be provided in such a location
to limit the build-up of ice on the regulator and to operate only during flow conditions.

Note 19: All systems should be designed so that both banks (duty and stand-by) supply gas
in the event of an electrical power supply failure.
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In the event of power failure, when the power is restored, the original ‘duty bank’ should be
on-line, that is, the same bank that was the ‘duty bank’ prior to interruption of the supply.

Manifolds and control panels should be designed and certificated for use with 230 bar
cylinders. The manifold headers should incorporate a renewable non-return valve to prevent
the discharge of a complete bank of cylinders in the event of ‘tailpipe’ rupture.

The tail-pipe cylinder connector must be a pin-index yoke connector in accordance with
either BS EN ISO 407 or BS ISO 5145 for oxygen, nitrous oxide/oxygen mixture (50% v/v)
mixture, and medical air. Non-metallic flexible connectors shall not be used. The manifold
connectors should be in accordance with Table 4.1.

Table 4.1 - Cylinder thread sizes

Thread Medical Gas

M24 x 2 Medical air

M22 x 2 Nitrous oxide/oxygen (50% v/v)
M20 x 2 Oxygen
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Figure 4.1 - Typical automatic manifold arrangement with manual ERM
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Note 20: Notes applicable to Figure 4.1

1. Safety valves to be discharged to a safe location that should be agreed during the IDP
and construction stage.

2. High pressure isolating valve for maintenance. The manufacturer should ensure that the
isolating valve and header purge valve are suitably rated for the pressures likely to be
encountered.

3. Quantity of cylinders is determined by the IDP.

4.9. Where it is necessary to use non-metallic materials for example, in seals and valve seating,
consideration should be given to the use of non-halogenated polymers in high pressure
systems (>3,000 kilo Pascal (kPa)) delivering oxygen or gaseous mixtures with oxygen
concentrations greater than that in ambient air. Consideration should also be given to fitting
sintered filters upstream of non-metallic materials to minimise the risk of particle collisions
and impacts, which are a potential source of ignition. In addition, there are tests that should
be conducted to ensure that the risk of ignition is minimised. Attention is drawn to BS EN
ISO 15001.

Note 21: Studies have shown that inadvertent ignition of halogenated polymers can lead to
highly toxic by-products being delivered to the gas stream.

4.10. Pressure indication should be provided to indicate pressure in each cylinder bank and in the
medical gas pipeline system (MGPS).

4.11. The automatic manifold and ERM should each be provided with a test point comprising
lockable valve and terminal unit (TU). These should be sited within the manifold room and
positioned immediately upstream of each manifold’s distribution pipeline isolating valve.

Pressure control

4.12. The pressure control should maintain the nominal pipeline pressure within the limits given in
Chapter 2. High-pressure regulators should comply with BS EN ISO 10524-2 and be
supplied with auto-ignition test results and regulator performance curves for each gas.

4.13. Separate pressure regulating valves should be provided for each cylinder bank. The control
system should be designed so that the cylinders of one bank can be changed, or the
pressure regulator or any component for one bank can be overhauled, without loss of
continuity of the gas supply, refer to Figure 4.1 and Figure 4.2 for provision of isolating
valves.
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4.14. 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 upstream of the
main isolation valve. A pressure safety valve should also be installed between the reserve
supply 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. There should be a separate discharge pipe for
each safety valve. Discharge pipes from each safety valve should not be connected to a
common discharge pipe. No other valves of any type should be installed in the discharge

pipe.

4.15. This discharge pipeline should be vented to atmosphere, outside the building, in an area
where the discharge of oxygen or nitrous oxide/oxygen (50% v/v) mixture will not present a
fire hazard or cause injury to personnel. Medical and surgical air may be vented internally,

normally terminating 150mm above finished floor level (FFL). Warning signs should be
posted at the discharge positions; access for inspection should be provided.

4.16. Discharge pipelines should terminate at least 3m clear of any door/ window that can be
opened or other ventilation/ 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 (LOX) cylinders.

Manifold monitoring and indicating system

417. The monitoring and indicating system should perform the following functions:

1. overall manifold monitoring
2. manifold condition indication
3. overall supply plant indication

4.18. All functions should be appropriately identified. Indicators should have a design life of at
least five years. The system should be capable of automatic reinstatement after restoration
of the power supply.

4.19. Manifold monitoring, indicating and alarm systems should be connected to the electric
supply system for safety services.

Manifold control unit

4.20. The control unit should include a green ‘mains power supply on’ indicator.
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Manifold monitoring

4.21. Each automatic manifold should be provided with monitoring to detect:
A. duty bank operating
duty bank empty and stand-by bank operating
stand-by bank below 10% capacity, when the duty bank is empty
each ERM bank below the nominal pressure for 50% of the cylinder contents

moow

pipeline pressure faults outside the normal range
Manifold indicator unit

4.22. There should be indicators to show the following conditions:

A. for each automatic manifold:

a. agreen ‘running’ indicator for each bank. This should display when the bank
is supplying gas, irrespective of the pressure

b. a yellow ‘empty’ indicator for each bank when the running bank is empty and
changeover has occurred

c. ayellow ‘low cylinder pressure’ indicator for each bank to be illuminated after
changeover, when the pressure in the bank now running falls to the low-
pressure setting

B. for each emergency reserve bank, a yellow indicator to be illuminated when the
pressure in the bank falls below the nominal pressure for 50% of the cylinder contents-
this will require the use of separate pressure transducers - one for each bank)

C. for the pipeline distribution system, a red ‘low pressure’ and a red ‘high pressure’
indicator to be illuminated when the respective conditions occur

Alarm signal status unit

4.23. The following indication of manifold conditions should be provided:

green ‘normal’: normal

yellow ‘duty bank empty, stand-by running’: change cylinders

yellow ‘duty bank empty, stand-by low’: change cylinders immediately

yellow ‘emergency reserve bank low’: reserve low

moowp

red ‘pipeline (high or low) pressure fault’: pressure fault

4.24. Conditions (A) to (E) in paragraph 4.23 should be transmitted to the central alarm system.

4.25. The panel should be incorporated into the manifold control unit.
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Manifold management

4.26. Connections should be provided that allow monitoring of manifold alarm conditions (B) to
(E) in paragraph 4.23 and manifold running for each ‘bank’.

Emergency reserve manifold

4.27. An ERM system should be provided to form a reserve source of supply, for emergency use
or to facilitate maintenance or repair of the primary plant.

Note 22: Where this ERM is to be brought into use to facilitate such maintenance works,
this will be subject to risk assessment; additional mitigations and/ or sources of supply may
be required to ensure continuity of service in the event of any issue with this ERM.

4.28. The supply should be designed to provide the design flow of the primary system. If the IDP
indicates such a provision would result in more than ten cylinders on each bank, zoning of
the ERM should be reviewed and area-specific local emergency supply sources (mini and
portable manifold systems) considered. A non-return valve and isolating valve should be
installed immediately upstream of the reserve manifold connection to the pipeline
distribution system.

4.29. The requirements for the emergency reserve supply capacity should be set out in the
operational policy document; this should consider the arrangements for the supply of
cylinders and the flow that the system is required to provide. This should be determined by
risk assessment in consultation with the medical gas supplier.

4.30. The specific requirements will depend on the method of primary supply and will be
determined by risk assessment as referred to in paragraph 4.27. Where this results in an
unrealistic number of cylinders being kept on site, the operational policy should be set out,
giving details of procedures to be followed in an emergency to ensure continuity of supply.

4.31. For large installations, it may be impractical to rely on a cylinder manifold system therefore
it may be appropriate to consider segregated local re-supply systems for business
continuity, surge planning and major incident planning as defined by the IDP.

4.32. The risk assessment should inform the operational policy and set out the location of
emergency manifolds, cylinders, and the like. These may be fixed systems, emergency inlet
ports, or portable manifold arrangements. The operational policy should detail the action to
be taken in the event of loss of the primary source of supply.

August 2026 V2 Page 67 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Emergency reserve supply for manifold installations

4.33. The reserve supply system for cylinder manifold systems should normally be located in the
manifold room adjacent to the automatic manifold or the discreet area of re-supply/
emergency inlet port. All cylinder valves should be permanently open so that gas is
immediately available, but one of the manifold header isolating valves should be closed. An
indicative system is shown in Figure 4.2.

Figure 4.2 - Indicative automatic changeover ERM for liquid oxygen and medical/ surgical
air plant
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Note 23: Notes applicable to Figure 4.2:

1. Safety valves to be discharged to a safe location that should be agreed during the IDP
and construction stage.

2. High pressure isolating valve for maintenance. The manufacturer should ensure that the
isolating valve and header purge valve are suitably rated for the pressures likely to be
encountered.

3. Quantity of cylinders is determined by the IDP.

4. Forillustrative purposes all valves are shown open - designers should note that the final
schematics should clearly indicate the manifold header isolating valve that has been
allocated "normally closed" status in accordance with paragraph 4.33.

4.34. The supply system should go into operation automatically via a non-return valve, and the
ERM isolating valve should remain open.

Reserve supply for plant supply systems

4.35. When an automatic cylinder manifold is used as the reserve for systems normally supplied
by plant for example, air compressors, the supply should comprise of a two-bank fully-
automatic manifold system as described in paragraphs 4.1 - 4.21 (except for (D) in
paragraph 4.19; (B) in paragraph 4.20; and (D) in paragraph 4.21, which do not apply). The
manifold system(s) should be installed in an appropriate manifold room(s) separate from the
plant. A typical system is shown in Figure 4.2.
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5. Oxygen systems

General

51. The medical gas most commonly used for administration to patients in healthcare facilities
is medical oxygen, being almost an order of magnitude higher than any other medical gas.
A medical oxygen medical gas pipeline system (MGPS) supplies a medical gas that is an
essential requirement for life. Its use has increased, not only due to the number of patients
being treated but also from changes in clinical practice, where the administration rates used
have increased. Due to the demand, a MGPS is the preferred way of supplying the medical
oxygen to patients within the healthcare facility. Experience gained during the COVID-19
pandemic has shown that under extreme conditions, the overall use of medical oxygen will
increase, potentially leading to shortfalls in the ability to supply patients from the MGPS. To
ensure that the MGPS system is designed to meet the potential requirements for all patients
within the healthcare facility, the type of supply sources need to be selected, and the
pipeline system appropriately sized to ensure that the design flow rates can be achieved.

5.2. The basic requirements for the design and construction of a medical oxygen MGPS are
described in British Standard (BS) EN International Standard (ISO) 7396-1 (Medical gas
pipeline systems Part 1: Pipeline systems for compressed medical gases and vacuum),
requiring a documented risk assessment approach to the design and installation of the
overall system.

5.3. When designing new installations or revising existing systems, the principles set out in BS
EN ISO 7396-1 should be followed, using the informed design process (IDP) methodology
described in Chapter 1.

54. One of the prerequisites of BS EN ISO 7396-1 for the MGPS is that it maintains the medical
oxygen supply to the patients should a single fault condition arise.

5.5. Single fault condition assumes that maintenance is a normal condition. Three sources of
supply are therefore required, so that at least two remain available while one is under
maintenance, ensuring oxygen continues to be supplied to patients even if a fault occurs.

5.6. Suitable isolation and bypass arrangements must be used to enable maintenance of a
supply source without impacting on the other two sources.

5.7. Single fault failure also applies to components of the MGPS, such as automated valves and
pressure regulators. Provided essential spares are held on site and faulty components can
be replaced quickly then duplication may not be required.
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5.8. The requirement to comply with the principles of the control of single fault conditions should
be addressed by the risk management process as part of the IDP (see Chapter 1).

5.9. Since the last revision of Scottish Health Technical Memorandum (SHTM) 02-01, apart from
the requirements described in BS EN ISO 7396-1, there have been a number of changes
relating to the supply of medical oxygen in compressed gas cylinders. These include:

A. the introduction of higher-pressure cylinders, providing a more efficient package and
reducing the environmental impact of cylinder supplies

B. the use of palletised cylinder bundles, where high pressure cylinders are manifolded
together providing a high-volume package for use as a supply source for the MGPS

C. the introduction of small mobile emergency supply systems to be used to supplement
supplies in critical care areas or as a back feed source to address an adverse event
with the MGPS

D. the increased use of medical oxygen cylinders fitted with a valve with an integral
pressure regulator (VIPR). The VIPR cylinder is fitted with a terminal outlet to allow it to
be used as a reserve supply source for individual patient use, where the medical
oxygen is not considered as critical

The use of these packages can impact on the decision when selecting a supply source for
the MGPS.

5.10. Although previous versions of SHTM 02-01 indicated that the supply source storage
systems could contain product identified for more than one supply source, it is now
recommended that the primary, secondary, and reserve supply sources should be held in
separate storage systems, to comply with the requirements of single fault conditions.

5.11. Automatic changeover manifolds should normally be considered as a single supply source
for medical oxygen if they are intended as the primary supply source for the MGPS.
However, when the medical oxygen demand is low, and one bank of the automatic
changeover manifold will maintain supplies for at least 48 hours, it may be considered as
two sources of supply (primary and secondary), based on the IDP and an appropriate risk
assessment. It is imperative that the automatic changeover manifold and its associated
valves/ regulators fulfil the single fault failure criteria with each source being fully
maintainable if it is to be considered as two sources of supply.

5.12. Other than to address the location and any arrangements that impact on the use of each
supply source, the design, layout, routing, and sizing requirements of the medical oxygen
MGPS pipework are covered in Chapter 2.

5.13. The IDP risk assessment process should address the key requirement for each MGPS
supply source to ensure that:
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A. they are sized to provide sufficient storage of product, which is always available for
supply under single fault conditions

B. the associated control panels are capable of supplying product from each supply source
to deliver the maximum design flow rate to maintain supplies at all outlets

Medical Oxygen Supply Sources

5.14. The type of supply systems used for the MGPS are dependent on the availability of licenced
product from the medical gas supplier and the overall demand for the system. The
economics and practicalities of the optimum solution not only depend on the usage of the
gas, but also on the relative geographical location of the healthcare facility and the gas
supplier's depots and delivery vehicle coverage. There are a number of options that may be
considered as the supply source for an MGPS, including:

A. compressed medical oxygen, using a full for empty exchange system, supplied in:
a. high pressure cylinders
b. high pressure cylinder packs, where the cylinders are manifolded together
and supplied in a palletised frame (manifolded cylinder pallet (MCP))
B. liquid medical oxygen storage tank, (refilled by a liquid oxygen (LOX) cryogenic tanker)
supplied into:
a. vacuum insulated evaporator (VIE)
b. permanently installed liquid cylinders connected to the MGPS
c. cryogenic liquid mini tanks
C. on-site medical oxygen manufacturing plants, such as:
a. single or double-stage pressure swing adsorption (PSA)
b. electrolytic plants, produced as a by-product of a hydrogen production facility

5.15. Table 5.1 provides guidance for each type of medical oxygen supply system, indicating the
range of annual consumption and the typical and maximum flow rates they can supply. It
specifically covers the typical boil-off rates where LOX systems are used for secondary or
emergency systems, dependent on the type of LOX storage used. Economiser systems
must be included in the design of LOX secondary or emergency supply systems to utilise
any boil-off from the vessels caused by the heat inleak to the vessel and to prevent the
pressure relief valves for the vessel(s) venting product to atmosphere.
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Table 5.1 - Medical oxygen information for design requirements

Supply method

High pressure
cylinders (50 litre
137/ 230 bar)

MCP (230 bar)

Manifolded liquid
cylinders
(typically, 200
litre vessels)

Mini tanks

(800 — 3,000 litre
vessels)

VIE

(1,000 — 100,000
litre tanks)

August 2026

Min flow

(avoiding
losses) (m?3)

0

2% boil-off per
day (0.18
m3/hr per 200
litres of liquid)

1% boil-off per
day (0.3 m%hr
per 1,000 litres
of liquid)

0.25% — 0.5%
boil-off per day
(0.15 m3/hr per
1,000 litres of
liquid)

Annual usage
supported (m?3)

300 - 18,000

(dependent on
cylinder
pressure)

300 - 30,000

2,000 — 50,000

3,000 -
100,000

5,000 —
1,500,000+
(largest UK
hospitals circa
1,000,000m3
per year)

V2

Average
typical flow
rate (m3/hr)

05-2

2.5

0.5-6

25-20

3-120

Typical
maximum/ peak
flow rate (m3/hr)

5/ 50 (regulator
dependent)

50/ 200 (regulator
dependent)

10/ 80 (per liquid
cylinder)
(regulator/ no. of
vessels
dependent)

100 (vaporiser
dependent)

180/ 240 (single
vaporiser)

390/ 780 (dual
vaporisers)
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Note 24: Notes applicable to Table 5.1: The annual usage supported is also dependent on
the secondary source of supplies capability and where that is supplied via compressed
cylinders, the ability to change them and have sufficient stocks on site. Large overlaps in
the annual usage supported by the different supply system types are provided for maximum
flexibility and to provide the optimum solution for the individual healthcare facilities
circumstances and the gas suppliers geographical delivery vehicle coverage.

5.16. Due to the boiling point of LOX being -183°C, the heat inleak to insulated tank will cause the
liquid to continuously ‘boil off’ when the tank is not in use. When employed as a secondary
or emergency source of supply, an economiser circuit must be provided to feed any boil off
gas into the MGPS to avoid losses from the systems.

Note 25: Other considerations:

a. portable oxygen concentrators and liquid cylinders intended to be used by homecare
patients are not seen as suitable sources of supply for the MGPS

b. the information concerning cryogenic liquid supply source installations does not apply to
bulk liquid nitrogen, as the product supplied is intended to be used at cryogenic
temperatures. However, the principles of where the storage tanks are located, and their
management may be applied to their use on a healthcare facility

5.17. Of the types of supply systems available, compressed medical oxygen supplied in high
pressure cylinders is sustainable as a supply source as the medical oxygen is stored and
retained for use on site without loss through boil-off.

5.18. As demand increases, medical LOX stored in a VIE should be considered as a supply
source. Requiring significantly less space on site, a VIE also offers more flexibility as the
medical gas supplier has the ability to adjust the frequency of delivery to accommodate
increases in daily demand and to reset minimum stock levels to manage any potential
delivery delays or failures, resulting in less physical input from the healthcare facility for its
operation.

Note 26: The reduced space requirement for LOX systems is due to the density of the high-
pressure gas to LOX density, giving a volume ratio of 850:1. 1,000 litres of LOX (equivalent
to 120 J size cylinders) has a footprint that is significantly smaller than the equivalent
number of cylinders.

5.19. On-site manufacture should only be considered when there are no alternative, reliable
sources that are readily available. On site manufacturing by a PSA, membrane or
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electrolysis of water provides many challenges, not least of which is the variation of the
oxygen purity, its control and verification management, see paragraphs 5.23 - 5.35.

5.20. Consideration should be given to the operational management consequences where
medical oxygen from different suppliers is used for supplying the gas to the MGPS.

5.21. This can create confusion from a pharmacovigilance perspective, in the event of an adverse
event being reported.

5.22. Where different suppliers are contracted to supply medical oxygen, their responsibilities and
the limits of liabilities of each party should be defined in the terms of reference of the
Medical Gas Safety Group (MGSG).

Product quality

5.23. Within the UK, the relevant pharmacopoeia monograph for the quality of the gas used for
each supply source is defined by the European Pharmacopeia (Ph. Eur.).

5.24. Where medical oxygen is supplied by a third party:

A. the manufacturer should hold a Manufacturing and Importation Licence (MIA) issued by
the Medicines and Healthcare Products Regulatory Agency (MHRA), which requires the
manufacturing procedures to be compliant with the Good Manufacturing Practice (GMP)
requirements, specified in the EU GMP Guide, and specifically with Annex VI covering
medicinal gases

B. the supplier should hold a marketing authorisation issued by the MHRA, detailing the
specification of the gas, indications and contraindications for its use and basic safety
information how to handle, store and administer the product. The Ph. Eur. monograph
for medical oxygen manufactured by cryogenic distillation of ambient air should comply
with the medical oxygen monograph (0417)

C. where the medical oxygen is manufactured on site by the healthcare facility, the
manufacture does not require an MIA for the supply or an marketing authorisation to
cover the use of the gas on site. However, the Chief Pharmacist is responsible for
quality of the gas that is supplied for patient use and the indications (and
contraindications) for which it is used

D. on-site manufacture of oxygen is considered a Pharmaceutical Preparation, and its
manufacture and quality control should comply with the Ph. Eur. General Monograph for
Pharmaceutical Preparations (2619)

E. currently, only PSA plants producing Oxygen 93, covered by Ph. Eur. monograph
(2455) have been approved as on site manufacturing supply

F. anew monograph for Oxygen 98, covered by Ph. Eur. monograph (3098) has been
approved though at the time of publication, no plant complying with this specification
have been installed in the UK
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G. for further information on supply modes and product quality see European Industrial
Gases Association (EIGA) COM11/25

Compressed and liquid oxygen supplies

5.25. The product quality of the medical oxygen supplied in cylinders or liquid storage tanks is
under the strict control of the gas suppliers, which is verified under an approved GMP
compliant batch management system. The quality of the medicinal gas supplied is therefore
guaranteed at the outlet of each container (individual cylinder or liquid storage vessel). The
healthcare facility retains the responsibility of the gas quality at the point where the gas is
administered to the patient at the MGPS terminal outlet.

5.26. The quality of the gas at each terminal outlet is verified when the MGPS is commissioned,
where the prime requirement is to ensure that there are no cross connections between
pipelines or gross contamination. The healthcare facility should ensure continued quality of
delivered gas by a quality management process and after works or maintenance of the
MGPS.

5.27. Where medical oxygen is manufactured, on site, the Ph. Eur. monograph for manufacturing
will require constant verification with suitable analysers to monitor the oxygen quality and
the potential presence of impurities.

On site manufacture

5.28. As medicinal products manufactured on site are considered as a Pharmaceutical
Preparation, they must be manufactured in compliance with the Ph. Eur. (2619). This details
the batch management and quality control of the manufacturing process. These
requirements are specified as being under the control of the healthcare facility’s Chief
Pharmacist.

5.29. This requirement is complicated by the fact that medical oxygen manufactured on site is fed
directly into the MGPS, without any form of batch management to allow the product to be
prospectively released by the Pharmacist. To compensate for this, the on-site
manufacturing system requires additional controls to demonstrate compliance as it is fed
into the MGPS.

5.30. When selecting the supply sources for the MGPS, having systems that deliver medical
oxygen to a different quality standard is not recommended.

5.31. Although Oxygen 93 is considered suitable for patient treatment for most indications,
changing the supply source (following a single fault condition) can result in a change of
almost 10% oxygen content, this may introduce serious consequences for patient
outcomes, where high flow rates are prescribed.
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Note 27: An example of this change is when a PSA is providing 90% purity to its lower
acceptable tolerance and hence switching to a liquid source of greater than 99.5% purity
could approach a 10% deviation.

5.32. As oxygen from an MGPS is used to calibrate medical devices (such as anaesthetic
workstations), a large change to product quality delivered to these devices is likely to trigger
warning alarms. Therefore, a PSA plant should not be used as a secondary or reserve
source of supply, where the primary source uses liquid or compressed oxygen.

5.33. Where the primary source of supply is by a PSA plant, liquid or compressed oxygen should
not be used as the secondary or reserve source of supply without conducting a risk
assessment.

5.34. The design of the plant should consider the need to formally release the product for patient
use, whilst the plant is continuously operating. The plant should be operated under a
Quality Management System (QMS) that is compliant with the principles of GMP, as
specified in the EU Guide.

5.35. For medical devices that use gas delivered from the MGPS to calibrate equipment where
the mixing of medical gases occurs such as anaesthetic workstations and patient
ventilators, healthcare facilities reference the use of Ph. Eur. medical oxygen monograph
(0417) for this purpose.

Supply system design

5.36. The design process for the medical oxygen supply source(s) should follow the principles of
the IDP, as described in Chapter 1. To assist the process, the relevant design question sets
provided in Appendix | should be used to assist the design process.

5.37. For supply systems utilising liquid medical oxygen, it is essential that the medical gas
supplier should be involved in the IDP, as they will be responsible for providing the
validated equipment for the medical LOX supply system(s) at the appropriate flow rate,
pressure, and product quality. They also need to recommend the size of the cryogenic
storage tank(s) and agree the delivery frequency to ensure that there is always sufficient
product to maintain supplies to the MGPS, even under single fault delivery conditions.

5.38. Where high pressure cylinders are used as a supply source for the MGPS, the gas supplier
will provide advice about the types of cylinder packages available and the number of
cylinders that would need to be held on site to maintain supplies. The gas supplier may not
be responsible for the supply and installation of the automatic manifold systems, or the
control panel used to manage the changeover process and control the pressure of the gas
delivered to the MGPS.
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5.39. Although it is not recommended that on-site generation of the medical oxygen is used,
where there is no alternative, the manufacturer/ supplier of the plant and the healthcare
facility’s Chief Pharmacist (or their nominated deputy) need to have a prominent role in the
IDP risk assessment team as the drug manufacturing risk is to the healthcare facility.

5.40. All supply source systems should be included in the scope of the IDP risk management
process. There are significant overlaps in the capacity of supply system types for the annual
usage figures. This allows for the optimum solution to be provided, especially for all
geographical locations and to overcome specific delivery access limitations.

5.41. An important decision within the IDP is to determine the size of each supply source and flow
rate capacity of the associated equipment and control panel.

5.42. Where the MGPS is being designed for a new healthcare facility, the primary requirements
for the MGPS need to be established from existing patient information and supplier delivery
data. This should be used to prepare a basic design that can be subjected to the risk
management process as part of the IDP. If the new facility is being built as a replacement
for an existing facility, the throughput and the maximum flow rate can be based on the
figures for the facility being replaced, making allowances for the planned differences in
patient numbers and clinical practices that are discussed in the IDP.

5.43. For existing MGPS, the average continuous demand of the MGPS can be determined by
the medical gas supplier, based on the delivery volumes over the defined period and any
available individual telemetry or metering.

5.44. Where the MGPS uses medical LOX as the primary supply source, and the VIE is fitted with
a telemetry system, variations in daily and weekly demand can be evaluated.

5.45. Maximum flow rates within the MGPS can only be determined using appropriately
positioned flowmeters.

5.46. The control panels and the LOX vaporisers are supplied as predesigned equipment, where
the panel or vaporiser is designed for a continuous maximum flow, delivered at the required
pressure. If the design flow rate is close to the maximum design capacity of the system, the
IDP will need to consider any potential planned increases in demand to ensure that the
chosen equipment will be able to manage the increased demands or flow rates.
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Figure 5.2, Figure 5.3 and Figure 5.4 provide guidance for selecting the correct type of
supply source, dependent on the usage and maximum flow rate requirements.

Medical oxygen high pressure cylinder supply systems

For smaller systems, high pressure cylinders offer the most economical way of providing
the medical oxygen. The use of cylinders filled to a higher pressure provide a means to
increase the volume of gas stored on site and reducing the manual workload in changing
cylinders on a changeover manifold. Upgrading cylinder manifolds to a higher pressure
requires the use of tailpipes designed to the correct pressure, with the appropriate fittings to
connect to the cylinder valve on the higher-pressure cylinders.

The optimum maximum automatic cylinder manifold size is a 2x10, with each bank lasting
at least 7 days. Providing the resource for cylinder changeover is available, the minimum
changeover period can be as low as 48 hours. When used for the primary and/ or
secondary sources of supply, this can drop to 4 hours per bank minimum when being used
as a reserve supply. Cylinders are recommended for supply systems with an annual
demand of up to 18,000m3.

Compressed cylinders can also be used as a supply source when supplied in an MCP. As
an example, MCPs, filled to 230 bar(g), provide approximately 150m? of useable medical
oxygen per unit (allowing for a 20 bar(g) changeover pressure). Although the manifolded
pallet requires significantly less manual input, there is a requirement for the healthcare
facility to have suitable mechanical handling equipment available to remove them from the
delivery vehicle and exchange them on the changeover manifold system. MCPs are
recommended for supply systems with an annual demand of up to 30,000m3.

Medical liquid oxygen cylinder supply systems

As the healthcare facility’s demand increases, permanently installed liquid cylinders can be
used as the MGPS supply source. Although it is possible to transport these liquid cylinders
full to the healthcare facility (and exchange them for full for empty as with compressed gas
cylinders), they are susceptible to damage whilst being transported. Therefore, it is normal
for them to be permanently installed and manifolded together as an MGPS supply system
and filled on-site using a smaller LOX cryogenic tanker.

The capacity of liquid cylinders can range between 160 and 240 litres capacity and using a
12-cylinder manifold are able to supply the medical oxygen MGPS up to an annual demand
of 50,000 m3. The process vaporiser and pressure raising coil are both hidden situated
inside the vacuum jacket, making them a very compact supply package. The integral
process vaporiser is limited to 10 m3/hour for each liquid cylinder.
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5.53. The heat inleak into the liquid cylinder will cause the LOX to boil, generating approximately
2% of the cylinder’s contents per day. This gas is used via the economiser circuit and fed
into the MGPS, indicating that the minimum throughput where a liquid cylinder is used is
4m?3 per day.

Medical oxygen mini bulk tank supply systems

5.54. The mini bulk tank (which can have a storage capacity between 800 to 3,000 litres) can be
used as an interim choice for a medical oxygen supply source between liquid cylinders and
VIEs. Mini bulk tanks are normally skid mounted (making them easier to install) and have
external process and pressure raising vaporisers. They are refilled using a small cryogenic
LOX tanker. Mini bulk tanks have the ability to deliver medical oxygen to the MGPS at a
constant rate of 20 m3/hour, with peak flows of up to 100m3/hour. Mini bulk tanks are
recommended for supply systems with an annual demand of up to 100,000m3. The size of
the filling valves on the mini bulk tank dictates whether it can be delivered to by a mini
cryogenic tanker or a bulk tanker using a pumped outlet connection.

5.55. The heat inleak into the mini tank will generate approximately 1% of the tank’s contents per
day. This gas is used via the economiser circuit and fed into the MGPS, indicating that the
minimum throughput per liquid cylinder is 8 m? per 1,000 litre tank/ day. Mini bulk tanks, due
to their construction and size, are more flexible for siting than traditional VIEs and can offer
advantages where external siting and safety distances may cause a problem for a
traditional application.

5.56. Although it is preferable to use a VIE primary supply source, liquid cylinders and mini tank
systems are seen as a useful supply source for healthcare facilities where vehicular access
is restricted. They can increase the volume delivered by compressed gas supply sources
but require less space for refilling, where space is limited. They are also filled by pressure
decant rather than the traditional pumped rigid or articulated tanker, therefore
environmental noise for out-of-hours refilling can be managed.

Medical oxygen VIE supply systems

5.57. For many healthcare facilities, the use of a VIE is the most suitable choice for the medical
oxygen primary and secondary supply sources. VIEs flexible range of flow rates support
annual usage demands between 5,000 to 1,500,000m?3.

5.58. VIE tanks are available with capacities from 1,000 litres up to 100,000 litres and are refilled
on-site using LOX cryogenic road tankers with a pump outlet. The VIE and the tankers have
a product specific filling connection, ensuring that only LOX can be transferred into the
storage tank (a safety requirement for all LOX tanks).
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5.59. The VIE utilises a pressure raising coil to maintain tank pressure for supply to the MGPS
and a separate ambient air heated vaporiser system to convert the medical LOX to a gas
supply for the MGPS (at ambient temperature).

5.60. Any heat inleak to the vacuum insulated vessel will cause the liquid to boil generating
between 0.25% and 0.5% of full tank volume boil off per day. The VIE pressure control
system utilises this gas generated to maintain the tank pressure, with any excess gas being
supplied to the MGPS via an economiser circuit.

5.61. To prevent the liquid medical oxygen vaporisers from icing up, two sets of vaporisers are
used on the primary supply. They can use a manual or automatic timed changeover (TCO)
system to allow one set of vaporisers to convert the liquid to gas, whilst the other set is
allowed to defrost. This provides a continuous supply and alleviates the necessity for
manual de-icing of vaporisers, except under adverse circumstances. Heavily iced
vaporisers have a reduced vaporising capacity, which can lead to cold gas being supplied.
On the secondary source a single vaporiser can be installed to provide a minimum of 48
hours continuous supply, although the IDP in conjunction with Table 5.1 may conclude that
two sets of vaporisers are required for longer durations.

5.62. For larger healthcare facilities, multiple VIEs can be used, acting as multiple primary supply
sources. These should be sited at separate locations, providing a level of security for the
overall system should there be any restriction to get access to the VIEs with the road
tanker. It should also be noted that the location of VIE plants may cause a planning issue
due to their size.

5.63. Where VIE automatic changeover systems are utilised, multiple primary supply sources can
be used, avoiding the need for a secondary supply source. This is on the proviso that the
capacity of the primary supply sources are large enough to provide the medical oxygen to
the complete MGPS under single fault conditions. Tertiary/ reserve supply sources are still
required.

Sizing medical oxygen supply systems

5.64. BS EN ISO 7396-1 specifies that the MGPS should have three sources of supply to
maintain medical oxygen supplies for patient use during a single fault condition.

5.65. Having determined the appropriate types of supply sources to be used, it is necessary to
determine the size and flow rate capacity for each system and the time that they are
expected to maintain supplies until the single fault condition can be rectified.

5.66. The primary supply source must be designed so that it is capable of continually supplying
the design throughput to the MGPS at the design flow rate. Agreement from the medical
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gas supplier is required to ensure that they have the capability to maintain a minimum stock
of medical oxygen on site, based on the annual usage and the delivery frequency. Where
multiple primary supply sources are used to supply specific sections of the MGPS, each
supply source should be sized as if they were the only source available for use.

5.67. The secondary supply source should also be capable of supplying the MGPS with the
design throughput at the maximum design flow rate whilst the primary system is being
maintained, repaired, or replaced. The size and the minimum stock for the secondary
supply source is determined by risk assessment based on the anticipated time to get the
primary supply source back online. It may also be reduced if the gas supplier can maintain
a shorter delivery frequency during the time it is in use.

5.68. Where a single reserve supply source is used, it should be sized to maintain the design
throughput at the maximum design flow rate when the primary and secondary supply
sources are not available. The duration for which the reserve supply source must be able to
supply the MGPS should be determined by the risk management procedures, based upon
the expected remediation time to get the primary or secondary supply source back online.
BS EN ISO 7396 advises that the reserve supply should be capable of supplying the whole
healthcare facility. A common approach is to target critical areas where loss of oxygen
supply would result in harm to the patient should medical oxygen not be available. Multiple
localised reserve supply manifolds are likely to provide the added benefit of having some
ability to manage for pipework failures. The IDP will assist in defining the best approach.

5.69. Where multiple reserve supply systems are adopted, they normally utilise automatic
cylinder manifold systems. The size and flow rate capacity of each system should be
determined by the IDP and risk management procedures based on the requirements of the
specific areas of the healthcare facility they are designed to supply. Design for single fault
conditions also includes the failure of any key components of the MGPS control system,
including actuated valve and regulators used in the control panels.

5.70. Where it is necessary to install an on-site PSA supply system, the electrical power source
for the plant must be connected to the safety power supply, with the associated automatic
switching to back up supplies under fault conditions. Any on-line analysis equipment (as
required by the Pharmacopoeia monograph) with associated safety cut-out will require an
uninterruptible power supply (UPS) system to ensure that the gas delivered to the MGPS
remains within specification.

5.71. When designing the pipeline system, care is needed to ensure that the supplies of medical
oxygen to critical areas within the healthcare facility are appropriately protected, irrespective
of any fault condition, identified by risk management.

August 2026 V2 Page 83 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

5.72. Although on-site manufacturing plant(s) are not recommended, where there is a
requirement to use them, the reserve supply source should be designed to provide the
design throughput and the maximum flow rate to the MGPS. A PSA supply system would
require two plants of the same capacity. In order to not change the specification of the gas
to maintain an Oxygen 93 supply, the PSA plant could be provided with large capacity
buffer storage or with a static storage high pressure cylinder storage arrangement, using
compressor(s) fed via from the PSA plant(s). The capacity of the high-pressure cylinder
storage system should be sized to meet the designated period defined by the IDP and risk
assessment process.

5.73. Where a supply system consists of three PSA plants, the flow rate and outlet pressure can
be determined from the specification of each plant, recognising the values are dependent
on the design of each plant. Assessment of the flow rate should not consider running more
than one plant at a time, in order to ensure that the supply system is capable of supplying
the design flow rates under single fault condition.

5.74. Each plant should have an air receiver after the compressor to enable an increase in flow
requirements in excess of the air compressor output.

5.75. Each plant should have a PSA oxygen buffer tank to allow excess gas to be stored during
periods where the required flow rate is less than the demand.

5.76. The average flow requirements (based, where possible, on the historic consumption) will
determine the type and size of the supply source(s) to be used.

5.77. When determining the size of the supply source, consideration needs to be given to where
the healthcare facility is located relative to the medical gas supplier. It will depend on how
far the medical gas manufacturing plant is located and the agreed delivery frequency.

5.78. Using the information provided in Table 5.2, the minimum stock level (for either liquid or
compressed gas) can be determined to address any delivery issues that the medical gas
supplier’s distribution system may experience.

5.79. Where the demand is high enough to require medical LOX to be the preferred supply
source, the size of the VIE will be determined by the medical gas supplier to ensure that
there is sufficient storage capacity on site to continue to meet demands when the VIE
needs to be refilled. Seasonal variations should be taken into consideration, where the
demand is likely to be higher than the annual average flow rate. It is recommended to use
telemetry to provide remote access for the medical gas supplier and the healthcare facility
to monitor the liquid levels in the VIE(s). Although the medical gas supplier may take the
responsibility for scheduling the next delivery (using either telemetry or the ‘predicted
consumption’ from recent history), the healthcare facility still has a responsibility for
checking stock levels on an agreed frequency.
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Where the demand can be met by high pressure cylinders, the size of the automatic
cylinder manifolds will be determined by the IDP risk assessment, including the ability for
the healthcare facility to change the cylinders on the manifold, whilst maintaining supply to
the MGPS using the in-use bank of cylinders. The number of cylinders held on site, for use
on the changeover manifold should be agreed with the medical gas supplier to manage
normal use and to cover any adverse conditions so as to ensure continuous availability of
product for MGPS use. At least one week’s supply should be held on site in the main
cylinder store.

Having determined the actual throughput for the medical oxygen MGPS and taken account
of both seasonal variation (due to the increase in the number of patients during winter
periods) and any planned increase in the demand, the type of system can be selected for
the primary, secondary, and reserve supply source.

For supply sources using high pressure cylinder packages, the number of connections on
the automatic cylinder manifold and the number of cylinder packages required to be held on
site need to be agreed.

The healthcare facility is responsible for confirming that they have the capability to
undertake the cylinder manifold changeover procedures to maintain supplies to the MGPS.

For liquid cylinder, mini tanks and VIE supply sources, the capacity of the vessels, stock
levels and the delivery frequency need to be agreed with the medical gas supplier. The
stock levels in each vessel need to be determined as part of the risk management
procedures and capacity of the tank(s) determined accordingly. See paragraphs 5.113 -
5.127.

The maximum flow rate capacity is dependent on the type of supply source and the control
panel that manages the supply system.

For compressed cylinder supply sources, the maximum flow capacity is limited by the size
of the orifice through the cylinder valve and the maximum flow rate that can be expected
when the pressure falls to the changeover setting.

The maximum flow rate will be dependent on the design of the control panel and the
capacity of the regulators used to control the pressure of the gas delivered to the MGPS.

The medical oxygen supply sources need to be sized to provide sufficient storage of
medical oxygen on site, as well as being able to continuously deliver the maximum system
demand, as defined by the risk management process, at the correct pressure and flow rate
at all terminal units (TUs). This requirement needs to be assessed in conjunction with the
pipework design process to ensure that the supply source control panel is capable of
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delivering the gas at the appropriate flow rate and pressure and the pipeline sized so that it
can deliver the correct flow rates to all TUs.

5.89. In wards where the patient acuity is such that the supply of medical oxygen is not
considered critical for life, the reserve supply source may be provided by individual portable
cylinders to ensure that patients receive medical oxygen.

5.90. If this is documented as the reserve supply source for the section of the MGPS, it is
important to hold sufficient portable cylinders within the ward area to ensure that medical
oxygen will be available to maintain supplies to all patients.

5.91. When designing the medical oxygen supply source for a new-build healthcare facility and
historic data is not available, the average daily demand can be estimated either by:

1. taking the information from the existing facility (to be replaced), allowing for any planned
changes in the number and type of patients to be treated in the new facility

2. using information from another healthcare facility where the patient cohort is similar to
those planned, taking account of any specific changes to clinical practice that may
impact on demand

5.92. The information concerning pipework design and sizing is determined from first principles
based on the planned location of the supply sources and the layout of individual wards
within the healthcare facility.

5.93. In order to ensure that the MGPS supply systems are capable of continually supplying
medical oxygen to the TUs throughout the healthcare facility, an annual risk management
programme should be undertaken to determine the usage and the peak flow rate
requirements and to ensure that the MGPS have not exceeded the previous design criteria.
The risk management process should involve the relevant personnel and contractors
responsible for running and maintaining the system, representatives from Pharmacy and
clinical staff and the suppliers of the medical oxygen.

5.94. If it is determined that the demand has exceeded the design throughput for the system, a
review of the supply source(s) is required to ensure that adequate stocks are maintained on
site.

5.95. For LOX supplies, it may be acceptable to manage the additional throughput by changing
the frequency of delivery and increasing the minimum stock levels for re-delivery. This
change must be agreed with the medical gas supplier to ensure that they have sufficient
resource to manage the increased delivery frequency. If this cannot be met, then
consideration should be given to installing a larger VIE to manage the increase in demand.
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Where a telemetry system is used with medical LOX storage systems, the medical gas
supplier will recognise any significant changes in the demand and adapt the delivery
schedules to suit.

For automatic cylinder manifolds, the number of cylinders or MCPs held on site for system
operational resilience should be reassessed. A review is required to ensure that the
healthcare facility can manage the changeover procedure without impacting on the supply
system’s ability to maintain the supplies to the MGPS. If this cannot be maintained, then
consideration should be given to changing the supply source to a liquid system.

For systems using high pressure oxygen cylinders, the assessment should consider the
size of the automatic cylinder changeover manifolds (and the healthcare facility’s capability
to change cylinders to enable continuous supply) and the number of cylinders held in store
to ensure availability of cylinders to replace on the manifold.

Medical oxygen supply system stock control

The principle of stock control for all types of supply systems is the same as it provides the
information as to when the stocks need to be reordered/ replenished and how much
available product is available at the healthcare facility.

In addition, there is a requirement to specify the alarm limits for the supply systems to
indicate when the supply systems are approaching their changeover pressure or when the
LOX systems are approaching their minimum refill condition.

Although arrangements may be agreed with the medical gas supplier as to when cylinders
are replenished (full for empty) or when the VIEs/ liquid cylinders are refilled, the healthcare
facility still has a responsibility to monitor product stock on site and to notify the medical gas
supplier when there are any unusual demand requirements that would increase the usage
of the gas supplied to the MGPS.

For liquid medical oxygen supply systems, where the stock held at the healthcare facility is
contained in the vacuum insulated tanks, the stock control relates to when the medical LOX
should be ordered, and the storage tanks refilled.

For compressed medical oxygen supply systems, the stock requirements relate to the size
and filling pressure of the cylinder packages used and the number of cylinders held on site
available for connection to the automatic cylinder manifolds. Hence, the use of higher-
pressure cylinders means that less cylinders can be held on site, due to their increased
capacity.
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5.104. As the flow rate capability of the cylinder package is dependent on the pressure in the
cylinder, the changeover pressure needs to be set at the pressure where the maximum flow
rate can be achieved. When calculating the available stock on site, the cylinder package
volume should take account of the unavailable product retained in the cylinder.

Medical liquid oxygen primary supply systems

5.105. Having determined the size of the VIEs or mini tank used for the primary supply source, it is
necessary to identify the content levels within the storage tank used to ensure that there is
always sufficient product on site to manage a single fault condition with the scheduled
delivery to the primary supply system.

5.106. For the primary supply system, the design operational stock volume is calculated using the
demand throughput, based on IDP risk management process, using the historic information
and any planned increases in demand. The VIE operational stock volume is then calculated
using the delivery frequency, agreed with the medical gas supplier.

5.107. A delivery risk assessment should also be conducted with the medical gas supplier to
determine the delivery risk managed stock volume. The output from the delivery risk
assessment should take cognisance of the potential delay in refilling the tank due to single
fault conditions with the delivery process. This should take account of the distance between
the medical gas suppliers manufacturing plant and the healthcare facility and the availability
of cryogenic tankers available for supply.

5.108. Figure 5.1 indicates the basic requirements for stock in the primary supply system, which is
split into four sections:

A. the top space, above the tank’s trycock (the level to which the tank is filled) is used to
provide space for the expansion of the LOX as it warms due to heat inleak. This is part
of the tank design, which relates to the safety of the system

B. the ullage at the bottom of the tank, where the remaining product does not have the
capability to provide product to the MGPS at the design flow rate and pressure

C. the operational stock, which is split into two sections:

a. the stock level based on the throughput used in the IDP and the maximum
delivery frequency agreed with the medical gas supplier

b. this is defined as the minimum level when the tank should be scheduled for
redelivery and is based on the delivery risk assessment
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Figure 5.1 - Primary and secondary supply system VIE storage tanks
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5.109. Table 5.2 gives the recommended stock (levels based on the daily consumption identified in
the IDP) and the distance from the manufacturing plant and the healthcare facility. This is
for the risk managed stock and excludes the operational stock.

5.110. For VIEs, the use of telemetry systems allows the medical gas supplier to see the stock
levels at each facility and schedule deliveries accordingly. Telemetry systems are also
available for liquid cylinders and mini tanks and can have level alarms connected to the
healthcare facility alarm system. In all cases the healthcare facility is responsible for
monitoring retained stocks in each supply system and notifying the gas supplier when the
tank levels are approaching the refill point or if the alarm levels are reached.

5.111. Telemetry systems have alarms for tank levels and rate of usage alarms at the gas
supplier’'s delivery planning centre. It is recommended that the tank levels are also
displayed within the healthcare facility Building Management System (BMS) so that
software alarms can also be generated. If telemetry is not fitted then it is highly
recommended that an extra hard wire level alarm is provided notifying the responsible
healthcare staff that the tank level has fallen to the risk managed stock level and a delivery
is required. Traditionally a hard wire level alarm is provided at the 25% primary tank level
where typically only 24 to 48 hours of supply is left before the system will switch to the
secondary supply source. The alarm levels should be determined by the IDP. If two equally

August 2026 V2 Page 89 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

sized primary source supply tanks are provided, then the stock and alarm methodology
follows this same principle.

Medical liquid oxygen secondary supply systems

5.112. The stock requirements for the medical LOX secondary supply systems are subtly different
to the primary LOX supply source.

5.113. The top gas space and the ullage space at the bottom of the tank will be the same
percentage of the VIE’s capacity as the VIE used for the primary supply system as they
relate to the design and safe operation of the tank. The operational stock is different as it
allows the gas supplier to make small top up deliveries to replace boil of from the tank.
Traditionally the secondary supply source had a minimum of 48 hours operational stock,
with the 50% alarm indicating 24 hours supply remaining. It is that the risk managed stock
in the secondary supply source should be assessed using the information from Table 5.2
and is dependent on the outcome of the risk management process used in the IDP.

5.114. There are two alarms level required for the secondary supply source VIE. The first alarm,
via telemetry identifies when the operational stock has been depleted and the second alarm
is traditionally set at the 50% level. If telemetry is not fitted then it is recommended that an
additional hard-wired alarm is provided to notify the responsible healthcare facility staff that
the tank level has fallen to the risk managed stock level and a delivery is required. The
alarm levels should be an output of the IDP.

Medical compressed or liquid oxygen reserve supply

5.115. The third source of supply is designated as the reserve supply system and needs careful
consideration. It should have the capability to supply the healthcare facility for the duration
as defined in the IDP, but as the flow rate/ consumption gets larger this becomes more
difficult to achieve with compressed cylinders or MCPs. Therefore, it is more common that
the reserve supply sources are used with each compressed cylinder/ MCP manifold
dedicated to (and in close proximity) to critical usage areas rather than a VIE as the reserve
supply source.

5.116. Although catastrophic failure of pipework is excluded as a single fault failure, careful
location of the reserve supply sources is recommended based on risk assessment. The
placing of the secondary or reserve supplies remotely from the primary source in separate,
secure areas to avoid simultaneous compromise from events like fire, flood or physical
damage is recommended. This includes independent controls, different pipework routes,
and valves when the supply sources are located on the same site.
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VIE reserve source of supply

5.117. Where the healthcare facility demand/ flow rate is large, a VIE reserve supply source may
be used. The total supply system may consist of 3 or 4 VIEs, used as primary, secondary,
and reserve sources. The design flow capacity of all supply sources must meet the required
maximum flow rate identified by the IDP.

5.118. VIE reserve supply sources are usually supplied with a single vaporiser designed to operate
at the maximum design flow for 48 hours. The stock level of the reserve supply source
should be defined during the IDP, using Table 5.2 as a guide.

5.119. If a single VIE reserve supply source is used, it should have a risk managed minimum stock
level of at least 24 hours. If multiple VIE reserve supply systems are used, the minimum risk
managed stock level of each VIE should be 24 hours for the area(s) they are intended to

supply.

5.120. Where a single VIE reserve supply source is used, if maintenance is being carried out on
the primary or secondary VIE supply sources that is expected to take longer than 24 hours
it may be necessary to arrange for a mobile liquid facility to be connected to the MGPS
temporary supply inlet ports. Alternatively, it may be possible to negotiate more frequent
deliveries with the LOX supplier.

5.121. Where multiple VIE supply sources are used, consideration should be given to providing
compressed cylinder or MCP reserve/ emergency supply sources, using automatic
changeover manifolds for the most critical areas. This will be identified during the IDP.

Compressed cylinder/ MCP reserve supply sources

5.122. The design flow capacity of a compressed cylinder or MCP automatic changeover
manifold(s) used for reserve supply sources must match the capacity of the primary and
secondary supply sources. The design capacity of each supply source should match the
demand and flow rate for the area of the healthcare facility they are designed to supply.

5.123. If the reserve supply source uses compressed cylinders or MCPs, then a minimum of 4
hours per cylinder bank is recommended. If the primary and secondary supply sources
utilise cylinders or MCPs, then it is necessary to hold one week’s supply of cylinders (or
MCPs) on site, allowing, under fault conditions, that the stock can be used on the reserve
manifold(s) when required.

5.124. If the primary and secondary supply sources use MCPs, it is recommended that the reserve
source of supply also uses MCPs to avoid holding a separate stock of cylinders on site, in
line with Table 5.2.
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5.125. If the primary supply source is liquid and the secondary supply source is compressed
cylinders, it is recommended to have at least 48 hours of supply on each bank on the
secondary supply source manifold(s) and 4 hours per bank on the reserve supply source
manifold(s). Additional stocks of cylinders are required as defined by the IDP and using
Table 5.2 as a guide.

5.126. Where the primary and secondary supply sources use LOX and the reserve supply source
is from compressed cylinders or MCPs, 4 hours supply per bank is recommended. The
quantity of additional cylinders held on site as stocks for the reserve supply source(s)
should be determined by the IDP.

Table 5.2 - Delivery risk managed stock

Kilometres from gas supply No telemetry (no. of days’ Telemetry fitted
depot stock) (no. of days’ stock)
Up to 75 5 3

75-150 6 4

150-300 7 5

Over 300 8 6

Supply system flow rates and design features

High pressure cylinder changeover manifold systems

5.127. Although the design flow rates for the individual healthcare facilities may be different, the
equipment is designed and supplied for specific flow rates to simplify the number of options
available.

5.128. Typical flow rate capacities of automatic changeover compressed cylinder manifolds are
available from the manufacturers/ suppliers, but are within the ranges detailed below:

500 litres/min (30 m3/hour)

1,000 litres/min (60 m3/hour)
1,200 litres/min (72 m3/hour)
1,333 litres/min (80 m3/hour)
1,500 litres/min (90 m3/hour)

a Db

5.129. Higher flow rates may be supplied (up to 3,000 litres/min/ 180 m3/hour) for installations
where the flow rates are higher or their use specialised.
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5.130. The design flow rate is largely dependent on the pressure regulators used in the installation.
The maximum flows from the cylinder manifold system will be provided when the cylinders
are at full pressure, but the flow when the cylinders are nominally empty (at around 20
bar(g)) will be significantly lower. When specifying the regulator panel flow rate, the design
flow rate should be calculated at the nominally empty cylinder changeover pressure. To
obtain the peak design flow rates at the changeover pressure may result in the outlet
pressure dropping from 4.1 bar(g) to 3.7 bar(g).

5.131. Cylinder manifold tailpipes, manufactured to ISO 21969 will provide a flow of 83 litres/min
when the cylinders are nominally empty (20 bar(g)).

5.132. A 2x10 automatic changeover manifold will provide a flow of 830 litres/min at changeover
pressure but will provide a significantly higher flow rate when the cylinders are full. A benefit
of using higher pressure cylinders is that the changeover pressure will remain the same for
all cylinder fill pressures, but the percentage of the useable gas in each cylinder will
increase cylinders filled to a higher pressure.

5.133. As an example, a 137 bar(g) J size cylinder will deliver approximately 85% of the cylinder
contents. A 230 bar(g) cylinder will deliver 91% and a 300 bar(g) cylinder 93% of its full
contents.

5.134. The peak flow rates of the regulator panels are much higher than the practical average
design flows based on manifold bank duration. A 2x10 J size cylinder manifold is
recommended to last for 48 hours per bank when used as a primary or secondary supply
source, which equates to an average flow of only 20 litres/min. Each bank is recommended
to last for at least 4 hours for reserve use, which equates to a flow of 242 litres/min.

5.135. When risk assessing the size of the automatic changeover cylinder manifold, it is important
to understand the limitations of the flow rate from the manifold to determine whether it will
meet the maximum design flow rate when used under single fault condition.

5.136. The automatic changeover cylinder manifold systems for high pressure cylinder packs
(MCPs) are the same as those used for manifolds using single cylinders. ISO 21969
specifies that the flexible hose for cylinder packs should be rated at 830 litres/min gas flow,
when the pressure in the cylinder pack drops to the nominally empty contents. The benefits
of an MCP compared to a 2x10 cylinder changeover manifold relate to the volume of gas
held and the duration of use, rather than achievable flow rate.
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Liquid cylinder systems

5.137. Flow rates available from liquid cylinders are limited by the capacity of the integral
vaporiser, which are sized to supply gas at 10 m3/hour. This is equivalent to a peak flow of
167 litres/min gas flow from each liquid cylinder. At this peak flow they may require de-icing
on a regular basis.

5.138. The typical average flow from a 200-litre liquid cylinder is only 0.5 m3/hour (8 litres/min gas
flow) based on a delivery frequency of 10 to 14 days.

5.139. Multiple liquid cylinders may be connected together by a manifold on a supply system to
provide a higher flow rate, as well as provide the required storage volume of LOX.

5.140. The liquid cylinder system regulator panel is typically rated at 30 m3/hour (500 litres/min gas
flow) with a peak flow of typically 80 m3/hour (1,333 litres/min gas flow).

Mini tank systems

5.141. The flow rates from a mini tank are limited by the capacity of the skid mounted vaporiser,
which are typically sized with a peak gas flow rate of between 60 to 100 m3/ hour (1,000 to
1,667 litres/min gas flow). At this flow rate the vaporiser would require de-icing on a regular
basis, unless two mini tanks were used on a TCO system.

5.142. The typical average flow of a 1,000-litre mini tank is typically 2.5 m3/ hour (40 litres/min)
based on a delivery frequency of 10 to 14 days. It is the small cryogenic tanker capacity and
availability to refill the mini tank that defines the capacity of the tank, rather than its ability to
meet the peak design flows.

5.143. The mini tank regulator panel is typically rated at 30 m3/hour (500 litres/min gas flow) with a
peak flow of 100 m3hour (1,667 litres/min).

VIE systems

5.144. The regulator control panels for VIE supply systems are split into two ranges of gas flow
between 3,000 and 5,000 litres/min. For smaller healthcare facilities a 1,500 litres/min
control panel would be more appropriate. The control panel specification requires the panel
to achieve these flows whilst maintaining the 4.1 bar(g) outlet pressure to supply the MGPS.

5.145. The gas flow rate from a VIE supply system is also governed by the ambient vaporiser flow
rate capabilities when being used on a continuous basis.

5.146. The vaporisers are specified to achieve the design flow rates to match the output from the
regulator panels, with an outlet temperature difference of 5°C below the ambient
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5.150.
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5.152.
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temperature. In practice, at average flow rates the outlet temperature difference will
normally be about 1°C below the ambient temperature.

On primary supply source systems, best practice is to use two vaporisers on a TCO basis,
to allow one vaporiser to be online whilst the other one is defrosting. This system requires
the control valves to fail open under single fault conditions (loss of power) allowing both
vaporisers online together, which will allow the vaporisers to operate for a prolonged period
without significant ice build-up.

Even where TCO systems are used, the healthcare facility should routinely check the
vaporisers for ice build-up to ensure they are capable of vapourising sufficient liquid to
provide peak flow rates on a continuous basis.

As secondary supply source systems are only used under single fault conditions, it is
normal for only a single vaporiser to be installed to provide the required flow for a period
when the primary supply source is unavailable.

The average flow rates for the largest healthcare facility in the UK using a VIE primary
supply system is 1,900 litres/min. This is well below the design capability of the 3,000 or
5,000 litres/min regulators panels and vaporisers. Depending on the requirement from the
IDP, the vaporisers and regulators will be specified for one of the two flow ranges, which will
be well in excess for the actual average flow rates to cover peaks and growth. In practice,
when using a 3,000 or 5,000 litres/min vaporiser and regulator panel system the average
flow will normally be within the range of 1,000 litres/min and well within the capacity of the
regulator panel.

If maximum flow rates exceeding 5,000 litres/min are required, the requirement can be met
by using two 3,000/ 5,000 litres/min control panels, providing a maximum flow rate of 6,000/
10,000 litres/min, with duplicate 6,000/ 10,000 litres/min vaporisers. Based on historical
data, flow rates higher than 5,000 litres/min are not required.

If an average flow, greater than 2,500 litres/min and a peak flow greater than 5,000
litres/min is determined by the IDP, specialist advice should be requested from the medical
gas supplier.

On some large healthcare facilities, the use of three or four VIE supply systems have been
used where the MGPS is fed from two separate primary supply sources installed at remote
locations. Each primary supply source is used to provide medical oxygen to a separate part
of the healthcare facility’s MGPS with a central switching valve. Under fault conditions with
either supply system, the central switching valve opens allowing the complete MGPS to be
supplied from one primary supply source. To utilise this arrangement, the capacity of each
primary supply source has to be capable of providing the total healthcare facility demand
under this fault condition.
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Supply system configuration

Oxygen supply sources

All medical oxygen supply systems must be built to recognised codes and standards. they
should be designed so that they can be maintained easily, and any envisaged routine
maintenance should be possible without interrupting the supply of medical oxygen. Where
unforeseen maintenance, such as a VIE replacement is required, then an alternative
temporary supply source(s) should be implemented in a planned approach and connected
to designated points on the MGPS.

Although some existing automatic cylinder manifolds and regulator panels allow a LOX
supply source to be incorporated and also have temporary supply source inlet ports, they
can suffer from the single fault failure conditions or be difficult or impossible to maintain.
Best practice is to use dedicated dual regulator panels on each supply source, with diverse
supply lines and temporary supply inlet points for high dependency wards.

Where dome loaded regulators are used for changeover manifold systems, as they fail
closed on loss of dome pressure, it is advisable that a spring-loaded regulator is employed
in parallel.

Where automatically operated mechanical bypass systems using pressure regulators are
designed, the lead regulator should be associated with an actuated valve. The backup
regulator must be spring loaded and set at 3.7 bar(g) to cater for lead regulator or actuated
valve faults.

The functionality of any fail-safe system should be validated when commissioning the
system and when carrying out any planned preventative maintenance (PPM) scheme.

The three supply sources, together with the emergency supply source are shown in
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Figure 5.2, Figure 5.3 and Figure 5.4.

The following schematic diagrams give an overview of the nine combinations of medical
oxygen supply systems, showing the primary, secondary, and reserve supply sources, and
including the emergency supply source options used to maintain supplies to critical care
areas. The schematics are indicative and do not show all valves.

The detailed piping and instrumentation diagrams (P&ID) should be used in the risk
management procedure during the IDP. The P&IDs should detail the controls of each
supply source and show the interfaces with the MGPS and key valve locations, especially
where the supply sources are remote from each other.

The systems should be risk assessed to ensure that the overall system will maintain
supplies to the medical oxygen MGPS under a single fault condition, including a failure of
the electrical supply.
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Figure 5.2 - Schematic configurations for medical oxygen supply systems
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Figure 5.3 - Schematic configurations for medical oxygen supply systems

ANNUAL USAGE ANNUAL USAGE ANNUAL USAGE
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Figure 5.4 - Schematic configurations for medical oxygen supply systems

ANNUAL USAGE ANNUAL USAGE ANNUAL USAGE
10,000 - 1,000,000 M* 10,000 - 1,500,000 M* 10,000 - 1,500,000 M*
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—
L | =
L bl <
PRIMARY SUPPLY No.2 PRIMARY SUPPLY No.2
SECONDARY
SUPPLY
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5.163.

5.164.

Part of the design approach is that each supply source must have duplicate pressure
regulators as part of the requirements to maintain supplies to the MGPS under single fault
conditions. Although BS EN ISO 7396-1 indicates that failure of the pipeline is not
considered as a single fault condition, it is recommended to have duplicate supply lines
from the primary and secondary supply sources to enable the gas supply to be maintained

at the TUs under any single fault condition.

Figure 5.5 - Plan view of VIE compound, showing dual regulators and duplicate supply lines
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Figure 5.5 shows a typical layout for a medical LOX supply system within the VIE
compound with duplicate supply lines into the MGPS.

Figure 5.6 - Supply system with compressed cylinder or MCP automatic changeover

manifold supply sources, single supply line
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5.165. Figure 5.6 shows two automatic cylinder manifolds using a single supply line. The manifolds
either require switching valves on the MGPS pipework or a priority of operation setting
within the manifold control panels, ensuring continuity of oxygen supply under all fault
conditions.

5.166. Reserve supply sources are shown feeding directly into the MGPS at a location nearer to
the critical care areas. The IDP and associated risk assessments should identify whether a
single reserve supply source for supporting the complete MGPS is suitable or if it is
considered necessary to have multiple reserve supply sources feeding critical care areas.

5.167. Although a catastrophic MGPS pipeline failure is not considered a single fault failure by BS
EN ISO 7396-1, it is recommended that the location of the reserve supply source(s) should
be selected to ensure a more robust supply to critical care areas. When designing the
capacity of the reserve supply source(s) the IDP will determine if there is a requirement to
extend the 4 hours per bank minimum, to 24 hours per bank.

5.168. In this example, the automatic cylinder manifolds are considered as a single supply source
for the MGPS.

Figure 5.7 - Compressed cylinder pack with automatic changeover manifolds for the primary
and secondary supply sources
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5.169. Figure 5.7 shows two automatic changeover cylinder or MCP manifolds supplying two
diverse supply lines. The manifolds either require switching valves on the MGPS pipework
or a priority of operation setting within the manifold control panels, ensuring fail safe under
all fault conditions. The third sources of supply are normally automatic changeover
manifolds that are positioned at locations determined by the IDP.
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Figure 5.8 - Compressed cylinder reserve supply system for high dependency units (HDUSs)
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5.170. Figure 5.8 shows the configuration for a reserve supply source installed close to a critical
care area. The reserve supply source automatic changeover manifold is held in ‘standby’
mode and only comes into operation when the local line pressure falls to 3.75 bar(g). The
initiating pressure device and any manual valves cannot be isolated, using locking valves
for reserve supply sources for critical areas.

5.171. These high-pressure cylinder manifolds should be capable of supplying medical oxygen
immediately and allow sufficient time for manual valves to be operated on the MGPS to
resolve the fault condition. Non-return valves with suitable bypass arrangements should be
used to prevent loss of the reserve supply source to the main MGPS and to allow for
maintenance of the system.
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Figure 5.9 - Liquid cylinder primary supply source with automatic changeover secondary supply source and remote reserve supply
sources option 1
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Figure 5.10 - Liquid cylinder primary supply source with automatic changeover P&ID
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Figure 5.11 - Liquid cylinder primary supply source with automatic changeover secondary supply source and remote reserve

supply sources option 2
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Figure 5.9 and Figure 5.11 show the options for the configuration of liquid cylinder supply
systems, where the liquid cylinders are manifolded together as the primary supply source,
and a high-pressure changeover manifold as the secondary supply source. The manifold
must be held in a ‘standby’ condition until given a command signal from the primary supply
source panel or an MGPS low pressure alarm.

The design includes duplicate regulators on the primary and secondary supply sources
feeding into diverse pipelines. This changes how the secondary supply source automatic
changeover manifold comes into operation. The pressure transducer will identify the need
to refill the LOX cylinders immediately, as well as activating the secondary supply source.

As multiple liquid cylinders are installed together, it enables a faulty liquid cylinder to be
exchanged without causing any interruption to the flow of gas to the MGPS.
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Figure 5.12 - Mini tank primary supply system with high pressure cylinder automatic changeover secondary supply source and
remote reserve supply sources
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5.175. Figure 5.12 shows the configuration for a single mini tank as the primary supply source and
a compressed cylinder automatic changeover manifold as the secondary supply source.
The manifold is held in “standby” until it is given a command signal via the primary supply
source or an MGPS low pressure alarm.

5.176. The configuration shown in Figure 5.12 includes duplicate regulators on the primary and
secondary supply sources feeding into diverse pipelines. This changes how the secondary
supply automatic manifold comes into operation. The pressure switch identifying the “refill
LOX immediately” alarm is also used to activate the secondary supply.

5.177. Where primary and secondary supply sources in the configurations shown in Figure 5.6,
Figure 5.7, Figure 5.9, Figure 5.11 and Figure 5.12 utilise MCPs then the reserve source(s)
of supply should also use MCPs. Depending on the choice between MCPs and individual
cylinders for the reserve source(s) of supply, if the reserve source(s) are cylinders then
sufficient stocks of need to be held on site for replenishment.
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Figure 5.13 - Dual mini tank primary and secondary supply systems with TCO arrangements between the two supply sources
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Note 28: If the fail open (FO) actuated valve seizes closed then it is bypassed with a 3.7
bar(g) standby regulator.

Figure 5.13 shows the configuration for two mini tank primary supply sources on a TCO.
The duplicate primary supply source feed into diverse supply pipelines. With duplicate mini
tanks alternating using a TCO system, it allows the skid mounted vaporisers to have a
defrosting cycle. The configuration of system controls and bypass arrangements should be
designed to ensure a failsafe supply source.

Mini tanks require valving arrangements to facilitate the onsite maintenance of the tank
filling valves, pressure raising valves and level gauges without significant disruption to the
MGPS.

This configuration may also be used for small supply systems where VIEs are used as the
primary and secondary supply sources, as an alternative to a VIE primary supply source
and a secondary supply source using an automatic changeover manifold with high pressure
cylinders.
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Figure 5.14 - VIE primary supply source with a high pressure cylinder automatic cylinder manifold as the secondary supply source
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Figure 5.14 shows the configuration for a VIE primary supply system used for a healthcare
facility where the MGPS flow requirements are relatively low. It has a high pressure
compressed cylinder automatic changeover secondary supply source located adjacent to
the VIE, feeding diversely routed pipelines. The supply system also shows high-pressure
cylinder reserve supply sources connected to the MGPS in close proximity to critical care
areas.

Traditionally a 2x5 manual cylinder manifold was installed as the secondary supply source
to back up a VIE with the cylinder manifold only operating for short durations. Any
remaining systems of this type should be risk assessed as to their ongoing suitability and
other secondary supply source options considered.

August 2026 V2 Page 113 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Figure 5.15 - VIE primary and secondary supply sources, potentially located at separate locations with cylinder automatic
changeover reserve supply sources located within the healthcare facility
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Figure 5.15 shows the configuration for a medical oxygen supply system where VIEs are
used for both the primary and secondary supply sources in larger healthcare facilities.

The third source of supply (reserve) for this system can either be single or multiple
compressed cylinders or MCP automatic changeover manifolds supplying the whole MGPS
or automatic changeover manifolds located closer to each of the critical care areas. As
noted previously the banks of the reserve manifolds should last a minimum of 4 hours.

The configuration uses dedicated dual regulator panels for the two supply sources and
diverse supply pipelines into the healthcare facility. The supply system has the ability to
supply the healthcare facility over a wide range of annual usages. It can be provided with
the standard design control panel and vaporisers rated at a design flow of 3,000 or 5,000
litres/min.

Having dual VIEs for the supply system allows the two VIEs to be sited on different plinths,
remote from each other, providing a more robust layout.
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Figure 5.16 - Duplicate VIE primary sources feeding into separate sections of the MGPS with automatic changeover valves
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5.187. Figure 5.16 shows a medical oxygen supply system which utilises two primary supply
sources but has no secondary supply source, normally only used for the largest healthcare
facilities.

5.188. The two VIE primary supply sources can be located on separate sites to provide a more
robust installation. Each VIE has twin automatic changeover vaporisers to allow for
continuous flow and a control panel with dual regulators to allow for single fault conditions.

5.189. The system also has the ability to switch between tanks on a TCO to allow the liquid supply
line from the tanks to the vaporisers to defrost.

5.190. This configuration also allows the two VIEs to supply separate sections of the MGPS, with
each section feeding only part of the healthcare facility. In the event of a single fault failure,
using automatic changeover valve arrangements (see Figure 5.19 - Figure 5.21), each VIE
would be capable of supplying the total MGPS system, whilst the single fault condition is
rectified.

5.191. Multiple reserve supply sources should be provided to supply areas where critically ill
patients are being treated, using automatic cylinder or MCP manifolds.
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Figure 5.17 - Dual VIE primary and secondary supply systems sited remotely feeding into separate sections of the MGPS
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Figure 5.18 - Dual VIE primary and secondary supply systems P&ID detail
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5.192. Figure 5.17 shows an alternative configuration for a medical oxygen supply system, utilising
two separate supply systems each with a VIE primary and secondary supply source, for
supplies to a large healthcare facility. Each primary and secondary supply source can be
used to supply a separate section of the MGPS, with automatic changeover valves,
switching supply sources in the event of a failure of one of the systems (see Figure 5.19 -
Figure 5.21). With these types of systems, with two primary supply VIE systems the
“secondary” supply VIE(s) is often classed as the tertiary/ reserve supply.

5.193. Though the provision of multiple tanks provides further resilience of supply, additional
multiple reserve supply sources should also be provided to supply areas where critically ill
patients are being treated, using automatic cylinder manifolds, to allow for single fault
conditions of the MGPS.
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Figure 5.19 — Example configuration of multiple VIE systems
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Note 29: The automatic switching system can be located on the MGPS pipework and/ or within the oxygen control panels.
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Figure 5.20 - Pressure regulator MGPS switching arrangement
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5.194. Figure 5.20 details a pressure regulator version of the MGPS switching arrangement used
in the centre of a healthcare facility. On a ring main two of these arrangements would be
required.
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Figure 5.21 - Actuated valve MGPS switching arrangement
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Note 30: If either side of the ring main drops in pressure to 3.7 bar(g) under fault conditions,
then the actuated valve opens. The valve should fail open actuated in a power failure
scenario and be pneumatically actuated via oxygen, close coupled.

5.195. Figure 5.21 details the arrangement of an actuated valve (fail open) version of the MGPS
switching arrangement used in the centre of a healthcare facility. On a ring main two of
these arrangements would be required.

Supply system location/ siting

5.196. The siting of medical oxygen supply systems using high pressure cylinders and cryogenic
storage tanks is covered in detail in the British Compressed Gas Association (BCGA)
Codes of Practice (CP) and Guidance Notes (GNs).

5.197. BCGA GN41 collates the separation distances from the codes of practice into one concise
document. The information is presented in a pictorial form, showing the type and size of
gas/ liquid storage and the minimum distances to various receptors. The distances protect
people, buildings and processes from gas hazards and also protect the gas/ liquid
installation against hazards posed by external factors.
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5.198. BCGA CP 40; ‘Security Requirements for the Industrial, Medical and Food Gases Industry’
provides best practice details the security and safety requirements for cylinder storage,
covering healthcare facilities.

5.199. BCGA guidance should be referenced when making changes to the oxygen systems,
planning new oxygen systems and also ongoing audits to ensure existing systems follow
best practice. They should also be used when other development is happening in the
vicinity of the oxygen system to ensure it is not compromised.

5.200. Any relaxation of the specified safety distances should be risk assessed and the justification
for reducing distances documented.

Delivery vehicle access

5.201. Itis important to ensure good and clear access is available for the cylinder or liquid delivery
vehicles. The access should be made as easy as it can be, avoiding any reversing, tight
corners or 2 or 3 point turns wherever possible.

5.202. Access for all delivery vehicles must be kept clear at all times. Noise from offloading
operations needs to be considered versus the proximity to patients, especially at night, to
avoid disturbance.

5.203. Cylinder delivery vehicles are typically 26 to 32 tonne and feature a tail lift to offload the
cylinders. The distance from the drop off point to the cylinder store and /or manifold room(s)
should be the shortest possible to minimise manual handling.

5.204. If cylinder packs (MCPs) are used the delivery vehicles are identical to the cylinder vehicles,
the key difference is the necessity for the healthcare facility to have suitable mechanical
handling equipment to offload and position them on the manifold.

5.205. Deliveries to liquid cylinders and mini bulk tanks are carried out with small, mini tankers of
circa 7.5 to 14 tonne gross vehicle weight (GVW).

5.206. Bulk LOX tankers being articulated delivery vehicles are the largest at 38 to 44 tonne GVW.
If 44 tonne vehicle access is not possible then it will restrict deliveries to bulk rigid tankers of
26 or 32 tonne GVW. The availability of rigid tankers is limited; this may impact delivery
frequency and tank size. This is a key element of the risk assessment.

5.207. If there are any doubts or concerns about vehicle access then the gas suppliers transport
safety officer can be engaged to confirm vehicle access and where necessary demonstrate
that access is sufficient by bringing a vehicle to site for a trial run.
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5.208. The location of the LOX compound should permit the supplier to gain safe access with the
appropriately sized tanker. It is the gas supplier’s responsibility to assess the space
requirements for vehicle access and they hold the ultimate decision on acceptance of any
access routes proposed.

5.209. The design of the liquid installation should consider the gas suppliers’ requirements for
discharging the LOX from the cryogenic tanker. A concrete spill apron is necessary as it is
dangerous to vent or spill LOX onto tarmac. The area directly in front of the vessel should
be kept clear at all times and under no circumstances should cars be permitted to park in
front of the delivery point.

Compressed gas cylinder manifold and MCP siting

5.210. Refer to BCGA CP4, GN41 and CP44. The gas supplier may have additional literature
aimed exclusively at medical gas cylinders and MCPs.

5.211. Normally compressed cylinder manifolds are located inside dedicated rooms; they can also
be located externally. Their regulator panels and controls should be protected from the
weather or be supplied with a suitable IP rating.

5.212.  Where compressed cylinder manifolds are located indoors, room ventilation should be
provided. BS 5925 provides guidance and a calculation basis for assessing natural
ventilation of buildings and rooms. Natural ventilation is preferred, but if necessary
mechanical ventilation should be implemented.

5.213.  When changing a compressed cylinder manifold to a liquid cylinder manifold then the
ventilation should be increased in line with the codes of practice and the gas suppliers’
guidance.

5.214. Normally MCPs are located externally because of their size and the necessity of
manoeuvring them with mechanical handling equipment. Where they are located externally,
their regulator panels and controls should be protected from the weather or be supplied with
a suitable IP rating. Where access and handling equipment permits, MCPs may also be
located internally.

Liquid cylinder and mini bulk tank siting (up to 1,000 litres)

5.215. Refer to BCGA CP27. The gas supplier may have additional literature aimed exclusively at
medical liquid cylinders/ mini bulk tanks.

5.216. Liquid cylinders should preferably be stored outdoors, in a dedicated, fenced compound.
They should be suitably protected against the weather; this is preferable to locating them
indoors.
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5.217. Where there is no alternative, the liquid cylinders and manifold may be installed indoors, but
it is necessary to provide a vent header, piped to a safe area, to connect vent valves, relief
valves, and bursting discs. The vent pipe should be adequately sized and is to be protected
from damage so as not to restrict the vent flow.

5.218. For indoor locations, fire engulfment of the liquid cylinders or mini bulk tank has to be taken
into consideration for the vessel safety devices.

5.219. Where they are installed indoors, suitable ventilation should be provided by external louvred
access. Natural ventilation can be assessed to BS 5925, where required mechanical
ventilation should be provided along with the provision of gas detection. The calculations
must be made to ensure adequate ventilation, especially during the filling of vessels, when
there may be venting from the trycock or gas valves inside the room. Venting inside the
room can be minimised by provision of a remote fill point and delivery procedure.

5.220. Ventilation of the room is essential for operator safety and to prevent an oxygen enriched
atmosphere propagating a fire. Any ventilation fan motors, room lighting or other electrical
items should be suitable for the environment.

Liquid cylinder and mini bulk tank siting (above 1,000 litres)

5.221. Refer to BCGA CP 36. The gas supplier may have additional literature aimed exclusively at
medical liquid cylinders/ mini bulk tanks.

5.222.  When more than 1,000 litres of LOX are stored then the ‘bulk VIE’ rules apply.

5.223. An external vessel located in a dedicated fenced compound should be treated in the same
manner as a VIE, refer to paragraphs 5.225 - 5.235. If the LOX is stored indoors, then a
fully documented specialist review is required, and the level of ventilation should be
equivalent to an external location. Mechanical ventilation and gas detection must be
provided along with suitable fire protection and prevention measures.

5.224. A detailed fire risk assessment is required to protect the LOX tanks from fire and to stop the
oxygen from accelerating a fire in the building. A standalone building, not connected to the
main healthcare facility is preferable.

Bulk VIE tank siting

5.225. Refer to BCGA CP36. The medical gas supplier may have additional information specifically
for medical oxygen VIEs.

5.226. Bulk VIEs should be installed outdoors in dedicated, secure fenced compounds.
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The layout of the LOX installation should provide adequate access to all relevant
components of the system and provide adequate airflow for the ambient vaporisers. If
ventilation is restricted by buildings or walls then the gas supplier should be consulted for
advice.

The plinth should be of concrete construction with a concrete spill apron.

The site should be level but designed to have adequate falls to prevent water accumulating
beneath equipment. With the location of drains in the vicinity of the installation complying
with BCGA CP36.

The compound should not be used for the storage of any other equipment.

The primary and secondary VIEs can be located in the same compound, but should have
independent, dual regulator panels and have diverse, suitably segregated supply routes.

Where there is only a single pipeline from the primary and secondary supply sources then it
must be routed to avoid damage and be suitably protected, this is especially important if the
pipeline extends a long distance before entering the healthcare facility.

Having tanks remote from each other will provide a reduced risk of single fault failure from
the primary and secondary supply sources, this type of system has different operational
characteristics from where the two sources are located on the same plinth, and these
operational considerations and gas economy implications must be taken cognisance of.

Whether in the same compound or at remote locations, each supply line must have a
backflow prevention device to prevent loss of supply should a fault occur on one of them.
The backflow prevention device should be sited in a secure location where it is not liable to
mechanical damage and be as close to the healthcare facility curtilage as possible.

When planning the space requirements for the LOX compound(s), there may be planning
and/ or operational advantages in having two or even three compounds in different areas of
the healthcare facility site.

Alarm and monitoring systems

The alarm systems for medical oxygen supply systems need to comply with the
requirements that are detailed in Chapter 10. The additional requirements that can be used
for medical oxygen supply system alarms and integrated information systems are given in
the paragraphs 0 - 5.266.
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5.237. Medical oxygen cylinder auto-change manifolds and liquid cylinder/ mini tank installation
can be supplied with a human machine interface (HMI) visual display, which potentially can
provide additional information including:

the rate of supply and the time remaining in the manifold/ manifold bank

pipeline pressure readings

valve positions

manifold system alarms (not covered by the standard alarm requirements)

gas detection/ environment alarms for liquid cylinder and mini tank systems

mmoDow>»

data logging of the information for preparation of reports

These integrated systems are required to provide the outputs for connection to the
healthcare facility alarm system. These alarm outputs must be failsafe and hard-wired.

5.238. Medical LOX supply systems usually have a fully mechanical operation design for both
simplicity and reliability, with mechanical gauges for monitoring liquid levels and VIE and
pipeline pressures. Switching between supply sources is achieved via pressure regulators
and the alarms are provided using hardwired switches to give warnings and verification of
the supply source in use and the pipeline pressure warnings.

5.239. The use of telemetry for LOX supply systems is highly recommended in order to ensure that
both the LOX supplier and the healthcare facility are aware of the operation of the system
and the need to refill the VIE. This allows the LOX levels to be monitored remotely by the
gas supplier and provides software generated alarms for level and high flows at the
supplier’s delivery planning centre.

5.240. Although traditionally the information system for LOX have been less sophisticated, due to
the capacity of the system and the resilience of the delivery systems, the healthcare facility
is still responsible for ensuring the status of the supply system by regular physical checks.

5.241. ltis possible for telemetry to be integrated with the standard alarm system to provide
additional data that can be accessed by the healthcare facility either via the gas supplier
web portals or repeat signals fed directly into healthcare facility’s building management
system. From the tank levels the average flows can be provided, with flow rate alarms, with
estimates of time required for refilling/ VIEs becoming empty. Where telemetry systems
provide the integrated information, the healthcare facility is still responsible for regularly
monitoring stock levels and VIE/ pipeline pressures. Mini bulk and liquid cylinders systems
can also be supplied with telemetry systems.
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Additional instrumentation can also be provided for VIE and pipeline pressures, gas
temperatures exiting the vaporisers and flow meter readings to feed into the healthcare
facility building management system. This would be intended for the healthcare facility staff
to view and not for the gas supplier’s delivery planners. This additional information is
intended to provide more visibility of the medical oxygen supply systems to pre-empt alarms
and be used for data logging and trending for input to the IDP.

Medical LOX supply systems can utilise more sophisticated systems to automate the
operation of the plant, such as vaporiser TCO valves, supply source switching valves and
pipeline switching valves which may require additional alarm functionality. In all instances
these systems must be fail safe and/ or have bypass valves/ pressure regulators to give
high integrity and prevent the loss of the oxygen supply for patient use.

All medical oxygen supply sources must be fitted with alarm systems to provide visual and
audible warnings at the plant (each site) and in an area within the healthcare facility where
there is continuous 24-hour occupation, with slave panels as required.

The alarm systems described in Chapter 10 have only four alarms indications and a
‘Normal’ condition green light. For VIE systems, it is normal for a single set of four alarms to
cover both the primary and secondary sources of supply. It is necessary for the reserve
source(s) of supply and items such as pipework switching valves to have their own
individual sets of alarms. This is also the case if three or four VIE systems are used for
large healthcare facilities or where no telemetry is provided.

It is imperative that if more than one bank of four alarms is provided for the oxygen supply
sources and associated equipment that clear labelling is provided to avoid confusion if an
alarm arises. The visibility of the alarms related to the different oxygen systems are clearly
labelled when displayed on a building management type system. The variations of oxygen
MGPS are shown in
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Figure 5.2, Figure 5.3 and Figure 5.4 the alarms for each type follow the same basic
philosophy.

The displays shown in Table 5.3 should be presented at the plant and at a 24-hour
occupied location.
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Table 5.3 - Oxygen plant alarm conditions
Status/ fault condition Indication Legend
¢ Normal operation Green Normal

e System available for use

e Primary supply system’s operational stock Yellow Refill liquid
empty

e Primary supply system’s reserve stock in use

e Primary supply system’s reserve stock empty  Yellow Refill liquid

e Secondary supply system in use immediately

e Secondary supply system empty Yellow Secondary

o Emergency system in use supply low level
Pipeline pressure high or low Red Pressure fault

Compressed medical oxygen systems

5.248. If the medical oxygen supply source is a compressed gas cylinders changeover manifold,
the ‘level’ or stock condition is derived from pressure transducers built into the manifold
system. Depending on whether the changeover manifold is considered to be a single supply
source or a double supply source, the alarm panel should provide an indication of the
imminent need to change cylinders in the manifold. The cylinder content pressures in the
secondary bank/ manifold should also be indicated to ensure that the person responsible for
managing the system is aware of the timeframes available to ensure continuous supply.

Liquid medical oxygen systems

5.249. If the medical oxygen supply source is a VIE LOX system, the ‘level’ or stock condition is
derived from the VIE level transmitters/ switches. When the primary source system
operational stock has been dropped to the reorder level the first alarm condition will be
indicated by a yellow alarm and the legend ‘refill liquid’ illuminated. The primary supply will
still be in operation, but utilising the risk assessed stock derived from the delivery risk
management process to take account of delays/ single fault conditions in the delivery
system. It is possible to have the alarm for operational stock derived from telemetry and
have the healthcare facility low level alarm set at 25% level.

5.250. When the primary source system has used the risk assessed stock and the VIE pressure
starts to decay, the secondary supply system should be designed to come into operation
automatically via means of a pressure regulator or switching valve. This second alarm
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condition will be indicated by a yellow alarm and the legend ‘refill liquid immediately’
illuminated. Once engaged this alarm condition should continue until the primary supply
system is refilled and the alarm manually reset.

5.251. When the secondary supply system is low, the third alarm condition will be indicated by a
yellow alarm and the legend secondary stock low illuminated. This alarm condition should
continue until the secondary supply system is refilled. The secondary source remaining
product will supply the oxygen for at least a further 24 hours. The stock levels in the tank
should be determined when completing the IDP as part of the risk management process.
See Table 5.1.

5.252. Should the primary or secondary source of supply of medical oxygen to the healthcare
facility pipeline fail due to lack of contents or mechanical failure of any of the components,
or should a serious leak occur, the pipeline pressure will fall. When the plant output pipeline
pressure falls below 385 kilo Pascal (kPa), the condition will be indicated by the ‘pressure
fault’ alarm. The primary and secondary sources should be on diverse supply lines so that
the oxygen supply to the healthcare facility is maintained.

5.253. Should both the primary and the secondary supply fail/ be unavailable, then the reserve
supply source should be activated automatically.

5.254. If the pressure regulator controlling the pipeline pressure should fail ‘open,’ the pipeline
pressure will rise. This condition will be indicated by the ‘pressure fault’ alarm when the
pressure rises above 500 kPa. The primary and secondary supply sources should be on
diverse supply lines so that the oxygen supply to the healthcare facility is maintained,
allowing the supply source causing the high pressure to be isolated.

5.255. If the primary and secondary sources are at the same location, then the local alarm panel
can cover both systems. If the supply sources are located on remote plinths, separate local
panels will be required at each location. The labelling of the panels to identify them as
primary and secondary supply sources is important to avoid confusion. This is especially
important when they are located remote from each other.

5.256. In the event that the primary (or secondary) vessel becomes empty (or suffers from any
other fault condition), the ‘normal’ display should be extinguished, indicating that the vessel
is not available for use.

5.257. All alarm conditions should be transmitted to the central alarm system.

5.258. Where relays are used, they should be energised relays that de-energise under fault
conditions, with contacts having a minimum rating of 50V direct current (dc) and 50
milliamps (mA). Alternatively, volt-free, normally closed contacts rated at 50V dc and 50mA
should be provided for transmission of the conditions to the alarm system.
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Table 5.4 - Liquid oxygen central plant alarm conditions (3 VIE system)

Status/ fault condition

e normal operation

e system available for use

e primary supply source operation stock level
alarm (reorder point)

e primary supply source risk assessed stock in
use

e primary supply source empty (and/ or low
pressure)

e secondary supply source in use

Secondary supply source low level alarm, risk
assessed stock in use

Pipeline pressure high or low

e normal operation

e system available for use

Third source of supply in use

e third source of supply low level, reorder point

e risk assessed stock in use

Third source of supply empty (and/ or low
pressure)

Pipeline pressure high or low
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Indication

Green

Yellow

Yellow

Yellow

Red

Green

Yellow

Yellow

Yellow

Red

Legend

Normal

Refill liquid

Refill liquid
immediately

e secondary source
low
e replenish

secondary source
stock

Pressure fault

Third supply source
normal

Check primary and
secondary source
faults

Refill liquid
Refill liquid
immediately

Pressure fault
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The primary and secondary VIE sources of supply are normally sited on the same plinth
and the reserve VIE is on a remote plinth.

Table 5.5 — Liquid oxygen central plant alarm conditions (4 VIE system )

Status/ fault condition Indication Legend

e normal operation Green Normal

e system available for use

e primary supply source operational stock  Yellow Refill liquid
level alarm (reorder point)

e primary supply source risk assessed

stock in use
e primary supply source empty (and/ or Yellow Refill liquid
low pressure) immediately

e secondary supply source in use

e secondary supply source low level alarm, Yellow e secondary
risk assessed stock in use source low

e replenish
secondary

source stock

Pipeline pressure high or low Red Pressure fault

Where four VIEs are used to supply a major healthcare facility (where the medical oxygen
pipeline system is split into two sections with a pair of VIEs supplying each section) the
primary and secondary VIEs for each section will be installed on the same plinth with the
plinths at separate locations. The two systems would normally operate independently, but
with the ability for each system to supply the whole healthcare facility under fault conditions,
using manual or automatic valves on the MGPS. The identification of these systems is key
to avoid operator confusion.

The following tables provide typical alarm panel configurations

Table 5.6 provides the typical alarm panel configuration for independent alarm control
panels at each location where the third source is an automatic cylinder manifold(s).
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Table 5.6 - Oxygen central plant alarm conditions (3rd source of supply via cylinders)
Status/ fault condition Indication Legend

e normal operation Green Normal

e system available for use

Third source of supply in use Yellow Check primary and
secondary supply
source faults

Left-hand or right-hand bank low Yellow Left-hand or right-
hand reserve low

Left-hand or right-hand bank empty Yellow Replenish cylinders

Pipeline pressure high or low Red Pressure fault

Medical oxygen automatic cylinder manifolds typically have an HMI visual display. The
alarm layout provides additional information to aid the operator, (see paragraphs 4.17 -
4.25).

If the reserve supply source comes into use then it is important to investigate what faults
are present on the primary and secondary supply sources and to rectify faults as soon as
possible. It is also important to organise cylinder stocks from the main store and have them
available at the manifold.

If a manifold bank low level alarm activates, normally at 68 bar(g) then this gives an early
warning to ensure additional cylinders are brought up from the central store to the manifold.
The 68 bar(g) alarm is 50% of a 137 bar(g) cylinder, if upgrading to 230 or 300 bar(g)
cylinders this alarm can remain the same or be adjusted to suit. The automatic changeover
manifold HMI display can provide ‘time remaining at current flow’ in a particular bank which
is useful information to the engineers.

Where reserve supply sources are installed on individual zones of the MGPS, the “reserve
supply in use” alarm must be displayed within the MGPS zone area. A separate “reserve
supply low” alarm should also be installed on each zone.
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6. Medical compressed air systems

Foreword from the National Patient Safety Alerting
Committee (NaPSAC)

6.1. Prior to the end of 2021, it was usual to see air flowmeters on wall based medical gas
pipeline system (MGPS) terminal units (TUs), alongside oxygen flowmeters and suction
apparatus. The use of an air flowmeter was primarily to drive the administration of nebulised
medication; typically for short periods to manage respiratory conditions. Most other uses of
piped medical air do not require an air flowmeter.

For over a decade, repeated patient safety incidents have reported misconnection of
patients to the medical air flowmeter instead of an oxygen flowmeter. The proximity of the
piped medical air and oxygen TUs at the bedside, and the similarity in design of flowmeters,
clearly presented a significant patient safety risk.

As a consequence of the reported incidents, the NHS England national patient safety team
issued several patient safety communications in an attempt to mitigate this risk. This
included:

e Rapid Response Report - Oxygen safety in hospitals (2009): highlighted the risk of
misconnection and requested that organisations develop action plans to prevent these
incidents

o Patient Safety Alert - Reducing the risk of oxygen tubing being connected to air
flowmeters (2016): that mandated the implementation of three specific barriers

In 2018, ‘Unintentional connection of a patient requiring oxygen to an air flowmeter was
added to the Never Event framework. Between 1 April 2018 and 31 March 2021, there were
108 reported Never Event incidents describing unintentional connection; over a third of
incidents occurred in emergency departments. Consequences included respiratory arrest,
cardiac arrest, collapse (requiring Intensive Therapy Unit (ITU) admission, and ventilation),
and nine incidents of incorrect connection when responding to cardiac arrest, which will
have impacted on the chance of successful resuscitation; six patients subsequently died.

Review of incidents indicated that misconnection was often an ‘unconscious error’ (the
person did not realise that they had made a wrong connection) and so incidents often went
undetected even when other staff responded to deterioration or took over care. As a result,
the NHS England national patient safety team adopted a more robust solution to eliminate
the use of air flowmeters in their 2021 National Patient Safety Alert (NPSA) (Eliminating the
risk of inadvertent connection to medical air via a flowmeter).
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The resultant impact on MGPS design is that the requirement to provide medical air TUs is
now far less than in previous versions of this Scottish Health Technical Memorandum
(SHTM) 02-01.

General

6.2. Medical compressed air can be derived from compressor systems, from cylinders
connected to an automatic manifold or by mixing gaseous oxygen and nitrogen from
cryogenic liquid supply sources. Air produced by this latter method is referred to as
synthetic air. All medical grade compressed air delivered in cylinders is also synthetic
manufacture.

6.3. Changes in clinical practice have negated the extensive use of air for surgical purposes,
therefore when designing healthcare facilities, consideration should be given for surgical air
to be supplied from a portable source (that is compressed gas cylinders). The appropriate
selection must be made based upon an informed design process (IDP) where an
assessment of consumption has been undertaken.

6.4. With reference to the NPSA described in paragraph 6.1, the foreseeable use of medical air
through a flowmeter for clinical use is negligible. Therefore, medical air consumption and
hence supply source and distribution systems will be much smaller than systems designed
based on algorithms and tables. This may result in the most economical and sustainable
supply source being from a compressed gas cylinder manifold system. For completeness,
requirements for compressor and manifold systems are described in this chapter.

Compressor systems

6.5. Different source of supply configurations are possible depending upon the specific design
requirements, for example for larger healthcare facilities:

A. separate sources of supply could be justified, each serving a particular area

B. for synthetic air careful planning is required to consider the emergency back-up
required, the use of nitrogen for surgical use, safety, and cost in comparison to a
conventional means of supply

6.6. Conventional system configurations where medical air is derived from medical air plant may
still be appropriate if it is determined that the requirement is of a level where other sources
of supply would not be appropriate for example, an automatic manifold that may require
regular cylinder changes resulting in increased cylinder storage as well as additional staff
resources. Undertaking an assessment through the IDP (see Chapter 1) should be
considered for improved sustainability and cost effectiveness.
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6.7. Table 6.1 sets out the two main supply source configurations which should be considered
dependent on the healthcare facility, size, patient cohort, and function.

Table 6.1 - Source of supply matrix

Source of Supply Large acute District Small Community
teaching general specialist hospital
hospital hospital hospital

Compressor Plant Yes Yes No No

(Primary) and

Automatic Manifold
(Emergency Reserve
Manifold (ERM))

Automatic Manifold No Yes Yes No
(Primary) and Manual
manifold (ERM)

6.8. Table 6.1 may be considered as the basis of source of plant selection in conjunction with
the IDP.
6.9. A schematic arrangement for medical air plant is provided in Figure 6.1.
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Figure 6.1 - Medical air plant schematic
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Note 31: Notes applicable to Figure 6.1:

1. regulators to be set at differing pressures. For example, lead at 420 kilo Pascal (kPa)
and lag at 400 kPa

2. valves will be open during normal operation. Close the respective valves for
maintenance activities

3. effluent to be discharged to an oil water separator

4. safety valves to be discharged to a safe location. Location should be agreed during
the IDP and construction stages

5. fresh air supply from a suitable source that is determined by the IDP
6. the number of compressors and air receivers should be determined by the IDP

7. access to all plant including the removal of plant items and components to be
unhindered, allowing plant to operate without isolation. This should be determined and
agreed at the IDP stage

8. plantisolating valve to be positioned out with the dryer module frame. This valve can
be provided by the plant manufacturer for installation by the MGPS contractor

Quality

The European Pharmacopoeia (Ph. Eur.) specifies maximum impurity levels for carbon
monoxide. It may be necessary to make provision to control the levels of contaminants and
to monitor the supply to ensure conformance with the specification. European Commission
directive 2001/83/EC specifies that medicinal products should be manufactured to the
approved standard.

Siting

The plant should have all-round access for maintenance purposes, with a minimum of
800mm (or greater if advised by the manufacturer) clear access space provided around the
main plant assemblies to allow safe replacement of components (including receiver
vessels) without necessitating unnecessary shutdown of the plant installation. Pipework
should be routed and isolating valves positioned to facilitate this as far as is reasonably
practicable. Other services should not obstruct access, for example electrical supplies for
the plant should not be located on the plantroom floor.
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6.12. The siting of the plant should allow for adequate natural ventilation for three different
purposes:

A. air intake to the compressors
B. cooling of the compressed air by the aftercoolers

C. cooling of the compressors
Compressor noise

6.13. The noise level produced by the compressors will increase with the capacity of the supply
system. The maximum free-field noise level for un-silenced 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.

Table 6.2 - Compressor noise levels

Reciprocating Screw Vane Power
85 A-weighted 76 dBA 76 dBA 0-7.5 kilowatt
decibels (dBA) (kW)
89 dBA 78 dBA 76 dBA 7.6-15kW
93 dBA 80 dBA 79 dBA 15.1-22kW
97 dBA 92 dBA 90 dBA 22.1-60kW
6.14. 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 1Tm.

Air intake

6.15. The position of an air intake can have a considerable effect on delivered air quality,
particularly with respect to levels of carbon monoxide. The air intake for a compressor
should be located to minimise contamination from internal combustion engine exhausts and
the discharge from vacuum systems, Anaesthetic gas scavenging system (AGSS) and
ventilation systems or other sources of contaminants. If the siting of the compressor,
regardless of the air intake location is considered subject to a risk of aspirating toxic fumes
and smoke as a result of a fire, an automatic shutdown system, linked to local smoke
detectors may be considered, if determined by the IDP. If such a system is planned, it is
essential that an automatic emergency supply manifold system is sited outwith the fire-risk
area and is configured to come on-line automatically in the event of plant shutdown.
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6.16. 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 British Standard (BS) International Standard (ISO) 5011 and be either dry
medium filters or grade CA paper element filters.

Compressor types

6.17. Common types of compressor available are:

A. reciprocating piston compressors
B. rotary vane compressors

C. rotary screw compressors

6.18. The compressors may be of any type, provided they are suitable for continuous running on
load and for high frequency start/ stop operation. When selecting compressors the
opportunity to maximise energy efficiency should be taken, for example consideration
should be given to variable speed/ inverter drive motors. In medical compressed air
applications, this would reduce the stop/ start frequency by maintaining a constant pressure
within close limits. With this type of control, it is feasible to consider the eventual removal of
the receiver.

6.19. Rotary screw compressors, particularly in the lower kW sizes, are commonly used in
medical air applications. If reciprocating compressors are used, they may be either of the
single or of the two-stage type, although for a 400 kPa system a single-stage compressor is
usually satisfactory.

Compressor lubrication

6.20. Compressors may be oil-lubricated, provided that suitable arrangements are made to
ensure that the air quality specification given in Table 14.1 is fulfilled.

6.21. The normal medical air compressor configuration is oil-sealed and air-cooled. Where there
is a requirement for ducted intake air, this can be separate from the compressor cooling air.
Reciprocating compressors may be oil-lubricated, carbon ring, polytetrafluoroethylene
(PTFE) ring, or diaphragm-sealed type. The pulsating frequency of the piston and noise
generated would normally require an acoustic enclosure.

6.22. Alternatively, oil-free compressors are available and may be beneficial in reducing filtration
requirements.

6.23. Oil-free reciprocating and rotary screw compressors are not necessarily oil-less.
Additionally, the atmospheric air can carry oil vapours and contaminants and should not
necessarily imply a reduction in filtration requirements. Oil-sealed rotary screw compressors
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have the added advantage of noise reduction, smooth air delivery and are more suited to a
variable speed drive.

6.24. There is a danger that PTFE rings and lubricating oils could decompose at high
temperatures to form toxic products. It is a requirement of paragraph 6.73 to monitor
compressor temperature and to close down the compressor on fault condition. BS EN ISO
15001 specifies the requirements for selecting materials used in medical supply equipment.

6.25. On start-up, when oil is used as the sealant, moisture condensing at high pressure forms an
emulsion with the oil. Once operating temperature is reached, water is readily separated.
Because it is impossible to match the varying demand with plant capacity, it may be
necessary to include oil heaters to avoid emulsification. If it is intended to omit oil heaters,
manufacturers should be asked to confirm the suitability of the compressor for intermittent
operation. Oil-lubricated compressors, however, are considered to be satisfactory.

6.26. Where oil-lubricated compressors are used, suitable means of separating oil from
condensate is essential.

6.27. Once a compressor installation has been selected:

A. the plant should include at least two compressors, but additional compressors may be
included in accordance with requirements determined by the IDP

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

C. the whole life capital and operating expenditure should be evaluated at the time of
purchase. The operating costs should be calculated at realistic levels of usage and
consider servicing and maintenance requirements

D. the control system for the compressor plant should include an ‘hours-run’ counter and
should be constructed in accordance with the guidelines given in paragraph 6.70

E. the efficiency of plant, expressed as the volume of air delivered to the pipeline
distribution system (after losses in the drying system and filtration system) per kilowatt-
hour (kWh), should be stated by the supplier of the system. The testing 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

Aftercoolers

6.28. Aftercoolers (and intercoolers) usually form part of the compressor sub-assembly.
Aftercoolers should be fitted to all medical air compressor systems. These will normally be
air-cooled and may need ducting with forced ventilation to ensure an adequate supply of
cooling air.

August 2026 V2 Page 143 of 336



6.29.

6.30.

6.31.

6.32.

6.33.

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Receivers

Air receivers should comply with Pressure Equipment Directive (PED 2014/68/EU) for all
vessels and should be supplied with relevant test certificates and conformity assessments.
The minimum water capacity of the receivers should be 50% of the compressor output in 1
minute, stated in terms of free air delivered at normal working pressure. Receivers should
also be fitted with an automatic drain. Electrically operated automatic drains have been
found to be more reliable. Receivers should also be fitted with the facility to enable drainage
to be undertaken manually.

To facilitate the statutory inspection, there should be either two suitably valved air receivers
or, for a single receiver, a by-pass arrangement (for use in manual operating mode only) in
order to avoid interruption to the supply. Alternatively, the tertiary supply manifold can be
used. A by-pass arrangement should only apply if rotary screw compressors are provided.
Alternatively, the tertiary supply manifold can be used provided an adequate supply of
cylinders are available and constant monitoring is applied.

For systems that have a design flow exceeding 500 litres/min, two receivers should be
provided with valve arrangements to permit isolation of one or the other for inspection
purposes.

Air treatment and filtration

General

Contaminants can enter the compressed air system from three sources: the atmosphere,
the compressor, and the pipeline distribution system. Each potential source must be
considered when specifying the type and location of air treatment equipment. Filtration
equipment may include pre-filters, coalescing filters, adsorption equipment, carbon filters,
particulate filters, bacterial filters, and any other additional filtration equipment necessary to
ensure the quality of the product.

Solid contaminants

Filtration for the purposes of removing solid contaminants in compressed medical air
generated by a compressor should conform to ISO 8573-1 Solid Contaminant Class 2.
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Water

6.34. Water is always a contaminant in a compressed air system, regardless of the type and
location of the compressor plant, as the air drawn into the compressor intake is never
completely free of water vapour. The amount can vary from 2.5 g/m3 to over 40 g/m3
depending on the climatic conditions. The aftercooler and receiver remove some of this, but
about 20 g/m? is likely to remain in the compressed air unless removed by dryers.

6.35. A water content not exceeding 67 millilitres per cubic metre (ml/m3) (by volume - equivalent
to a dew point of -46°C at atmospheric pressure) is specified for medical air pipeline
systems. Only desiccant dryers can usually achieve this. A variety of desiccant types are
available. Silica gel, although a desiccant, can easily fracture and powder and is not used in
medical compressed air applications. Activated alumina is the common type employed.
Molecular sieve desiccants employing zeolites can also be used, but on occasions it has
been found that this material has produced air with an increased oxygen content, in the
order of 24%. Refrigerant dryers can perform satisfactorily down to a pressure dew point of
+3°C (atmospheric dew point -20°C) and are therefore not recommended as the sole form
of drying.

Oil

6.36. With oil-lubricated compressors, it is inevitable that the compressed air will contain oil. Even
with oil-free compressors (non-lubricated), complete freedom from oil and oil vapour cannot
be positively guaranteed, as hydrocarbon vapours may be drawn into the compressor. Oil
levels in the air supply must be controlled to 0.1 milligrams per cubic metre (mg/m?3) with
means of monitoring on a routine basis.

6.37. Oil will exist in the system in three forms: bulk liquid, oil aerosol, and oil vapour. Provided
that the oil lubricant is appropriate and the aftercooler is properly designed, the amount of
oil present as vapour should be small and is unlikely to exceed 0.5 mg/m?3.

6.38. The amount of oil that is present as bulk liquid and aerosol is more difficult to predict. With
modern, well-maintained oil-lubricated compressors, it is unlikely to exceed 5 mg/m? due to
the high-efficiency oil/ air separator. A pre-filter/ separator will remove the bulk
contaminants which should reduce the remaining oil content to 0.5 mg/m3, particle removal
down to 1 micron and a dispersed oil particulate (DOP) penetration of less than 0.03%. The
coalescing filter should further reduce the remaining oil content to 0.01 mg/m3, particle
removal down to 0.01 micron and a DOP penetration of less than 0.0001%. The preferred
practice is to retain the pre and coalescing filter as separate assembilies.
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6.39. Oil-contaminated compressor condensate is classified as a trade effluent by virtue of
Chapter 14 of the Public Health (Drainage of Trade Premises) Act 1937. An oil condensate
separator should therefore be installed.

6.40. Under Scottish environmental legislation, 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 (SEPA).

6.41. Similarly, the Water Authority enforces the limit of oil condensate discharged into the public
foul sewer. Prior consent to discharge is mandatory.

6.42. Condensate from oil-free compressors may be discharged to drain.
Dryer and filter assembly

6.43. Each dryer and filter assembly should be rated for continuous use at the system demand
flow. Test points should be provided downstream of final pressure regulator/ safety valves,
filters, and dryer columns. This is to facilitate testing by the Quality Controller (MGPS)
following the replacement of components such as regulators, safety valves, desiccant, filter
elements while maintaining full operation via the standby dryer.

Dryer controls

6.44. The dryer control system should ensure that regeneration is operated in proportion to the
compressed air usage. The effectiveness of the control system will become apparent when
the efficiency of the compressor system is tested at 10% and 0% of the system design flow.
Evidence of the reliability and performance of a dryer system should be sought from
manufacturers since these items are critical to the overall performance of the compressor
system. The dryer control system should include a dew point hygrometer and display with a
minimum accuracy of £3°C in a range from -20°C to -60°C atmospheric dew point, with a
set point of -46°C. It should be arranged that in the event of open circuit, a ‘plant
emergency’ alarm be initiated.

Dust filters

6.45. There should be a dust filter downstream of the dryers to remove particles down to 1 ym,
with a DOP penetration of less than 0.03%, when tested in accordance with BS ISO 12500.

Activated carbon filter

6.46. Duplex activated carbon filters should be installed upstream of the final bacteria filter for
odour removal.
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Bacteria filters

6.47. Duplex bacteria 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%.

Carbon monoxide

6.48. In areas where intermittent high levels of atmospheric carbon monoxide are present (for
example, near a busy road), the healthcare facility should consider installing a treatment
system to remove carbon monoxide from the compressed medical air supply.

Pressure control

6.49. The pressure control should maintain the nominal pipeline pressure within limits given in
Chapter 2. Duplex line pressure regulators should be provided with suitable isolating valves.
The regulators should be of the non-relieving type.

Safety valves

6.50. All safety valves should conform to BS EN ISO 4126-1. 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, capable of discharging the total throughput of the compressor

B. on each air receiver and dryer tower, capable of discharging the sum of the throughput
of all the compressors. It is not necessary to provide safety valves on the dryer columns
where the system is already protected by a safety valve on the receiver and the
downstream equipment, that is, if the dryer column is already sufficiently protected

C. immediately downstream of each pressure regulator, capable of discharging the system
demand flow

6.51. All safety valves should be of the closed-bonnet type and connected to suitably sized
pipework to allow safe discharge at low level.

Traps, valves, and non-return valves
Automatic drainage traps
6.52. Electrically or mechanically operated automatic drainage traps should be provided on the

aftercoolers, receiver, separators, and coalescing filters. The discharge from these drainage
traps should be piped to a suitable gully via an oil/ water separator. Co-ordination with
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building work is required for this provision. A manual by-pass valve should be fitted to each
aftercooler and receiver automatic drainage trap to permit a trap efficiency check. Automatic
drainage should be fitted to all pre-filter/ separators and coalescing filters. Electrically
operated automatic drains have been identified as being more reliable.

6.53. Drainage and tundishes are usually provided under the building contract. Separators should
be provided under the air compressor contract. Provision of oil/ water separators should be
supplied by the plant manufacturer and matched to suit the combined plant output.

Non-return valves

6.54. 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 that may be used to feed the system in an emergency
E. downstream of the emergency cylinder manifold regulators

Isolating valves

6.55. Isolating valves should be provided downstream of non-return valves and upstream of, for
example, the connection of the ERM. Isolating valves should be provided in order to
facilitate maintenance or replacement of plant and component items.

6.56. Manually operated ball isolation valves should be provided to allow isolation of components
such as receivers, dryers, automatic drains, pressure regulators, and filters. There should
also be a valve on the compressed air plant, downstream of the plant non-return valve and
the connection of the cylinder manifold supply.

Pressure indicators

6.57. Pressure indicators should comply with BS EN 837-1 or have an equivalent performance if
electronic indicators are used. Calibration should be in bar or kPa. All gauges should have a
minimum scale length of 90mm, and the working range should not exceed 65% of the full-
scale range except on differential pressure gauges. Pressure indicators should be
connected by means of gauge cocks.

6.58. Pressure indicators should be located:

A. on the plant control unit indicating receiver pressure
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B. on each receiver

C. downstream of each pressure regulator

D. on each dryer tower

E. on the plant pipework, upstream of the plant isolating valve
6.59. Differential pressure indicators should be provided across each:

A. pre-filter

B. coalescing filter
C. dustfilter
D. bacteria filter

6.60. Except for pressure gauges, all control and measuring devices should be connected directly
to the pipework via a minimum leak device (to allow removal for servicing) and not isolated
by valves.

Operating and indicating system

6.61. The operating and indicating system should perform the following functions:
A. overall plant control and indication
B. individual compressor starting
C. control of dryers
D. plant status monitoring

6.62. All pressure transducers mounted internally or externally which may require adjustment
when ‘live’ should be designed and operated at extra-low voltage (ELV).

6.63. 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 indicators should be appropriately identified and should have a design life of at
least five years.

6.64. The operating system of each compressor should be capable of automatically restarting
after reinstatement of the power supply.

6.65. All components of the medical air supply system should be connected to the safety power
supply. The control system should ensure that compressors restart in sequence to avoid
overloading the power supply.

August 2026 V2 Page 149 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Plant control unit

6.66. The plant control unit should have a separate power supply for each compressor, controlled
by a separate sub-circuit. System resilience can be increased through the specification and
design of the electrical services by having separate supplies for designated components, for
example, two out of four compressors being supplied by a separate electrical distribution
system/ distribution board.

6.67. The unit should:

A. allow either a manual selection of duty/ stand-by for each of the compressors or
preferably have an automatic sequence selection with a means for manual override

B. incorporate an automatic standby control in the event of a printed circuit board failure

C. be capable of manual operation of the compressors in the event of the main and
standby central control panel functions failing

D. ensure that two or more compressors do not start simultaneously when power is
supplied

E. for each compressor starter unit or if remote from the compressor, incorporate an
independent manual start which will permit the compressor to work under load and
fitted with an emergency stop

6.68. A warning notice that complies with BS EN ISO 7010 ‘should be affixed which indicates the
presence of LV.

Plant control indication

6.69. There should be indicators for each compressor as follows:
A. green ‘mains power 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

Motor control centre

6.70. There should be individual starter units for each compressor which operate a single
designated compressor. The starters should be provided with safety interlocks, as specified
by the compressor manufacturers, which should inhibit plant operation until manually reset
by means of a button. The starters should allow automatic restart after an interruption to the
power supply. Each starter unit should be constructed in accordance with BS 7671
‘Requirements for Electrical Installations’ and BS EN 60204-1 and contain the following:

A. an isolator interlocked with the covers
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B. an industrial grade ammeter to BS EN 60051-1 International Electrotechnical
Commission (IEC) 60051-1 ‘Direct acting indicating analogue electrical measuring
instruments and their accessories - Part 1: Definitions and general requirements
common to all parts’ (digital ammeters of similar accuracy to those compliant with BS
EN 60051-1, IEC 60051-1 may be used)

C. a ‘total hours’ counter if not included in the plant control unit including a facility to
connect this to the healthcare facility building energy monitoring system

D. a green ‘mains power supply on’ indicator if mounted separately from the plant control
unit

Dryer control unit

The dryer control unit may be mounted on the dryers or may be located with the plant
control unit. There should be separate power supplies for the duty and stand-by dryer
assemblies taken from separate phases of the electrical supply.

The dryer control unit should contain the following:

A. a duty dryer selector switch

a service function - to enable selection of continuous/ normal running
individually protected circuits, separate cycling systems for each dryer

a system to control regeneration of the dryers in relation to measured dew point

moow

a hygrometer and display with a minimum accuracy of £3°C in a range from -20°C to
-60°C (set to -46°C atmospheric dew point) and a pressure transducer

F. an automatic changeover to the stand-by dryer system in the event of failure of the duty
unit by either dryness or pressure. This requires:

a. electrical and pneumatic isolation of the duty sub-assembly so that it is taken
off-stream

b. electrical and pneumatic energisation of the stand-by sub-assembly so that it
is brought on-stream

c. activation of the appropriate fault indicator and associated volt-free contacts
G. the sub-assembly to remain in this mode of operation until the fault has been rectified
H. green function indicators for each dryer sub-assembly to indicate:

a. dryer 1 selected

b. dryer 2 selected

c. selected dryer — ‘normal’

d

. selected dryer — ‘failed’ indicated by an orange or amber light (this fault
indicator should remain until manually reset by means of a reset button). With
a duty fault condition existing, the standby dryer will function in the normal
alternate drying/ regeneration mode
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I. a fail-safe system which on failure of the power supply causes the following:
a. closure of the exhaust and purge valves
b. opening of the inlet and outlet valves

Plant status monitoring

6.73. A monitoring system should be provided to detect the following faults in the air compressor
system:

A. plant faults (for each compressor):
a. control circuit failed
motor tripped
after-cooler temperature high
compressor temperature high

© 20 T

compressor failed to go on load

f. activation of other safety devices supplied by the manufacturers
B. plant faults (for each dryer unit):

a. dryer failure

b. pressure fault
C. plant emergency:

a. receiver pressure 0.5 bar below the stand-by cut-in pressure

b. receiver pressure 0.5 bar above cut-out pressure

c. dryness above -46°C at atmospheric pressure

d. medical air supplied from a compressor system, where carbon monoxide
monitoring is provided if carbon monoxide levels exceed 25 parts per million

(ppm)
e. pressure fault (cylinder reserve)

f. as the reserve manifold is a fully automatic cylinder manifold, the full set of
standard alarm conditions should apply to the central alarm system

D. pressure fault (pipeline):
a. low pipeline pressure
b. high pipeline pressure

6.74. Where surgical and medical air are supplied from a standard compressor plant with duplex
dryer/ filtration unit, each service should be provided with a duplex regulator set. Each set
should be fitted in parallel to the other service, each monitored by a high and low line
pressure transducer. The central alarm panel need only indicate a plant combined line
pressure fault, identifying of the service by investigation.
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Plant status indicator unit

In addition to the plant control indication, there should be a plant status indicator panel that
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 that complies with BS EN ISO 7010 to
indicate the presence of LV.

There should be indicators for each compressor to show the following conditions:
green ‘mains supply on’

yellow ‘control circuit failed’

yellow ‘overload tripped’

yellow ‘after-cooler temperature high’

yellow ‘compressor temperature high’

yellow for each individual safety device provided by the manufacturers

G mmoDow>»

yellow ‘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’

Alarm signal status unit

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

A. green ‘normal’ (normal)

B. yellow ‘plant fault’ conditions ((B)—(G) in paragraph 6.76)

C. yellow ‘plant emergency’ (low reservoir pressure/ high moisture: that is, condition (B) in
paragraph 6.76)

D. yellow ‘reserve low’ (emergency/ reserve banks low (<50%))

E. red ‘pipeline pressure fault’ (pressure fault)

Conditions (B) to (E) in paragraph 6.76 should be transmitted to the central alarm system.
Where relays are used, they should be normally energised relays that de-energise under

fault conditions, with contacts having a minimum rating of 50V direct current (dc) and 50
milliamps (mA).

Volt-free, normally closed contacts rated at 50V dc and 50mA should be provided for
transmission of conditions (B) to (E) in paragraph 6.76 to the alarm system.
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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.

Plant management

Connections should be provided which allow monitoring of plant alarm conditions (B) to (E)
in paragraph 6.76 and pump running for each ‘compressor’. These connections should be
volt-free contacts normally closed for each condition having a minimum rating of 50V dc and
50mA. Building and energy management systems should not be used to control the plant.

Synthetic air

BS EN ISO 7396-3 covers the technical description of systems and processes required to
generate medical air from mixing gaseous oxygen and nitrogen, derived from cryogenic
supplies.

For the purposes of the Medicines Act 1968, it is considered that synthetic air that is
manufactured on-site, is 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 of
any pharmaceutical process. This should include, for example, a Hazard and Operability
(HAZOP) analysis and other safety analyses that may be necessary.

Synthetic air is generated by mixing gaseous oxygen and nitrogen in a blender or mixing
panel at pre-set pressures to ensure that the resultant mixture is always correct. Continuous
on-line monitoring of oxygen concentration is provided to check the mixture; the system
shuts down automatically if the oxygen concentration varies from the specified value.

If one mixing system shuts down, the pipeline is supplied from the secondary mixing system
to ensure continuity of supply.

The HAZOP analysis should provide more information on the details of the monitoring and
alarm systems required, as well as operational information.

The vacuum insulated evaporator (VIE) system supplying the medical oxygen may be used
to supply the synthetic air system, depending on the system demands.
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6.90. Nitrogen supplied to the synthetic air system may also be used to provide the power source
for surgical tools instead of surgical air at 700 kPa.

6.91. An electrical power supply is required in order, for example, to operate solenoid valves and
monitoring instrumentation. Therefore, the system should be connected to the safety power
supply and via an uninterruptible power supply (UPS) with at least three hours’ capacity;
this should ensure continuity of supply in the event of power failure.

System description

6.92. The gaseous oxygen and nitrogen are derived from bulk liquid supplies contained in a VIE —
as set out in the ‘Liquid oxygen (LOX) systems’ text within Chapter 5.

6.93. 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, although this would obviously depend on the existing
VIE capacity, the demand, space constraints, and the like. 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. The feasibility
study should include a cost comparison against other methods of supply. Unlike the renting
of liquid vessels, there can be a high capital cost for the ancillary mixing equipment which
may not come under the rental agreement.

6.94. For both the oxygen and nitrogen it is necessary to have a secondary supply system to
ensure continuity of supply; the system demands are such that this should be derived from
a second, normally smaller, VIE.

6.95. This secondary oxygen supply can also serve the healthcare facility’s medical oxygen
system.

6.96. Since four VIEs will be required, the space requirements will need special consideration
when planning the installation of a synthetic air system.

6.97. The system comprises:

A. storage vessels - one main vessel and one secondary supply vessel for both oxygen
and nitrogen

vaporisers for both oxygen and nitrogen

medical oxygen flow control - where used to supply medical oxygen systems
surgical nitrogen flow control - where required

a control panel for the nitrogen and oxygen supplies to the mixing panels
duplicate air mixing panels

© MmO oW

buffer vessels - each mixer has a buffer vessel to smooth fluctuations in demand
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H. awarning and alarm system

I. duplicate oxygen analysers on each mixer

Storage vessels

Vessel summary

6.98. The following vessels are required:
A. one main oxygen vessel
B. one secondary oxygen vessel with at least 24 hours’ capacity
C. one main nitrogen vessel
D. one secondary nitrogen vessel with at least 24 hours’ capacity

Vessel operating pressure

6.99. The following operating pressures are required:
A. main vessels: 12.5 bar
B. back-up vessels: 12.5 - 14 bar

Main vessel capacity

6.100. The main vessel should normally be sized on the basis of two 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, and the like, which need to be
considered when sizing the main vessels.

Back-up vessel capacity

6.101. The stand-by vessel should have 24 hours’ capacity at any time; that is, it should be sized
on the basis of twice the average daily usage. This will ensure that there is always 24 hours’
supply available.

6.102. In addition to the normal instrumentation as set out in the ‘LOX systems’ text within Chapter
5, the vessels should be fitted with a telemetry system to monitor continuously the vessel
contents.

6.103. This information should be transmitted direct to the gas supplier and the healthcare facility.
The exact details of how much information, and where it should be received, will depend on
each healthcare facility site.
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6.104. The main vessel low level alarm is activated at 25% full; the back-up low level alarm is
activated at 50% full.

6.105. The safety relief valves and bursting discs should be sized in accordance with British
Compressed Gases Association (BCGA) Code of Practice (CP) 36.

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

Vaporisation

6.107. The main and stand-by 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.

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

6.109. Itis preferable for the vaporisers to operate on a timed changeover (TCO) as this avoids the
need for healthcare facility staff to manually operate the changeover valves.

6.110. The TCO will require a 110V or 240V power supply; this should be on a circuit connected to
the safety power supply and a UPS should also be provided, with at least 3 hours’ capacity.

6.111. Each vaporiser or set of vaporisers must have a safety relief valve.

Medical oxygen flow control

6.112. A control panel in accordance with the requirements of BS EN ISO 7396-3 and this SHTM
should be provided - the only difference is that the secondary supply is taken from a low-
pressure liquid source.

Surgical nitrogen flow control

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

6.114. The pipeline distribution system should be designed in exactly the same way as for surgical
air 700 kPa systems, as described in Chapter 7.
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Control panel for the nitrogen and oxygen supplies to the mixing panels

6.115. The control panel should be sized to provide pressure-regulated flows as appropriate for the
mixing system; this would typically be up to 200 nominal cubic metres per hour (Nm?/ hr).

6.116. The stand-by supply regulation cuts in when the main line pressure falls to 11 bar; there is
no regulation on the main supply line.

6.117. A non-return valve should be installed in both the nitrogen and oxygen supply lines within
the mixer to prevent cross-contamination.

6.118. A non-return valve should also be installed on both the main oxygen supply and the stand-
by oxygen supply to the mixer to prevent the medical oxygen line becoming contaminated
with nitrogen.

Air mixing panels

6.119. Arange of sizes of mixing panels is available with, typically, nominal capacities of 50, 100
and 200 Nm?3/ hr.

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

6.121. The main mixer solenoid valve opens when the line pressure falls to 4.2 bar; the stand-by
mixer solenoid valve will open if the line pressure continues to fall to 4.0 bar.

6.122. Two independent paramagnetic oxygen analysers are provided on each mixer to give
continuous on-line measurements.

6.123. 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

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

6.125. In the event that the oxygen concentration differs from 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.

6.126. The buffer vessel, together with appropriate means of safety relief, should be sized to
match each mixing panel to provide stable operation.

August 2026 V2 Page 158 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Alarm signal status unit

6.127. The same alarm conditions for LOX should also be transmitted and displayed for the liquid
nitrogen system. The following conditions should be displayed for the mixing panels:

green ‘normal’ (normal)

yellow ‘plant fault’ (low gas pressure to any mixer)

yellow ‘plant emergency’ (analysis out of specification on any mixer)
yellow ‘reserve low’ (operating on final mixing panel/ buffer vessel only)

moowp

red ‘pressure fault’ (pressure fault)

6.128. Conditions (B) to (E) of paragraph 6.127 should be transmitted to the central alarm system.
Where relays are used, they should be normally energised relays that de-energise under
fault conditions, with contacts having a minimum rating of 50V dc and 50mA.

6.129. Volt-free, normally closed contacts rated at 50V dc and 50mA should be provided for
transmission of conditions (B) to (E) of paragraph 6.127 to the alarm system.

6.130. 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. If such a cabling fault occurs, a red ‘system fault’ lamp should be illuminated on the
alarm signal status unit together with the appropriate alarm condition.

Emergency supply provision

6.131. Arisk assessment should be carried out to establish the vulnerability of the main supply
system of both oxygen and nitrogen. Further information is given in Chapter 2 on sources of
supply and in Chapter 5.

Additional use of medical air systems

6.132. Itis possible to use medical/ surgical air as a power source for pendant control and braking
systems.

6.133. These additions must not compromise either the medical air system or operation of
connected equipment. They must be connected via a non-return valve and flow-limiting
device and be capable of isolation by means of an area valve service unit (AVSU) labelled
to identify the equipment controlled.

6.134. Medical air systems must only be used for clinical applications, refer to paragraphs 1.1 and
2.3.
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7. Surgical air systems

General

71. Changes in clinical practice have negated the extensive use of medical air for surgical
purposes. Should the need for surgical air be identified for occasional applications and
specific items of equipment under the informed design process (IDP) (see Chapter 1), a
portable supply source may need to be included within the departmental operational
procedures.

7.2. Should the IDP identify that a local medical gas pipeline system (MGPS) is required,
consideration should be given to peak flows and duration of operation to identify the most
suitable supply source (following IDP criteria detailed in Chapter 1).

7.3. If there is no compressed medical air requirement within the healthcare facility it is possible
to use nitrogen instead of air as the power source for surgical tools. This may be derived
from either a liquid source or cylinders. In either case, the terminal units (TUs) must be
different from the existing medical air 700 kilo Pascal (kPa) TUs. A non-interchangeable
screw thread (NIST) connector is already specified for nitrogen and should be used.

7.4. The pressure control equipment should comprise duplex regulating valves with upstream
and downstream isolating valves, pressure gauges, and pressure relief valves.

7.5. Whatever supply system is installed, the overall system should be designed to provide a
minimum of 700 kPa at the front of each TU at a flow of 350 litres/min in accordance with
British Standard (BS) EN International Standard (ISO) 7396-1.

7.6. The maximum pressure at the TU under ‘no flow’ conditions should not exceed 980 kPa.
7.7. Cylinders of medical air or nitrogen stored locally should always be available for use in an
emergency.

Extension of surgical air systems into dental departments
7.8. Clinical practice and the utilisation of the IDP make it unlikely that the scenario of extending

a surgical air system for a dental department would arise. The preferred option for dental
surgeries is a dedicated compressed air system.
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7.9. Should this case present itself in a redevelopment the points detailed below are worthy of
consideration:

A. aduplex regulator set incorporating upstream and downstream isolating valves, safety
relief valves, pressure gauges, and flow restrictors to provide 50/ 60 litres/min per chair
should be fitted and be located in a suitable secure plantroom with the pressure gauges
clearly visible. Monitoring of low and high pressure by an area alarm panel should be in
place. There should be no need to include a non-return valve or back feed protection

B. the extra demand on the existing system must not compromise patient safety or
operation of either the existing system or its extension. In particular, the ability of an
existing emergency supply system to cope with potential higher levels of demand
should be carefully assessed

C. the Authorised Person (MGPS) (AP (MGPS)) with responsibility for the existing surgical
air system will automatically assume responsibility for the whole of the dental
compressed air and vacuum system. Both the AP (MGPS) and Quality Controller
(MGPS) (QC (MGPS)) should appreciate that extending a surgical air system into a
dental unit for dental instrument use will introduce ‘non-standard’ pipework terminations,
for example crimped or compression-fitted connectors, in addition to non-degreased
components. Failure of these ‘non-standard’ components could lead to a serious de-
pressurisation of the existing surgical air system and, if provided from the same source,
the associated medical air system. Under no circumstances should the surgical air
system at original or reduced pressure be extended into a dental laboratory

D. atest point should be available at each chair
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8. Medical vacuum systems

General

Medical vacuum (MV) is widely used in clinical practice, some of the more common
procedures are listed below:

pharyngeal aspiration
tracheal suctioning
gastrointestinal suction
pleural suctioning

a 0D =

surgical suction

There are many more specialisms and applied purposes for the vacuum system in a
healthcare facility. In each clinical case, the clinician must solve physical problems while
making sure the patient is not harmed by the cannula or the suction pressure.

Pharyngeal aspiration is a common and often lifesaving requirement (although usually of
short duration). As such bedhead provision of vacuum has been seen as a necessity and
the most common method of supplying MV has been from large central plants with an
extensive pipe work supply system.

Under turbulent flow conditions, pressure drop increases as the square of the volumetric
flow rate. At double the flow rate, there is four times the pressure drop, hence supply
system pipe diameters are much larger than for a similar flow rate in a positive pressure
system due to this pressure drop characteristic, hence the larger the system, the larger the
diameter to achieve a given flow rate.

These central systems require a significant capital expenditure and are high in embodied
carbon due to the large diameter copper pipe that is used extensively in central vacuum
systems. There is also continued operational expenditure for routine planned preventative
maintenance (PPM) and energy.

With the current international climate emergency, healthcare facilities should be designed
efficiently and sustainably to meet the requirements of achieving ‘net- zero.” Solutions for
providing MV should be reviewed and assessed by undertaking an informed design process
(IDP) if climate emergency targets are to be met. Research being undertaken by the NHS
Scotland Centre for Sustainable Delivery and Green Healthcare Scotland has demonstrated
that in some acute healthcare facilities less than 1% of the generated MV is used for clinical
purposes, this statistic should be considered when selecting the most appropriate source of
MV and may render a large-scale centrally distributed system unviable.
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8.7. Applying a risk-assessed, evidence-based approach when calculating the design flow rate
(through the IDP) rather than relying upon historically used algorithms and tables, will result
in a system that is designed to meet clinical need with the resilience to accommodate
increases in demand in line with business continuity plan and any foreseen expansion due
to service development.

8.8. MVs should neither be extended to an Infectious Diseases Unit (IDU) nor provided to such
a unit from a central vacuum system.

Vacuum Flow rates and pressure levels

8.9. The principles of MV were established in the 1960s by Rosen and Hillard and Mushin and
Mapleson. They were established by research and experimentation and were based upon
the industrial vacuum sources available during that period. The requirement of 40 litres per
minute free airflow, taken as a current standard, was derived from the then surgical need to
remove one pint of blood in 4 seconds equating to an 8 litres per minute (litres/min) flow
rate. Using a standardised suction catheter configuration of 2.5 millimetres diameter and a
300 millimetres long probe, a free air flow of 25 to 30 litres/min was needed at the origin of
the suction retrieval system. This resulted in the 40 litres/min value at the terminal unit (TU)
that has gone unchanged from an accepted requirement, although clinical practice and
equipment have changed markedly in the intervening period.

8.10. In MV, the flow rate at which a fluid (air or liquid) is removed through the system and from
the patient is determined by three key factors:

1. the amount of vacuum pressure available from the supply source

2. the resistance of the suction system primarily determined by the dimensions of the
suction catheter and the resistance of connecting tubing and collection canister

3. the viscosity of the fluid/ matter

8.11. Clinical use requires equipment consisting of collection canisters, suction tubing and
cannulas connected to a suction regulator. The suction regulator is supplied by the vacuum
source. As the regulator is altered the vacuum transfers from the source through the
equipment to the end of the suction catheter. Before suction is available at the tip of the
catheter there must be a vacuum in the collection canister if the depression in the collection
canister is increased the flow rate of fluid through the tube will also increase. The maximum
flow rate is limited by the total resistance within the system, therefore at a certain vacuum
level, no additional flow is gained by further increasing the level of vacuum. As the flow
increases and there is a change from laminar to turbulent flow, the dynamic of vacuum flow
conditions will mean that the collection canister depression must be increased by nearly
four times to double the flow rate through the equipment. Therefore, the clinician must be
cautious when determining the amount of negative pressure applied to the patient and only
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the minimum amount of negative pressure necessary to accomplish the suction procedure
should be used. Should additional flow be necessary, changes in the other suction variables
such as the tubing length and diameter of the cannula should be considered as increasing
the negative pressure from the vacuum has diminishing returns and may ultimately not
meet the requirements that the clinician requires. This increased depression may produce a
free air flow through the system which is excessive and presents a risk to the patient.

8.12. Certain departments and clinical specialties will have a higher demand for medical
suctioning systems, therefore the IDP needs to be completed in collaboration with the
clinical teams to establish the most appropriate vacuum system for the clinical services that
are being delivered. Likewise, the critical flow requirements for the department will have to
be calculated by an iterative process involving the clinical specialties taking into
consideration the mode of delivery. Operating theatre suites or endoscopy departments
should strongly consider utilising surgical-fluid waste management systems rather than
traditional medical suction and collector canister arrangements from both an operational
and health and safety and environmental perspective. Up to 40% of all clinical waste from
these areas are vacuum containers containing 90% fluid that is incinerated. The incineration
process uses substantial amounts of energy purely to boil-off water adding to the
environmental impact from the collection and the disposal methods of hazardous clinical
waste.

Vacuum sources

8.13. There are four supply methods in which MV can be provided in a healthcare facility, these
are:

1. ejector or venturi units - these devices work on the venturi effect using a pressure gas
to entrain air and produce a flow that can be used as a negative source of supply. They
are maintenance free as they rely upon a physical relationship to function and have no
moving or serviceable parts. They are efficient as they are a point of use vacuum
source and do not suffer from the pressure losses associated with distributed vacuum
supply. They are ideally suited where there is a need for aspiration and there is a
pressure gas available that is an oxygen TU. Due to their method of operation, they
utilise pressure gas as the driving force. If vacuum is required consistently for more
than 5 to 10 minutes on a regular basis this would not be the most appropriate source
of supply as the pressure gas is vented into the treatment area after going through the
venturi

2. portable vacuum pumps - these devices are used commonly in most acute healthcare
settings and will always be found on emergency resuscitation trolleys. They are more
cumbersome than ejectors or traditional bed head systems but offer flexibility and are
often the emergency supply source for vacuum should there be primary source vacuum
failure. They are suited to most forms of vacuum usage and are flexible and adaptable.
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They may offer the most effective form for pharyngeal aspiration in an acute setting or
treatment area where there is no pressure gas or central vacuum provision

3. piped MV - this is the ‘traditional’ existing model of most clinical vacuum supply
systems and for the reasons described in paragraph 2.58 requires careful consideration
as to its suitability for specific applications in order to maintain the maxim of the
Hippocratic oath “First do no harm.” Using a risk-assessed, evidence-based IDP will
identify if piped MV is a viable supply source option

4. coordinated waste management and disposal systems - these systems are
commercially designed to meet the ever-changing needs of complex clinical/ surgical
procedures and approach the solution from an environmental and sustainability
perspective. They mimic traditional system interfaces and operation but use modern
technology to separate surgical/ clinical waste into specific waste-streams treating them
accordingly. These systems can offer considerable financial and environmental savings
and have a positive effect on the health and safety of users. Many of these systems
combine medical suction and Local Exhaust Ventilation (LEV) functions (plume
evacuation) in one unit

Pipeline system configurations

8.14. The MV pipeline system should be designed to maintain a vacuum of at least 300
millimetres of mercury (mmHg) (40 kilo Pascal (kPa)) at each TU during the system design
flow tests.

8.15. To ensure continuity of supply, the vacuum plant should be connected to the safety power
supply.

8.16. The capacity of the vacuum supply system should be determined by undertaking the IDP as
described in Chapter 1.

8.17. With the exception of the vacuum discharge to atmosphere, the pipeline distribution system
for vacuum has traditionally been constructed of copper. Polyvinyl chloride (PVC) pipework
can be considered where cost-effective. Pressure testing of PVC pipework should be
carried out at 150 kPa. Pressure testing of copper pipework should be carried out at 500
kPa.
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8.18. The major components of a MV system and their layout are detailed in British Standard
(BS) EN International Standard (ISO) 7396-1, a suitable operating and indicating system
with alarms is also required. The location of the components should allow adequate space
for access for maintenance. Packaged supply systems are available from manufacturers
that should be specified to meet the requirements given in this memorandum.

8.19. The plant should consist of at least three pumps each with matching capabilities, a vacuum
reservoir (vessel) with by-pass facilities, duplex bacteria filters with drainage traps,
appropriate non-return valves, isolating valves, gauges, and pressure transducers, an
operating and indicating system, an exhaust system, and a flow test connection. For
capacities in excess of 500 litres/min, two vessels that can be independently isolated should
be installed.

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

8.21. 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 temperatures for which the
supply system is designed.

Pump noise

8.22. 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 1m from the un-silenced pump should not exceed the
following values for individual pumps.

Table 8.1 - Vacuum pump noise levels

Power (kilowatt (kW)) Noise level (A-weighted decibels (dBA))
5 75
5.1-15 82
15 89

8.23. A suitable acoustic enclosure may be required in the purchase specification for all pumps
with a free-field noise level at 1m of 80 dBA or over. An enclosure should produce a
reduction of at least 10 dBA in the free-field noise level at 1m. Vacuum pumps should be
mounted on anti-vibration mounts, where necessary, to minimise transfer of noise and
vibration to the building structure.
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Vacuum plant exhaust

8.24. Each vacuum pump should be provided with an individual exhaust pipe terminating
externally. If connecting all pumps to a common exhaust pipe header cannot be avoided
(for example, new plant replacing an existing plant set where additional builderswork cannot
be accommodated), then isolating valves will be required at the connection to each pump to
facilitate individual pump maintenance/ replacement without risking contamination of staff.
Non-return valves should not be relied upon to provide this isolation alone.

8.25. The position of the termination point should be clear of openable windows, ventilation
intakes, louvres and the intake of air compressors.

8.26. The construction should conform to the following criteria:

A. the exhaust should be sized to give a back pressure at system design flow which is
matched to the pump performance

B. the termination point should be turned down and provided with protection to reduce the
effect of wind 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 and transparent collection jar
at its lowest point

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

8.27. A schematic arrangement for a MV plant is provided in Figure 8.1.
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Figure 8.1 - Medical vacuum plant schematic
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Efficiency

8.28. The pump should be capable of producing 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.

8.29. The capacity of the vacuum pump should be specified in terms of the free air aspirated in
litres/min when the pump is operating at a vacuum of 475 mmHg (63 kPa) and at 450
mmHg (60 kPa) at the plant pipeline connection.

Vacuum pumps

8.30. Any type of pump apart from water-sealed pumps can be used.

8.31. Pumps should normally be oil lubricated. Vapours from the lubricating oil are unlikely to be
a significant component of the exhaust gases if correctly maintained. ‘Dry running’ rotary
vane pumps are available at increased capital cost and with lower efficiency than oil-
lubricated pumps of comparable performance.

8.32. At least three pumps should be provided. The actual number is at the discretion of the plant
manufacturer to ensure optimum cost benefit of the system. All pumps should be designed
for high frequency start/ stop or continuous operation. The opportunity to maximise energy
conservation should be taken into consideration including the use of variable speed/
frequency inverter drive motors that control energy consumption electronically, providing a
rapid response to any output change and thus avoiding the start/ stop frequency within the
present wider pressure change corridor. This application in MV systems, with larger
capacity pipe sizing in many instances, may avoid the need for a reservoir.

Vacuum reservoirs

8.33. In conventional pump control 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 EN 286-1, with test certificates provided to the user. The minimum test
pressure should be 400 kPa/ 4 bar. For variable speed applications seek advice from the
manufacturer.

8.34. The water capacity of the reservoir should be equal to the plant design flow at 450 mmHg
(60 kPa) in terms of free air aspirated in one minute with the pump operating at 475 mmHg
(63 kPa).

8.35. 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
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interruption to the vacuum supply. The reservoir should be fitted with suitable lifting lugs
and feet.

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

8.37. The bacteria filters and drainage trap should comprise two identical sub-assemblies with
manually operated isolating valves, arranged to allow either sub-assembly to be on stream.
Each sub-assembly should contain a bacteria filter rated at the plant capacity.

8.38. The bacteria filter should be marked with the legend ‘biohazard,” together with a description
of a safe procedure for changing and disposing of the filters and emptying the drainage
trap, Appendix D of Part B refers.

8.39. The bacteria filters should have a filter efficiency, when tested by the sodium flame test in
accordance with BS 3928, of greater than 99.995% at the system design flow.

8.40. The pressure drop across a clean filter at the system design flow should not exceed 25
mmHg (3 kPa) at a vacuum of 475 mmHg (63 kPa).

8.41. The drainage trap may be integral with the bacteria filter and should be fitted with a
transparent bowl to collect liquid. The bowl should be suitable for steam sterilisation at
134°C.

Pressure control

8.42. 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 mmHg (67 kPa).

8.43. 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 mmHg (87 kPa).

Valves

8.44. 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).

8.45. Manually operated valves should be arranged in positions to allow isolation of components.
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Pressure regulation of vacuum system

A minimum vacuum level of 300 mmHg (40 kPa) is required at the connection point of each
TU with a flow of 40 litres/min within operating theatres and endoscopy, and 25 litres/min at
all other locations whilst the system is operating at system design flow.

This performance is tested by the procedures carried out in accordance with Chapter 13.

A maximum pressure drop of 100 mmHg (13 kPa) is allowed across the TU at a free air flow
of 40 litres/min to provide a minimum pressure of 300 mmHg at a pipeline pressure of 400
mmHg. At lower negative pressures, the volumetric flow would increase by expansion and
be represented by a larger pressure drop across the TU. Such tests must be qualified by
the pipeline pressure at the time of test. The minimum pressure permitted at the front of the
furthest TU on each branch line should be 300 mmHg (40 kPa) at a flow of 40 litres/min.
When the system is subjected to the total design flow, the minimum dynamic pipeline
pressure from the plant should be 450 mmHg (60 kPa).

Vacuum indicators

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

Vacuum indicators should be located on:

A. the plant control unit indicating the vacuum in the pipeline (that is, on the pipeline side
of the bacteria filter)

B. each reservoir

A differential vacuum indicator (to indicate filter blockage rather than quantitative pressure
drop) should be located across the bacteria filter and have a service isolation valve.

Electrical supply

The electrical supply to the MV plant should be connected to the safety power supply. The
control system should ensure that pumps restart in sequence to avoid overloading the
power supply.

Pump operating and indicating system

General description

The operating and indicating system should perform the following functions:
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A. overall plant control and indication
B. individual pump starting
C. plant status monitoring and indication
D. alarm signal status unit
8.54. Provided that the individual pump starters are housed in a separate compartment, the

operating and indicating system may be housed in separate units or may be installed in a
common panel and located on the plant or on the plantroom wall.

8.55. Pneumatic components should have ventilation. All functions should be appropriately
identified. Indicators 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.

Plant control unit

8.56. The control unit should have a separate power supply for each pump controlled by a
separate sub-circuit. It should be manufactured and installed in accordance with the current
edition of BS7671 ‘Requirements for Electrical Installations’, including all current
amendments, and the design should be such that no single component failure in the control
unit will result in loss of plant output.

8.57. The unit should allow either manual selection of duty/ stand-by 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.

8.58. A warning notice which complies with BS EN ISO 7010 should be affixed which indicates
the presence of low voltage (LV).

8.59. For testing purposes, each pump should have a selector switch which when turned to the
‘on’ position allows the pump to run continuously.

Plant control indication

8.60. There should be indicators for each pump as follows:
A. green ‘mains supply on’
B. green ‘pump operating,” which indicates that the pump motor is electrically energised
C. green ‘pump operating,” which indicates that the pump is drawing vacuum
D. an analogue or digital gauge registering the vacuum level within the pipeline
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Motor control centre

8.61. The motor control centre (MCC) should have individual starter units, each one operating a
single designated pump. The MCC should be provided with safety interlocks as specified by
the pump manufacturers, which should inhibit plant operation until manually reset by means
of a button. The MCC should allow the pumps to automatically restart after an external
interruption to the power supply. Each MCC should be constructed in accordance with BS
7671 ‘Requirements for Electrical Installations’ and BS EN 60204-1 and contain the
following:

A. an isolator interlocked with the covers
B. an emergency stop
C. starter
D

. an industrial grade ammeter to BS EN 60051-1 International Electrotechnical
Commission (IEC) 60051-1 ‘Direct acting indicating analogue electrical measuring
instruments and their accessories — Part 1: Definitions and general requirements
common to all parts’ (digital ammeters of similar accuracy to those compliant with BS
EN 60051-1, IEC 60051-1 may be used)

a ‘total hours’ run counter, if not included in the plant control unit
F. a green ‘mains supply on’ indicator, if mounted separately from the plant control unit

Plant status monitoring

8.62. A monitoring system should be provided to detect the following faults in the vacuum supply
system:

plant faults for each pump

control circuit failed

motor tripped

pump failed to go on load

activation of other safety devices supplied by the manufacturers

mmooOow»

plant emergency - receiver vacuum has fallen, for example, by 50 mmHg below the cut-
in setting for the pump

G. pressure fault (pipeline) - pipeline vacuum less than 360 mmHg

Plant status indicator unit

8.63. In addition to the plant control indication, there should be a plant status indicator panel that
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 that complies with BS EN ISO 7010 to
indicate the presence of LV.
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There should be indicators for each pump to show the following conditions:
A. green ‘mains supply on’

yellow ‘control circuit failed’

yellow ‘motor tripped’

yellow for each individual safety device provided by the manufacturers

moow

yellow ‘pump failure’

Alarm signal status unit

The following indication of plant conditions should be provided:
A. green ‘normal’ (indicator normal)

B. yellow ‘plant fault’ conditions (B) - (D); see paragraph 8.64
C. yellow ‘plant emergency’ condition (E); see paragraph 8.64
D. red ‘pipeline pressure fault’ (pressure fault).

Conditions (B) to (D) of paragraph 8.65 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 direct current (dc) and 50
milliamps (MA).

Volt-free, normally closed contacts rated at 50V dc and 50mA should be provided for
transmission of conditions (B) to (D) of paragraph 8.65 to the alarm system.

The panel can be incorporated into the plant status 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 system status unit together with the appropriate alarm condition.

Plant management

Connections should be provided which allow monitoring (but not control) of plant alarm
conditions (B) to (D) of paragraph 8.65 and pump running for each vacuum pump. These
connections should be normally closed, volt-free contacts for each condition having a
minimum rating of 50V dc and 50mA.

Plant should be operated in accordance with the manufacturer’s instructions and be
covered by an effective PPM policy.
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9. Anaesthetic gas scavenging disposal systems

General

Anaesthetic gases are considered to be substances hazardous to health for the purposes of
the Control of Substances Hazardous to Health (COSHH) Regulations 2002, except where
they are administered to a patient in the course of medical treatment.

Detailed guidance on compliance with COSHH and workplace exposure limits (WEL) is
provided by the Health and Safety Executive (HSE).

The COSHH regulations set out specific duties that apply to anaesthetic gases, and
employers have a legal obligation to ensure that these duties are discharged. It is therefore
the responsibility of the healthcare facility management to implement the requirements of
the COSHH regulations with respect to anaesthetic gases. This subject is covered in Part B.

Anaesthetic gas scavenging systems (AGSS) are a recognised control measure in the
hierarchy of controls set out by the HSE for the management of occupational exposure to
harmful substances under COSHH.

As such, AGSS would be classified as a local exhaust ventilation (LEV) system and be
managed in accordance with HSE’s Health and Safety Guidance (HSG) 258. These
systems are the most common form of compliance control for WEL where inhalational and
gaseous anaesthetics are used.

The design considerations of AGSS are complex. Whilst AGSS must protect clinical staff
from occupational exposure to waste anaesthetic gases, they must also not interfere with
the patient breathing circuit being used in the anaesthesia.

The original specification for AGSS was British Standard (BS) 6834 and was withdrawn in
1999. Changes in anaesthetic clinical practice over the intervening years, the technological
innovation of the administration of anaesthesia and the monitoring of patient vital signs has
enabled closed circuit and low-flow anaesthesia procedures to be developed. In recent
years this has enabled anaesthetics to be at the leading edge of net zero carbon reduction
and environmental sustainability.

The current international standard for anaesthetic gas scavenging (AGS) systems is BS EN
International Standard (ISO) 7396-2. This standard recognises the great reduction in overall
and fresh gas flows that have resulted from changes in clinical practice, and hence the
reduction in the flow rates to control this. These low-flow anaesthetic procedures have
continually developed and in some instances have reduced the Time-Weighted average
(TWa) WEL below control levels without the requirement for an AGSS. The theme of this
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work is continuing and being researched by Green Healthcare Scotland. BS EN ISO 7396-2
is the system specification that should be utilised as the basis for an informed design
process (IDP) (see Chapter 1) for the AGSS standard under current regulatory
requirements.

Note 32: Low-flow anaesthesia are techniques that employ a fresh gas flow that is less than
the alveolar ventilation. Historically, the complexities involved in the calculation of uptake of
anaesthetic agents during the closed-circuit anaesthesia made this technique less popular.
Modern integrated digital technology and an increasing awareness of the dangers of theatre
pollution with anaesthetic agents along with the ever-increasing cost of these agents have
contributed to the revitalisation of low-flow techniques. Anaesthesiologists are now more
commonly adopting the practice of low-flow anaesthesia as standard to reduce
environmental pollution and to make anaesthesia safer and more economical.

Terminology

9.9. An active system, as specified in BS EN ISO 7396-2 is one in which a high air flow,
generated by an electrically driven pump, is used to exhaust air through the system’s fixed
pipework. This in turn entrains waste gases from the patient, or patient ventilator, via a
transfer hose and receiving system.

9.10. The transfer and receiving system form part of the anaesthetic/ breathing system.

9.11. The receiving system is designed to match the variable flow in the breathing system to the
constant flow of the disposal system and ensure that very low induced flows are imposed,
(0.05 litres/min in accordance with BS EN ISO 7396-2).

9.12. In the UK, only systems complying with BS EN ISO 7396-2 standard are considered
appropriate for scavenging waste anaesthetic gases from accommodation in which general
anaesthesia is taking place.

9.13. Active scavenging for dental installations is an entirely different concept. An active system
is one in which there is a flow generated through the patient’s nasal mask and this carries
away the waste gases exhaled by the patient. This flow is in the order of 45 litres/min and is
achieved by connection of the mask (via a suitable flow-limiting adaptor or terminal screw
adjustment) to an active scavenging system (BS/ EN/ ISO) wall terminal unit (TU) or by a
purposely designed local active unit.

General

9.14. A typical system schematic is illustrated in Figure 9.1 and shows the terminology used.
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Figure 9.1 - AGSS Plant schematic (duplex blowers shown)
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9.15. The fixed pipework may be of copper or other suitable material such as Polyvinyl chloride
(PVC). Where copper pipework is installed at the same time as the medical gas pipeline
system (MGPS), it is desirable to use degreased pipework to the same specification as that
used for the MGPS (see Chapter 12) in order to avoid confusion. Pipeline pressure testing
and loss allowances should be in accordance with the requirements for AGSS pipeline
pressure tests (see paragraph 9.22). The materials should be resistant to corrosion and
should withstand cleaning, disinfection, or sterilisation as appropriate.

9.16. Where services (including pipes) penetrate a fire compartment, fire sub-compartment,
cavity barrier, or fire-resistant construction protecting escape routes (including corridors
serving sleeping accommodation), they should be fire and smoke stopped to ensure they
maintain at least the same level of fire resistance of the surrounding structure. Scottish
Health Technical Memorandum (SHTM) 81 Part 1 ‘Fire safety in the design of healthcare
premises’ - chapter 21).
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Selecting the number of disposal system pumps

9.17. The number of disposal system pumps selected for operating theatre suites should be
determined through the IDP with an emphasis on the evaluation of the impact and level of
disruption likely to be realised in the event of a single fault condition occurring which could
result in the loss or partial loss of the system. The following selections could be considered:

A. for a single stand-alone application, a duplex pump set will meet the requirements of BS
EN ISO 7396-2 and ensure continuity of supply in the event of a single fault condition.
When applied in conjunction with other control measures, such as the mechanical
ventilation system providing the specified number of air changes for the room, the
exposure to anaesthetic agents should be maintained below the prescribed WEL in
compliance with the COSHH requirements being achieved

B. when specifying an AGSS for multiple co-located applications such as a theatre
department, an arrangement of simplex pumps connected to a manifold could be
considered on an N+1 basis with manual changeover. The single pump arrangement
would not meet the requirement for maintaining the service under a single fault
condition. The impact and level of disruption to service in the event of simplex plant
failure should be carefully evaluated when finalizing the plant selection. Consideration
should also be given to future maintenance requirements which will require all rooms
with an AGS TU to be accessed within the same period for the purposes of carrying out
a system performance test, either as a planned preventative maintenance (PPM)
activity or following modification of the system

Note 33: To ensure continued service under a fault condition as required by BS EN 7396-2,
AGSS when installed, commissioned and operated should maintain the service in normal
use and on a single fault condition.

9.18. Variable speed/ frequency inverter vacuum pumps should be considered as a first option.
As described in other chapters of SHTM 02-01 the electronic control will give optimum
efficiency with virtual instantaneous response to any output demand. If required the
controller will automatically engage the standby pump within preset parameters, normally
the duty pump would be sized for the design flow.

9.19. Protection of the system should include a safety relief valve set to suit system requirements.

9.20. The number of operating theatres and departments served by any one system should
consider plant location with respect to departments. Further consideration should be given
to the location of the plant control indication which rather than individually located at each
plant control switch, can be incorporated within the area alarm panel.
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Flow

9.21. Although more than one AGS TU may be installed in an operating room or anaesthetic
room for convenience, it may be assumed that only one TU in each room will be in use at
any given time. The theatre suite configuration and mode of operation should be considered
in the IDP as anaesthetic rooms are not always specified or used with modern anaesthetic
practices. Should there be a requirement for simultaneous use, the plant should be sized for
two AGS TUs in dual operation for each theatre suite with that mode of operation.
Otherwise, a flow rate for a single TU should be the design criteria.

9.22. The performance criteria for the disposal system are specified in the relevant British,
European and International Standards in terms of the extract flows at specified resistance.
The disposal system should meet the requirements set out in Table 9.1.

Table 9.1 - Disposal system pressure and flow rates

Pressure limits Pressure drop (BS EN ISO 7396-2) Flow rate (BS EN ISO 7396-2)

Maximum 1 kilo Pascal (kPa) 80 litres/min
Minimum 2 kPa 50 litres/min
Maximum static 15 kPa(-ve) N/A
pressure

Note 34: Notes applicable to Table 9.1:
a. Details of the test flows should be recorded in the commissioning documentation

b. The pump inlet should include a vacuum indicator for commissioning and servicing
purposes

Discharge outlet

9.23. Careful consideration should be given to the siting of the discharge from the disposal
system. It should preferably be sited at roof level, away from ventilation inlets, opening
windows, and other apertures, to prevent pollution re-entering the building. Signage should
be provided in accordance with Appendix E .
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Plant control indication

9.24. There should be indicators to show the following conditions:
A. green ‘mains on’
B. green ‘air flow’ normal
C. yellow ‘duty pump failed’ (plant fault) - applies to duplex plant only
D. red ‘system failed’ (plant emergency)

9.25. Indicator panels should be installed in operating rooms and at other locations where gas
scavenging is available.

9.26. The ‘air flow normal’ indication should be initiated by either a pressure transducer or air flow
detection device at the pump when vacuum is established within the pipeline.
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10. System monitoring and alarms

General

10.1. The purpose of the integrated alarm and monitoring systems is to provide essential
information in order to monitor the safe and efficient operation of a medical gas pipeline
system (MGPS). The system should be designed to provide the normal operating alarms,
emergency operating alarms, emergency clinical alarms (as described in paragraphs 10.2 -
10.55), as well as providing information data. There are several reasons for the monitoring
of these conditions which include:

A. indication of the normal function of the MGPS by means of visual indicators

B. to warn by visual and audible indication that one or more sources of supply within the
supply source system are empty and the essential action should be taken. This includes
routine replacement of cylinders, refilling of the vessel or other engineering action is
required

C. to inform the user by visual and audible emergency alarms that abnormal conditions
have occurred which may require urgent action by the user. This alarm condition will
require a rapid response by the various departmental staff

D. to inform clinical staff of high or low pipeline pressure, which could require an
immediate response by both technical and clinical staff

E. to provide real-time data, including information, for flow rates and timeframes for supply
system availability, with exceptions of alarms and reminders

10.2. The basic requirements for ‘dedicated’ monitoring and alarms for medical gas systems are
described in chapter 6 of British Standard (BS) European Standard (EN) International
Standard (ISO) 7396-1. This chapter describes points that should be taken cognisance of in
the informed design process (IDP) to meet this standard. Identified during the COVID-19
pandemic, local alarms and flow monitoring assists in the operational delivery of safe
patient services and can inform clinical escalation points. Further information on this is
included in paragraphs 10.52 - 10.54.

Dedicated systems

10.3. The requirements of ‘dedicated’ warning and alarm systems are covered in paragraphs 10.4
- 10.55 and a schematic diagram of a typical central system layout is shown in Figure 10.1.
Warning and alarm systems are required for all medical gas and vacuum systems. A
simplified system is required for anaesthetic gas scavenging system (AGSS), with the
warning/ indication panel located in the operating room or other area where AGSS is used.
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10.4. Area alarms should be provided to give warning to users downstream of the designated
departmental area valve service units (AVSU) (see Chapter 3).

10.5. The enclosure housing the pressure transducers should be constructed and positioned to
allow routine maintenance and testing of the transducers in accordance with the
recommendations of Part B. They should not be installed in the ceiling space.

Panel location

Central plant alarm panel

10.6. System monitoring, warning and alarm conditions for all medical gas supply systems should
be displayed on a central panel located in a position within the healthcare facility where
there is continuous 24-hour occupation in accordance with BS EN ISO 7396-1, clause
6.1.2.

Repeater plant alarm panel

10.7. Repeater panels should be provided in other locations to display all or some of the
information on the central alarm so that appropriate action can be taken to ensure the
continuing operation of the system. Some warning system information may be appropriate
for display in specific departments, for example cylinder manifold status information in a
porters’ room. The inclusion of a repeater alarm panel within critical care areas (Intensive
Therapy Unit (ITU), Coronary Care Unit (CCU), High Dependency Unit (HDU), Special Care
Baby Unit (SCBU), and the like.) should be determined during the IDP dependant on the
department escalation procedure and emergency supply source location.

Area warning and alarm panel

10.8. Area panels that display ‘high’ and/ or ‘low’ gas pressure should be installed in the locations
determined by the IDP. The transducers for these panels should be located downstream of
the designated departmental AVSUs. It should not be possible to isolate the transducer with
a separate shut-off valve, and they should be connected to the pipeline by means of a
minimum leak device.

Plant alarm system components

10.9. Warning and alarm systems should include the following functional elements:

A. interfaces/ transmitters that 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
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pulse-width modulation). The transmitter may be a separate unit or may be incorporated
in:
a. anitem of plant or in a supply system control panel
b. an indicator panel. Line-fault monitoring devices should be included in both
cases
B. indicator panels which display the transmitted signals

C. interconnecting multiplex wiring which connects all interfaces/ transmitters to all
indicator panels

System layout

Central plant alarm system

A typical system layout is shown in Figure 10.1, which shows initiating devices at remote
locations such as the vacuum insulated evaporator (VIE) compound, medical air and
vacuum plantrooms, manifold rooms, and emergency/ reserve manifold rooms. The
transmitters are normally located close to the initiating devices. Central/ repeater alarm
panels are typically located at the telephone exchange, the security room, the porters’
room, and the Estates Department to provide information requiring action by Estates and
other support staff.
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Figure 10.1 - Central plant alarm
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Area alarm systems

10.11. For each gas service there should be local pressure transducers for low pressure; high
pressure transducers are also required where there is any combination of oxygen, nitrous
oxide and medical/ surgical air installed together. These conditions should be indicated on a
locally mounted indicator panel, with the facility to provide a common alarm condition for
connection to other repeater alarm panels. In situations where the staff base is not in close
proximity to the AVSU module/ pressure transducers, the area alarm panel should be
located where it will be both audible and visible from the staff base. Area alarm panels
(AAP) carry no indication of the warnings for cylinder replacement and plant functions that
are given on central indicator panels.

General requirements

Labelling

10.12.  Where a single AAP monitors and displays multiple AVSUs/ areas, or if an AAP is situated
in a department which is divided into multiple areas served by many AVSUs/ AAPs, the
labelling (or identification functionality if the labelling is integrated into the alarm panel
screen) must be sufficiently clear and detailed to eliminate any confusion on the part of the
users. If integrated electronically into the alarm (that is displayed on the AAP screen itself),
then this identification information should be retained in memory even after prolonged
periods without power.

Visual signals

10.13. Flashing visual signals should have alternate ‘on’ and ‘off’ periods, each of equal duration
between 0.25 and 0.50 seconds.

10.14. There should be two separately energised light sources for each signal, arranged so that
the failure of one source does not affect the other.

10.15. The light sources should have a design life of at least five years of continuous operation.
Audible signals

10.16. All audible signal tones should be modulated equally at a rate of 4 Hz +10% between two
tones of 440 Hz £+10% and 880 Hz +10%.
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Automatic resetting

10.17.  When a warning or alarm signal occurs and the system condition subsequently reverts to
normal, the corresponding visual and audible signals should automatically reset to normal.

Temporary muting

10.18. Means must be provided on each panel for the user to mute the audible signal. The signal
must re-sound after a nominal 15-minute period if the fault condition still exists. The process
of muting and reinstatement of the signal should be repeated until the fault condition has
been rectified. Operation of the mute on the central panel should be accompanied by
change from flashing to steady illumination of the corresponding visual indicator irrespective
of the number of alarm conditions displayed on the central and any repeater panels.
Operation of the mute on area alarm or repeater panels should not be accompanied by a
change from flashing to steady illumination.

Continuous muting

10.19. Aninternally 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.

Electrical wiring

10.20.  All electrical wiring should be in accordance with the current edition of BS 7671
‘Requirements for Electrical Installations’ including all current amendments.

System integrity

10.21.  If extra-low voltage (ELV), maximum 50 V AC, 120V DC, 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.

10.22. The performance of the system should not be compromised by the use of multi-core cabling
that carries ELV and communication signals in adjacent cores.

10.23. The system should be designed to reject spurious radio frequency or mains noise typically
arising in healthcare facilities, examples being diathermy equipment and current spikes
caused by plant start-up and the like.
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Relay conditions

If relays are used to transmit alarm signals, the relays should be energised in their normally
closed condition.

Mains power supply

The mains electricity supply should be from a circuit that is connected to the safety power
supply.

Extra low voltage power supply

The panel power supply should be designed as a functional extra low voltage (FELV)
system, as defined in the current edition of BS 7671 ‘Requirements for Electrical
Installations’.

The ELV power 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 audible signals.

Indicators

Panels should be provided with indicators for all of 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:

1. medical oxygen (cryogenic and cylinders/ pressure swing adsorber (PSA) systems)
nitrous oxide

nitrous oxide/oxygen (50% volume per volume (v/v)) mixture

medical air 400 kilo Pascal (kPa) (compressor plant, cylinders, and synthetic air)
surgical air 700 kPa

o 9 k0N

medical vacuum (MV) plant

In addition to the gas service signal indicators, each panel must include:

e agreen ‘power on’ indicator without an audible signal
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e ared ‘alarm system fault’ indicator with an audible signal

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 IP4X as defined by
BS EN 60529.

Panels and their housings should be of adequate strength for their purposes and be
manufactured from corrosion-resistant materials.

Remote audible sounder
All panels should have provision for connection to a remote audible sounder.

Central indicator panel requirements
Displays

The central panel should display all signals for all MGPS which are generated by the
warning and alarm system, as described in paragraphs 10.40 - 10.42.

Normal

The normal condition for all piped MGPS should be displayed as a steady green visual
signal. The ‘normal’ indicator should extinguish in warning and alarm conditions.

Warnings

Warning conditions appropriate to each MGPS should be displayed as a flashing yellow
visual signal that may be accompanied by a mutable audible signal (see Table 10.1).

Emergency alarms

Emergency alarms should be indicated by loss of pipeline pressure or vacuum and are with
a flashing red visual signal, accompanied by a mutable audible signal.
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Panel legend and display
10.43. Panel legend and display should be as shown in Table 10.1.

Repeater indicator panel requirements
Displays

10.44. The repeater panel should display some or all of the warning conditions that are displayed
on the central indicator panel. The extent of the display of warnings should be varied to suit
local clinical requirements reflected in the IDP.

Panel legend and display
10.45. The panel legend and display should be as shown in Table 10.1.

Area alarm panel

Panel displays and legend
10.46. AAPs should display the conditions listed in Table 10.2.

Warning and alarm system faults

General

10.47. A flashing red visual indicator and an audible signal should operate on all panels when any
of the following conditions occur:

1. line fault from the initiating device
2. communication fault or other wiring fault

3. mains power failure

Line fault

10.48. The system should monitor the integrity of the lines between the initiating devices and the
panel or transmitter units. The ‘alarm system fault condition should be indicated on loss of
integrity, for example open or short circuits, together with the visual alarm indicator(s)
associated with the faulty wiring.
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Communication/ wiring fault

The system should indicate an alarm system fault in the event of loss of data transmission
between panels and transmitters.

Mains power failure

Failure of mains power should be shown by a flashing red indicator and an audible signal,
which should be powered from an internal battery. The audible signal may be muted and
not automatically reinstate as required under normal power supply (see paragraph 10.18),
but the visual indicator should continue to flash until either the fault has been rectified, or
the battery has discharged. Plant alarm panels should continue to display plant status/
conditions and AAPs should continue to display gas status/ conditions even whilst operating
on backup battery during loss of mains power.

Stand-by battery

A battery should 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 ‘system fault.’

Integrated systems

Integrated technology-based information systems can provide a range of functions, such as
patient information, nurse call requirements, and other alarm conditions. These can be
utilised to further include certain provisions of medical gas pipeline warning and alarm
conditions. Where these additional functions are provided, it does not change the basic
requirements for the alarm panel and the functions that are described within this chapter.

The advantage of a computer-based system is that the information/ data provided can be
stored and reports can be provided to assist in the performance of the MGPS to update/
confirm the design requirements of the system. The advice given can be in the form of text
messages that can be varied to take account of specific circumstances, changes in
operating procedures and functional changes within individual departments. Such systems
are likely to be of most use to in-patient ward accommodation; it may not be appropriate for
central warning and alarm conditions to be displayed in individual operating rooms and
other accommodation in which anaesthetic procedures are taking place.
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10.55. When utilising integrated systems, the supplier will be required to provide the necessary
instructions to operate the integrated system and to produce reports. Where the decision is
taken to not display the alarm outputs described in paragraphs 10.1 - 10.52, then a
separate panel should be installed to meet the basic requirements. Audible alarms and
displayed messages generated by the computer-based system will be in response to
changes from the ‘normal’ situation. To ensure the long-term viability of the system, any
supplier or installer of such a system must supply sufficient information about the system to
allow modification, expansion, or replacement of sections of the system by a third party.
This must include source code for any software, passwords and details of any other security
device, and details of any communication protocols. This information must be made
available to the end-user before the system is formally accepted.

Table 10.1 - Signals and displays for central alarm panels and repeater panels

Supply system Alarm Legend Colour Audible Location

(see note 34) conditions system (see note
34)

Automatic cylinder No alarm Normal Green No AB

manifold as conditions operation

primary source of

supply operating

with secondary
source of supply
full

Automatic manifold 1. Duty bank Change Yellow  Yes AB
as primary and/ or  empty: stand-  cylinders
secondary source by bank

of supply running

Automatic manifold 2. Stand-by Change Yellow  Yes AB
as primary and/ or  bank below cylinders

secondary source  10% capacity  immediately

of supply

Automatic manifold Manifold to be  Reserve low Yellow  Yes AB
as reserve supply  monitored.

for liquid oxygen Refer to

(LOX) and paragraph

compressed air 4.17

plant
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Supply system Alarm Legend Colour Audible Location

(see note 34) conditions system (see note
34)

Compressed Reserve Reserve low Yellow  Optional AB

cylinders on pressure

Reserve manifold  Below 68 bar

serving an (<14 bar for

automatic manifold nitrous oxide)

Medical air 1. Plant fault Plant fault Yellow  Yes AB
compressorand 5 piant Plant Yellow  Yes AB
surgical air emergency emergency
compressor
MV plant 1. Plant fault Plant fault Yellow  Yes AB
2. Plant Plant Yellow  Yes AB
emergency emergency
Oxygen 1. Plant fault Plant fault Yellow  Yes AB
concentrator 2. Plant Plant Yellow  Yes AB
emergency emergency
Pressure fault For each gas Pressure Red Yes AB
(pipeline) high or service to fault
low and oxygen indicate that
concentration fault  the pressure in
for PSA plant the distribution
system has
risen/fallen
from the
‘normal’
working
pressure given
in Chapter 2
and, for PSA
plant, that
oxygen
concentration
<94%
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Supply system Alarm Legend Colour Audible Location
(see note 34) conditions system (see note
34)

Vacuum pressure  To indicate Pressure Red Yes AB
(pipeline) that vacuum in  fault

the pipeline

distribution

system has

risen above

the normal

working

pressure given

in Chapter 2

Note 35: notes applicable to Table 10.1:
For liquid supply systems, see Chapter 5

A = Central alarm panel - at a location within the healthcare facility that has 24-hour
occupancy and B = Facilities Management (FM) office reception

Locations should include critical care areas, (ITU, CCU, HDU, SCBU, Accident and
Emergency (A&E), Resuscitation, and the like) can be considered as appropriate

Table 10.2 - Area alarm panel legend and display

Alarm function Legend Colour Auditory
signal
For each gas service to indicate that the pressure High Red Yes

in the pipeline serving the department has risen pressure
above the normal value given in Chapter 2.

For each gas service to indicate that the pressure Low Red Yes
in the pipeline serving the department has fallen pressure
below the normal value given in Chapter 2.

For vacuum to indicate that the pressure in the Vacuum Red Yes
pipeline serving the department has risen above  fault
the normal value given in Chapter 2.
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11. Pipeline installation

General

11.1. Medical gas pipeline systems (MGPS) should be kept away from areas where they may be
subject to any of the following:

A. mechanical damage
B. chemical damage
C. excessive heat

D. splashing, dripping or permanent contact with oil, grease or bituminous compounds,
electrical sparks, and the like

11.2. Service ducts, ceiling spaces or voids containing pipelines that include valves and the like.
should have adequate ventilation to prevent gas build-up in the event of any leakage.
Where piped medical gas services are installed of all welded, brazed, or joint-free
construction, it is not necessary to provide ventilation in service ducts, ceiling spaces or
voids provided the piped systems are subjected to the rigorous testing imposed by this
Scottish Health Technical Memorandum (SHTM). Service ducts, ceiling spaces or voids
containing mechanically connected valves or pressure transducers will require ventilation in
line with the requirements of British Standards (BS) 8313.

11.3. Exposed pipelines should not be installed in lift shafts, kitchens, laundries, boilerhouses,
generator rooms, incinerator rooms, storage rooms designed to house combustible
materials, or in any fire-hazard room or fire-hazard department. Additionally, medical gas
pipelines should not be installed in protected escape routes such as stair enclosures,
protected corridors, or protected lobbies. Where pipelines in hazardous areas are
unavoidable, they should be installed in accordance with BS EN International Standard
(ISO) 7396-1, paragraph 12.1.7. Medical gas pipelines should not be run in the same duct
as flammable substances, oils, cryogenic or hot services such as steam, condensate, high
or medium temperature hot water. Allowance may be made for steam and hot water
services where they can be regularly inspected and are routed clear of the medical gas
pipelines.

11.4. External pipe runs should be avoided when possible. Where external runs are necessary,
they should be protected as follows:

A. on external vertical surfaces up to the maximum height of exposure to possible
damage (for example vehicular movement): by means of galvanised, profile-section
steel of sufficient thickness to afford adequate protection. The protection should cover
the entire space taken up by the pipeline(s) but stand off the surface such that the pipes
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can be inspected visually. The armour should be readily detachable to permit more
detailed inspection

B. when crossing horizontal surfaces, roofs, and the like: similar protection as detailed
previously should be provided to withstand ‘stepping’ damage using profiled section

Pipework should be protected from lightning strikes by ensuring that they are run within a
60° cone beneath the lightning conductor, for example when run along parapet walls, or
when penetrating parapet walls. When run across roof surfaces, a lightning conductor
should be run on the top surface of the pipework cover providing physical protection and
should be bonded to it. Such a lightning conductor used for this purpose should conform to
the characteristics listed in Section 5 of BS EN International Electrotechnical Commission
(IEC) 62305-3. In the event that the MGPS pipework and lightning protection system utilise
dissimilar metals, appropriate precautions should be taken to prevent against the effects of
electrotechnical or galvanic activity. Reference should be made to Table 6 of BS EN IEC
62305-3 in this regard.

In order to prevent lightning strikes, either direct or near to the pipework, causing damage to
the building structure, the pipework should be bonded to the equipotential bar of the
structure in accordance with BS EN IEC 62305-3.

Internal pipelines should be suitably protected where there is a possibility of physical
damage, for example damage which might be caused by the movement of portable
equipment such as trolleys, stretchers, and trucks, in corridors and in other locations.

Wherever practicable, a clearance of at least 25mm should be maintained between each
service and 150mm should be the separation distance between the medical gas pipeline
and the outer surface of insulation of heating pipes, hot water service, and steam pipelines
to prevent heat transfer. Where pipelines cross over services and a clearance of 25mm
cannot be maintained, they should be equipotentially bonded in accordance with BS 7671
‘Requirements for Electrical Installations’. The pipeline should have main equipotential
bonds where they enter and exit buildings. 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).

Underground pipelines should be installed in accordance with BS EN ISO 7396-1
paragraph, 12.1.8 and risk assessed in accordance with BS EN ISO 14971. The valves
should comprise line valve assemblies (LVAs) with non-interchangeable screw thread
(NIST) connectors for the purposes of pressure and other tests. Where a dual duct
arrangement for diverse routing is required, the separation distance between the two
trenches should be not less than 2m where practicable. The two pipes should each be sized
for the design flow. One or more different gas pipelines can be run in each duct/ trench. The
route of the pipeline should be identified on the surface and should be clearly shown on site
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layout drawings. Consideration should also be given to any electrotechnical influences
where the underground pipelines are installed in close proximity to electrical services.
Figure 11.1 - Figure 11.3 provide details on MGPS pipelines installed in below ground ducts
and their transition into the curtilage of the building.

Figure 11.1 — MGPS below ground duct arrangement
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Figure 11.2 — Below ground duct (road crossing)
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Figure 11.3 — MGPS pipe transition from below ground duct into building detail
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11.10. Pipelines concealed within walls 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, but the pipeline should be protected from corrosion and the risk of damage by
penetration. If the enclosure of pipelines within plaster wall finishes is unavoidable, they
should be wrapped in protective grease-free tape.

11.11.  Pipelines need further protection in certain circumstances as follows:

A. where pipework passes through walls, partitions, or floors they may be provided with
bespoke sleeve arrangements subject to agreement with Authorised Person (MGPS)
(AP (MGPS))/ Contract Supervising Officer (CSO) and Fire Safety Advisor. All materials
used in such arrangements must be confirmed by the manufacturer as compatible with
the MGPS. where penetrations are exposed to general view, be provided with
appropriate wall or ceiling plates

B. in radio-diagnostic procedure rooms and the like, radio frequency screening wave
guides may be required (the advice of the equipment manufacturer should be sought)

C. corrosion of copper pipes can occur where they are in contact with timber that has been
treated with fire-resistant or flame-retardant compounds, for example some timber used
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for roof trusses and floor joists. Where treated timber is used this should be effectively
sealed with paint or varnish before the pipes are fixed to it. Such precautions are not
required where untreated timber is used

Pipeline materials

Quality

The manufacturer should comply with BS EN ISO 9001 for pipes and for all materials
including fittings and BS EN ISO 13485 for components classed as medical devices such
as terminal units (TUs) and the like.

Where materials are obtained from suppliers from other countries, the suppliers should be
registered in accordance with BS EN ISO 9001 and BS EN ISO 13485 as appropriate.

Pipes

Material for pipes should be manufactured from deoxidised high phosphorus, non-arsenical
copper (Cu-DHP) to BS EN 1412 grade CW024A (Cu-DHP) in metric outside diameters and
to:

A. BS EN 13348: — R250 (half hard) for sizes up to 54mm; or
B. BS EN 13348: — R290 (hard) for larger sizes

Pipe jointing fittings
Pipe jointing fittings should be end-feed capillary fittings to BS EN 1254-1.

Other fittings

Other fittings (oxygen compatible) for connection to copper pipes (for example valve and
control panel fittings) may be of copper, brass, gun-metal, bronze or stainless steel.

Cleaning
Pipes

All pipes must be cleaned and degreased for oxygen service and be free of particulate
matter and toxic residues in accordance with BS EN 13348. They must be individually
capped at both ends and delivered to site identified as medical gas pipes.
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Pipe jointing fittings

11.18.  All pipe jointing fittings and sub-assemblies of fittings for connection to pipes must be
manufactured in accordance with EN 1254-1 and be cleaned and packaged to meet the
cleanliness requirements of EN 13348 (oxygen compatibility and cleanliness). They must be
individually sealed in bags or boxes and delivered to site identified as medical gas fittings.

11.19. Although it is not essential to use degreased pipelines and components for vacuum and
Anaesthetic gas scavenging system (AGSS) installations, these are frequently installed by
the contractor simultaneously with the medical gas pipelines. Degreased pipe and fittings
should therefore be used for the vacuum and AGSS installations to avoid confusion.
Polyvinyl chloride (PVC) pipework may also be used for vacuum and AGSS but is unlikely
to be of benefit other than for exhaust discharges.

Note 36: To prevent the ingress of copper particles, pipes should only be cut with wheel
pipe cutters, not hacksaws.

Pipeline jointing
General

11.20. Except for mechanical joints, only copper-to-copper joints will be permitted on site, made
with brazing filler rods that can be used without flux.

Note 37: Brazing is performed at a higher temperature than in the case of silver soldering
with capillary fittings; the exterior of the pipe will therefore have considerably darker oxide
deposits.

11.21. Copper joints to brass or gun-metal fittings will require the use of flux, with subsequent
cleaning to remove the flux residues and oxide deposits.

11.22. Heating of the joint for brazing should be carried out with oxygen/ acetylene, liquid
petroleum gas/ oxygen torches. Additional heating may be required for larger pipe sizes/
fittings, for example, by means of a second torch.
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Note 38: Oxygen/ acetylene has an excellent safety record when used on site by the
specialist MGPS contractor. This fuel-gas provides a narrow-controlled flame with the
higher flame temperature providing rapid heat transfer to the pipe and is the most suitable
method for brazing pipelines in close proximity to other services and building fabric. In view
of the unstable nature of the fuel-gas, brazing equipment must be in excellent condition with
all component parts checked daily and subject to the correct lighting procedure prior to
going on site. The control of cylinders on site should be governed by specific site
procedures. The cylinders should be removed from site at the end of the working day.
Oxygen/ propane has a lower flame temperature and a wider spread of flame making it
unsuitable for work in enclosed spaces or close to other unprotected services or building
fabric. Small hand-held gas canisters, although limited in terms of their contents, can be
useful for 15/ 22mm diameter pipe on a small project or break-in.

11.23. The brazing technique should be used on all medical gas pipeline services.
Pipe preparation

11.24. Pipe ends should be cut square with the pipe axis, using sharp wheel cutters whenever
possible, and be cleaned to get rid of any cuttings or 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 the flow of gas will de-burring be necessary. Only oil-
and grease-free tools and dies should be used. When brazing copper-to-copper joints:

A. the brazed joints should be made using a silver-copper-phosphorus brazing alloy Code
of Practice (CP) 104 to BS EN ISO 17672. No flux should be used

B. ensure adequate protection of adjacent pipe runs and other services

Note 39: Brazing copper to brass/ gun-metal/ bronze is not performed on site.
Manufacturers use copper-silver-zinc brazing alloy AG203 to BS EN ISO 17672 with an
appropriate flux. The flux residues created by the process are chemically removed and, if
necessary, the complete assembly is cleaned and degreased for oxygen service. Where
brass/ gun-metal/ bronze fittings are required to be installed they should be supplied
complete with copper ‘tails’ of adequate length to ensure that the brazing process does not
damage the components.
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Use of Nitrogen internal inert gas shield

11.25. Brazing should be carried out using oxygen-free nitrogen (OFN) as an internal inert gas
shield to prevent the formation of oxides on the inside of the pipes and fittings. This method
leaves a bright, 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.

11.26. OFN should be supplied to the inside of the pre-assembled, unbrazed pipework through a
pressure regulator and flow controller or flow-regulating device.

Application

11.27. OFN should be used as an internal inert gas shield for all positive pressure gases, vacuum,
and AGSS pipelines.

Note 40: During the first fix (carcass) stage of pipeline installation, particularly when
installing in confined locations such as medical supply units or running pipework within
partitions, and the like. to individual TU drops, it is possible to inadvertently crossover a
pipeline. This is usually discovered at an early stage and, so that the pipe section can be re-
assigned and the fault can be corrected, it is essential to use the shield gas to maintain the
cleanliness of the internal bore.

11.28. By agreement between the health facility management and the medical gas 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 technique.

11.29. Itis recommended that the pipeline to be brazed should first be subject to a high flow of
OFN to remove air, followed by a period of ‘pickling’ at a low flow prior to brazing whilst
maintaining the flow.

11.30. Cleanliness of the pre-brazed joint is important. Prepared joints will pick up surface tarnish
or moderate oxidation if left and can influence the quality of braze particularly when the
permitted depth of braze is 3mm. Failure to braze within the day can be accepted, any
delay should not extend beyond the third day. The nitrogen purge must be maintained
during the cool-down of the joint. Adjacent pipes should preferably be subjected to an OFN
purge for the duration of the work and cooling period. If it is not possible to introduce OFN
into an adjacent pipe, for example pipeline with a live working gas, a heat-resistant
blanket(s) wrapped round the adjacent pipe(s) should be made available in proximity to the
pipeline being brazed.
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11.31. Pipe ends may be capped if desired to direct the flow of nitrogen into sections of the pipe or
pipes to be brazed. Particular attention should be given to the gas shielding of T-joint
fittings. It is essential that there is a leak-free connection between the pipework to be
brazed and the OFN supply.

11.32. On completion, all pipes should be maintained under pressure following tests. The pressure
to be maintained to ensure internal cleanliness should be agreed on site, 1 bar (max) (100
kilo Pascal (kPa)) has been recognised as an accepted pressure.

11.33. Internal oxidation of pipes could result in the replacement of pipe thus careful preparation is
recommended. Purging on completion will remove dust particles or small copper particles. It
is not intended to remove oxides developed during the brazing stage.

Safety

11.34. 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. The oxygen content of the ambient air should be monitored when
brazing in a confined space.

Note 41: Work with asphyxiating gases in a restricted area may create a confined space.
The healthcare organisation’s confined space policies and procedures should be adhered to
when working with asphyxiating gases in a restricted area.

Control of cylinders

11.35. The contractor and the AP (MGPS) or CSO 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.

Inspection of joints

11.36. Ultrasonic straight-beam testing can be used to test brazed joints and filler material
penetration that are oriented parallel to the surface of a pipe. Typically, a good joint returns
an echo since the braze metal or bonding material differs from the material being joined.
Comparative testing will normally show that a lack of bonding returns an even larger echo,
so the bond line echo amplitude is used as an indicator of the bond condition and will
indicate actual braze penetration. It is a simple technique with many commercially available
devices to perform the procedure it provides a digital record of the quality of the penetration
and joint condition efficiently and with no physical interference to the pipework.
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Inspection of joints should be carried out by a recognised non-destructive testing (NDT)
method as a ‘rolling’ procedure on a monthly basis as work progresses for each team
performing the installation in accordance with the following procedure:

A.

the CSO or AP (MGPS), whoever is responsible for the inspections and validation,
should identify a number of fittings for inspection in order to establish the quality of the
finished joint. The exact number to be inspected will vary with the size of the
installation: as a guide, a ratio of one fitting per 200 should be inspected; a minimum of
ten for all systems should be inspected (it is preferable to perform these checks before
pressure-testing sections of pipeline). The actual NDT inspection of the joints should be
witnessed by the CSO or AP (MGPS). If the NDT identifies persistent defects with
joints, then an invasive method of inspection would be required. It is normally not
necessary to request joint inspections from vacuum and AGSS pipelines

a record of the inspected joints should be maintained. This can consist of
photographing the joint or annotating the location on any digital records (NDT),
recording the pipeline section the joint is located, the comments by the CSO or AP
(MGPS) on their findings, for example ‘Pass’ or ‘Fail’ and reasons for failure

Internal cleanliness

The tube and fitting 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.

B.

C.

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

the minimum penetration at any point on the joint must be three times the wall thickness
of the tube or 3mm, whichever is greater

the pipe should be fully inserted up to the shoulder of the fitting

Note 42: These tests can be carried out on a sectional basis.
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Jointing methods (mechanical)

It is not envisaged that mechanical joints, with the exception of NIST connections, will be
required for new works unless Corrugated Metal Tubing (CMT) is being used where the
manufacturers prescribed installation method and training must be adhered to. In
exceptional situations, such as when brazing could impose an unacceptable risk or in
situations when patients cannot be transferred to alternative accommodation, should
mechanical connections be used. They may also be used for connecting pre-piped bedhead
trunking and wall units to the pipeline distribution system. In which case they should be of
the permanent swaged type, not contain elastomeric materials, and individually inspected
with an acoustic camera to provide a digital record of the integrity of the joint.

Where mechanical joints have been used as a non-permanent emergency connection, each
connection identified on the record drawings and all remaining work fitted with brazed
copper end caps. The installation should be made good as soon as possible in accordance
with paragraphs 11.29 - 11.35. Mechanical joints will in all instances be subject to, prior to
fitting, approval by the AP (MGPS) and be located readily accessible for periodic inspection.

Mechanical joints should be clean in compliance with BS EN ISO 15001. The threaded
connections of a mechanical joint should not be directly in the gas stream and sealing tapes
should not be used. Any non-metallic materials (such as seals) should be compatible with
all the gases (refer to BS EN ISO 15001 for material selections), and reviewed against BS
EN ISO 18562-1 for biocompatibility to ensure the material is non-toxic with regard to the
following:

A. particle emissions
B. volatile organic compounds
C. leaching substances

Polytetrafluoroethylene (PTFE) tape is not an acceptable sealing material on oxygen
systems or elsewhere downstream of final filters on supply plants.

Note 43: PTFE tape, if applied, can enter the gas system and fragments can block TUs and
present a fire hazard with high-pressure oxygen. Also, when applied by hand, traces of oil
and grease can contaminate the inside of the pipeline.

Liquid or gel-sealing media should be used only if they have been tested and proven safe
when subjected to the tests specified in BS EN ISO 15001.
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Capping

11.45. Sections of pipeline should be capped with brazed copper end caps to BS EN 1254-1 and
pressurised with medical air as soon as they are completed to prevent the ingress of debris.

Pipeline supports

11.46. The pipeline should be adequately supported at sufficient intervals in accordance with Table
11.1, 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 metallic, non-ferrous material or suitably treated to minimise corrosion and prevent
electrolytic reaction between pipes and supports. Supports for vertical drops to TUs within
medical supply units can be of a suitable non-metallic material.

Table 11.1 - Intervals between copper pipe supports (horizontal and vertical)

Pipeline outside diameter (mm) Maximum interval between supports (m)

Up to 15 1.5
22-28 2.0
35-54 25
>54 3.0

Note 44: Consideration should be given to additional supports near LVAs, elbows, and the
like, where the potential effects of inadvertently applied torque can result in severe pipeline
distortion or fracture.

11.47. In situations where medical gas pipelines are required to span building movement joints or
are vulnerable to extremes of temperature creating expansion or contraction, consideration
should be given to the method by which pipelines are supported to prevent mechanical
damage. CMT or seismic qualified jointing assemblies should be considered.

11.48. Pipelines need not be laid with falls. In the case of vacuum, the sub-atmospheric pressure
will result in the evaporation of any moisture entering the system.

11.49. The connection of individual, or a number of vacuum TUs into branches, should be taken
into the top of the pipeline to avoid flooding other vertical pipe drops should liquid carry-over
occur. Within trunking systems and medical supply units and the like, vacuum pipes should
connect into the underside of TUs.
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11.50. Each vacuum main riser should be provided with a drain leg consisting of a single full bore
flanged valve up to pipe diameters of 42mm - pipe diameters in excess of 42mm can
reduce to accommodate a 42mm valve followed by a pipe extension of similar bore to valve
off a minimum length 0.5m extension terminating in a capped screwed connection. The
extension should have a clear sight glass throughout its length or alternatively be fully
transparent. Robust flexible hosing, providing it is of sufficient clarity and capable of
withstanding 150 kPa positive pressure and 100 kPa negative pressure is a further
alternative and has the advantage of being easily replaced. A double valve arrangement
increases cost and has no advantage. It is not recommended that such a drain leg be
cleaned in situ. This should be bagged and taken to a safe environment for cleaning,
disinfection, sterilisation, or disposal as appropriate in accordance with the Healthcare
facilities infection control/ clinical waste procedures.

11.51. Competent persons carrying out work on vacuum or AGSS systems should be suitably
clothed and protected in accordance with Appendix D of Part B, or as directed by the
Infection Control Officer.

Identification of pipelines

11.52. Pipelines should be identified in accordance with BS 1710, table C.1, and colour banding
for the pipelines should be used. Colour band identification should be applied adjacent to
valves and on either side of walls, obstructions such as ventilation ducted services when
they obscure pipe run, junctions and change of direction. A label applied every 3m and
bearing 6mm size letters should identify each gas. Self-adhesive plastic labels of approved
manufacture may be used for this purpose. A band 150mm 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.

11.53. Care should be taken to maintain pipeline identification when periodical re-painting is
undertaken. The direction of flow should be indicated. Where a pipeline is used as a link
between two systems or is part of a ring main, direction flow arrows should indicate bi-
directional flow. Alternatively, the pipeline can be labelled to indicate the purpose of the
pipe, for example ‘Ring Main’ or ‘Link Pipeline.” Where pipelines are configured in a dual
circuit arrangement, each circuit should be uniquely identified.

11.54. Additional labelling should be installed where the MGPS is of a complexity that may result in
an increased risk of misidentification of pipework and/ or systems installed in the same
building or area.
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Some examples of enhanced labelling provision may be:

A. in areas where dual or multiple pipework circuits of the same gas are installed, such as
a Critical Care Unit, each circuit should be provided with unique labelling to identify it for
example, “Circuit A, Circuit B, Circuit C, and so on.”

B. in buildings or areas where there are entirely separate systems supplying the same gas
service, for example a large Maternity department which may require more than one
nitrous oxide/oxygen (50% volume per volume (v/v)) mixture installation to meet the
design load, each system should be provided with unique labelling to identify it for
example, “System A, System B, and so on”

C. if an area is served from dedicated plant, for instance a dedicated emergency reserve
cylinder manifold serving a Neonatal Unit, then this line should be suitably identified for
example, “Neonatal emergency reserve manifolds (ERM)”

D. if dedicated pipelines are installed from source plant to a building or area or for a
particular purpose, such as a separate oxygen pipeline to a hyperbaric chamber, then
this pipeline should be suitably identified for example, “Hyperbaric”

The above list is not exhaustive, and a pipeline identification labelling strategy should be
implemented to ensure that the MGPS can be operated, maintained, and altered without
risk of accidental isolation or disturbance of the incorrect pipe. It is recommended that the
pipeline identification strategy be discussed and agreed between the MGPS contractor and
the AP (MGPS) prior to beginning the labelling of plant and pipework.

Pipeline components

11.55. Pipeline components that form an MGPS, include various types of TU, area valve service
units (AVSUs), emergency inlet ports and pressure monitoring and control equipment.

Medical supply units

11.56. These should comply with BS EN ISO 11197. The construction should provide segregation
of functional extra low voltage (FELV) electrical services by means of partitions or flexible
conduit as appropriate. Access to ‘live’ components should be via panels that are
removable by means of tools only.

11.57.  All rigid medical supply units should be piped in copper, which will avoid the higher-
pressure losses, leakage, probable volatile contaminants, regular inspections, and
replacement associated with flexible hoses. Exceptions will be motorised and multi-
movement pendants which should be constructed in such a manner to ensure that the
flexible hoses are not subjected to kinking or twisting.
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The flexible hoses should be free from volatile or organic compounds and certificated to that
effect by the pendant manufacturers or suppliers by quality control tests conducted at
manufacturers’ premises prior to pendant assembly.

Where the pendants incorporate flexible hose assemblies, the hoses should only be of
sufficient length to provide connection to the fixed pipeline and TU by means of the
appropriate NIST connection in accordance with BS EN ISO 9170-1.

Excess hose length is a contributory factor in system pressure drops across the pendant
which may exceed the limits in SHTM 02-01 and BS EN ISO 9170-1.

All equipment incorporating gases suspended from the ceiling structure or wall mounted
should provide sufficient venting to allow the escape of gas to the room in the event of
leakage/ rupture of one or all of the medical gas services.

The recommended height for rigid pendants is 2,000mm above finished floor level (FFL).
The maximum height for pendants capable of vertical movement should be 2,000 mm
above FFL in the fully retracted position.

Note 45: In cases where medical or surgical air TUs are not required to be included in these
pendants, an AVSU will still be required ‘locally’ for emergency isolation and servicing of the
air-braking mechanisms of some units.

The pendant manufacturer should advise the designer of the requirements for the particular
pendant, including the pressure that is required.

Flexible pendant fittings

These should comply with the requirements of BS EN ISO 9170-1 and BS EN 5359. All
loose assemblies should be provided with appropriate NIST connectors.

Bed-head trunking/ walling systems

These fittings should be in accordance with BS EN ISO 11197. Separate compartments
should be provided for medical gas pipelines, electrical services, communication diagnostic
systems, and the like.

The medical gas compartment should be provided with ventilation by means of louvres,
slots, and the like to prevent the accumulation of any gas in the event of leakage from the
medical gas pipeline services. Unit construction should prevent the accumulation of gas in
the event of leakage from any of the medical gas system components. Ventilation by any
other means, such as natural gaps in trunking sections, are not acceptable as such gaps
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are dependent on the quality of manufacture and/ or fitting and can therefore not be relied
upon to adequately vent off leaked gas.

11.66. In some departments, to engender a more domestic environment, medical gas and other
bedhead services are installed within concealed recesses (or behind decorative panels,
paintings, and the like). In such cases, adequate provision must be made for ventilation,
and the required space to permit connection and disconnection of equipment should be
considered. The covers should be clearly labelled to indicate that medical gas equipment is
installed within/ behind.

11.67. There are two possible installation procedures:

1. the introduction of prefabricated units carrying services will require a technical
specification, co-ordination of services and procedures. As a minimum to ensure the
cleanliness and integrity of the MGPS is retained, brazed copper endcaps or temporary
mechanical connections should be a requirement for all pipe terminations

2. providing the bedhead trunking or wall panel is accompanied by a test certificate, the
joints can be subjected to a completed installation (2nd fix) pressure test

LVAs and AVSUs

11.68. All valves should be of the lever-ball type, having flanged O-ring seal connections which
open and close with a 90° rotation: the handle should be in line with the pipeline when
open.

Line Valve Assemblies

11.69. LVAs should be capable of being locked with the valve in the open or closed position.
Means of physically isolating and blanking the pipeline both upstream and downstream of
the valve should be provided. The means of isolation should be in the form of a spade that
can be readily deployed. It should blank both the pipeline and the valve port and be visible
when deployed. Each valve should be provided with a set of ‘through’ and ‘blanking’
spades; they should be coloured white and red, respectively. The valve flange should
include the thread, and the bolts should be of sufficient length to permit loosening to allow
removal/ replacement of the spades without loss of structural integrity of the connection. All
valve flanges and valve handles must be readily accessible for operation, and the valve
handle must be operable around its full range of swing, free from obstruction by other
services, their support structures, or elements of the building construction. Union-type
connections with O-rings are permissible, but the securing nut must also have sufficient
thread length to permit venting while maintaining the structural integrity of the connection. A
single key for each service is considered to provide sufficient security.
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11.70. In the event of leakage of the blanking spade, gas must be capable of venting to
atmosphere and must not be able to enter either the valve port or the pipeline section
blanked.

11.71. The appropriate NIST connector bodies with self-sealing check valves and lockable
blanking nuts should be provided upstream and downstream of the flanges. Gas identity
and flow direction arrows should be provided for each valve. NIST connectors should be
positioned on the pipeline within reasonable distance of the main valve body, and in any
instance the distance should not be more than 200mm. NIST connectors must be readily
accessible for testing and connection of hose assembilies, free from obstruction by other
services, their support structures, or elements of the building construction.

Note 46: A single NIST connector will suffice in ring-main branch connections between the
three closely spaced valves.

11.72. LVAs should be provided as follows:

at the emergency inlet port (that is, it forms the emergency inlet point)
at the pipeline entry to a building

at the pipeline exit from a building

at the connection of branches to the main pipeline run

at the connection to risers

mmooOow?»

at branches from risers to serve a number of similar departments

G. upstream, downstream and in the branch connection to a ring-main

11.73. If not specified, the location of all shut-off valves and the extent of the area served by each
AVSU should be determined by the informed design process (IDP).

11.74. The IDP risk assessment should also consider the hazards arising from the possible rupture
of low-pressure hose assembilies fitted within any medical supply units.

11.75. Consideration should be given to providing a shut-off valve at the point where the pipeline
enters a building unless the main, riser or branch shut-off valve is accessible within the
building.
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Note 47: Considerations for the installation of AVSUs and LVAs:

a. good practice with respect to patient safety should ensure that the oxidising medical
gases, each capable of vigorously supporting combustion, in each department, ward
area and floor can be shut down without delay in an emergency fire situation

b. where departments on a floor are functionally different, for example wards and
diagnostic areas, each area when branching off the main floor pipeline should have a
fire valve (AVSU) installed together with AVSUs within the area as detailed in Chapter 3

c. where a risk assessment has evaluated that the installation of an AVSU located at the
riser would give cause for concern from tampering by unauthorised persons, an LVA
can be installed in the riser at an accessible height

d. individual pipelines radiating from the riser to functionally different departments are not
seen as a benefit towards higher fire safety practices

e. restrictions are placed on permitting mechanical connections for oxidising gases in
ceiling spaces or voids, with or without elastomeric 'O-rings’ or materials, in the event of
a leak resulting in an accumulation of gas. Where this possibility exists, mechanical
ventilation would be required

f. installation of line valves, LVAs, pressure transducers, and the like. in risers can be
considered if there is adequate movement of air within riser compartments
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AVSUs

11.76. AVSUs are provided for user access in an emergency (or for maintenance purposes). They
should be in accordance with the requirements for LVAs except that security is achieved by
installing them in an enclosure with a lockable door designed such that it can be closed with
the valve either in the ‘open’ or ‘closed’ position.

Note 48: The views of the building operator should be sought as to the level of security that
will be required and hence the range of keys. The medical gas operator, for example
Estates Department or Facilities Management (FM) provider’'s views should be sought in
determining the number of MGPS keys required per building:

a. one key and duplicate per service, or

b. one key and duplicate per valve

In either case, a key cabinet and valve schedule should be provided. The schedule should
provide information of gas service, key and valve numbers, and department and/ or TUs
controlled by the valve.

Crossover pipelines above AVSUs should be avoided wherever possible.

11.77. In an emergency, the user must be able to gain access in order to operate the isolating
valves quickly and simply without the need for a key. There are several methods of
providing such emergency access, for example break-glass panels and plastic push/ pull-
out inserts. Whichever method is used must be safe and secure and must clearly act as a
deterrent to tampering without introducing undue risk of injury to the user. Float glass must
not be used. The method of emergency access must be obvious and clearly labelled, and
its use must be evident.

11.78. AVSUs may be designed for a single pipeline service for each gas type or combined within
a multi-service module. Single AVSU covers should be gas specific, while multi-service
AVSU module covers should only require a door for each valve, the covers need not be gas
specific. Access to each valve in a single AVSU or multi-service AVSU module should be by
a unique lock and key. In the instance where a hose is to be connected to a NIST, for
example to back feed a gas service during a system closure or for emergency supply to a
department/ room, the protocol for such a requirement would be for the connected cylinder
to be controlled under functional safety documentation and kept under appropriate review.
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11.79. 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. Gas identity and flow direction arrows
should be provided for each valve.

11.80. Provision and location of AVSUs is covered in Chapter 3.

Note 49: AVSUs should not be installed in positions where they can be obscured or
damaged, for example within the ‘swing’ of a department door or behind partitions.

Specific labelling requirements

11.81. All AVSUs should be labelled to identify the individual rooms, sets of TUs and the like
controlled. The upstream and downstream NIST connectors should be clearly identified by
a permanent label, securely fixed.

11.82. In critical care areas, where dual circuits and/ or subdivisions of circuits occur, TUs need to
be correspondingly identified with the specific AVSUs.

11.83. In the case of pneumatically powered pendant fittings where, typically, medical air or
preferably surgical air should be used for the power source that controls the pneumatically
powered devices, the appropriate controlling AVSU should be identified.

Pressure control equipment

11.84. Medical gases may be distributed at a higher pressure than the eventual nominal pipeline
distribution pressure at TUs. Where this is the case, the maximum pressure should not
exceed 980 kPa, and the local pressure ‘control’ equipment should be installed in an area
that has good ventilation and be housed in a clear-fronted lockable cabinet, fully identified
for service and area served. It should be in a position where it is readily accessible for
maintenance/ service.

11.85. The pressure control equipment should include duplex pressure-regulating valves, each
with upstream and downstream isolating valves, safety valves, up and downstream
pressure gauges and NIST connectors incorporating a non-return valve and test point. The
safety valve discharges should be run to the exterior of the building; medical air and
surgical air may be discharged within a plant space, for example a plantroom above an
operating department, provided it is terminated in a safe position.
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Pressure transducers

11.86. Pressure transducers to provide the alarm function will need to be fitted to pipeline
distribution systems. In all cases they should be installed in a location which is adequately
ventilated and having access for maintenance. They may be incorporated downstream of
AVSUs. Where not incorporated into an AVSU, the pressure transducer should be close to
the AVSU so that it is accessible for maintenance. Pressure transducers should be factory-
set and be a replacement item. They should be connected to the pipeline by means of a
minimum leak connector. Suppliers, contractors, and training course providers must be fully
aware of the difference in settings between Health Technical Memorandum (HTM) 02-01
and this SHTM.

11.87. Pressure transducers can be installed within:

A. AVSUs valve boxes

B. AVSU modular wall panels
C. individual wall box
D

pressure transducers need not be installed close to an alarm panel but appropriately
located pressure transducers can aid setting alarm conditions visually

Pressure gauges

11.88. Pressure gauges are not usually required outside the MGPS source plantroom unless they
form part of a remote regulating set. If provided, they should similarly be installed in an
adequately ventilated location. They may be incorporated within AVSUs, operating room
supply fittings and the like. They should be installed with isolation valves.

Digital pressure and flow monitoring

11.89. Digital technology enables monitoring of whole or discrete systems for pressure and flow
rate. This is measured in real-time and has the capability to store data for future analysis
(trending). This data can be used to predict escalation of medical gas consumption and
inform clinical protocols/ resources in both ‘business as usual’ and ‘major incident’
scenarios. Local digital displays can be colour coordinated (for example red, amber, green
(RAG)) to provide immediate visual indication of the MGPS status for the area served.
These can be used to indicate flow rate and/ or pressure. A strategy for the monitoring of
flow and pressure drop in MGPS should be considered as part of the IDP.

11.90. These systems have the facility to enable the digital information to be viewed centrally and
can be utilised to inform business continuity planning.
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Test points

Each supply plant, that is, liquid facility, manifold (main and ERM), compressor plant,
pressure swing adsorber (PSA) and blending plant, should be provided with a test point
comprising lockable valve and TU. This should be within the plantroom or enclosure and be
sited immediately upstream of the distribution pipeline isolating valve.

Emergency/ maintenance inlet port

Medical oxygen 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 line
valve isolation point, in a remote location to permit connection of a temporary supply plant.
The emergency inlet should comprise a suitably sized pipe, an LVA and a connection that
can be blanked, to which the connection can be made.

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, an
anaesthetic machine or patient ventilator, may deviate from the clinically desired proportion.
Local action can then be taken to adjust the mixture, or when an anaesthetic machine is in
use the reserve cylinders can be brought into use. The low-pressure alarm for nitrous
oxide/oxygen (50% v/v) mixture supply pipelines will warn of possible demand valve
regulator failure so that a portable cylinder can be made available. The high/ low pressure
limits have been set to accommodate the design of most types of anaesthetic equipment
where differential pressure or low pressure may affect performance.

The line pressure safety valve provides limited safety from differential pressure effects since
the pressure at which maximum discharge occurs will result in a differential much greater
than that for which the anaesthetic equipment has been designed. They are therefore
strictly system protection devices. All safety valves should have a separate discharge pipe
that is run to a safe position which - except for air - should be to the external of the building.

The commissioning of medical gas pipeline line pressure regulators, warning and alarm
systems, and pressure settings is crucial to the performance of anaesthetic equipment and
patient safety; once commissioned, medical gas pipelines are subject to strict permit-to-
work procedures. Decommissioning a complete system is highly disruptive to patient care
and introduces considerable risk.
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11.96. The Pressure Systems Safety Regulations 2000 require pressure safety devices to be
tested periodically. It is not appropriate to test an MGPS by either raising the line pressure
regulator setting or manually unseating the relief valve. Such action could result in failure of
anaesthetic equipment and - if the safety valve fails to reseat - it could result in considerable
gas loss and further hazard. Medical gas pipeline 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.
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12. Design and construction of plant and manifold
rooms

Location of manifold rooms

Cylinder gas/ liquid supply systems should not be located in the same room as medical air
compressors, pressure swing adsorber (PSA) systems, or vacuum plants.

Manifold rooms, emergency/ reserve manifold rooms for PSA systems, vacuum insulated
evaporator (VIE) installations and medical compressed air systems locations should be
confirmed as part of the informed design process (IDP) (see Chapter 1) and take
cognisance of any significant findings from the risk assessment and their geographical
location on the site for cylinder replenishment.

All manifolds, including the emergency reserve manifolds (ERM), may be located within the
same room. Where practicable, cylinder manifold rooms should be located on an external
wall(s) to facilitate ventilation, which will be required at high and low level. Internally sited
manifold rooms and cylinder stores should be risk assessed in accordance with the British
Compressed Gases Association (BCGA) Code of Practice (CP) 44 and CP 52 for their
ventilation requirements.

Where the emergency/ reserve manifold for liquid oxygen (LOX) systems is a compressed
gas manifold, this should be located separately from the VIE compound.

If the IDP has identified a piped source for surgical air as the volume of gas used is
relatively small even though the instantaneous flow rates are high, it may be more practical
to include the manifold within the operating department.

Where a surgical air 700 kilo Pascal (kPa) manifold room is provided it may be used as the
ready-use store for a small number of spare cylinders to be used on anaesthetic machines.

Note 50: It is permissible to accommodate medical compressed air plant, vacuum plant and
anaesthetic gas scavenging (AGS) disposal system pumps within general plant areas
accommodating such equipment as air handling units, water service systems, and the like.
They should not, be located with heating or hot water service equipment or equipment likely
to produce any fumes or odour.

Access

Suitable access should be provided for the delivery and collection of medical gas cylinders,
refer to BCGA CP 44, Chapter 6.4 for further information.

August 2026 V2 Page 218 of 336



12.8.

12.9.

12.10.

12.11.

12.12.

12.13.

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

A functional suitability assessment, in accordance with Appendix 1 of BCGA CP 44, should
be undertaken for the configuration of access and egress to cylinder manifold rooms, taking
cognisance of any foreseeable emergency situation that may arise and cylinder handling
and replenishment. 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 push-
bar arrangement on the inside).

Internal walls and ceilings, including any internal doors of the manifold room, should be of a
suitable non-combustible two-hour fire-resistant material. Fire detection should be provided.
The provision of automatic fire suppression/ gas leak detection should be considered as
part of the functional suitability assessment.

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 medical gas cylinder store. The
size of the manifold room should be determined by the IDP. Adequate space should also be
allowed for cylinder handling.

All medical gas manifolds may be installed in the same room. Additional floor area should
be provided to accommodate separate storage racks for each gas. The racks should be
designed similar to those used on the manifolds; the stored cylinders may be closer
together. Racks should conform to International Standard (ISO) 32. With the exception of
small cylinders of nitrous oxide/oxygen (50% volume per volume (v/v)) mixture, under no
circumstances should rooms contain gas cylinders other than those appropriate to their
manifolds.

Heating and ventilation

Ventilation should be provided at both high and low level for all manifold rooms, to allow
circulation of air. A risk assessment should be carried out to assess the potential risk of staff
being exposed to leaking gas within manifold rooms. BCGA CP 44 and Guidance Note
(GN) 11 provides methods to calculate either oxygen depletion or enrichment and
appropriate ventilation rates. Further consideration could require the inclusion of gas leak
detection systems. These systems would only be required if the risk is high or the
organisation responsible for accessing the manifold room deems it necessary.

All ventilation louvres should be vermin/ bird-proof.
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12.14. PSA and medical air compressors liberate considerable heat. Where practicable, natural
ventilation should be provided. Where this is not possible suitable mechanical ventilation
should be provided. The ambient temperature of manifold rooms and plantrooms should be
typically maintained within the range of 10 - 40°C. The ventilation rates should ensure that
the plantroom temperature does not exceed this.

12.15. Manifold rooms may be used to store small numbers of nitrous oxide/oxygen (50% v/v)
mixture cylinders intended for portable use; these are taken from the main cylinder store for
the purpose of temperature equilibration, before being delivered to wards and the like.

12.16. To achieve temperature equilibration, additional heating may be required; the natural
ventilation must not be reduced. Where such heating is provided, it should be by indirect
means, for example steam, hot water, or warm air. Naked flames and exposed electric
elements should not be used, and excessive surface temperature should be avoided. If
necessary, cylinders should be protected from excessive heat. Any primary heat source
should be located in a safe position, preferably remote from the manifold room.

12.17. Cylinder recognition charts, supplied by the medical gas supplier, should be prominently
displayed as appropriate.

Lighting

12.18. Manifold rooms and medical gas plantrooms should be provided with lighting to an
illumination level of 200 lux by means of suitable luminaires with an appropriate degree of
environmental protection.

Noise control

12.19. 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 dBA 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.

12.20. Acoustic enclosure and/ or plantroom design must not inhibit normal cooling functions or
maintenance activities.

12.21. Free-field noise levels should be given to the architect to assist in acoustic design of the
plantrooms. Further information on acoustic requirements is provided in Scottish Health
Technical Memorandum (SHTM) 08-01 Specialist services - Acoustics.
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12.22. Compressors and pumps should be mounted on suitable anti-vibration mounting, where
necessary, to minimise transfer of noise and vibration to the structure of the building.

12.23. 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 conduits. Electrical bonding in accordance with the current edition of BS7671
‘Requirements for Electrical Installations’ will be required.

Labelling/ sighage

12.24. Labelling for medical gas systems, equipment and accommodation should be in accordance
with Appendix 3 of BCGA CP 44, further guidance is provided in Appendix E of this SHTM.
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13. Validation and verification

General

Validation and verification is required to determine that the designer(s), medical gas
pipeline system (MGPS) manufacturers and MGPS contractors have fulfilled all the
necessary conditions identified during the informed design process (IDP) by confirming and
verifying the initial design data and substantiating that the contractor has installed the
MGPS in accordance with the IDP and in accordance with the guidance set out in this
document and other relevant standards. Pharmaceutical and Quality Control testing and
requirements are now included in Chapter 14 of this SHTM.

This chapter describes the tests required and the test methods. The contractor should
provide instrumentation for the engineering tests. The Quality Controller (MGPS) (QC
(MGPS)) normally provides instrumentation for the gas quality and identity tests. Calibration
certificates should be available for all instrumentation. The forms to record test results are
listed in Appendix A and are available to download on the NHS National Services Scotland
(NSS) website.

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 required for new installations, additions to existing installations and
modifications to existing installations. The scope of work will dictate the specific test
programme required. This is described in more detail in paragraphs 13.12 - 13.14.

For modifications and extensions (except for the final connection), all work should be
performed with an inert gas shield; thus, it is essential that a physical break is employed
between the pipeline being modified/ extended and the system in use. This will usually be
by deploying ‘blank spades’ in area valve service units (AVSUs) and line valve assemblies
(LVAs), or by cutting and capping the pipe. Prohibition or ‘danger - do not use’ labels or
tamperproof terminal unit (TU) blank plugs are typically applied to all the TU of the system
affected in occupied areas.

For small extensions comprising fewer than 20 brazed joints per gas service, all the tests
may be performed with the working gas - the carcass pressure tests being replaced by a
system leakage test of the complete extension. An extension comprising more connections
would be deemed to be a small installation, requiring all the appropriate tests to be carried
out up to the final connection; the final connection would be tested at pipeline distribution
pressure. For the purpose of ascertaining the number of joints, a straight coupling
comprises two joints and a “T’ comprises three joints. On a minor modification, from which
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existing TUs would not be removed, the carcass pressure test can also be omitted. All other
tests would be required, including a working pressure test.

Note 51: A system leakage test can be undertaken using a suitable leak detection spray or
by use of an acoustic camera. Acoustic cameras are advantageous in that they record the
test being undertaken and identify any remedials that are required.

The programme of tests is divided into the following phases:

A. validation of design

B. tests and checks on the pipeline carcass

C. engineering testing, commissioning, and purity of supply sources
D

. tests and commissioning of the complete pipeline system (with TUs installed) for safety,
performance and particulate contamination using test gas

m

filling of the systems with specific gases for the purposes of identity and quality tests of
the specific gases prior to use for patient care

F. gas identity and quality tests

Note 52: Systems that are not to be taken immediately into use should be filled with medical
air at a suitable Eu. Ph grade and maintained at operating pressure. Commissioning of
liquid supply systems prior to handover should be avoided. (Under ‘no flow’ conditions,
liquid will evaporate and oxygen will blow off to atmosphere).

The personnel and test equipment needed for these tests are listed together with the test
requirements in Table 13.1. The particulate contamination test for all pipeline systems,
excluding medical vacuum (MV) and Anaesthetic gas scavenging system (AGSS), may be
checked using medical air to establish that the pipeline has been constructed correctly and
is not contaminated. Successful completion of the engineering commissioning tests
normally indicates the end of the MGPS installation contract and that the system is ready
for pharmaceutical testing by the QC (MGPS).

The systems may then be left under pressure, filled with medical air until such times that the
Quality Control testing is to be undertaken using the working gas. A regime for ensuring that
the system remains under pressure should be set up with the person responsible for the
pipeline (this may be the Contract Supervising Officer (CSO) or Authorised Person (MGPS)
(AP (MGPS)) dependant on the location of the installation) checking the pressure utilising
pressure gauges connected to the system. System pressure checks should be undertaken
weekly as a minimum and recorded. Responsibility for the system during this period needs
to be clearly defined in the contract; the AP(MGPS) who is responsible for the day-to-day
management of the MGPS after handover should be permitted access during contract work.
This should be included in the contract agreement. Where the contractual arrangement of a
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healthcare facility is such that a third-party organisation has the responsibility for the
management and/ or operation of the MGPS (for example, Private Finance Initiative (PFl)),
to ensure there cannot be a conflict of interest, the CSO preferably from an independent
organisation, can be appointed in accordance with Part B and be acceptable to all parties.

Note 53: In some circumstances an MGPS may not be taken into use immediately after
construction and will be left filled with medical air. In these circumstances, the particulate
contamination and odour/ taste tests may be carried out before purging and filling with the
working gas (see paragraphs 13.94 - 13.100).

Table 13.1 - Personnel and test equipment requirements

Paragraph

13.1

13.12

13.12

13.12

13.12

13.13

13.13

13.13

13.13

August 2026

Test

Validation of design
prior to installation

Labelling and marking

Sleeving and supports

Leakage

Cross-connection

Functional tests of all
supply systems

Leakage

Closure of AVSUs and
LVAs

Zoning of AVSUs and
terminal unit
identification

Personnel

CSO or AP

Authorising Engineer
(MGPS) (AE (MGPS)),
CSO or AP and
Contractors
Representative (CR)
AE, CSO or AP and CR
AE, CSO or AP and CR
AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR

V2

Equipment

N/A

Visual

Visual and measuring
tape

Pressure-measuring
device

Pressure-measuring
device

Flow meter/ dew point
meter/ electrical test
equipment

Pressure-measuring
device

Pressure-measuring
device

Open probes or
special test device
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13.13

13.13

13.13

13.13
13.13

13.13

13.13
13.13

13.13

13.13
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Test

Cross-connection

Flow and pressure
drop at individual
terminal units,
mechanical function,
and correct installation

Non-interchangeable
screw thread (NIST)
connectors

System performance

Supply systems

Pressure safety valves

Warning and alarm
systems

As-fitted drawings
Purging and filling

a) Other supply
system functional tests

b) Particulate
contamination

Anaesthetic gas
scavenging (AGS)
disposal systems

Personnel

AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR
AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR
AE, CSO or AP and CR

AE, CSO or AP and CR

AE, CSO or AP and CR

V2

Equipment
Open probes or
special test device

Special test device,
certified probes

Full bore NIST probes
and nut

Metered leaks and
special test device

Visual

Visual, safety valve
test certificate

Visual, pressure-
measuring device

Visual

Gas source and
delivery equipment

Particulate matter test
device (PMTD)

Metered leaks and
AGS test device
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Paragraph  Test Personnel Equipment
13.14 Gas quality AE, CSO or AP, CR, PMTD, oil, moisture,
and QC (MGPS) carbon, carbon

dioxide, sulphur and
nitrous oxides
measuring devices,
oxygen and nitrous
oxide analysers

13.14 Gas identification AE, CSO or AP, CR, Oxygen analyser and
and QC (MGPS) nitrous oxide meter

Note 54: Refer to Part B for description of the duties and responsibilities of the various
parties included in Table 13.1. The allocation of roles and responsibilities detailed in Table
13.1 offers some flexibility depending on project scale and complexity. Roles and
responsibilities for who is doing what should be clearly identified and documented.

The pressure-measuring device must be of the electronic type and measure to a minimum
0.1 kilo Pascal (kPa)/0.001bar accuracy and have a current calibration certification prior to
use.

All supply systems and their major components should have certification (as specified in the
IDP and included in the contract specification documents) which show that they meet the
design requirements of the MGPS.

Only contractors who are registered to British Standard (BS) EN International Standard
(ISO) 9001/ BS EN ISO 13485 with their scope of registration defined to include
commissioning should undertake engineering validation and verification.

Note 55: BS EN ISO 9001 registration is also recommended for independent medical gas
testing agencies but is not necessary for appropriately trained and registered healthcare
facility-based QCs (MGPS).

All relevant tests should be carried out by the persons listed in Table 13.1 and witnessed by
the appropriate persons, who must record the results of the tests in writing for the
healthcare facility.
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Summary of tests

Tests and checks on the pipeline carcass

The following tests must be carried out after installation of the pipeline carcass but before
concealment:

A. visual check of pipeline labelling, marking, sleeving and supports
B. leakage test

C. tests for cross-connection

D

. valve tests for closure, zoning, and leakage. (These tests will be repeated as part of the
pipeline system tests and the contractor may wish to defer closure and leakage if
accepted by the AE or CSO or AP but may choose to carry out a zoning check.)

Tests on the pipeline system

The following tests and checks must be carried out after complete installation of the pipeline
system:

A. tests for leakage on each MGPS

B. tests of AVSUs for closure, correct service, and control of the terminal units in the zone:
checks for correct labelling of AVSUs for zone reference and identity of terminal units
controlled and flow direction indication

C. tests of LVAs for closure and identification

D. tests for cross-connection, flow, pressure drop, mechanical function and correct identity
of the terminal units: checks for correct labelling and association with AVSUs (this is
only required when, within a specific area, there are separate circuits for the same
service, for example dual/ split circuits)

tests for mechanical function and identity of NIST connectors
performance tests of the pipeline system
functional tests of all supply systems

T @ nm

checks of safety valve certification

tests of warning systems

<

tests for particulate contamination should be carried out by the contractor and the AP or
CSO during the engineering tests. Where it is shown that a high degree of oxide
particles are present within the piped system (this would indicate a deficiency in the
initial oxygen free nitrogen purging) the AP or CSO would decide whether to continue
with the medical air purging or reject the system. At this stage, the QC (MGPS) would
not be required. If the AP or CSO is satisfied with the cleanliness and depending on the
contract programme handover date, consideration should be given to invite the QC
(MGPS) to carry out particulate contamination, odour, and taste tests. An advantage in
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programming these tests at this stage is the use of the medical air which avoids the
high usage of the working gases and risk factor to site staff and potential environmental
damage. The CSO particulate test does not negate in any way the role and
responsibility of the QC (MGPS) to repeat the test with the working gas

K. tests for AGS disposal systems

Note 56: Nitrous oxide and nitrous oxide/oxygen (50% volume per volume (v/v)) mixture are
not tested for odour.

Tests before use

13.14. The following tests must be carried out after purging and filling with the working gas:
A. tests for particulate contamination (see Chapter 14)
B. tests for gas identity
C. tests for gas quality

General requirements for testing

13.15. The tests described in this document are generally carried out, in the order given, for new
installations. It may be necessary to amend the test programme for modifications or
extensions to existing systems. Care must be taken to ensure that the basic principles are
followed. Paragraphs 13.33 - 13.44 give details of the tests required for modifications/
extensions to existing systems.

13.16. The medical air and vacuum plant should be tested during or immediately following carcass
tests.

13.17. Where medical air plant is used as a test gas for other medical gas pipelines (including MV
for first-fix pressure tests only), the medical air plant must be tested by the QC (MGPS)
certifying that the medical air is of the correct quality. Certification to be included within the
appropriate test documentation.

13.18.  On major projects the availability of the following plant is essential to progress the
commissioning programme:
A. vacuum plant to allow vacuum leakage, LVA and AVSU tightness tests, alarm panel
tests, flow tests, and so on.

B. medical air plant certificated by CSO or AP (MGPS) and QC (MGPS) to enable its use
during the testing of all gas systems. Cylinder supply will not typically provide sufficient
capacity when testing large MGPS installations
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Note 57: When tests and/ or purging are/ is carried out on systems fed by sources serving
an operational healthcare facility, it is essential to ensure that the flows generated during
any tests do not result in interruption of continuity or impairment of adequacy of supply
within the operational areas.

Testing for leakage is normally carried out in two stages: the first to the pipeline carcass
where second fix items such as terminal units, pendant hoses, pressure transducers, and
pressure transducers should not be connected. The second to the completed distribution
system, which will include all second fix components connected as appropriate.

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 set out in Chapter 14. The shield gas may
be used for the tests on the pipeline carcass described in paragraphs 13.49 - 13.56.
Cylinders of medical air will normally be used as the source of test gas for oxygen, nitrous
oxide, and nitrous oxide/oxygen (50% v/v) mixture systems in order to prevent the
possibility of contamination with oil.

In the case of a large oxygen system, for example a new build, the use of cylinders will be
impracticable for the total system performance test. As it may be undesirable to commission
the liquid supply system, the total system performance test can be carried out by using the
medical compressed air plant, provided that the quality tests have been satisfactorily carried
out to demonstrate that the criteria set out in Chapter 14 have been met and that the air
supply plant is continuously monitored for moisture during the test.

The medical compressed air plant can also be used for the single point performance tests
and the like and for initial purging and particulate testing of these systems. Once tests have
been completed, the system should be maintained under pressure by means of air supplied
from medical gas cylinders until filled with the working gas.

Note 58: The use of portable, non-medical air compressors is not appropriate.

When employing medical compressed air plant for this type of test, it is important that the
system demand should not exceed the maximum flow capacity of the dryers, otherwise wet
air will result. It is suggested that the total flow required by the system under test should not
be more than 75% of the flow capacity of the dryers. Not only should a Quality Controller
(MGPS) (QC (MGPS)) check all compressors before use, but also quality control checks
during use are important. Preferably, an on-line dew point meter should be fitted to the plant
or pipeline system.

Such a compressor must not be introduced after identity checks have taken place.
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13.25. Extra care is required when carrying out quality control checks, as some synthetic oils
cannot be detected using portable equipment.

13.26. 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 inspection under a planned preventive maintenance (PPM)
system. They should be removed from site when work is complete, and the contractor
should record their removal.

13.27. New terminal units are supplied with ‘Do not use’ labels or tamperproof blanking plugs.
These should remain in place until the final identity and quality tests have been completed.
They are then removed by the AP (MGPS). A schedule should be created for the removal of
labels and a record of handover to the Designated Clinical Officer (DCO), for example
familiarisation and instruction of the system and equipment. This is not in lieu of using an
appropriate permit-to-work document.

13.28. In the case of existing systems, ‘Do not use’ labels or tamperproof blanking plugs should be
affixed to all terminal units within the section being modified.

13.29. The results of all tests must form part of the permanent records of the healthcare facility and
should show details of the services and areas tested. The relevant forms are listed in
Appendix A . All signatories are entitled to copies of the test forms. The procedure for filing
and retaining these forms should be included in the local MGPS operational policy.

13.30. For second-fix system pressure tests on all medical gases and vacuum leakage tests, the
system under test must be physically isolated from the source of supply (for example by the
use of blanking spades at the side of the valve not under test).

13.31.  All errors found during testing must be rectified, and the relevant systems must be retested
as appropriate before the records are signed.

13.32. The contractor (MGPS) must provide all engineering forms, labour, materials, instruments,
and equipment required to carry out the tests described in this chapter. In the case of
engineering tests, this must include all cylinders of test gas together with ‘open’ bore NIST
connector probes, pressure-measuring equipment and gas specificity/ flow pressure testing
device(s), metered leaks, acoustic camera, and AGS disposal system test equipment. The
QC (MGPS) will be responsible for supplying all quality control forms, unless otherwise
requested by the healthcare facility, calibrated test equipment, connections, and the like.
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Note 59: If there is to be a delay between completion of the MGPS and when it is taken into
use, it will be necessary to carry out the particulate and odour test prior to purging and filling
with specific gases. In such cases the contractor must also provide labour, materials, and
equipment to carry out these tests.

13.33. The QC (MGPS) should provide the test equipment specified in Chapter 14. The QC
(MGPS) should provide all equipment for gas quality and identity testing. It should be
regularly serviced and calibrated to an appropriate standard and the QC (MGPS) should
maintain calibration records. On-site pre and post-testing calibration of equipment against
an appropriate standard will be performed at the discretion of the QC (MGPS).

13.34. In a completely new installation, equipment intended for connection to the MGPS should not
be moved into rooms until validation and verification tests have been satisfactorily
completed.

Note 60: In existing installations, particular care must be taken to ensure that medical gas
equipment left in areas where work or testing is taking place is, and remains, disconnected
from the system. Medical and nursing staff should be made aware of this situation by the
posting of appropriate exclusion notices and terminal unit ‘Do not use’ labels or tamperproof
terminal unit blanking plugs. The permit-to-work system should be followed.

Modifications, extensions, or repairs to existing systems

13.35. Where modifications, extensions or repairs to existing systems are carried out, the tests and
the sequence of tests summarised in paragraphs 13.12 - 13.14 should be followed as far as
possible.

13.36. The permit-to-work system should always be followed whenever any work is carried out on
an existing system. The AP (MGPS) should act on behalf of the healthcare facility and
therefore would not normally be a member of the installation contractor’s staff.

13.37. Whenever modifications or extensions are carried out, it is 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
limitations that may arise as a result of modifications. Any potential limitations should be
reviewed in the IDP risk assessment and either noted and accepted by the Medical Gas
Safety Group (MGSG) or an alternative installation plan proposed.

13.38. Where there is any doubt as to the cleanliness, it is in the interest of both the contractor and
management for particulate tests to be carried out on the existing system prior to any break-
in, and it is the responsibility of the healthcare facility to ensure that these tests are carried
out prior to the design phase of any modifications or extensions.
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13.39. ltis the responsibility of management to ensure that any required remedial work is carried
out on an existing system before extensions are added.

13.40. Itis important that any modifications during the testing and commissioning period are
documented and that any additional testing required, as a consequence of those
modifications, is performed.

13.41. The tests for particulate contamination of any extension or modification may be carried out
with medical air, prior to connection and handover to the QC (MGPS), although in
extensions comprising fewer than 20 joints, the working gas will generally be used to
perform all tests.

13.42. The QC (MGPS) should carry out all tests, including a repeat of the particulate matter test,
using the working gas.

13.43. The exact tests to be carried out depends on the nature of the modification/ extension. A
specification should be prepared for the performance of the completed system. This
specification should be as close as possible to that given in Table 13.2.

13.44. It may be necessary 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 13.79). To ensure a valid result from such a test, it
should be performed when flows in the system are representative of typical maximum
demands.

13.45. The break-in to the existing system should be carried out with an inert gas shield where
possible, for example where AVSUs have been installed, and a downstream blanking spade
has been deployed. A leak test must be carried out using a suitable leak detection fluid on
this final joint at working pressure, and the joint purged with the working gas.

13.46. Connection of the upstream side of the AVSU into the existing system will usually be made
without use of the shield gas. This joint can be purged with the working gas (exiting via the
AVSU upstream NIST).
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Table 13.2 - Validation and verification: pressure during pipeline system tests

Medical gas Plant Regulator Distribution Allowable Test flow Minimum
Setting +/- 4% pressure (kPa) pipeline losses to  (litres/min) pressure at test
(kPa) rear of terminal (measured at flow (kPa)
unit 5% (kPa)* terminal unit)
Oxygen 440 420 400 100 380
Nitrous oxide 440 420 400 100 380
Nitrous 440 420 400 275 (Labour, 310®@
oxide/oxygen (50% delivery, recovery 380
v/v) mixture and post-partum
(LDRPY))
100 (others)
Medical air (400 440 420 400 100 380
kPa)
Surgical air (700 860 825 784 350 700
kPa) wall-mounted
Surgical air (700 940 900 854 350 700
kPa) pendant-
mounted
Vacuum 67 — 88 60 kPa 55.3 kPa 40 40 kPa
(500-660 (450 mmHg) (400 mmHg) (300 mmHg)

millimetres of
mercury (mmHg))
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Note 61: * indicates that the 5% allowable pipeline losses to the rear of the terminal unit are
applicable to new installations only

Requirements for pipeline carcass tests

13.47. If sectional testing is performed, it is essential that as-fitted drawings are available so that
the extent of the system(s) under test can be identified. For the purpose of the leakage test,
all pressure gas systems may be interlinked, provided that the test can be performed at the
highest pressure required. This also has the advantage that the pipeline carcass could be
assigned to a different service.

Note 62: In the event of a leak, it will be necessary to test each system separately. It is
advantageous to perform the tests with nitrogen, since - in the event of a leak or cross-
connection - remedial action can be taken immediately. When connecting systems together,
vacuum systems should not be included, as particulates from an un-purged vacuum system
may be drawn into any part of any pressure gas system by venturi effects.

Labelling and marking

13.48. 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 EN ISO 9170-1. The results of the checks are recorded
on Form A2.

Sleeving and supports

13.49. A visual check must be made on each pipeline system to ensure that the pipelines are
sleeved, where required, and supported in accordance with Table 11.1. The results of the
checks are recorded on Form A2. Where the labelling, marking, sleeving and supports
elements are checked as part of an overall inspection process also covering all other
aspects of the MGPS installation (for example, clashes with builderswork, insufficient
clearance to hot or electrical services and so on), then these holistic inspections should be
recorded in a suitable formal inspection report. The format of this report is open; however, it
should provide sufficient detail of each observation including specific locations,
photographs, relevant guidance clauses, and the like as necessary to allow full
understanding and successful resolution of each issue. The report should be revisited to
record the resolution of each observation and should be provided to the client as part of the
MGPS validation and verification paperwork and the wider operating and maintenance
information package. Form A2 may be completed with reference to this inspection report(s)
in lieu of simply recording "pass" or "fail* against them.
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Leakage

13.50. The aim of the test is to establish that there is no leakage from the piped medical gas
systems. This is demonstrated by the use of electronic pressure measuring equipment with
a minimum resolution of 0.2 kPa in 1,000 kPa and 0.5 kPa in 2,000 kPa. If the performance
of the measuring equipment is in doubt, recourse can be made to a test period extension of
between 2 - 24 hours. The pressure-measuring device used must be of the electronic type
and measure to a minimum 0.1kPa/ 0.001bar accuracy and provided with current calibration
certification prior to use.

Note 63: With suitable equipment, it is possible to conduct this test during a relatively short
duration to minimise the effect of temperature change. To ensure fairness of the test, it is
essential that temperature measurements are recorded at the start and finish of the test
irrespective of the period of the test. Over a one-hour period with an allowance of 0.2 kPa, a
small temperature change may be sufficient to fail the test. Appendix B provides information
on the method of calculation. Temperature measurements should be taken throughout the
area of test at the beginning of the test, and the average temperature should be calculated.
Temperature measurements should be taken at the end of the test at the same
measurement points. The resulting temperature difference can be used to establish if a
pressure loss/ increase is acceptable.

13.51.  During a test period of one hour, the maximum pressure loss should be < 0.2 kPa for 400
kPa systems, plastic, or copper vacuum and <0.5 kPa for 700 kPa systems. Systems
should be tested at a working pressure of:

A. for medical compressed air systems for surgical use - 18.0 bar (1,800 kPa)
for all other compressed medical gas systems - 10.0 bar (1,000 kPa)

for vacuum systems constructed in copper - 5.0 bar (500 kPa)

for vacuum systems constructed in plastic - 1.5 bar (150 kPa)

moow

leakage tests for AGSS systems, the pressure should be set at 70 kPa (x 10%) with a
pressure loss of no more than 10 kPa over a period of 15 minutes

13.52. This test should be conducted with AVSUs, LVAs and other service valves open; any
pipeline components that could be adversely affected by the higher pipeline carcass test
pressure such as pressure transducers and pendant hoses should be removed and the
connections blanked off. The results of the test may be recorded on Form A2.
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Cross-connection

13.53. Before performing these tests, any links between systems should be removed and all
pipelines should be at atmospheric pressure with all AVSUs and the like open.

13.54. A single pressure source should be applied to the inlet of the system to be tested and at
least one terminal unit base block on all other systems should be fully open.

13.55. Each terminal unit base block on the pipeline under test should be opened in turn, checked
for flow and then re-blanked. (To permit refitting of blanking caps, it is necessary to partially
open at least one base unit - but it is still necessary to achieve a detectable flow). When the
test on one pipeline has been completed, the pressure source should be removed, and the
pipeline should be left open to atmospheric pressure by removing at least one base block
blanking plate.

13.56. The test is repeated for other systems, one at a time.

13.57. Where the IDP has identified that a system is of a particular size such that whole system
testing from source plant to TUs is impractical, then this test may be performed on a
sectional basis provided this is very carefully planned, documented, and controlled. This
may comprise testing between source plant and particular AVSUs/ LVAs on the system,
between particular LVAs on a system, and between particular AVSUs/ LVAs and TUs in a
clinical department(s). On these larger systems which will comprise significant runs of pipe
and/ or may be arranged in a ring main arrangement and therefore contain multiple LVAs,
the presence of flow in the correct pipeline should also be checked through the LVA and
AVSU NIST connectors throughout the system. The control mechanisms must ensure that
such testing activities are controlled so as to not introduce risk of any cross-connections
being missed.

13.58. The results may be recorded on Form A2.
Requirements for pipeline system tests

13.59. There must be no links between the pipeline systems. Engineering (pressure) tests should
be carried out with electronic pressure-measuring equipment with a minimum resolution of
0.2 kPa in 1,000 kPa, and 0.5 kPa in 2,000 kPa. The pressure-measuring device used must
be of the electronic type and measure to a minimum 0.1 kPa/ 0.001bar accuracy and
provided with current calibration certification prior to use.

13.60. The scope of the system and scale of provision of terminal units, AVSUs, LVAs and warning
and alarm system panel indicators should be checked for compliance with the risk
assessment created during Stage 3 of the IDP.
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Leakage from total compressed medical gas systems

13.61. This test must be carried out on the completed system at working pressure with all terminal
units, AVSUs, pressure safety valves and pressure transducers fitted. Once the test
pressure has been applied, the system should be physically isolated from the plant. For the
purpose of this test, the supply system extends from the last valve(s) nearest to the plant
detailed on the appropriate schematic drawing. This point should be identified on the
contract drawings. The test is performed at pipeline distribution pressure.

13.62. During a test period of one hour, the maximum pressure loss should be
A. =0.2 kPa for 400 kPa systems
B. <0.5 kPa for 700/900 kPa systems

The test results may be recorded on Form A3.
Leakage into total vacuum systems

13.63. Prior to testing, the vacuum plant should be operated to allow any moisture in the system to
evaporate. With the system at pipeline distribution pressure and with the source isolated,
the pressure increase in the pipeline must not exceed 1 kPa (7.5 mmHg) after one hour.
There is no additional allowance for temperature correction in this test.

13.64. The test results may be recorded Form A3.
Closure of area valve service units and line valve assemblies

13.65. For pressurised systems, the system upstream of the closed AVSU under test must be
maintained at pipeline distribution pressure and the downstream line pressure should be
reduced to about 100 kPa. The downstream pressure must be recorded, and there should
be no change in pressure over a period of 15 minutes.

13.66. For vacuum systems, the systems on the supply plant side of the closed valve must be
maintained at pipeline distribution pressure and the terminal unit side should be at about 15
kPa (115 mmHg). The upstream (terminal unit side) pressure must be recorded, and there
should be no change in vacuum over a period of 15 minutes.

13.67. For LVAs, a similar test procedure is adopted. There is no change in the time for vacuum.

Note 64: The reduced residual pressure is intended to consider any potential terminal unit
leakage on the assumption that it is unlikely any such leakage would equate to that of the
valve under test; there would be less certainty if the pressures were reduced to zero.
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13.68. The test results may be recorded on Forms A4 and A5.
Zoning of AVSUs and terminal unit identification

13.69. This test is performed to ensure that each AVSU in the pipeline controls only those terminal
units intended by the design. Each terminal unit must be checked to ensure that it is for the
correct service and that it is in accordance with BS EN ISO 9170-1; unambiguous cross-
referenced labelling of AVSUs and terminal units controlled by them, is essential. It is
particularly important to establish correct identification where dual or separate circuits have
been installed; often it is not obvious by the spatial relationship of AVSUs and terminal units
which of the AVSUs controls which terminal unit arrays.

13.70. The test is performed by turning off an individual AVSU and venting the zone to
atmospheric pressure. A check is then made to establish that only those terminal units
controlled by the AVSU are at atmospheric pressure. All other terminal units, including
those for other gas services, should be at the operating pressure. Once a zone has been
vented, it is not necessary to re-pressurise. The other AVSUs are then tested successively.

Note 65: Notes on the testing of zoning of AVSUs and terminal unit identification:

a. the contractor may wish to carry out this test as part of the carcass tests before any
section of the pipeline is ‘enclosed.’

b. terminal-unit first-fix back blocks inadvertently fitted upside-down will result in inverted
second-fix components unless gas-specific components are deliberately removed.

Therefore, a selection of terminal unit second fixes, for example one per ward area, should
be removed and examined to ensure that no gas-specific components have been removed.

c. these tests can be performed at the same time as the cross-connection/ terminal unit
pressure drop tests

d. where pneumatically activated pendant fittings are installed, a check should be made
to ensure that the source of air has been taken from the correct AVSU zone

13.71. The test results may be recorded on Forms A4 and A5.
Cross-connection

13.72. All systems must be checked to ensure that there is no cross-connection between pipelines
for different gases and vacuum. The tests should not commence until all installations are
complete and plant operational. The tests can be performed using ‘test’ gas or ‘working’
gas.
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Note 66: Oxygen and vacuum can be tested simultaneously, followed by medical air and
surgical air simultaneously, followed by the other gases, that is, nitrous oxide and nitrous
oxide/oxygen (50% v/v) mixture.

13.73. The sequence of the test is, first, to open all valves on all systems (for example AVSUs,
LVAs and any other valves). For oxygen and vacuum systems, the main plant isolation
valves should be opened (the main plant isolation valves on other systems remain closed).
A check must be made to ensure that there is a flow at every oxygen terminal unit and
suction at every vacuum terminal unit, and that the systems are at the correct operating
pressure; there must be no flow at any other terminal unit for the other gases.

13.74. For the next stage, the main isolation valves for medical air and surgical air, if present, are
opened. (It is not necessary to return the oxygen and vacuum systems to atmospheric
pressure.) A check is made to ensure that there is a flow at every medical air terminal unit
and every surgical air terminal unit and that the operating pressure is correct; there must be
no flow from the nitrous oxide and/ or nitrous oxide/oxygen mixture terminal units if present.

13.75. The process is then repeated for nitrous oxide - again there is no necessity to return any of
the previously tested systems to atmospheric pressure. A check is made to ensure that
there is flow at every nitrous oxide terminal unit and that the operating pressure is correct;
there must be no flow from the nitrous oxide/oxygen terminal units.

13.76. The process is then repeated for nitrous oxide/oxygen mixture. If other medical gases are
encountered, the sequential testing methodology will continue. As before, there is no
necessity to return any of the previously tested systems to atmospheric pressure. Checks
are made to ensure that there is no flow from any system that is still isolated at the plant.

Note 67: The tests can be carried out on a total system basis, departmental basis, or sub-
departmental basis, having previously checked for cross-connection up to the appropriate
AVSUs. When carrying out the tests on a sectional basis, it is essential that as-fitted
drawings are available such that the extent of the system(s) can be established.

13.77. This test must be repeated in full if any subsequent modifications are made to the pipeline
system.

13.78. On large, typically new installations where cross-connection testing is undertaken on a
sectional basis, an alternative methodology of performing the cross-connection and/ or
zoning tests downstream of individual AVSUs may be employed at the discretion of the AP
(MGPS)/ CSO. This methodology utilises setting significantly different pressures on each
individual gas pipeline in a zone and then checking the pressure at each terminal unit within
that zone to ensure no cross-connections are present. Each AVSU valve is operated and
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terminal units in adjacent rooms/ zones are also checked to ensure that the zone AVSU
being tested only controls the correct terminal units and no others.

The testing procedure can be described as follows:

1. the pipelines upstream of the zone AVSU module being tested must first be fully and
successfully tested for cross-connections using the sectional testing methodology for
large systems described in paragraph 13.57 - this must include a check at the upstream
NIST of the zone AVSU to be tested. This ensures that the there are no cross-
connections prior to the zone AVSU module to be tested

2. the pipework downstream of the zone AVSU module to be tested and all other adjacent/
nearby zone AVSUs should be drained down to zero pressure

13.79. The test results may be recorded on Form A7.

Flow and pressure drop at individual terminal units, mechanical
function, and correct installation

13.80. These tests can be carried out as part of the cross-connection tests using appropriate test
devices with the correct probes inserted for the pipeline(s) under test. The pressure must
achieve the values given in Table 13.2 at the specified flows.

Note 68: When performing these tests as part of the cross-connection tests, there is the
possibility that the 400 kPa and vacuum test devices could be connected to the incorrect
service, particularly a vacuum and oxygen reversal. The instruments used, therefore,
should include appropriate directional check valves. (There is a possibility of damaging the
gauges. Alternatively, an open probe can be used to determine pressure or vacuum.)

13.81. It must be demonstrated for each terminal unit that the appropriate gas-specific probe can
be inserted, captured, and released, and it should be visually confirmed that an anti-swivel
pin is present, or absent, in terminal units with a horizontal or vertical axis, respectively.
Terminal units should be challenged by the test probes of all other gases within the
department or ward to ensure non-interchangeability.
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Note 69: Further considerations when undertaking terminal unit checks:

a. terminal units to BS EN ISO 9170-1 need not be challenged with the full complement of
BS 5682 test probes

b. the terminal unit should be fitted complete with bezel plates and the like. The clearance
hole should be reasonably concentric with the terminal unit rim - it must not be in contact

c. by connecting a flowmeter to the terminal unit, the terminal unit should be standard
throughout by being proud of the wall, slightly greater than the movement necessary for the
release action and sit parallel to the wall on a vertical axis

13.82. The results of the tests may be recorded on Form A9.

13.83. All NIST connectors, including those provided on AVSUs, LVAs and pendants/ flexible
hoses, must be checked to ensure that gas flow is achieved when the correct NIST probe is
inserted and mechanical connection made. The correct identification of gas flow direction
should be confirmed for AVSUs (that is, which are the upstream and downstream NIST
connectors). NIST connectors can be checked when performing other tests on AVSUs and
LVAs.

Note 70: In certain circumstances factory-assembled units are dismantled for installation
purposes and can be subsequently incorrectly re-assembled. In the case of LVAs,
disassembly and subsequent incorrect re-assembly or, indeed, insertion into an incorrect
line, is also possible. The primary purpose of the test is to ensure that whenever it is
necessary to make a connection, the appropriate connectors will be to hand; the test is a
further safety aid, all personnel making connections to NIST fittings should be appropriately
qualified and authorised to do so.

All NIST connectors should have the manufacturer’s certificate of test provided for fitted
terminal units within pendants.

13.84. It must be demonstrated (except for vacuum) for each NIST connector that the self-sealing
device substantially reduces the flow of gas when the connector is removed without hazard
to personnel or reduction in pipeline pressure. This will not apply where the surgical air
pendant hose self-sealing device of the NIST has been removed and replaced by an in-line
valve.

Note 71: Personnel should take care not to stand in front of the NIST connector when
performing this test.

13.85. The results may be recorded on Forms A4 and AS.
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Performance tests on the source plant and pipeline systems

13.86. The performance of an individual pipeline system and the source plant supplying it is
measured by introducing a sufficient number of calibrated metered leaks (with orifice sizes
providing different flows that replicate the range of medical devices for which the pipeline is
designed; see Table 2.1) to represent the IDP peak flow, less the flow generated by the test
device. Thereafter, a representative number of terminal units (see Note 72) are tested for
pressure and flow. These tests should be performed on all source plant including reserve
supplies, and therefore require the source plant to be commissioned, tested for gas quality
by the QC (MGPS), and fully operational. The plant should also be manually configured
such that the supplying arrangement is in line with Table 2.1 - Table 2.9 in Chapter 2 for
example, a quadruplex medical air system should have two compressors isolated such that
the test is being performed by two of the four compressors. If reserve supplies are
dedicated to particular department/ area(s), the calculated IDP peak flow being tested will
be of that department/ area(s) in isolation.

Note 72: Further considerations for the undertaking of performance tests on pipeline
systems:

a. for example, in a 28-bed ward module, metered leaks equal to the total design flow of
the ward should be distributed through the ward. A pressure reading should be taken at the
furthest located terminal unit and nearest to the entrance to give the pressure loss across
the unit. No noticeable loss should occur with ward gases

b. this procedure is applied systematically for a total system design flow by applying
metered leaks equal to the IDP designed flow rates. Pressure readings can be taken
throughout the system from source to furthest terminal units from source. Normally an index
run is selected based on the heaviest calculated flow demand concentration rather than
distance from source. Any escalation flow rates calculated for major incident purposes need
to be validated in the configuration in which they would be operated during these events,
taking cognisance that this may differ from the normal in use supply source

c. in aring main distribution system, the total flow is designed by measurement in turn in
each direction from the source. Requirement for sectional or phased testing to be included

Note 73: In principle it is permissible, although unlikely to be practicable for large
installations, to test all systems simultaneously, particularly oxygen and vacuum, where
terminal units are installed in pairs and where they require different metered leaks (this
includes vacuum when testing oxygen will not significantly increase the time needed).
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Pressure safety devices

13.87. Pressure safety valves are not tested. They should be examined to ensure that they are
correctly rated for the pipeline system and are in accordance with the contract specification.
Each should be provided with a test certificate confirming the certificated discharge
pressure. Records of safety valve details should be noted on the Forms A9 — A12 inclusive.

13.88. Check that the specified pressure safety valves have been fitted and that their flow
pathways are correct.

13.89. Verify that the pressure safety valves are certified to operate in accordance with the
contract specification and conform to BS EN ISO 4126-1.

Warning and alarm systems

13.90. The operation of warning and alarm systems should be tested in all normal operating and
emergency modes. Particular attention should be paid to the following:

1. that all systems operate within the specified tolerance limits at all operating parameters
and fault conditions, and can be seen and heard as specified in Table 10.1 and Table
10.2

that systems react correctly following return to normal status
that all indicator panels and switches are correctly marked

that all functions on all indicator panels operate correctly

that the system will operate from the safety power supply source

o 0 koD

that all indicator panels are labelled to show the areas they serve, or as detailed in the
contract specifications

13.91.  The following tests should also be carried out:

1. for central indicator panels, check that the operation of the mute switch cancels the
audible alarm and converts the flashing signals to steady, for all systems and conditions

2. for repeater indicator panels, check that the mute switch cancels the audible alarm and
that the flashing signals are converted to steady only on the central alarm panel, for all
systems and conditions

3. for area alarm panels (AAPs), check that the operation of the mute switch cancels the
audible only, for all systems and conditions

4. check alarm pressure switches and transducers function correctly at their requisite
setting

5. check power failure operates red ‘system fault’ indicator and the audible alarm

6. check that a contact line fault operates the ‘system fault’ indicator, the main alarm
displays, and the audible alarm
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check audible reinstatement for each alarm panel

check that the audible signal can be continuously muted via operation of the internal
push-button for gas service alarm conditions only

9. check for correct identification of each gas service on alarm panels and ‘departmental’
or plant specifying labels
10. check that each alarm panel emits the correct (two-tone) audible alarm

13.92. The results of the tests may be recorded on Form A14.
Verification of as-fitted drawings

13.93. The as-fitted drawings and Building Information Modelling (BIM) files should be reviewed by
‘Stakeholder Group F’ (see Chapter 1) as part of the IDP to ensure that any variations from
the IDP and any observations noted are recorded.

Filling with medical air

13.94. An indefinite time may elapse after completion of the MGPS before the system is taken into
use. The installation contract may be written in the expectation that this will happen. In such
circumstances the contract should require that the particulate contamination and odour
tests, specified in Chapter 14 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.

13.95. ltis the responsibility of the contractor to ensure that proper provision is made in a specific
contract for the maintenance of the systems, their integrity, and any special connectors that
may be required during this interim period.

13.96. 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 MV pipeline need not be
maintained under vacuum.

13.97.  Provision should be made for regular running and maintenance of all supply plant during
such an interim period.

13.98. 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 QC (MGPS).

13.99. The ‘Danger - do not use’ label or tamperproof terminal unit blank plugs should remain
affixed to each terminal unit until all testing is completed.
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13.100. When the construction contract has finished, the contractor should record the removal of all
special connectors and cylinders from site.

Purging and filling with specific gases

13.101. Each pipeline system must be purged with the specific working gas shortly before use. The
following conditions should apply:
1. all sources of test gas must be disconnected
2. all special connectors must be removed from site
3. each pipeline system must be at atmospheric pressure with all AVSUs open
4

each system must be filled to pipeline distribution pressure with the specific gas from
the supply system

5. 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 section being tested

6. all oxygen, nitrous oxide and nitrous oxide/ oxygen mixtures discharged during the
process must be released to a safe place

Note 74: For installations of nitrous oxide and nitrous oxide/ oxygen mixtures that may have
flexible low-pressure hoses in their final construction (such as pendants or some medical
supply units), consideration needs to be given to purging with medical air until the required
dryness is achieved and then the working gas admitted. This process may require the use
of test gases and special connectors and would need to be discussed with ‘Stakeholder
Group F’ (see Chapter 1).

13.102. The results of the purging process may be recorded on Form A19.

13.103. Purging is not necessary for vacuum systems.
Operational policy

13.104. A procedure must be available in accordance with Part B 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 supplier must certify the composition of the cylinder contents. All
deliveries of bulk liquid oxygen (LOX) should be tested for conformance to the product
licence specification before dispatch by the supplier and should be supplied with a
certificate indicating compliance.
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Cylinder storage and handling

13.105. There should be recorded visual checks for correct labelling, including batch numbers (see
Chapter 8 of Part B).

Removal of construction labels

13.106. When all tests have been completed satisfactorily, the Prohibition or ‘danger do not use’
labels or tamperproof terminal unit blank plugs should be removed from terminal units on
the authority of, or by, the AP (MGPS). This should be recorded on the permit-to-work.
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14. Medical gas quality control testing

Introduction

All medical gas systems should be designed, installed, tested and used in line with this

Scottish Health Technical Memorandum (SHTM). This chapter describes quality control
testing protocols and acceptance criteria used to assure medical gas quality and patient
safety.

Quality control testing is the final independent test for new medical gas installations or
following repairs and modifications and is essential for verifying the correct quality and
identity of the medical gas for patient use.

Medical gases are medicines and as such must comply with the Human Medicines
Regulations 2012 (as amended) and the relevant current British/ European Pharmacopoeia
(Ph. Eur.) monograph. In addition, the medical gas pipeline system (MGPS) must comply
with the relevant standards listed within this SHTM.

This chapter predominantly covers scenarios where works are being undertaken on MGPS
themselves. The principals detailed within this chapter should also be considered where the
MGPS may be affected as a result of other activities being undertaken in the vicinity of the
systems that could have a consequential impact - for example fabric works that may require
protection of outlets or where outlets would not be utilised for a period of time. In such
instances, it may be appropriate to undertake further testing and verification of the MGPS to
ensure the quality of the systems has not been unduly impacted by other works. This
should be discussed and agreed on a project specific basis by the Medical Gas Safety
Group (MGSG).

Quality Controller (MGPS)

Medical gas quality control testing must be carried out by the Quality Controller (MGPS)
(QC (MGPS)). The QC (MGPS) is responsible for the verification of the identity quality and
purity of medical gases at terminal units and source plant, including medical air
compressors and synthetic air systems.

The QC (MGPS) is responsible for carrying out the final independent check.

The QC (MGPS) should be independent of those carrying out engineering work on the
pipeline system.
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14.8. Only individuals who have been appointed to the ‘Quality Controller (MGPS) Register may
act as a QC (MGPS). The UK register is maintained by the UK Medical Gas Group under
the auspices of the NHS Pharmaceutical Quality Assurance Committee. The Chief
Pharmacist is responsible for appointing/ commissioning QC (MGPS) services and should
ensure that the QC (MGPS) is listed on the UK Quality Controller (MGPS) Register.
Documentary evidence of experience should be provided including registration certification.

14.9. Inclusion on the ‘Quality Controller (MGPS)’ Register will normally be sufficient to qualify an
individual to act as QC (MGPS) for any healthcare organisation. The healthcare
organisation’s Chief Pharmacist may choose to specify or restrict which registered QC
(MGPS) are permitted to operate within their organisation.

14.10. The QC (MGPS), appointed by the Chief Pharmacist within the healthcare organisation,
should retain a signed authorisation. The appointment should describe arrangements for
testing new/ modified installations and routine tests (for example, medical air compressor
plants). A list of sites to which the authorisation applies should be included. A statement
confirming ongoing evidence of maintained competence should be provided.

14.11. The QC (MGPS) should demonstrate a thorough understanding of the guidance set out in
this chapter to provide assurance that testing is undertaken in accordance with appropriate
procedures and should familiarise themselves with the content of Parts A and B of this
SHTM.

14.12. In addition, the QC (MGPS) should complete relevant education and training as detailed in
Chapter 7 of Part B.

14.13. To be appointed to the register and be allowed to act as a QC (MGPS), candidates should
meet the following competency requirements:

A. be a graduate who is eligible for membership of the Royal College of Pharmacy Society
(RPS)), Royal Society of Chemistry (RSC) or Royal Society of Biology (formerly
Institute of Biology)

B. have a degree in a relevant science subject

Note 75: Master of Science (MSc) in Pharmaceutical Technology and Quality Assurance
(PTQA) is an approved course.

C. be registered with the relevant regulator organisation, for example General
Pharmaceutical Council (GPhC)

D. have successfully completed an accredited training course for quality control testing of
medical gases and MGPS

E. have practical experience of quality control testing of medical gases and MGPS and
can demonstrate competency
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F. be familiar with the requirements of SHTM 02-01

G. undertake regular Continuing Professional Development (CPD) in medical gases and
MGPS to maintain competency. This includes completing an approved refresher course
at least every five years to re-validate QC (MGPS) registration

14.14. The QC (MGPS) should be an active member of the MGSG and be involved in all MGPS
designs, installation, and validation and in the development of policies and procedures to
ensure the safety of medical gas supplies.

14.15. The QC (MGPS) should have an understanding of the:
A. MGPS within the relevant healthcare organisation or facility
B. location of primary, secondary, and tertiary supplies

C. operation of oxygen vacuum insulated evaporator (VIEs), medical/ surgical compressor
plants, pressure swing adsorber (PSA), synthetic air plants, and cylinder manifolds as
appropriate and where testing is required

14.16. If the QC (MGPS) is testing at a healthcare facility where they are not a member of the
MGSG, the scope and extent of their appointment should be clearly defined by the
appropriate MGSG and agreed before any work commences.

Quality control testing/ verification process

14.17. Different scenarios are identified within the quality control, testing and verification process
and will include:
A. new installations
B. extension/ upgrade/ modification to existing installations
C. repair (emergency)
D. regular planned quality control testing
E

ad hoc testing of the MGPS/ source supplies in response to adverse quality control test
results or concerns raised by the Authorised Person (MGPS) (AP (MGPS)). See
paragraphs 14.40 - 14.44

New installations

14.18. New installations should be formally approved by the QC (MGPS), through quality control
testing and reporting.

14.19. For new installations and extensions (for example, a new ward, a new department, or a
complete healthcare facility), the QC (MGPS) should be involved from project concept.
They should have access to pipeline construction drawings and should prepare a test
protocol for the required works with the information supplied from the Authorising Engineer
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(MGPS) (AE (MGPS))/ AP (MGPS). A pre-site meeting may be required to clarify these
works.

The appointed QC (MGPS) should be granted access to any site where works are in
progress, to carry out any preliminary testing and maintain familiarity of the installation.

In new installations, quality control testing should be carried out to demonstrate compliance
with pharmacopeia monograph acceptance criteria at supply source for example, oxygen
VIE or medical air compressor plant prior to opening line valves to the MGPS. This will
ensure that contamination is not introduced into the pipeline system.

Final quality control testing should not be undertaken on any site until post-construction
cleaning has been completed and the site is in its final stages of preparation for handover.
This is to minimise the risk of system damage to, or contamination of, the MGPS. Where
patient use of the MGPS is not planned immediately following completion and approval of
quality control results, a programme of purging and re-testing should be considered.

A permit to work is not required for a new installation (except where the new installation
connects with an existing system). The relevant form contained within Appendix A of this
SHTM should be used.

All test results should be documented to demonstrate completion of quality control testing
and compliance with acceptance criteria (see paragraphs 14.47 - 14.130 and Table 14.1).
The QC (MGPS) should supply a record of the results within an agreed reasonable
timescale, including all completed ‘A-forms’ (see Appendix A ), and permit(s)-to-work and
the QC (MGPS) certificate of registration, for inclusion within the project file. Any non-
conformances to pharmacopeial monograph acceptance criteria should be documented,
along with remedial actions, as agreed with the AP (MGPS). A copy should be sent to the
project team, AP (MGPS) and Chief Pharmacist and may be presented to the MGS. On
completion of testing, the QC (MGPS) should supply a detailed and approved report within
an agreed reasonable timescale for inclusion with the project file. A copy of this report
should be submitted to the MGSG and the Chief Pharmacist.

No medical equipment intended for connection to the pipeline system (flowmeters,
anaesthetic trolleys, and the like) should be connected to the system until all validation and
verification testing has been satisfactorily completed. Where patient use of the MGPS is not
planned immediately following completion and approval of quality control results, a
programme of purging and retesting agreed with the AP (MGPS) should be implemented.
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Modification of existing systems and emergency repairs

14.26. Prior to any quality control testing, the AP (MGPS) should provide the QC (MGPS) with a
description of the engineering work to be carried out, the methodology (as appropriate),
details of the medical gases involved, the location and reference of the area valve service
unit (AVSU), number of terminal units and relevant as-fitted drawings. Site familiarisation
should be provided as required.

14.27. All work involving modifications to an existing pipeline system and quality control testing is
controlled under a high hazard permit to work. This also includes the connection of a new
installation to an existing system (see paragraph 14.23).

14.28. In existing installations, particular care should be taken to ensure that clinical medical gas
equipment (for example, anaesthetic gas equipment) left in areas where work or testing is
taking place is, and remains, disconnected from the system, and removed from the terminal
unit location to avoid inadvertent connection and use. The removal of this equipment may
require to be undertaken by the Medical Physics/ Electro Bio-Medical Engineering (EBME)
team.

14.29. Medical gas flowmeters and suction equipment will also require to be removed from
terminal units. Clinical staff should be made aware of this status by the display of
appropriate exclusion notices and labels affixed to, or the insertion of ‘Terminal out of use’
plugs into the affected terminal units.

14.30. Maintaining the supply of medical gases to patients during this time requires careful
consideration. A number of medical gas cylinders may be required. Safe storage and
handling should be reviewed and risk assessments prepared by the AP (MGPS)/
Designated Clinical Officer (MGPS) (DCO (MGPS)) as appropriate.

14.31. During all quality control tests, the Competent Person (MGPS) (CP (MGPS)) and the AP
(MGPS) should be in attendance/ available to assist the QC (MGPS) when required.

14.32. Although a structured approach to testing should be adopted, access and time limitations to
parts of the MGPS may lead to some disruption of the proposed test regimes. This should
be risk-assessed and recorded on the test report.

14.33. The system will only be taken back into use once the medical gases have been tested and
verified as being fit for patient use. At each stage of the project, the relevant section of the
permit to work should be signed off by the AP (MGPS), CP (MGPS), QC (MGPS), and the
DCO.

14.34. No unplanned modifications should be undertaken to any system once the testing has
commenced. If changes are required to the system, testing should be stopped. The test
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protocol should be reviewed and may need to be revised to accommodate the new work.
An impact assessment should be carried out prior to re-commencing the quality control test
programme.

Regular planned quality control testing

14.35. In accordance with the Human Medicines Regulations 2012, medical gases are classified
as medicinal products. Where medical gases are manufactured on site, quality control
testing should be carried out at defined frequency to provide assurance of quality. Quality
control testing of medical gases produced by medical/ surgical air compressor plants,
synthetic air plants and oxygen generators should be carried out on a quarterly basis.

14.36. As with MGPS, when carrying out quality control testing on medical/ surgical/ dental air
plant, oxygen generators and other supply sources, test protocols should be in place and
confirmed with the AP (MGPS).

14.37. All plant suppliers should provide guidance on plant siting and the associated filtration and
drying equipment necessary to achieve the air quality standards recommended in this
SHTM. Users should engage with suppliers to ensure that the selected plant configuration
meets the required performance specifications. The QC (MGPS) may be contacted to verify
medical gas quality and compliance with acceptance criteria, when considering plant
location.

14.38. The cost of instrument repair or replacement can be significant. These costs, along with the
increased risk of infection and the potential for system or equipment, should be carefully
considered against the cost of installing the recommended air treatment measures.

14.39. Regardless of system structure, poor or absent maintenance is still a significant factor in the
degradation of air quality and consequent premature failure of air-driven equipment. A
properly planned and administered maintenance scheme - carried out by a competent
organisation and fully in accordance with the plant manufacturer’s requirements - will rapidly
offset its cost through the avoidance of equipment, plant and instrument repair or
replacement. quality control testing forms part of this verification process. A suitable test
point should be provided.

Ad hoc testing of the MGPS/ source supplies

14.40. Ad hoc testing of the wider MGPS may be required as part of an investigation following the
recording of adverse results during regular quarterly/ annual testing or following pipeline
installation/ modification, or in response to concerns raised by the AP (MGPS) for example,
reports of discoloured flowmeters. The level and type of ad hoc testing required should be
defined and agreed by the AP (MGPS) and the QC (MGPS) based on risk.
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14.41. Quality control testing from the supply systems may also be required as part of the
investigation process.

14.42. Ad hoc testing may also be needed in low usage/ dormant systems to ensure maintenance
of medical gas quality.

14.43. Test regimes may include sampling at terminal units (end-of-line points), randomly selected
locations, and areas where hoses are used within architectural systems.

14.44. The need for this testing should be supported by evidence of system failures in recent
years, including the accumulation of oil, particulates, and other contaminants within the
pipeline systems.

14.45. A full system test should not be needed; however, a risk-based approach should be taken
and individual point testing carried out on each of the medical gas systems installed on site
as appropriate and as described in paragraph 14.43.

14.46. Records of these tests, where required, should include date, location, and results. Reports
may be requested by the MGSG.

Pharmaceutical quality of medical gases and MGPS

General principles

14.47. The objective of these tests is to ensure compliance with pharmacopoeia for medical gas
quality and to establish whether the medical gas pipeline has been contaminated during
construction or modification. The tests indicate whether work has affected gas quality, and
report compliance with pharmaceutical specifications for medical gases.

14.48. The European/ British Pharmacopoeia monographs should be regarded as the baseline
minimum standard for assessing the quality of medical gases.

14.49. This SHTM supplements the pharmacopoeia tests by focusing on the pipeline systems, the
potential for contamination and the types of failure that might occur with the on-site
generation of gases. Refer to Table 14.1 for acceptance criteria.

14.50. Electronic equipment should be used for quality control testing purposes. Such equipment
should provide a level of repeatability, resolution and accuracy and should be calibrated to
the appropriate European/ British Standards.

14.51. Calibration prior to testing should be carried out on site. If a drift in concentration is
recorded when using medical gas analysers, the analyser calibration should be checked
and re-calibrated as required. Consideration should be given to repeating previous tests.
Calibration should also be checked at the end of the test.
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14.52. The QC (MGPS) should ensure that all equipment used for medical gas testing is
maintained and serviced according to manufacturer’'s recommendations and local protocols.
Records of servicing should be retained.

14.53. Itis acknowledged that at the time of publication of this SHTM, pharmacopeial tests for ail,
carbon monoxide, carbon dioxide, sulphur dioxide (SO2), oxides of nitrogen (nitrous and
nitrous oxide) and water vapour can be carried out using detector tubes, advances in
detection technology have produced a range of suitable alternative instruments.

14.54.  Although detector tubes give a quantitative response they have limitations. They are not
intended for reuse. They should be agent-specific, since non-agent-specific (polytest) tubes
can respond to various agents such as volatile inorganic compounds, giving misleading
results.

14.55. Itis recommended that the use of polytest tubes be considered as an optional general test
for contamination of pipelines on a representative 20% sample of terminal units.

14.56. Users should be aware of the limitations of this type of detection equipment, including the
ambient operating conditions for example, high humidity or low temperature, and cross-
sensitivities specified for each type of detector tube.

14.57. In particular, water vapour should be measured with a dew point meter due to the
environmental impact on detector tubes described in paragraph 14.54.

14.58. The QC (MGPS) should define the programme of pharmaceutical testing, depending on
such factors as the extent and nature of the work and the age and condition of the existing
systems.

14.59. Quality control tests should be carried out on terminal units/ non-interchangeable screw
threads (NISTs) in each system in line with the test protocol supplied by the QC (MGPS).
Testing should commence at the points furthest from the AVSU.

14.60. Where a new extension is to be connected to old pipework, it is important to ensure that the
old system is purged via a terminal unit/ NIST connector as close as possible to the junction
of the systems so as to avoid the spread of any contamination into the new pipelines.

14.61. For a new installation, all sources of supply should be tested for quality before the pipeline
distribution system is filled with the working gas. These tests are to ensure that supply
source equipment (manifolds, compressors, VIEs, and the like) reach and maintain the
quality of the gases when delivering them to the pipeline systems.

14.62. When extending existing systems, supply sources will not typically be retested before being
used to fill the extension with the working gases unless an issue is reported during quality
control testing requiring further investigation.
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The Control of Substances Hazardous to Health (COSHH) Regulations requires oxygen,
carbon dioxide, nitrous oxide, and nitrous oxide/oxygen mixtures discharged during the
quality control test process be released to a safe place.

Medical gas identification, purity/ quality

The identity of the gas should be confirmed at all terminal units on an MGPS and confirmed
that this matches the source gas. This would include all new and existing terminal units,

whether in a new installation or a modification or extension, which may have been affected
by the work. The nominal gas concentration at specific terminal units is given in Table 14.1.

The identity of the gas should also be confirmed when testing source supplies - oxygen VIE
plants, oxygen generators, cylinder manifolds and medical/ surgical plant.

Note 76: When testing medical gas quality at medical/ surgical compressor plants, transient
increases in oxygen levels will be seen during dryer changeover. This is not a fail.

The composition of the specific medical gas should be positively identified and not inferred.
It should be demonstrated that the system under test is free from shield gas.

For oxygen and nitrous oxide/ oxygen systems, medical/ surgical systems, an oxygen
analyser should be used to ensure that the oxygen concentration complies with acceptance
criteria in Table 14.1.

For nitrous oxide systems, an instrument based on thermal conductivity, or an infrared
meter, should be used to check nitrous oxide concentration and compliance with
acceptance criteria.

Note 77: it may be useful to check absence of nitrous oxide in oxygen systems to provide
additional assurance of no pipeline crossover.

Medical carbon dioxide (MCD) is generally used for insufflation during laparoscopic surgery.
The pharmaceutical quality tests for MCD can be found in Table 14.1. Testing of MCD
systems is less common than most other medical gases (oxygen, medical air (MA), surgical
air (SA), nitrous oxide and the like) and due to the inhalation danger associated with the
gas, the system terminates with a NIST connection unit rather than a gas specific terminal
unit to prevent accidental connection. There are portable analysers’ available, using infrared
technology, which can provide an accurate identification of MCD. In the absence of a
portable carbon dioxide analyser, inferred identification can be performed using a
paramagnetic analyser.
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Note 78: the supply of other gases (for example, nitrous oxide) as part of the installation/
modification, which would also produce a similar inferred result, should be isolated to
provide assurance of no cross connections.

14.71. Equipment should not be left attached to the gas flow for sustained periods as parts of the
system can freeze over.

14.72. Multi gas analysers that measure carbon dioxide in parts per million (ppm) may not be
suitable to be left attached to the system as these can overload the sensors affecting their
reading and sensitivity, check with the equipment manufacturer prior to use. Other suitable
(portable) analysers or, in absence of these, suitable gas detection tubes can be employed.

14.73. The British Pharmacopeia (BP) also recommends MCD be tested for hydrogen sulphide of
<1 ppm volume per volume (v/v), there are suitable gas detection tubes available to allow
for this test to be carried out.

Particulate matter

14.74. All terminal units should be tested for particulate content using a 47mm diameter (0.45um)
filter. Testing should commence at terminal units located at the furthest points from the
AVSU.

14.75. MGPS should be free from particulate contamination, as they have been constructed using
chemically cleaned, capped components and joined in a controlled process using a shield
gas.

14.76. On-site contamination can occur from the ingress of building materials, dust, poor purging
techniques, poor welding techniques, and the like. The presence of such particles can
adversely affect the quality of the delivered gases. Therefore, tests to indicate their absence
are important.

14.77. New systems should be purged until the particulate filter is completely clear of visible
particles when viewed in a good light.

14.78. Older systems may exhibit particulates, even after considerable purging, as they can be
released or carried along by the gas stream after disruption of the system, reverse gas flow,
pressure waves down the pipe, or physical vibration. Again, the system should be purged to
remove particles.

14.79. Where it is evident that extended purging may not completely clear the system of
particulates, a decision to accept the level of contamination present, agree a cleansing
procedure or, in very exceptional circumstances, condemn the system should be made.
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14.80. When testing all medical gases (except surgical air and nitrous oxide/oxygen (50% volume
per volume (v/v)) mixture) with a membrane filter, a flow rate of not less than 150 litres/min
should be used for a period of 30 seconds (s).

14.81. The filter should be free from visible particles when viewed in good light.

14.82. When testing surgical air terminal units, a flow of not less than 350 litres/min for 30s should
be used.

14.83. When testing nitrous oxide/oxygen (50% v/v) mixture terminal units, a flow of not less than
275 litres/min for 30s should be used. Care is needed to ensure that the manifold regulators
do not freeze during particle testing.

14.84. When tests and/ or purging is carried out with the sources of supply serving an operational
healthcare facility, it is essential to ensure that the test flows used are not detrimental to the
continuity or adequacy of supply in operational areas. When a flow rate of 150 litres/min or
more may not be possible without compromising the healthcare facility system, a lower flow
rate should be used at the discretion of the QC (MGPS), but the time would be increased to
maintain the volume of gases tested.

14.85. Particle sampling should also be carried out on medical/ surgical air plant and oxygen
generators.

Oil
14.86. This test should be carried out at the plant test point of all newly installed medical/ surgical
compressed air plant and for all medical/ surgical compressed air plant on a quarterly basis.

14.87. When break-ins to a tested (and compliant) medical/ surgical air system have been
completed, repetition of this test will not normally be required, unless plant test history
dictates otherwise.

14.88. Work that may involve the contamination of compressor plant with oil will require a follow-up
oil test by the QC (MGPS).

14.89. Oil may be present as liquid, aerosol or vapour, and an appropriate test device should be
utilised to ascertain the levels present.

14.90. The total oil content should be in accordance with Table 14.1.

14.91. For new installations, it is advisable to carry out an oil test at a plant test point before any
pipeline system is supplied by that plant so as to prevent inadvertent contamination of the
distribution system.
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14.92. A representative 20% sample of terminal units on both new and modified medical
compressed air and oxygen concentrator systems supplied by compressor plant may be
checked at the discretion of the QC (MGPS).

14.93. Care should be taken in siting the test point to ensure a representative sample.
Water vapour

14.94. The most distant terminal units on each branch of an oxygen, medical/ surgical air, nitrous
oxide, or nitrous oxide/oxygen (50% v/v) mixture pipeline systems should be tested for
water vapour. In addition, a representative 20% of terminal units should be tested.

14.95. Water vapour content may be measured using the appropriate electronic test device.

14.96. 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.

14.97. When testing terminal units supplied via low pressure, flexible connecting assemblies, it is
often found that — on initial testing — moisture levels exceed the 0.05 milligrams per litre
(mg/L) limit; this is the result of desorption of minute quantities of moisture into the gas
stream.

14.98. This is particularly noticeable where the test flow is low and should not cause undue
concern. The QC (MGPS) should establish that the elevated readings at such terminal units
result from this effect and not water contamination of the pipeline. For example, the results
should be compared with the readings achieved at nearby terminal units supplied by copper
pipework.

14.99. The effects of flow rate through dryer units and sampling times on detection equipment
indications should also be considered when measuring water content.

14.100. The plant test point and a representative 20% sample of terminal units distributed
throughout the pipeline systems should be tested for total water content. The water content
should not exceed 67 volume per million (vpm) (equivalent to an atmospheric pressure dew
point of approximately —46°C). The typical water content of medical gas cylinders is
normally below 5 ppm v/v.

14.101. Failure to achieve the minimum dew-point standard will not be acceptable, in the event that
the plant does not reach the required dew point the system may require remedial actions
such as modification or desiccant replacement to be undertaken.
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Carbon monoxide

14.102. The most distant terminal units on each branch of an oxygen, medical/ surgical air, nitrous
oxide, or nitrous oxide/oxygen (50% v/v) mixture pipeline systems should be tested for
carbon monoxide. In addition, a representative 20% of terminal units should be tested.

14.103. The concentration of carbon monoxide should not exceed 5 ppm v/v.
Carbon dioxide

14.104. The most distant terminal units on each branch of an oxygen, medical/ surgical air, nitrous
oxide, or nitrous oxide/oxygen (50% v/v) mixture pipeline systems should be tested for
carbon dioxide. In addition, a representative 20% of terminal units should be tested.

14.105. The concentration of carbon dioxide should not exceed 500 ppm v/v in medical/ surgical/
dental air or 300 ppm v/v in oxygen, nitrous oxide, or nitrous oxide/oxygen (50% v/v)
mixture pipeline systems.

Note 79: Increasing or fluctuating carbon dioxide readings in air or PSA-generated oxygen
can be an early indication of dryer failure or poor compressor maintenance.

Sulphur dioxide

14.106. The most distant terminal units on each branch of a medical/ surgical air should be tested
for SO2. In addition, a representative 20% of terminal units should be tested.

14.107. The concentration should not exceed 1 ppm v/v.
Oxides of nitrogen (nitrous and nitrous oxide)

14.108. The most distant terminal units in medical/ surgical air pipeline systems supplied from a
compressor plant should be tested for oxides of nitrogen. In addition, a representative 20%
of terminal units should be tested.

14.109. The concentration should not exceed 2 ppm v/v.

14.110. When break-ins to a tested (and compliant) medical/surgical air system have been
completed, repetition of this test will not normally be required. This may be tested at the
discretion of the QC (MGPS) for example, if the quarterly compressor test programme has
been delayed.
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Nitrogen

14.111. Oxygen-free nitrogen (OFN) is used as the inert gas shield, and all terminal units of all gas
systems should be tested to ensure that the systems have been adequately purged.

Pipeline odour

14.112. An odour test is performed because it incorporates, qualitatively, many impurity checks, as
several contaminants are detectable by odour. This test is normally carried out as the final
test with the working gases, except for nitrous oxide, nitrous oxide/oxygen (50% v/v) mix
and carbon dioxide, which should not be inhaled.

14.113. In certain circumstances, it may be carried out as the first test after completion of
construction of the pipeline installation using medical air as the test gas. In such
circumstances, a pipeline odour/taste test can be carried out on nitrous oxide and nitrous
oxide/oxygen (50% v/v) mixture systems.

14.114. In addition to all new terminal units, a representative sample of terminal units on existing
parts of the systems should be checked.

14.115. Some low-pressure connecting assemblies may give off an odour although levels are well
below those considered harmful. If an odour is detected where flexible hoses are not
involved, the QC (MGPS) should perform additional analysis.

Line pressure

14.116. It may be necessary to repeat some of the systems performance tests such as line
pressure. The QC (MGPS) should verify, through testing, that the static pressure of the
system is maintained at the correct level. This is particularly important for medical/ surgical
air systems to ensure that the appropriate pressures are achieved for the specific gas
product.

Vacuum systems

14.117. The presence of suction should be demonstrated. Static and dynamic pressure should be
quantified using a pressure gauge. Static pressure should be greater than or equal to 400
millimetres of mercury (mmHg) (-0.533 bar) and dynamic pressure should be greater than
or equal to 300 mmHg (-0.4 bar).
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AGS disposal systems

14.118. British Standard (BS) EN ISO 7396-2 specifies the tests to be carried out on Anaesthetic
gas scavenging (AGS) disposal systems. The tests specified are designed to ensure
adequate performance and that the safety provisions of receiving systems will be met.

14.119. 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 AP (MGPS).

14.120. Where these systems are installed the QC (MGPS) is not required to test or witness these
systems routinely but the evidence of compliance of these systems should be presented to
the QC (MGPS) to ensure they have the confidence in the system.

14.121. AGS testing is not normally carried out by the QC (MGPS); the QC (MGPS) may undertake
testing at individual points if there are any reservations about the performance of the
system.

14.122. These will be recorded as per all quality control testing and presented as part of the main
report.

Reporting medical gas testing results

14.123. All test results must be recorded on medical gas report documents. The reports should:

1. record the location for example, healthcare facility and department of the quality control
test

date and time of the quality control test

the QC(s) (MGPS) in attendance

the AP (MGPS) in attendance

the CP (MGPS) in attendance

the MGPS contractor in attendance

tests and acceptance criteria for each medical gas

© N o g~ N

batch numbers and expiry dates of consumables should be recorded as appropriate for
example, calibration gases

9. serial numbers of equipment and calibration certificates
10. QC (MGPS) registration certificate

14.124. Results should be recorded individually as numerical values for each terminal unit/ test
point (except for particles/ polytest which should be recorded as a ‘Pass’ or ‘Fail’ as
appropriate).
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14.125. Any damage to terminal units should be recorded.
14.126. Action taken in response to non-compliant results should be recorded.

14.127. Section 4 of the permit-to-work/ relevant form (see Appendix A should be signed and dated.
Requirements before an MGPS is taken into use

14.128. Before a system is used, the appropriate persons should certify in writing that the tests and
procedures have been completed, and that all systems comply with the requirements.

14.129. All reports and certification must be compiled and examined for deficiencies, relevant form
(see Appendix A ) completed and a full handover to the clinical team undertaken.

Removal of warning notices

14.130. When all tests have been completed satisfactorily by the QC (MGPS), the Prohibition or
‘danger do not use’ labels or tamperproof terminal unit blank plugs should be removed from
terminal units on the authority of, or by, the AP (MGPS). This should be recorded on the
permit-to-work. This should be recorded on the relevant form (see Appendix A and the
permit-to-work if applicable.
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Table 14.1 - Ph. Eur. quality specifications for medical gases

Medical gas Medical gas Particles Carbon Carbon Sulphur Oxides Water Oil Odour Polytest
and source identification monoxide dioxide dioxide of vapour (optional)
and nitrogen

concentration

Oxygen (bulk  Oxygen 299.5% Free from <5 <300 N/A N/A o <67 N/A No odour  No
liquid or visible milligrams  ppm v/v vpm discolouration
cylinders) particles per cubic e <0.05

metre

(mg/m?) mg/L

e dryer
than -
46°C
dew
point

e <5ppm v/v

Oxygen (PSA  Oxygen 294.0% Free from e<5mg/m3 <300 <2ppm  <2ppmyV/v e <67 <0.1  Noodour No
plant) visible o <5ppm viy  PPMVNV VIV vpm mg/m?3 discolouration
particles e <0.05
mg/L
e dryer
than -
46°C
dew
point
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Oxygen
(concentrator)

Nitrous oxide
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Medical gas
identification
and
concentration

Oxygen 294.0%

e nitrous oxide
298.0%

¢ (-0.2% oxygen
analyser)

Particles

Free from
visible
particles

Free from
visible
particles

Carbon Carbon
monoxide dioxide
e<5mg/m* <300
o <5 ppm ppm v/v
viv
e<5mg/m® <300
o <5 ppm ppm v/v
viv
V2
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Sulphur Oxides

dioxide of
nitrogen

N/A N/A

N/A <2 ppm
viv

Water
vapour

o <67
vpm

e <0.05
mg/L

e dryer
than -
46°C
dew
point

o <67
vpm

e <0.05
mg/|

e dryer
than -
46°c
dew
point

Oil

N/A

N/A

Odour

No odour

Safety -
not
performed

Polytest
(optional)

No
discolouration

No
discolouration
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Medical gas
and source

Nitrous oxide/
oxygen (50%
v/v) mixture

Medical air

August 2026

Medical gas
identification
and
concentration

e oxygen
e 50.0% +/- 2%
e nitrous oxide

®50% +/- 2%

Oxygen 20.9%
+/- 0.5%

Particles

Free from
visible
particles

Free from
visible
particles

Carbon Carbon
monoxide dioxide

e<5mg/m* <300
o <5 ppm ppm v/v

viv

e<5mg/m3 e <900

3
e <5 ppm mg/m
viv e <500
ppm
v/iv
V2

Sulphur

dioxide

N/A

<1 ppm
viv

Oxides
of
nitrogen

<2 ppm
viv

<2 ppm
viv

Water
vapour

o <67
vpm

e <0.05
mg/|

e dryer
than -
46°c
dew
point

o <67
vpm

e <0.05
mg/L

e dryer
than -
46°C
dew
point

Oil

N/A

<0.1
mg/m?3

Odour Polytest

(optional)
Safety - No
not discolouration

performed

No odour No
discolouration
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Medical gas Medical gas

and source identification
and
concentration

Surgical air Oxygen 20.9%
+/- 0.5%

Dental air Oxygen 20.9%
+/- 0.5%

August 2026

Particles

Free from
visible
particles

Free from
visible
particles

Carbon Carbon
monoxide dioxide

e<5mg/m3 e <900

3
e <5 ppm T
viv e <500
ppm
viv

e<5mg/m3 e <900

3
e <5 ppm mg/m
viv e <500
ppm
viv
V2

Sulphur

dioxide

<1 ppm
viv

<1 ppm
viv

Oxides
of
nitrogen

<2 ppm
viv

<2 ppm
viv

Water
vapour

o <67
vpm

e <0.05
mg/L

e dryer
than -
46°C
dew
point

e <1020
vpm

e <0.78
mg/L

e dryer
than -
20°C
dew
point

Oil Odour

<0.1 No odour

mg/m?3

<01 No odour
mg/m?3

Polytest
(optional)

No
discolouration

No
discolouration
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Synthetic air

Vacuum

August 2026

Medical gas
identification
and
concentration

95 -105% of
nominal value of
21.0% to 22.5%
oxygen

e suction
present

e pressure
gauge limits

e static >400
mmHg (0.53
bar)

e dynamic >300
mmHg (0.4
bar)

Particles Carbon
monoxide

Free from <5 mg/m3

ViSibIe ° 55 ppm

particles VIV

N/A N/A

Carbon
dioxide

<300
ppm v/v

N/A

V2
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Sulphur
dioxide

N/A

N/A

Oxides
of
nitrogen

N/A

N/A

Water Oil
vapour

o <67
vpm

e <0.05
mg/L

N/A

e dryer
than

46°C
dew
point

N/A N/A

Odour Polytest

(optional)

No odour No
discolouration

N/A N/A
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Appendix A Testing, commissioning, and
filling for use
A1 This appendix lists the forms that are to be completed during testing and commissioning of

piped medical gases systems. Exemplar forms are available to download on the NHS
National Services Scotland (NSS) website.

Table A.1 - Medical gas pipeline system (MGPS) carcass tests

Test Form
Labelling and marking A2
Sleeving and supports A2
Leakage test A2

Table A.2 - Systems tests

Test Form
Pipeline pressure test A3
Vacuum leakage test A3
Area valve service unit (AVS) - zoning, closure and non- A4

interchangeable screw thread (NIST) tests

Line valve assembly and line valve - zoning, closure and NIST A5
tests

Pendant/ miscellaneous NIST connectors - specificity and function A6
tests

Terminal unit schedule, cross-connection and gas specificity tests = A7

Terminal unit functional tests A8
Plant performance, operation and siting - liquid oxygen (LOX) A9
systems

Plant performance, operation and siting - medical gas manifold A10
systems

Plant performance, operation and siting - medical air/ surgical air A11

plant
Plant performance, operation and siting - synthetic air systems A12
Plant performance, operation and siting - medical vacuum (MV) A13
plant
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Test Form
Area alarm panel test A14
Central alarm panel test A15
Particulate matter tests A16
Anaesthetic gas scavenging system (AGSS) tests A17
As installed drawings (withdrawn) A18
Purging and filling A19
Medical gas identification tests A20
Medical gas quality tests A21
MGPS - completion certificate A22
MGPS minor works design review and as-installed information A23
record
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Appendix B Gas pressure variation with
temperature

General

B.1 Tests are specified for leakage of the pipeline carcass and the pipeline systems. During
these tests, pressure changes may occur that are caused by temperature changes rather
than leakage.

B.2 Pressure changes due to temperature difference may be calculated according to the Gas
Laws (see the ‘Glossary’ in Part B).

B.3 It is assumed that the temperature in the pipeline is uniform in all branches. If substantial
runs are external, an average temperature should be chosen.

Calculation

B.4 The change in gas pressure with temperature is as follows:
P1/T1 =P2/T2

where:

P1 = the initial absolute pressure of a fixed volume of gas
P2 = the final absolute pressure of a fixed volume of gas
T1 = the initial absolute temperature

T2 = the final absolute temperature

therefore:

P2 =(P1xT2)/T1. (1)
B.5 Care must be taken to express pressure and temperature in absolute values.

B.6 Pressure is normally expressed in ‘gauge’ pressure: Absolute pressure = gauge pressure +
atmospheric pressure.

B.7 Temperature is normally expressed in K.
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Examples

The carcass of a surgical air pipeline is tested for leakage at a working pressure of 13.5 bar.
The temperature is 13°C at the beginning of the test and 17°C at the end of the test:

P1=13.5+1.0=14.5 bar
T1=273+13=286K
T2=273+17 =290 K.
therefore, using Equation (1):
P2 = (14.5 x 290)/286

= 14.7 bar (absolute pressure)

= 13.7 bar (gauge pressure)

That is, gauge pressure should read 13.7 bar at the end of the test, assuming that no
leakage has occurred.
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Appendix C Pressure conversion chart

C.1 Conversion factors for units of pressure:

Figure C.1 - Pressure conversion chart

Pressure Multiply units in left column by factor below
kPa (Ib/in? |Ib/ft? |Intatm |kg/cem? |mmHg@|InHg @ | ftwater @

0°C 0°C 4°C

1 pound/inZ (pound per square 6.895 1 144 0.0682 0.0703 51.713 2.0359 2.307

inch (Ib/ in2))

1 pound/ftZ (pound per square 0.048 |0.00694 |1 0.0005 0.00052 0.3591 0.01414 0.01602

foot (Ib/ft2))

1 int atmosphere (standard 101.3 14.696 2116.2 1 1.0333 760 2992 33.9

atmospheric pressure)

1 kilogram/cmz (kilogram per 98.07 |14.223 |2048.1 0.9678 1 735.56 28.958 32.81

square centimetre (kg/cm?))

1 mmHg (millimetre of mercury (1 | 0.133 | 0.0193 2.785 0.0013 0.00136 1 0.0394 0.0446

torr))

1in Hg (inch of mercury (In Hg)) |3.3867 |[0.4912 |70.73 0.0334 0.0345 25.400 1 1.133

1 ft water (foot of water (ft water)) | 2.984 | 0.4335 62.42 0.0295 0.0305 22.418 0.8826 1

1 kilopascal (kPa) 1 0.145 2092 0.0099 0.0102 7.919 0.295 0.3346
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Appendix D Annual audit aide memoire and
associated risk assessments for cryogenic
liquid oxygen supply system

General

Information given in this appendix can be used to determine the need for a particular
capacity or type of supply system. Many of the factors described will also apply to planning
an upgrade to an installation by way of increase in system size or a change of system type.

Some factors that should be considered are outlined below.

Delivery frequency

Does current delivery frequency cause logistical problems for the supplier/ your site?
Review original risk assessment (assessment considerations as per paragraph D.27 of this
appendix).

Calculating consumption

Use pharmacy records for cylinder/ liquid consumption. Look for peaks in demand, for
example winter influenza epidemics, COVID-19, and the like. Review original risk
assessment (assessment considerations as per paragraph D.27 of this appendix).

When average and peak flow rates are known, calculate the required size of the emergency
supply. Review original risk assessment (assessment considerations as per paragraph D.29
of this appendix).

Age of current system

The secondary supply of older vacuum insulated evaporator (VIE) systems will be a
compressed gas cylinder manifold, which may have limited capacity. Consideration should
be given to either a single VIE plus fully automatic manifold or, preferably, a dual VIE
system.

Siting of system and the site survey

Considerations for the siting of the system and the site survey:

1. what planning restrictions apply (vessel size, noise, and the like)?

2. what are convenient locations for cylinder/ liquid delivery?

3. advantages of separating primary and secondary supplies if space is available
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will other facilities be lost/ reduced, for example car-parking space?

5. it will be less economical in terms of delivery charges and unit gas costs to deliver large
loads (for example 20 tons) using rigid vehicles (maximum 12 tons). Articulated vehicles
will deliver the largest loads but may require roadway/access modifications

6. cranage access for vessels

7. when choosing liquid cylinder systems, will adequate ventilation be available?

8. emergency supply location

9. pipeline protection and possible need for dual feeds

10. pipeline extension into other sites if applicable, for example two hospitals supplied from
the same VIE system. There are possible insurance issues with this arrangement

11. modifications to the alarm system may have to be made

12. alarm panel + telemetry in waterproof enclosures

13. are alarms compatible with the existing system?

14. alarm arrangement for dual (but separate) tank installations

15. cable ducts and trays: examine routes

16. possible need to move gates/ fences to install new pipework

17. clearance of trees/ building

18. sealing windows of adjacent buildings

19. position of frame for valve tree (fix to fence for rigidity?)

20. position of emergency gate

21. position of fill couplings must allow driver to see tank gauges

22. cabling and alarm routes for the emergency supply manifold (Emergency Reserve
Manifold (ERM))

23. availability and presentation of alarms for ERM

24. power and lighting during work

25. drainage — catch pits, diversions, pad resizing

Costs

Make sure all costs are allowed for, for example:

o gk owobd-=

site inspection

cost of continuing delivery using rigid and non-articulated vehicles
gas charge/ hundred cubic metres and any inflation likely

facility charges (rental)

delivery charge for equipment

loan charges and changes in interest rate on any loan if the installer funds any part of
the installation

August 2026 V2 Page 274 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

road/ compound loans will be seen as 'x’ £ added to gas price over ‘y’ years
climate change levy
professional fees (consultancy)

10. planning permission

11. Building Regulations clearance

12. all civil engineering work

13. quoted price for gas/ facilities/ delivery charges may be dependent on payment by
direct debit

14. introduction/ modification and maintenance of services, for example lighting, power
supplies, drainage

15. engineering and pharmaceutical testing

16. additional emergency provision and any associated cylinder charges
17. modifications to alarm and telephone systems

18. security

19. charges for ERM cylinders during installation (may have to be charged and then
recovered)

20. cranage charges

21. contingency of typically 10%

22. what, if any, commitment is required by the gas company?
23. how will gas prices vary during this period?

24. is there any agreement to provide, for example, modified roadway facilities if rigid
vehicular deliveries are too frequent to be convenient to supplier? Or if such roadway
modifications take place within a defined timescale, new rates and the like may need to
be negotiated

25. check defects liability (usually 12 months)

Emergency provision

D.9 Considerations for emergency provisions:
A. examine the vulnerability of current system and main feeds to hospital

B. consider minimum size of manifold plus cylinder storage to meet four-hour supply
requirement. Is a second VIE a better option?

C. operational requirements of ERM

o

protection/ housing/ security of ERM
E. alarm/ monitoring systems and power supplies for ERM and its accommodation
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System shutdown during installation

Considerations for system shutdown during installation:

A. often it will be necessary to interrupt site supplies during connection of new plant. How
will this be managed?

B. disruption of two hospitals simultaneously if plant to be upgraded is supplying both sites

C. examine planned plant and pipework systems carefully to ascertain the best way of
minimising downtime and facilitating engineering and pharmaceutical testing

D. while installing, fit extra valves to allow for future expansion and emergency supply
manifolds to protect vulnerable parts of the system

E. fit non-interchangeable screw thread (NIST) fittings wherever this will facilitate system
purging

F. fit test points/ emergency inlet ports as recommended in this guidance or investigate
any requirement for additional (local) manifolds to support high-dependency areas

Paperwork

The following paperwork should be included and provided during and on completion of the
installation:

1.
2.
3.

© 0o N O

site survey details
register of contractors with contact names/ telephone numbers
keep a record of all dates, for example:
i. tender invitation
ii. tender open
iii. tender close
iv. award and regret letters to tenderers
copies of all letters to/ from contractors

electrical installation certificate in accordance with the current edition of British Standard
(BS) 7671 ‘Requirements for Electrical Installations’

validation and verification results (engineering and pharmaceutical)
health and safety policies of contractors

method statements from contractors

insurance agreement with gas supplier for VIE system(s)

10. medical gas pipeline system (MGPS) operational policy protocols
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Health and safety

D.12 Health and safety considerations:

A. health and safety policy (contractors and their employees, and subcontractors and their
employees, must comply when employed by the trust and working on trust properties)

B. inform contractors of specific site hazards

C. hazard notices on site and on final installation

D. lighting during installation and for completed compound
E. road markings and signage

Preparation

D.13 Considerations for the preparation of the site and the installation of the system:

A. carefully plan phasing of building work to maximise efficiency of installation programme.
(Remember concrete plinths will take three days to harden before vessels can be sited)

B. plan phasing of engineering and quality control testing to avoid wasting the time of
Authorised Person (MGPS) (AP (MGPS))/ Quality Controller (MGPS) (QC (MGPS))

C. consider methods of maintaining supplies during essential shutdowns. Cylinder supplies
may be needed during commissioning. Gas supplier may be able to arrange multi-
cylinder pallets

D. road base preparation, if required, must be completed in an early phase of the work to
allow necessary access for cranes and, eventually, delivery vehicles

road surfacing/ kerbing/ drainage/ lighting
retaining walls around compound if required, for example on sloping sites
maintaining rights of way

T @ mm

oxygen compound civil engineering work

if you are changing supplier, your original supplier will need to remove old equipment
before plinth can be extended to fit new vessels

electrics for alarms, tank, lighting and, possibly, vehicle pump
floodlighting and telephone line
plan vehicular parking during (and after) work

=rxe«

. the old plinth may require skimming to provide a reasonable surface
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Installation

D.14 Installation requirements:

A. if an ERM (as a third means of supply) is installed first, this can be used to supply the
hospital system during vessel replacement

B. decide who arranges emergency cylinder supplies for ERM. When plinth extensions are
required, specify oxygen-compatible sealant for gaps between old and new plinth
sections

C. remember to post health and safety notices during the work

D. alarm systems will not be fully functional until system is fully commissioned. Therefore,
all staff must be kept aware of the different alarm situation

concrete will need two to three days to harden on any pad extension

F. the first vessel filling is a very noisy procedure with much vapour and can take several
hours (consider restrictions)

G. concrete sample testing will be required during new plinth construction
H. use temporary steel sheeting to support a new vessel on tarmac alongside the plinth
I. access for cranage must be kept open (car parking control)

J. drainage (may have to move existing drains/ soakaways and create new pipe runs;
remember oxygen separation distances)

K. road markings and signage

L. possible new kerbs/ footpaths

M. electrical supplies: single phase can be used for lighting, alarms and the like but a
three-phase 60A supply will be needed for delivery vehicle pump if appropriate

N. earth bonding/ lightning protection for fences

O. alarm interface/ telemetry boxes at an appropriate height for viewing

P. lagging of liquid lines

Q. if using 200 bar unregulated cylinders for supply during installation or on ERM, take

care that they are not mixed up with 137 bar cylinders

R. proximity of flammables and vital services during installation - vulnerability to
mechanical damage (cutting discs, and the like), welding and cutting flames/ sparks

S. power and lighting supplies during work
T. water supply (washing and concrete) during work

Follow-up

D.15 Points to be considered to review on completion of the installation:
A. routine maintenance and monitoring of complete installation
B. cylinder changes and stock management for ERM
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C. establish system management arrangements for vessels supplying more than one site
(see Appendix G of Part B)

D. update MGPS operational policy and any relevant insurance policies

Determining system size through risk assessment

Introduction

This section addresses the risk factors associated with the supply of oxygen on a hospital
site and, with the aid of defined risk criteria, offers guidance on the sizing of VIE, liquid
cylinder and compressed gas cylinder manifold installations for any specified location.

The risk assessment should take cognisance of all issues concerning the safety and
continuity of the medical oxygen supply. It is suggested that identified risk factors and
criteria be evaluated using both qualitative and quantitative measures, and that all results
be recorded in a logical manner that will support the decisions being made. The record of
the risk assessment will also act as a reference document when the system is reviewed.

Additional local factors and requirements identified during the informed design process
(IDP) (see Chapter 1) will also need to be considered when carrying out the risk
assessment to take account of site-specific issues concerning how the product is stored,
distributed, and used.

Any risk control procedures identified by the risk assessment process which are designed to
minimise any identified risks must be recorded and incorporated into the relevant hospital
standard operating procedures (SOPs) or work instructions (WIs).

When sizing the vessels and cylinder manifolds to provide adequate storage of medical
oxygen on site, the stock should be distributed between the three sources of supply as
defined in BS EN 1SO 7396-1 that is, the medical oxygen supply system should normally
consist of:

A. a primary supply
B. a secondary supply
C. emergency third or reserve supply

The capacity of the primary and secondary supply system will consist of:
1. operational stock
2. reserve stock
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D.22 The operational stock is the volume of product that the gas supplier uses to manage
deliveries to the hospital, and its exhaustion signals the point at which the vessel should be
refilled under normal conditions.

D.23 The reserve stock is the volume of product that is used to provide additional stock, to take
account of fluctuations in demand, or when the supplier fails to make a scheduled delivery.

D.24 The system should be designed so that the primary and secondary supply system stocks
are kept separate from each other. Under no circumstances can the primary supply system
operational stock be stored in the secondary supply system vessel.

D.25 Where it is not possible to install a single large VIE vessel for the primary supply (such as
where planning permission restrictions prevent the use of a single large vessel), it may be
appropriate to hold all or some of the primary supply system reserve stock in the secondary
supply vessel. This would need careful consideration and option evaluation within the IDP in
respect of BS EN International Standard (ISO) 7396-1 as this would not meet the supply
criteria for single fault condition and may be better answered with a split or alternative
supply source/ system. If unavoidable, under these circumstances the primary supply
vessel should retain a minimum level when changing over to the secondary supply system.
The volume retained in the primary supply vessel should equate to the secondary supply
system reserve stock. This should provide adequate stock on site to enable the gas supplier
to resupply product to the primary vessel in the event of failure of the secondary supply.
This level should be determined by the risk assessment process but should be at least one
day’s usable stock.

Review of risk assessment

D.26 The documented risk assessment should be reviewed after the installation is complete,
prior to commissioning, to assess whether any parameters or circumstances have changed
since the initial assessment. The risk assessment must also be reviewed at least annually
(or when there is any significant change to the medical oxygen supply system or usage
pattern) to ensure that the details are current. At this review, all changes should be
considered that might impact the safety of the system or the security of supply.

Sizing plant - general

VIE installations

D.27 The operational and reserve stock for each supply system should normally be held in the
same vessel. Where planning restrictions prevent the use of a single large vessel on site, it
may be appropriate to utilise multiple vessels to provide adequate stocks on site.
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When sizing VIE systems for the primary or secondary supply, the vessel size will be
determined by adding the operational and reserve stock together and allowing for the level
of unusable stock left in the vessel when the designed flow rate cannot be maintained.

Liquid cylinder installations

For liquid cylinder installations, the primary system should be made up of a number of liquid
cylinders connected together by a manifold. The secondary system will comprise an
automatic compressed gas cylinder manifold system.

Each liquid cylinder will have a maximum design flow rate for continuous use. The number
of liquid cylinders required for an installation may be governed by either the maximum
storage capacity required on site or the flow rate required to meet the hospital’s maximum
demand.

When determining the number and size of liquid cylinders required for either a primary or a
secondary supply to a VIE, an allowance has to be made for the unusable capacity of each
cylinder when connected to the manifold system.

Compressed gas cylinder manifold systems

Where the hospital does not warrant a liquid oxygen (LOX) system, an automatic cylinder
manifold should be considered. This should be sited to facilitate future extension of the
manifold banks.

The reserve supply will normally comprise a manually operated manifold system, connected
such that it will come on line automatically (via a non-return valve) in the event of failure of
the primary and secondary supply.

For sizing compressed gas cylinder systems, the size of the manifold will normally be
determined by the ability of the hospital to provide adequately trained staff to change over
cylinders quickly enough to meet the demand.

The risk assessment process

Risk assessment for management responsibilities

The risk assessment criteria, when considering management responsibilities for the medical
LOX system, need to include the following:

A. the need to document and agree responsibilities for the monitoring of the medical LOX
VIE, and the need to establish a back-up procedure with the gas supplier to ensure that
adequate stocks will be maintained in the event of a failure of the fitted telemetry
system
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B. the hospital should set up procedures to ensure that the VIE system is monitored at
regular intervals for any deviation from normal operation (such as safety valves lifting,
major leaks, or failure of either the telemetry or alarm system)

C. the implications of any decisions to not fit telemetry or to utilise a vessel, or vessels,
that do not provide adequate operational and reserve stocks. These decisions should
be taken at an appropriate level of management, should be documented, and their
implications should be considered as part of the risk assessment

D. consideration of the resources needed to maintain adequate supplies of medical
oxygen either under normal, or emergency, conditions. When evaluating these
requirements, consideration should be given to the risks that the healthcare
organisation would face in the event of supply failure causing disruption of clinical
services

E. consideration of the operational management consequences of using different suppliers
to supply medical oxygen to different supply systems supporting the same pipeline
installation. Any contracts involving different suppliers should clearly state the
obligations and limitations of liabilities

D.36 Where manifolds are used, adequately trained staff should be available, whenever required,
to ensure continuity of supply. Consideration also needs to be given to the manual handling
issues concerned with changing cylinders on the manifold and arrangements to store
adequate stocks to meet demands.

D.37 Consideration needs to be given to the type of clinical activities carried out in each area of
the hospital and the ability to provide emergency back-up to individual areas used for critical
care, or within high dependency units (HDUs).

Initial risk assessment for siting of plant

D.38 The initial risk assessment should consider the requirements to ensure a continuous supply
of medical gas to the patient.

D.39 The initial risk assessment criteria related to the complete installation should include:

A. the size and location of each source of supply (for example the volume held as
operational and reserve stock for each source of supply, located on one site or two
independent sites)

B. the associated risks with siting tanks at either the same or separate locations (for
example physical space availability, accessibility for delivery and maintenance
requirements, accessibility to the pipeline system [to tie-in points and the like], alarm
systems and cabling, pipeline routing, and protection)

C. the need to site the reserve sources of supply local to the point of use to protect against
pipeline failure where high-dependency patients are located
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safety requirements for the storage of oxygen on site, including compliance with the
safety distances specified in British Compressed Gases Association (BCGA) Code of
Practice (CP) 19

the location and extent of the medical oxygen pipeline system

the vulnerability of the hospital pipeline to mechanical damage and whether
underground sections of the pipeline system comply with the requirements of this
Scottish Health Technical Memorandum (SHTM) and whether the pipeline is capable of
being inspected throughout its entire length or pressure tested (whilst maintaining the
supply), or otherwise can be tested

the space available for the LOX installation, or cylinder manifold, and the available
access for the delivery vehicle

the vulnerability of the site to external damage
the possibility of interference with the supply system or other security issues

Risk assessment for sizing of operational stock

The risk assessment criteria for the sizing of the operational stock should include:

A.

B.

C.

the average daily demand at the end of the contract period. Any changes to the
predicted growth of demand will need to be considered, and changes made to the
vessel size or delivery frequency at the appropriate time within the contract period. It
may be beneficial to set a daily demand rate at which changes to vessel size or delivery
frequency will be considered

a review of vehicular access to the VIE, timing of the deliveries, any restrictions due to
local planning requirements, and the effect of these factors on the delivery frequency

an environmental impact assessment

Risk assessment for sizing of reserve stock

The risk assessment criteria for the sizing of the reserve stock should include:

A.

the average daily demand at the end of the contract period. Any changes to the
predicted growth of demand will need to be considered, and changes made to the
vessel size or delivery frequency at the appropriate time within the contract period. It
may be beneficial to set a daily demand rate at which changes to vessel size or delivery
frequency will be considered

the delivery frequency guaranteed by the gas supplier that can be provided at short
notice should the primary supply system fail

the minimum response time from when the primary supply system fails to when the
delivery vehicle could be on site to refill the secondary supply VIE, or to provide
replacement compressed gas cylinders for the manifold
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Risk assessment for the provision of emergency supply
systems

D.42 The risk assessment criteria concerning emergency supply systems should include:

A. the need for installation of independent emergency supplies to zones on the medical
gas pipeline supplying critical care areas, wards, or departments that are remote or
vulnerable to interruption

B. the positioning of the manifold to ensure ease of changeover of cylinders with respect to
access and manual handling issues

C. the storage of cylinders associated with the emergency manifold to ensure compliance
with the appropriate codes of practice and local hospital requirements

D. training requirements for both the relevant clinical and operational staff to ensure
correct operation of the emergency supply system

Stock calculations

Calculation of operational stock for primary and secondary
supplies

D.43 The capacity of the operational stock of primary and secondary supply systems should be
agreed with the gas supplier and based on the following parameters:

A. the current average medical oxygen daily demand, plus any natural growth over the
contract period

B. any additional planned growth (above any natural growth) in the usage pattern within
the contract period

C. the agreed delivery frequency

D.44 The current average daily demand can be calculated by dividing the current annual
consumption by 365 days.

D.45 The operational stock should be based on an average daily demand predicted for the end of
the contract period calculated by:

e average daily demand = Current daily demand + Planned growth + Natural growth

D.46 The operational stock is calculated as:

e operational stock = Average daily demand x Agreed delivery period
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D.47 If there is significant growth in average daily demand within the contract period, either the
vessel should be resized, or the agreed delivery frequency should be reviewed to reduce
the delivery period and maintain the operational stock level.

D.48 The delivery period for the primary supply will be based on the gas supplier's normal
delivery frequency.

D.49 The delivery period for the secondary supply will be based on emergency conditions when
the primary supply is not available. Under these circumstances, special delivery response
times must be agreed with the gas supplier.

D.50 The supply agreement should commit the supplier to manage the operational stock, based
on an agreed delivery frequency and the minimum stock level to be maintained in the
vessel.

Calculation of primary reserve stock

D.51 Table D.1 provides a matrix for the calculation of primary reserve stock based upon
distance from gas supplier and fitting of telemetry.

Table D.1 - Requirement for remote indication for stock levels

Kilometres from gas supply No telemetry Telemetry fitted
depot (no of days’ stock) (no of days’ stock)
Up to 75 5 3

75-150 6 4

150-300 7 5

Over 300 8 6

Calculation of secondary reserve stock

D.52 The minimum level for reserve stock for the secondary supply should allow for
circumstances in which the primary supply system is not available for use.

D.53 This secondary supply system reserve stock level will be dependent on:
A. the proximity of the supplier’s distribution depot

B. the response time that the gas supplier needs to make a delivery under these
conditions

C. the delivery frequency that can be sustained under the conditions when the primary
supply is unavailable for use
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Calculation of capacity of emergency supply systems (VIE and
cylinder manifolds)

D.54 Where an existing hospital VIE acts as an emergency third source of supply to a new
hospital installation, the minimum supply available to both hospitals should be in
accordance with the suggested stock levels detailed in Table D.1. The number of cylinders
stored locally to the emergency supply system manifold and the number of connections on
the manifold(s) should be determined by risk assessment.

D.55 When determining these requirements, the risk assessment needs to consider:

A. the maximum demand from the high dependency patients who may be supplied from
the pipeline zone that the emergency supply system protects

B. the maximum duration for which the emergency state is likely to last
C. the proximity of the supplier of the compressed cylinders to the hospital
D. the ability of the hospital to connect cylinders to the manifold

D.56 Consideration needs to be given to the logistics of storing and handling the number of
cylinders needed to provide adequate supplies until the primary/ secondary supply systems
or the hospital pipeline can be re-established.
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Appendix E Signage requirements

E.A The signage requirements for medical gas pipeline systems (MGPS) and plant rooms are
described in this appendix.

Table E.1 - General plant room signage

Wording Notes
Medical Gas Plant Room — ‘No Unauthorised Entry’ Adjacent to or on external door
Fire action « on door/ wall

e external or internal

Keep locked On door(s)
o Noise Hazard (+ ear defender symbol) g\djacent to, or on, external
oor

e Electric shock hazard

e Permit-to-work must be used

Plant is connected to safety power supply Electrical switchgear/ switches
should be labelled

‘Danger 400 Volts’ On plant/ switchgear

‘Danger 240 Volts’ On plant/ switchgear

 ‘Danger rotating machines’ Posted adjacent to plant

e ‘Warning: These machines stop and start
automatically without warning’

e ‘Guards must be in position’

e ‘Do not isolate without a Permit’

Biological symbol e vacuum filters and
exhausts

e anaesthetic gas scavenging
system (AGSS) units/
exhausts/ drain flasks

Medical air intake Do not obstruct On external intakes only
Emergency telephone numbers: External wall

e Gas Supplier
o Estates

e Pharmacy

e Porters
Health and Safety Law Internal wall
First aid Internal wall
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Note 80: Other MGPS signage considerations:

a. a ‘Bacteria filter change procedure’ sign is not commercially available, a bespoke one
would have to be produced

b. a ‘Danger medical gas/ vac/ AGSS exhaust’ sign is not commercially available but a
‘Danger explosive gases, no smoking, no naked lights’ is and would suffice

c. a ‘Danger 400/240 Volts’, ‘Warning: These machines stop and start automatically/
without warning’ and ‘Biohazard’ labels would need to be added to AGSS plant remote from
main plantroom, plus any relevant plantroom notices

Table E.2 - Manifold room signage

Wording Notes

Medical gases manifold room — No Unauthorised Adjacent to or on external door

entry

No parking Adjacent to or on external door

Approved personal protective equipment must be Adjacent to or on external door

worn

Fire action Internal/ external wall

Cylinder status tag On manifold cylinders

Valve open On line valves/ emergency reserve
manifolds (ERM) cylinders

Valve closed On line valves/ ERM cylinders

Make sure cylinders are secure at all times Internal, near cylinders

Danger No smoking External (on door or wall)

Danger compressed gas External (on door or wall)

Warning oxidizing agent External (on door or wall)

Danger oxygen External (on door or wall)

Emergency telephone numbers: External (on door or wall)

e Gas Supplier
o Estates
e Pharmacy

e Porters

Keep locked On door

August 2026 V2 Page 288 of 336



SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Note 81: Also required:

a. cylinder ID charts, manifold cylinder change procedure, emergency manifold operating

procedure

b. check with the healthcare organisations Fire Safety Advisor for any local fire service
requirements for fitting ‘HAZCHEM'’ signs for example, ‘HAZCHEM 2SE Cylinders’

Table E.3 - Main cylinder store signage requirements

Wording

Medical gases cylinder store - No Unauthorised

Entry
No parking
Keep loading bay/ doors clear

Approved personal protective equipment must be

worn

Make sure cylinders are secure at all times

Fire action

Full cylinders

Empty cylinders

Emergency exit keep clear
Danger No smoking

Danger compressed gas
Warning oxidizing agent
Danger oxygen

Emergency telephone numbers:

e Gas Supplier
o Estates

e Pharmacy

e Porters

Keep locked
Push bar to open

August 2026 V2

Notes
Adjacent to or on external door

Adjacent to or on external door
Adjacent to or on external door
Adjacent to or on external door

Adjacent to cylinders
Internal/ external wall

On bays

On bays

May be already fitted

On door

On door

External (on door or wall)
External (on door or wall)
External wall

On door
Emergency exit and main door(s)
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Note 82: Notes applicable to Table E.3:

a. ‘Danger liquid nitrogen’ sign is available for a separate liquid nitrogen store (see British
Compressed Gases Association (BCGA) Code of Practice (CP) 30)

b. cylinder ID chart(s) to be posted

c. check with the healthcare organisations Fire Safety Advisor and any fire service
requirements for fitting ‘HAZCHEM'’ signs for example, ‘HAZCHEM 2SE Cylinders’

Table E.4 - Ready-to-use cylinder stores signage requirements

Wording Note

Medical gases cylinder store - No Unauthorised  Adjacent to or on external door
Entry

Make sure cylinders are secure at all times Adjacent to cylinders
Emergency telephone numbers: External wall

e Gas Supplier

o Estates

e Pharmacy

e Porters

Danger No smoking On door

Danger compressed gas On door

Fire action Internal/ external wall

Note 83: Cylinder identification chart(s) and cylinder change procedure(s) should be fitted.

A check should be made with the healthcare organisations Fire Safety Advisor for any local
fire service requirements for the requirement for ‘ HAZCHEM’ signs, for example,
‘HAZCHEM 2SE Cylinders’.
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Table E.5 - Ward cylinder parking bay signage requirements

Wording
Medical gas cylinder parking area

Emergency telephone numbers:
e Gas Supplier

e Estates

e Pharmacy

e Porters

Gas leak action

Notes

Defines cylinder parking as per Scottish
Health Technical Memorandum (SHTM)
02-01

External wall

At nurses’ station

Note 84: Cylinder identification chart(s) and cylinder change procedure(s) should be fitted.
The healthcare organisation/ facility operational policy may require the posting of area valve
service unit (AVSU) emergency operation and MGPS alarm responses.

Table E.6 - Medical equipment workshop (electronic and biomedical equipment (EBME))

work area signage

Wording
Maintenance in progress

Medical gas test area

Confined space

Hot work in progress

Danger pressure test in progress
Danger nitrogen purging in progress

Notes

There may be other site safety notice
requirements to fulfil

N/A
N/A
N/A
N/A
N/A

Note 85: The signs described in Table E.6 should be posted during installation/
modification/ maintenance of an MGPS. Multiple signs may be required.

Table E.7 - Line valve and lockable line valve assembly identification

Wording

Gas identity
Flow direction
Valve number
Key number
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Note

On pipeline label

N/A

Sequential number system
N/A
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Table E.8 - AVSU identification

Wording Notes

In emergency break glass and shut off valve On/ off positions to be shown on
AVSU body

Gas identity N/A

Flow direction N/A

Area controlled N/A

Key number N/A

Valve number Sequential number system

Pipeline identification

E.2 Medical gas pipelines are identified by their gas identity label and the direction that the gas
is flowing in.

Alarm system identification

E.3 MGPS alarm systems should be identified by the area they monitor, the names of the gas
they monitor and fault/ normal condition indicators. Details of alarm response may be
posted in close proximity to the MGPS alarm pane in accordance with the healthcare
organisation/ facility operational policy.

Vacuum insulated evaporator (VIE)/ liquid cylinders/
pressure swing adsorber (PSA)/ synthetic air

E.4 Signage will be determined by the equipment supplier but will usually include plant
schematic, safety warnings and emergency actions.
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Appendix F Oxygen supply source data

Table F.1 - Oxygen supply source data

Supply method

Cylinders:

pressures 137
- 230 bar(g)

300 bar(g)
cylinders
requires
special
considerations
typical
contents 6 —
10 m3 per
cylinder

August 2026

Minimum flow

Annual
usage
supported

Average
typical flow

e 300m3up 0.5 m3 hour .
to 7300 m?3

e (impacted .
by cylinder
pressure,
see
calculation
sheets)

regulator
dependent

typically, 5
m3/hour

V2

Maximum flow Short term peak

flow

regulator
dependent and
changing
cylinders

typically, 60
m3/hour

Notes

e the flow rate from
cylinders is limited by
the 5mm orifice in the
cylinder valve BUT
more importantly by
the pressure
regulator(s)

e the pressure regulator
has to perform from
full cylinder pressure
down to ‘empty’
condition of ideally 20
bar(g)

e normally the pressure
is reduced in two
stages to provide the
accurate 4.1 bar(g)
outlet pressure

e liquid cylinder supply
can be considered at
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Supply method  Minimum flow  Annual Average Maximum flow Short term peak Notes
usage typical flow flow
supported
usages from 1500 m?
upwards
Cylinder packs: 0 4,500 m® up 2.5 m3/hour e regulator e regulator As per cylinders and:
3
e pressures 137 t0 20,000 m dependent depen.dent and cylinder packs vary
changing

from 12 to 16
cylinders.

- 230 bar(g) * typically, 25

m?3/hour up to
* 300 bar(g) 50 m¥%hour e typically, 60
packs require

m3/hour up to

packs

British Oxygen

special 200 mhour Company (BOC)
considerations supply 15-cylinder
e 90-150m3 packs
per pack e Air Products Ltd
(APL)/ Air Liquide

(AL) supply 16-
cylinder packs

e packs are not widely
used in the UK
because liquid
cylinder supplies are
deemed more
sensible/ practical/
cost effective

e to back up a pressure
swing adsorber (PSA)
plant in a remote
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Supply method  Minimum flow  Annual Average Maximum flow Short term peak Notes
usage typical flow flow
supported

location, packs could
be an option

e mechanical handling
equipment required to
manoeuvre packs
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Supply method

Liquid cylinders:

size range 160
to 240 litres

200 liquid litres
of liquid
oxygen (LOX)
=168 m3 of
gas

August 2026

Minimum flow

2% of
contents per
day to avoid
boil off

minimum
usage 4 m®
per day per
200 litres
LOX

Annual
usage
supported

1,500 m3 up
to 20,000 m?3

Average
typical flow

0.5 m3/hour
per liquid
cylinder

delivery
dependent

V2

Maximum flow Short term peak Notes
flow

10 m3/hour
per liquid
cylinder

design flow

30 to 80
m3/hour

vaporiser
dependent

regulator
dependent

LOX delivery
dependent

the flow rate from
liquid cylinders is
limited by its internal
vaporiser coil and the
supporting pressure
raising coll

they are manifolded
together to provide
more storage and
more flow capacity

mini-bulk tanks
should be considered
at usages from 3,000
m3

mini-bulk timed
changeover (TCO)
system can be
considered at 6,000
m3
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Supply method

Mini-bulk tanks:

size range 800
- 3,000 liquid
litres

1,000 liquid
litres of LOX =
840 m? of gas

August 2026

Minimum flow

e 0.5% -1% of

contents per
day to avoid
boil off

minimum
usage 8 m®
per day per

e 1,000 litres
LOX

Annual
usage
supported

3,000 m3
up to
100,000
m3
mini-bulk
TCO
system
can be
used at
6,000 m3

Average
typical flow

e 251020
m?3/hour

V2

Maximum flow Short term peak Notes
flow

design flow
100 m*hour

vaporiser
dependent

regulator
dependent

LOX delivery
dependent

mini-bulk tanks are
now preferred to
liquid cylinders when
the LOX volume
stored on site is 900
litres or above

LOX deliveries can be
limited by the mini
tanker and
geographical
coverage

if mini-bulk tanks can
accommodate bulk
tanker deliveries, then
it is an advantage

normally their small
filling valves do not
allow that

moving to bulk
deliveries/ bulk tanks
is recommended at
annual usages of
10,000 m®
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Bulk tanks

e size range
1,000 up to
100,000 liquid
litres

e modern bulk
tanks tend to
start at 3,000
litres capacity

e old small bulk
tanks are still
available in
1,000/ 1,600/
1,800 litre
sizes

August 2026

Minimum flow

e 0.25% to
0.5% for
tanks >3,000
litres of
contents per
day to avoid
boil off

e for older
small tanks it
is typically
0.5% - 1% of
contents per
day

e minimum
usage is 4 m3
per day per
1,000 litres of
LOX for the
primary tank

e note, back up
tanks have
economisers
to feed into
the pipeline
automatically

Annual
usage
supported

e 5,000m3 o
minimum
10,000 m3
up to
5,000,000
m3

e the
biggest
UK
hospital
uses circa
1,000,000
m?3 each
year, an
average of
1,900 Ipm

Average
typical flow

To be
determined
by site

V2

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Maximum flow

ensure
vaporiser
were
updated in
COVID-19
pandemic to
ensure
design flow
is achieved

design flow
180 m®/hour
(3,000 Ipm)

300 m3/hour
(5,000 Ipm)

by special
arrangement
duplicate
panels and
large
vaporisers

Short term peak Notes

flow

e vaporiser
dependent and
regulator
dependent

e typically, 240
m3/hour (4,000
Ipm)

or

e 390 m®hour

(6,500 Ipm)

or

e by special
arrangement
duplicate
panels and
large
vaporisers 780
m3/hour

e (13,000 Ipm)

bulk tanker deliveries
offer the widest
geographical
coverage of the UK

mini bulk systems/
deliveries overlap
with bulk systems/
deliveries by a
considerable margin

where a bulk delivery
can be made to
outlying areas of the
UK, mini bulk is
usually limited to the
large cities and
industrial areas of the
country and has a
much smaller
geographical
coverage

mini bulk is
implemented where

bulk would normally
be employed in inner
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Supply method  Minimum flow  Annual Average Maximum flow Short term peak Notes
usage typical flow flow
supported
300 m3/hour cities, due to delivery
(10,000 Ipm) access restrictions

e mini bulk LOX is more
expensive than bulk
LOX

August 2026 V2 Page 299 of 336



G.1

G.2

G.3

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Appendix G Pipeline pressure-drop
calculations

Pipeline pressure-drop calculations

Example: Calculate the pressure drop in a 15mm diameter pipe, 11m in length, with two 90°
elbows, carrying medical air at a design flow rate of 800 litres/min.

Solution

The pressure drop Ap across the pipe can be calculated from the formula:

— TLAC'_I«_ . [ QA:"_J&_

P s [Quaey| P @

where:

Ap = Pressure drop across pipe section (kilo Pascal (kPa))

ApTABLE G1 = Pressure drop from the table in Figure G.1 (kPa)

TL ACTUAL = Measured length of pipe, plus total equivalent length for fittings, valve,
and the like. (m)

L TABLE G1 = Nearest length of pipe from the table in Figure G.1 (m)

QACTUAL = Design flow (litres/min)

QTABLE G1 = Nearest flow from the table in Figure G.1 (litres/min)

Total length of pipe including fittings.

TL=L+EL

where:

L = Measured length of pipe (m)

EL = Sum off all fitting equivalent lengths from the table in Figure G.6
TL = Total length

therefore:

TL =11 + (0.47 x 2)
TL=11+0.94 = 11.94m
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From the table in Figure G.1, the nearest length to 11.94m is 15m and the nearest flow rate
to the design flow of 800 litres/min is 711 litres/min in the 15m column, at which there is a
pressure drop of 21 kPa across a 15mm diameter, 15m length of pipe.

Using these values, Equation (2) gives a pressure drop across the pipe of:

Ap:ﬂ @I >21
15 | 711)
Ap= 21.16 kPa

If this loss is unacceptable, use the next (higher) pipe size, that is 22mm. The nearest flow
rate to 800 litres/min is now 1135 litres/min, representing a pressure loss of 7 kPa over
15m.

In this instance:

Note that due to the increase in pipe diameter the fitting equivalent lengths will change thus.
TL=11+(0.63 x2)

TL=11+1.26=12.26m

1226 8007
Ap = | | <7
15 11135

Ap = 2.84 kPa
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Figure G.1 - Section of pressure drop table for medical air

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Old BS 659 New British Standard size (BS EN 1057: R250, Distance from source at 400 kPa for 7, 14 and 21
size Table X) kPa (0.07, 0.14 and 0.21 bar) pressure loss
”“E?;Eﬁ;gfre {jzi}: rtﬁg ;':jr thiglﬁltlass (Wg rEIl'nlétlnI;rt TE? .?1|] 8 m (25 ft) 15 m] (50 ft)
(mm) (mm) (inches)
¥ 12 0.6 10.8 0.4252 311 455 564 209 307 382
Yo 15 0.7 136 0.5354 579 845 1038 391 hi2 711
¥a 22 0.9 202 0.7953 1677 | 2441 3023 | 1135] 1656 2053
1 28 1.2 26.2 10,315 3363 | 4881 6034 | 2283 3320 4109
1% 35 12 326 1.2835 6023 | 8720 10758 | 4096 5943 7344
12 42 1.2 396 1.55591 10103 | 14587 | 17963 | BG83 | 9963 12290
Figure G.2 - Equivalent lengths (in metres) for copper fittings
6 mm 8 mm | 10 mm 12 15 mm 22 28 35 42 54 76 108
mim mm | mm mim mim mim mim Imim
Ball valve 0.10 0.10 0.20 0.30 0.30 0.60 0.90 0.90 1.10 1.20 1.40 20
Tee (Thru') 012 0.15 018 021 0.32 0.42 0.54 0.70 0.82 1.05 166 (20
Tee (Branch) | 0.46 0.52 0.70 0.80 0.95 1.26 1.60 210 2.45 314 [ 467 6.0
90° Elbow 017 0.20 0.25 0.33 0.47 0.63 0.80 1.05 123 158 |[2.36 3.0
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G.9 It is possible to insert the formula into a spreadsheet and use mathematical functions to
calculate required pressure drops (see the tables in Figure G.2, Figure G.3, Figure G.4 and
Figure G.5).

G.10 Another alternative is to derive graphs from the tables, although it may be necessary to
draw several graphs, at different scales, to obtain accurate results.

G. 1 The graphs of flow versus pressure drop provide a pressure loss per metre of pipe, not a
total pressure loss. This figure must be multiplied by the length of the pipe in order to find
the actual total pressure drop.

G.12 Because a pipe and the fittings in the system cause frictional resistance to the gas flow, a
pressure loss occurs that is greater than that which would occur if the gas were flowing
through the same distance of straight pipe.

G.13 Each valve, fitting and the like is allocated a ‘length’ equivalent in frictional resistance to a
straight piece of pipe of the same diameter. This length is hence known as the equivalent
length of the fitting.

G.14 To calculate design pressure drops, the sum of the lengths of the straight runs of pipe plus
the sums of the equivalent lengths of all the fittings and the like. in that run are added.

G.15 In practice many designers simply add 25 - 30% to the total measured length or use only 60
- 75% of the allocated pressure drop when sizing.

G.16 Equivalent lengths of some fittings are given in the tables in Figure G.6 and Figure G.7.
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Figure G.3 - Pipeline pressure loss: 400 kPa (4 bar) pipelines

B3 Size Tube Distance from souwrce (m) at 400 kPa for 7,14 ,21 kPa (1, 2, 3 psi) pressure loss
BS EN 10567:
R250, Table X
_E -E . E i o 15 30 61 91 122 152 183 213 244 274 305 335 366 396 427 457
258 By
©0 3 . 2| Free air flow rate (litres/min)
12 T 311 209 141 95 5 o4 56 50 45 43 40 & T 35 34 32 3 30
14 455 307 207 135 110 | 94 &2 T4 ] 63 59 35 52 50 47 45 40
21 564 382 258 174 138 117 103 93 a5 Ta 73 &9 65 62 59 57 55
15 T 579 391 263 177 140 119 105 04 ob a0 75 70 66 63 &0 58 56
14 &45 5372 356 260 207 [ 175 154 139 127 118 110 104 93 93 a9 a9 &2
21 1038 711 451 325 258 | 219 192 173 139 147 137 129 122 117 111 107 102
22 T 1677 1135 7B 318 411 349 307 27T 254 235 220 207 196 186 173 170 164
14 2441 1656 1123 | 759 g4 | 5313 451 407 373 345 323 304 288 274 262 251 241
21 323 2053 1385 | 845 731 635 562 307 455 431 403 379 359 342 326 33 301
25 T 3363 2283 1547 | 1047 | 832 | 706 622 560 514 476 445 419 397 & T 361 346 332
14 4381 3320 2257 | 1530 | 1218 | 1035 | 812 823 754 699 653 G615 583 555 530 5038 433
21 6054 41059 2800 | 1901 | 1514 | 1257 | 1135 | 1024 | 935 ari al4 76T T26 691 660 633 &609
35 T 6023 4096 2783 | 1886 | 1500 | 1275 | 1124 | 1013 | 928 o561 a05 755 718 633 653 626 602
14 a720 5943 4051 | 2752 | 2192 | 1865 | 1644 | 1483 | 1360 | 1281 | 1180 | 1111 | 1053 | 1002 | 957 913 803
21 10758 | 7344 S8 | 315 | 2723 | 2317 | 2044 | 1845 | 1692 | 1569 | 1468 | 1383 | 1310 [ 1248 | 1192 | 1143 | 1099
42 T 10103 | 6883 46385 | 3180 | 2533 | 2154 | 1889 | 1713 | 1570 | 1456 | 1362 | 1283 | 1215 [ 1157 | 1105 | 1060 | 1019
14 14587 | 9963 ga06 | 4633 | 3694 | 3145 | 2775 | 2504 | 2296 | 2130 | 1983 | 1878 | 1780 [ 1884 | 1619 | 1553 | 1493
21 17963 [ 12290 | 8421 | 5743 | 4554 | 3904 | 3448 | 3112 | 2855 | 2648 | 2478 | 2335 | 2213 | 2107 | 2014 | 1932 | 1858
24 7 14874 | 10588 | 7487 | 5284 | 4323 | 3743 | 3348 | 3056 | 2830 | 2647 | 2496 | 2368 | 2257 | 2161 | 2076 | 2001 | 1833
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BS Size Tube Dizstance from source (mj) at 400 kPa for 7,14 .21 kPa (1, 2, 3 pgi) pressure loss
BS5 EN 1057:
R250, Table X
.E% 29: & 15 30 61 o 122 152 | 183 | 213 244 | 274 | 305 | 335 | 366 | 396 427 457
i ] ﬁ-\_-
SR oy
003 0 2| Free air flow rate (litres/min)
14 21176 | 14574 113!]53 TA48T | 6113 | 5254 | 4735 | 4323 | 4002 | 3743 | 3529 | 3348 | 3192 | 3056 | 2937 | 2830 | 274
21 25835 | 18339 11329& 8169 | 7487 | 6484 | 5799 | 5254 | 4901 | 4585 | 4323 | 4101 | 3510 | 3743 | 35897 | 34866 | 3345
76 7 37754 | 26695 1887 | 1334 ) 1089 0435 | 8442 | 7706 | 7135 | 6674 | 6202 | 5060 | 5692 | 5449 | 5235 | 5045 | 4374

7 a8 9
26869 | 1887 [ 1541 [ 1334 | 1193 | 1089 | 1009

14 23392 | 37704 9435 | 5699 | o442 | 8049 | 770G | 7404 | 7135 | BED3

G T 3 g 9 9 0
3269 | 2311 | 1887 | 1634 | 1482 | 1334 | 1235 | 1156 | 1089 | 1033
21 63392 | 46230 5 g9 7 2 2 a a 0 9 9 9853 | 9438 | 9063 | 4735 | 5442

Examples:

1. 122m of 26mm pipe would carry 706 litres/min of free air per minute with a pressure loss of 0.07 bar (7 kPa), or 1287 litres/min
with a loss of 0.21 bar (21 kPa). for example: 122/122 x (TOB/T06)=x 7

2. Aflow of 1200 litres/min in 122m of 28mm pipe would result in a pressure loss of 16.26 kPa. for example: 122122 x
(1200/1287)¢ x 21

3. 140m of 28mm pipe would carry 800 litres/min with a pressure loss of 9.92 kPa. for example: 140/152 x (800/912)¢ x 14
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Figure G.4 - Pipeline pressure loss: 700 kPa (7 bar) pipelines

BS Size Tube Distance from source (m) at 700 kPa for 7, 14, 34 kPa (1, 2, 5 psi) pressure loss
BS EN 1057:
R250, Table X
5 | 2T|8 |15 |30 [&1 o1 122 {152 |183 [213 [244 |274 |305 [335 [386 306 [427 |as7
8% | 5%
EEE © om _ ) _
Em g| & w | Free air flow rate (litres/min}
oo o2
12 T 405 276 186 125 | 99 &4 74 67 61 56 53 50 47 45 43 4 39
14 599 405 274 185 | 147 | 124 | 108 | 89 a0 34 78 74 70 66 63 61 58
34 879 G64 450 304 (242 | 205 | 181 | 163 149 (133 | 129 122 | 115 | 110 [ 105 | 100 | 96
15 T 754 514 347 234 | 186 [ 158 | 139 | 125 | 114 | 106 | 99 93 38 84 a0 7 74
14 1112 754 510 345 (274 | 232 | 205 | 184 | 169 (156 | 146 | 13& | 130 [ 124 [118 | 114 | 109
34 1811 1231 | 836 566 | 450 | 383 | 337 | 304 | 279 (258 | 242 | 227 | 215 (205 (196 | 188 | 180
22 T 2192 1433 | 1009 632 | 542 | 460 | 406 | 366 | 335 [ 310 | 290 | 273 | 259 (246 | 235 | 225 | 27
14 3193 2175 | 1473 100 | 797 | 677 | 597 | 538 | 493 | 457 | 482 | 403 | 331 363 | 347 | 332 | 320
1
34 5180 3533 | 2410 163 (130 | 441 | 980 | 884 | 841 | 752 | 704 | 663 | 625 | 593 |57 548 | 527
8 6 1
23 T 4387 2084 | 2027 137 (109 | 929 | 819 | 739 | 677 |[628 | 587 | 553 |524 (498 |476 | 456 | 439
4 3
14 6382 4351 | 2963 | 201 160 [ 136 | 120 | 10& | 995 | 923 (863 | 813 | 771 | 734 [ 7M1 672 | 646
3 4 4 3 6
34 102580 TO3IS | 4815 328 | 262 | 223 | 197 | 177 | 163 | 151 141 133 [ 126 (120 | 115 | 110 | 1063
3 0 2 0 9 2 4 7 5 6 5 2 5
35 T Te41 5345 | 3633 | 247 | 198 | 167 | 147 [ 133 | 122 | 113 | 105 | 995 | 945 | 900 | 860 | 825 | 793
0 3 4 & 2 1 2 9
14 11380 TI7S | 5307 361 (288 | 245 | 216 | 195 (179 (166 | 155 | 146 | 138 (132 [126 | 121 1166
2 1 3 5 4 2 2 6 6 9 3 4 2
34 18271 1252 | 85949 587 | 469 | 400 | 353 | 39 203 (272 | 254 | 240 | 227 (216 | 207 | 198 | 1912
3 6 6 3 i 4 1 0 7 1 6 3 3 a
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B5S Size Tube Distance from source {m) at 700 kPa for 7, 14, 34 kPa (1, 2, 5 psi) pressure loss
BS EN 1057:
R250, Table X
R E 15 |30 [s1 |91 [122 152 [183 [213 | 244 [274 [305 | 335 [386 [396 | 407 [as7
b1l 5
GEF B _ ] _
= g| & o | Free air flow rate (litres/min}
oI o2
42 7 13128 8964 | 6113 | 415 | 331 | 282 | 249 | 224 | 206 | 191 | 17& [ 168 |[159 | 152 | 145 | 139 | 1341
9 G 3 0 2 1 2 9 G ] 1 4 4
14 19010 1301 | 8901 G607 | 484 | 412 | 364 | 329 (302 | 230 | 262 | 247 | 234 (223 | 213 | 204 | 1969
2 0 7 9 & 3 1 3 4 3 4 2 4 7
34 303592 2089 | 1438 | 934 | 785 | 672 | 594 | 537 | 493 | 457 | 428 | 404 | 333 | 365 | 349 | 334 | 3223
2 1 9 1 3 2 1 0 7 ] 2 3 1 1 9
Examples:

1. 122m of 28mm pipe would carry 929 litres/min of free air per minute with a pressure l0ss of 0.07 bar (7 kPa), or 2232 litres/min
with a loss of 0.34 bar (34 kPa).

2. Aflow of 1800 litres/min in 122m of 28mm pipe would result in a pressure loss of 22.11 kPa. for example: 122/122 x
(1800/2232)* x 34

3. 140m of 28mm pipe would carry 1100 litres/min with a pressure loss of 10.78 kPa. for example: 140/152 x (1100/1203)F x 14
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Figure G.5 - Pipeline pressure loss: 1,100 kPa (11 bar) pipelines

BS Size Tube Digtance from source (m) at 1100 kPa for 7, 14, 34 kPa (1, 2, 5 p=i) pressure logs
BS EN 1057:
R250, Table X
o5 | eF LB [15 |30 [et |91 122 [1s2 [183 [213 |244 [274 [305 | 335 [366 [306 |47 |as7
E E = E % Free air flow rate (litres/min}
SEE &8
12 7 437 356 252 177 144 124 | 112 102 | 94 53 &4 79 75 72 G9 67 G5
14 639 503 355 244 204 177 | 158 144 | 133 124 118 | 111 106 | 102 | 93 94 91
34 1084 | 791 560 392 321 277 | 249 [ 227 | 210D 197 | 185 [ 176 167 | 161 154 | 148 143
15 7 867 634 445 314 257 | 222 | 199 181 168 157 | 148 | 141 134 | 128 124 | 119 115
14 1225 | 895 §33 444 363 M4 | 281 | 257 (238 | 222 | 209 | 199 139 | 181 174 | 163 162
34 1929 1409 | 996 608 572 | 494 | 443 | 403 | 373 350 | 330 [ 33 | 295 | 285 | 275 | 264 | 256
22 7 2332 1703 | 1205 | 845 692 595 | 535 | 437 452 | 423 | 399 | 373 360 | 345 332 | 3149 308
14 3294 | 2405 [ 1701 1193 | 977 | 844 | 753 639 | 633 397 | 562 | 534 309 | 437 | 463 | 451 436
23 7 4459 3263 | 2308 [ 1815 | 1325 | 1145 | 1025 | 935 | 366 | 3809 |7ed4 | 724 691 Gi60 636 | 812 291
14 6311 | 4605 | 3259 | 2286 | 1872 | 1616 | 1448 | 1320 | 1223 | 1143 | 1078 | 1022 | 976 | 933 | 897 | 864 | 335
34 9935 | 7255 | 5130 [ 3598 | 2945 | 2544 | 2279 ( 2077 | 1926 | 1799 | 1695 | 1609 | 1535 | 1469 | 1412 | 1359 | 1315
35 7 7ria 3636 | 3985 [ 2795 | 2289 | 1975 | 1771 [ 1614 | 1495 | 1397 [ 1319 | 1250 | 1192 | 1141 | 1097 | 10356 | 1021
14 10898 | 7959 | 5625 | 3947 | 3231 | 2791 | 2500 | 2279 | 2112 | 1973 | 1862 [ 1765 | 1654 | 1611 | 1549 | 1492 | 1442
34 17157 | 12530 | 3860 | 6213 | 5087 | 4394 | 3936 | 3587 | 3325 | 3107 | 2932 | 2779 | 2651 | 2537 | 2439 | 2348 | 2271
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BE Size Tube Distance from source {(m} at 1100 kPa for 7, 14, 34 kPa (1, 2, 5 psi) pressure loss
BS EN 1057:
R250, Table X
- | wm [8  [15 [30 [et Jo1 [422 [152 [183 [213 [244 |274 |305 [335 [366 [396 [427 [4s7
— Ll
E | g = Free air flow rate (litres/min}
hoE E [
528 Lo
oof o2
42 7 12550 | 9166 | 6481 | 4545 | 3721 | 3214 | 2879 | 2624 | 2432 | 2272 | 2144 | 2033 | 1940 | 1855 | 1784 | 1718 | 1661
14 17724 [ 12944 | 9152 G415 5255 | 4533 | 4066 | 3706 | 3435 | 3209 | 3029 [ 2871 | 2739 | 2620 | 2519 | 2426 | 2345
34 27902 | 20377 | 14409 | 10104 | 8273 | 7145 | 6401 | 5834 | 5407 | 5052 | 4768 | 4519 | 4312 | 4125 | 3966 | 3819 | 3692
Examples:

122m of 28mm pipe would carry 1143 litres/min of free air per minute with a pressure loss of 0.07 bar (7 KPa), of 2544 litres/min

1.
with a loss of 0.34 bar (34 kPa). for example: 1221122 x (1145/1145P x 7

2. Aflow of 2200 litres/min in 122m of 28mm pipe would result in a pressure loss of 25 43 kPa. for example: 122/122 x
(2200/2544) x 34

3. 140m of 26mm pipe would carry 1300 litres/min with a pressure loss of 10.39 kPa. for example: 140/152 x (1300/1448)2 x 14
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Figure G.6 - Pipeline pressure loss (vacuum)

BS Size BSEN Distance from source (m) at 59 kPa (450 mmHg) for 1.3, 2.6, 3.9, 6.5 kPa (10, 20, 30, 50 mmHg) pressure loss
1057, R250, Table
X

Outside |Pressur |8 |15 |30 |&1  |o1 122 [ 152 [183 | 213 [244 [274 [305 [335 [386 [396 [427 |a4s7

Diamete | e loss ] ] ]

r (mm) {kPa) Free air flow rate (litres/min}

15 1.3 59 - - - - - - - - - - - - - - - -
26 39 59 40 - - - - - - - - - - - - - -
39 113 TG 51 - - - - - - - - - - - - - -
8.3 153 103 69 45 - - - - - - - - - - - - -

22 1.3 173 116 78 32 4 - - - - - - - - - - - -
26 260 174 117 79 62 53 46 42 - - - - - - - - -
39 330 222 149 100 79 67 59 53 49 45 42 40 - - - - -
6.3 445 301 203 137 108 | 92 a1 T3 67 G2 a7 34 1 49 45 45 43

23 1.3 350 236 158 106 &4 7 63 56 51 43 44 42 40 - - - -
26 525 353 238 160 127 | 107 | 94 a5 78 T2 67 63 G0 57 54 52 50
39 G6E 443 303 204 161 | 137 | 120 [ 108 | 99 92 &6 a1 76 73 69 66 64
6.5 S00 607 412 278 220 | 187 | 164 | 148 | 135 | 125 | 147 | 110 | 104 | 99 a5 o1 ar

35 1.3 637 427 285 193 153 | 130 | 114 [ 102 | 84 a7 a1 7B 72 69 G5 63 G0
26 847 §35 43 290 230 1195 [ 171 [ 154 |14 131 122 | 115 [ 109 | 103 | 99 85 o1
39 1198 | 308 548 364 293 | 248 | 218 [ 197 | 180 | 167 | 156 | 147 [ 139 | 132 | 126 |[121 | 116
8.5 1614 | 1091 | 743 503 399 | 339 | 293 (269 | 246 | 228 (213 | 200 | 190 |[1&0 | 172 | 165 | 158

42 1.3 1074 | 724 438 328 260 | 220 | 194 |[174 | 4160 | 148 138 | 130 (123 | 117 | 111 [ 107 | 103
26 15898 [ 1079 | 731 493 391 | 331 | 2891 (282 | 240 | 222 (208 | 196 | 183 |[176 | 165 | 181 [ 155
39 2016 | 1383 | 926 626 497 | 422 | 371 | 334 | 306 | 283 | 2685 | 249 |[236 | 224 | 214 | 205 | 187
8.5 2706 | 1833 [ 1254 | 851 677 | 574 | 506 | 456 | 417 | 387 | 381 340 | 322 | 306 | 293 | 280 | 270

54 1.3 2191 | 1480 [ 1001 674 535 | 453 | 399 (359 | 329 | 304 (234 | 268 | 253 241 | 230 | 220 | 242
26 3245 | 2195 | 1493 | 1010 | 802 | 631 599 | 540 | 494 | 458 | 425 | 403 | 331 363 | 346 | 332 | 319
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BS Size BS EN Distance from source (m) at 59 kPa (450 mmHg) for 1.3, 2.6, 3.9, 6.5 kPa (10, 20, 30, 50 mmHg) pressure loss
1057, R250, Table
X
3.9 4053 | 2766 | 1889 | 1281 101 | 865 | 762 | 687 [ 629 | 582 | 545 | 513 [ 435 | 462 | 441 | 423 | 408
9
6.5 5443 | 3699 | 2549 | 1737 135 | 117 | 103 | 935 (856 | 794 | 742 | 699 [ 662 | 630 | &1 576 | 554
4 G 7
K] 1.3 5521 3773 | 2563 | 1733 137 | 116 | 102 | 927 (849 | 786 | 735 | 692 [ 655 | 623 | 585 | 570 [ 548
T 9 9
2.6 2070 | 5563 | 3807 | 2586 | 205 | 174 | 154 [ 13& 127 | 117 [ 110 [ 103 | 983 | 396 | 394 | 857 | 823
3 9 1 9 3 9 3 3
3.9 1004 | 6968 | 4801 3274 | 280 | 221 195 | 176 | 181 149 (140 132 | 125 [ 119 [ 113 | 109 | 104
1 9 9 T 5 T 9 2 0 0 0 T 0 &
6.5 1316 | 9233 | 6439 | 4421 353 | 300 | 265 | 239 (219 | 203 | 180 179 [ 170 | 181 154 | 145 | 142
G 3 9 3 G 7 7 G G 1 9 7 3 G
108 1.3 1267 | 9140 | 6543 | 4552 ITI | 326 | 287 | 262 [ 243 | 227 | 203 | 194 [ 191 183 [ 178 | 171 164
4 2 0 9 a3 3 G G 1 9 a3 3 2 1
2.6 1320 | 1287 | 9235 | 6573 527 | 455 | 407 | 3T 344 | 321 303 | 287 | 274 | 262 | 252 (242 | 232
7 4 4 2 1 G 1 9 3 9 3 3 3 2 3
3.9 2249 11580 [ 1137 | 8114 | 650 | 565 | 303 | 459 | 425 | 397 | 3¥5 [ 355 | 339 | 324 | 311 | 299 | 2&7
4 &> 4 9 T 0 2 1 G 0 T 1 T 9 2 0
6.5 2923 | 2067 | 1470 | 1052 | 844 | 734 | 653 [ 596 | 552 | 516 | 437 | 462 | 440 | 422 | 405 | 385 | 373
3 =3 3 0 3 3 3 3 G 9 3 3 3 0 3 9 0
Examples:

1. 122m of 28mm pipe would carry 71 litres/min of free air per minute with a pressure loss of 10 mmHg (1.3 kPa), or 187 litres/min
with a loss of 50 mmHg (5.5 kPa). for example: 122/122 x (T1/71)2x 1.3

2. Aflow of 120 litres/min in 122m of 26mm pipe would result in pressure loss of 2.99 kPa. for example: 122/122 x (12011371 x 3.
3. 140m of 28mm pipe would carry 90 litres/min with a pressure 0ss of 2.20 kPa. for example: 140/152 x (90/94)2 X 2.6

Figure G.7 - Equivalent lengths (in metres) for ABS (acrylonitrile butadiene styrene) vacuum fittings

Fitting Type 40mm 50mm T0mm 1 00mm 125mm
Tee (Thru') 0.95 1.23 1.65 220 256
Tee (Branch) 276 338 457 6.12 768
30° elbow 1.25 1.71 2.44 3.08 3.84
August 2026 V2 Page 311 of 336



H.1

H.2

H.3

SHTM 02-01 - Medical Gas Pipeline Systems (Part A)

Appendix H Pressure testing procedure

The following provides guidance in relation to the safe procedures related to pneumatic
pressure testing of medical gas pipelines. The guidelines are based upon the Health and
Safety Executive (HSE) guidance note (GN) GS4.

Note 86: the appropriate method statements and risk assessments should always be
prepared for all pressure testing. All necessary safety warning signs should be posted
throughout the test area. All unauthorised personnel should vacate all areas under test.

First Fix Pressure Test

Prior to first fix pressure testing being carried out a leak test should be performed; all
pipeline ancillaries which can be affected by the higher pressures should be removed or
blanked, such as safety valves, pressure transducers.

First fix pressure tests should be carried out in the following manner:

1. aninitial leak test pressure should be set at no more than 100 kilo Pascal (kPa). This
test should allow significant leaks to be detected and rectified prior to the main pressure
test

2. the pressure should be increased gradually over a period of time, such as 200 kPa
increments and leave for 10 minutes, while monitoring the pressure reading. If the
pressure drops during this period, retest for leaks

3. if the pressure is stable, continue to increase to the agreed test pressure, leave for 1
hour as indicated in paragraph 13.50 and 13.51

4. the test pressure(s) and temperature(s) should be witnessed by the Authorised Person
(Medical Gas Pipeline Systems) (AP (MGPS)) or Contract Supervising Officer (CSO) at
the start and at the end of the test period with all necessary test sheets completed and
signed

5. the pressure should be reduced in a safe manner to a maximum pressure of 100 kPa,
or to the pressure agreed on the particular site
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Table H.1 - Second fix pressure test

Service Test Pressure Pressure drop (max) Timescales
Oxygen 4 bar/ 400 kPa 0.1 kPa 1 hour
Nitrous oxide 4 bar/ 400 kPa 0.1 kPa 1 hour
Nitrous oxide/oxygen 4 bar/ 400 kPa 0.1 kPa 1 hour

(50% volume per
volume (v/v)) mixture

Medical air 400 kPa 4 bar/ 400 kPa 0.1 kPa 1 hour
Surgical air 700 kPa 7 bar/ 700 kPa 0.5 kPa 1 hour
Surgical air 900 kPa 9 bar/ 900 kPa 0.5 kPa 1 hour
Medical vacuum (MV) 450 - 700 mmHg 1 kPa/ 7.5 mmHg 1 hour
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Appendix| Design question sets

1.1 The design question sets to assist the completion of the informed design process (IDP) as
described in Chapter 1 are contained within this appendix.

Table I.1 - Medical oxygen design question set

Is medical oxygen required? (yes/ no)

e if no, questionnaire complete, no further action - annotate design note to indicate
and make sure reviewed during final IDP risk assessment.

e if yes, complete the questionnaire

Will medical oxygen flowmeter(s) be used?

e how many flowmeters are required?

e what is the maximum flow rate envisaged?

e what is the diversity of flowmeters in use (insert %):

e what is the duration of use:

Will medical vacuum (MV) be supplied locally by ejector units?

e if yes, please refer to Chapter 8 and make an allowance for 25 litres/min for device
activation in ejector mode

e review and confirm configuration for ejectors, twin terminal unit, splitters or
combined oxygen supply and vacuum device

¢ rail assembly or direct probe attached configuration?

A. Flow rate for flow meter application:
o peak flow rate:
o average continuous demand:
o escalation requirement (major incident, pandemic preparedness):
Will medical devices be used, such as ventilators, anaesthetic machines, and the
like?
e level of acuity - is this a critical care area? Consider alternative supply
requirements:
o dual circuits:
o HP integral valve cylinders:

transit requirements and emergency procedure:

(@)

o hybrid configuration (discuss cylinder configuration on bed):
e how many ventilators are required?

o diversity of ventilators in use (insert %):
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e ventilator manufacturer:

e model (insert model reference):

e clinical assessment of flow rates used and duration (review clinical notes and
clinical audit data sources):

B. Flow rate ventilators/ equipment

e peak flow rate:

e average continuous demand:

e escalation requirement (major incident, pandemic preparedness):

C. Will anaesthetic machines be used?

e how many anaesthetic machines are required?

e diversity of anaesthetic machines in use, if any (insert %):
e manufacturer:

e model (insert model reference):

¢ Maximum flow rate for connected equipment

¢ clinical assessment of flow rates used and duration (review clinical notes and
clinical audit data sources):

e expected techniques that may be used giving peak flow rate and duration:
e induction flow rate and duration (if different from above):
e maintenance flow rate and duration:

e average considered flow and duration:

number of episodes for clinical list:

Summation of A, Band C
Total flow rates

e peak flow rate:

e average continuous demand:
o for delivery unit (DU):

e source or sources for DU flow requirement:
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Table 1.2 - Medical vacuum design question set

Is medical vacuum required? (yes/ no)

e if no, questionnaire complete, no further action - annotate design note to indicate
and make sure reviewed during final IDP risk assessment.

e |If yes, complete the questionnaire

e what are the clinical applications?
pharyngeal aspiration

tracheal suctioning

pleural suctioning

gastrointestinal suction

surgical suction

endoscopy, lower gastrointestinal suction

Se Ol s BV

other application

-_—

. Application 1 and 2

e the number of positions that will require vacuum for these applications:

e how often will they be required (review clinical notes and clinical audit data
sources):

e discuss and confirm anticipated duration of operation:

e review DU layout and configuration (single rooms, bays, open ward treatment
rooms areas):

N

. Application 3 and 4
e the number of positions that will require vacuum for these applications:

e how often will they be required (review clinical notes and clinical audit data
sources):

e discuss and confirm anticipated duration of operation:

e review DU layout and configuration (single rooms, bays, open ward treatment
rooms areas):

3. Application 5 and 6

number of positions that will require vacuum for these applications:

e how often will they be required (review clinical notes and clinical audit data
sources):

e discuss and confirm anticipated duration of operation:

e review DU layout and configuration (that is operating suite/ endoscopy scoping
room, bays, treatment room areas):
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=N

. Application 7

¢ the number of positions that will require vacuum for these applications:

e how often will they be required (review clinical notes and clinical audit data
sources):

e discuss and confirm anticipated duration of operation:

e review DU layout and configuration (single rooms, bays, open ward treatment
rooms areas):

Total vacuum requirement
Summation of 1,2,3,4:

Design requirements from Chapter 8
Total flow

o for DU:

e source or sources to achieve DU flow requirement:
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Table 1.3 - Medical air (4 bar) design question set

Is medical air 4 bar required? (yes/ no)

¢ If no, questionnaire complete, no further action - annotate design note to indicate
and make sure reviewed during final IDP risk assessment

e |If yes, complete the questionnaire

Note 87: In accordance with National Patient Safety Alert (NPSA) guidelines there
should be no requirement for equipment connected by a flow meter.

Will medical air flow meter (15 I/min) be used?

e how many flowmeters are required:

¢ how will their administration be controlled (see NPSA guidance):
e what is the diversity of flowmeters in use (insert %):

e what is the duration of use:

A. Flow rate (medical air 4 bar) flowmeter application

e will medical devices be used, such as ventilators, anaesthetic machines, and the
like?

o how many ventilators are required:

o diversity of ventilators in use (insert %):
o ventilator manufacturer:

o model (insert model reference):

o clinical assessment of flow rates used and duration (review clinical notes and
clinical audit data sources):

B. Flow rate ventilators/ equipment (medical air 4 bar)

Summation of A and B
Total flow
e forDU:

e source or sources for DU flow requirement:
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Table 1.4 - Nitrous oxide (anaesthesia applications) design question set

Is nitrous oxide for anaesthesia required? (yes/ no)

e if no, questionnaire complete, no further action - annotate design note to indicate
and make sure reviewed during final IDP risk assessment

e if yes, complete the questionnaire

Will anaesthetic machines be used?

e quantity of anaesthetic machines required:

o diversity of anaesthetic machines in use, if any (insert %):
e manufacturer:

e model (insert model reference):

Maximum flow rate for connected equipment

e clinical assessment of flow rates used and duration (review clinical notes and
clinical audit data sources):

e expected techniques that may be used giving peak flow rate and duration:
¢ induction flow rate and duration (if different from above):

e maintenance flow rate and duration:

e average considered flow and duration:

e number of episodes for clinical list:

Control of Substances Hazardous to Health (COSHH) considerations

e has an assessment been undertaken as to whether a local exhaust ventilation
(LEV) system is required (see Chapter 9):

¢ has anaesthetic gas capture technology been considered:
e has alternative means of nitrous destruction been considered?
Summary

e design decision factors and mitigation actions (taking cognisance of Royal College
of Anaesthetists (ROCA)/ Association of Anaesthetists of Great Britain and Ireland
(AAGBI) guidance on pipeline reduction)

e source or sources for DU flow requirement:

Total flow

For DU:
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Table 1.5 - Nitrous oxide (sedation/ analgesia applications) design question set

Is nitrous oxide for sedation/ analgesia required? (yes/ no)

¢ If no, questionnaire complete, no further action - annotate design note to indicate
and make sure reviewed during final IDP risk assessment

¢ |If yes, complete the questionnaire

What equipment is anticipated to be used?

e inhalation sedation (‘IS’) gas mixers for dentistry or pain management applications:
e anaesthetic machines:

e other forms of pre-set or fixed blender/ mixers:

e other (describe):

How many anaesthetic machines/ blenders are required?
e diversity of devices in use (if applicable) (insert %):

e manufacturer:

¢ model (insert model reference):

e any specific system requirements:

Maximum flow rate for connected equipment

e clinical assessment of flow rates used and duration (review clinical notes and
clinical audit data sources):

e expected techniques that may be used giving peak flow rate and duration:
e induction flow rate and duration (if different from above):

e maintenance flow rate and duration:

e average considered flow and duration:

e number of episodes for clinical list:

COSHH considerations

e has an assessment been undertaken to determine whether an extract system for
waste gases will be required (refer to Chapter 9 and Society for the Advancement of
Anaesthesia in Dentistry (SAAD) guidance):

¢ has an environmental ventilation assessment been completed in accordance with
Health and Safety Executive (HSE) guidance and has the outcome from it been
included in the IDP solution:

e has an alternative means of nitrous oxide removal/ destruction been considered:

Summary
e design decision factors and mitigation actions

e source or sources for DU flow requirement (see paragraph 2.40)
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Total flow

e for DU:

Table 1.6 - Nitrous oxide/oxygen (pre-mixed) design question set

Is nitrous oxide/oxygen (pre-mixed) going to be used? (yes/ no)

e if no, questionnaire complete, no further action - annotate design note to indicate
and make sure reviewed during final IDP risk assessment

e if yes, complete the questionnaire

Is this application for?
e maternity/ birthing

o how many points of supply will there be:

o will use be supervised or patient controlled:
e endoscopy

o how is the department configured for the use of nitrous oxide/oxygen mixture
(50% volume per volume (v/v)) and what is the quantity of supply points on
the medical gas pipeline system (MGPS):

o Is there a requirement for nitrous oxide/oxygen mixture (50% v/v) to be
available during and post procedure and is it is use supervised or patient
controlled:

e other pain management
Will the gas be used from
e an MGPS:

e cylinder application:

e or both:

Maximum flow rate for connected equipment

o clinical assessment of flow rates used and duration (review clinical notes, birthing
plans, and clinical audit data sources):

e expected techniques that may be used:
e possible flow rate and duration (if different from above):
e average flow and duration:

e periods of use per clinical session, procedure, birthing plan:
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COSHH considerations

e has an assessment been undertaken as to whether a LEV system will be required
(see Chapter 9):

e has an environmental ventilation assessment been completed in accordance with
HSE guidance and has the outcome from it been included in the IDP solution:

e has alternative means of nitrous oxide destruction been considered:
e has a suitable COSHH assessment been undertaken that is current and reflective of
existing or proposed operational procedures:

Summary

e design decision factors and mitigation actions (taking cognisance of the ROCA/
AAGBI guidance on pipeline reduction) and significant findings from environmental
ventilation and COSHH assessment:

¢ inhalational gasp requirement (instantaneous 275 litres/min):

e source or sources for DU flow requirement:

Total flow

o for DU:
o MGPS:
o Cylinders:
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Appendix J Informed design process master control sheet

J.1 The master control sheet (MCS) for the informed design process (IDP) (see Chapter 1) is provided to assist in the completion of the
IDP.

Figure J. 1 - Informed design process master control sheet

Objective | Category Design Requirements Design Criteria IDP Stage Checked
Stage | Stage | Stage | Stage | Stage | Stage
1 2 3 4 5 &

YN YN YIN YIN YIN YIN

Complete the gas
service design
question-sets in
Appendix | (02, N20,
02/N20, MA4 SAT,
Vacuum)

Area/ department type
(theatre/ CCU/
respiratory)

Quantity of beds/
theatres/ cots
Clinical/ treatment
procedures

Paint of use flow and
Determine use in each pressure

Delivery Unit requirements
Equipment and
equipment flows:
ventilators/ CPAP/
oxygen high-flow
therapies

Does the calculated
flowrate determine an
MGPS is required?
Changes in use to
area — decant and the
like

Patient cohort type
Pendants/ bedhead
units
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Objective | Category Design Requirements Design Criteria IDP Stage Checked
Stage | Stage | Stage | Stage | Stage | Stage
1 2 3 4 5 ]
YIN YIN YIN YIN YIN YIN
Sources of supply | Size and capacity of Supply system flow
supply source capacity to be
established

Confirm expected
design flow — Average
continuous demand
and peak demand
flowrates

Determine type of
supply system to meet
the peak

demand flowrates
Does the calculated
Quantity flowrate determine an
MGPS is required?
Are there any
extensions/
expansions planned

Supply system types To meet the total
system peak flow
design capacity

Additional supply — examples Strategically located
include pandemic preparedness, | Inlet poris
major incident
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Objective | Category Design Requirements Design Criteria IDP Stage Checked
Stage | Stage | Stage | Stage | Stage | Stage
1 2 3 4 ] 6
YIN YIN YIN YIN Y/N YIN
Configuration Three sources of
supply
Primary and
secondary supply
located separately
(VIE)
Location To prevent

mechanical damage
to the installation
Appropriate vehicle
delivery access

o Meet the required
Continuity safety distances

and Meet ventilation
identity Sources of supply requirements

Allow safe unhindered
ACCESS

Safe storage
Additional emergency supply Continuous supply to
provisions — tertiary critical care areas in
manifolds (ERM’s) the event of a supply
or pipeline failure
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Objective | Category Design Requirements Design Criteria IDP Stage Checked
Stage | Stage | Stage | Stage | Stage | Stage
1 2 3 4 5 6
YIN YIN YIN YIN YIN YIN
Continuity | Pipeline system Major incident requirements Strategically located
and inlet ports
identity Ring main system
Future extensions/
expansions
Impact on existing
sernvices
Quality Sources of supply | Validation and verification Refer to Chapters 13
and pipeline and 14
system
Signature: Date:
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Abbreviations

A&E: Accident and Emergency

AAGBI: Association of Anaesthetists of Great Britain and Ireland
AAP: Area Alarm Panel

AE (MGPS): Authorising Engineer (Medical Gas Pipeline Systems)
AGS: Anaesthetic gas scavenging

AGSS: Anaesthetic gas scavenging system

AL: Air Liquide

ALARP: As Low as Reasonably Practicable

AP (MGPS): Authorised Person (Medical Gas Pipeline Systems)
APL: Air Products Ltd

AVSU: Area Valve Service Unit

BCGA: British Compressed Gas Association

BDA: British Dental Association

BIM: Building Information Modelling

BMS: Building Management System

BOC: British Oxygen Company

BP: British Pharmacopeia

BS: British Standard

BS EN ISO: British European International Standard

BSRIA: Building Services Research and Intelligence Association
CCRA: Climate Change Risk Assessment

CCU: Coronary Care Unit

CMT: Corrugated Metal Tubing

CO: Carbon monoxide

CO2: Carbon dioxide
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COze:
COSHH:
CP:
CPAP:
CPD:
CR:
CSO:
Cu-DHP:
dBA:
dc:
DCO:
DL:
DOP:
DU:
EBME:
EIGA:
ELV:
EMC:
EN:
ERM:
EU:
FELV:
FFL:
FGF:
FM:
GMP:
GN:
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Carbon dioxide emissions

Control of Substances Hazardous to Health

Code of Practice

Continuous Positive Airway Pressure
Continuing Professional Development
Contractors Representative

Contract Supervising Officer
Deoxidised High Phosphorus Copper
Decibel (A-Weighted)

Direct current

Designated Clinical Officer

Director Letter

Dispersed Oil Particulate

Delivery Unit

Electronic and Biomedical Equipment
European Industrial Gases Association
Extra-low Voltage

Electromagnetic Compatibility
European Standard

Emergency Reserve Manifold
European Union

Functional Extra Low Voltage
Finished Floor Level

Fresh Gas Flow Rate

Facilities Management

Good Manufacturing Practice

Guidance Notes

V2
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GPhC:
GVW:
GWP:

HAI-SCRIBE:

HAZOP:
HBN:
HDU:
HMI:
HSE:
HSG:
HSIB:
HTM:
IACSD:
IDP:
IEC:
IPCT:
IS:
ISO:
ITU:
kPa:
KSB:
kW:
kWh:
LDRP:
LEV:

Litres/min:
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General Pharmaceutical Council
Gross Vehicle Weight
Global Warming Potential

Healthcare Associated Infection System for Controlling Risk in the Built
Environment

Hazard and Operability (analysis)

Health Building Note

High Dependency Unit

Human Machine Interface

Health and Safety Executive

Health and Safety Guidance

Healthcare Safety Investigations Branch
Health Technical Memorandum
Intercollegiate Advisory Committee for Sedation in Dentistry
Informed design process

International Electrotechnical Commission
Infection Prevention and Control Team
Inhalation Sedation

International Standard

Intensive Therapy Unit

kilo Pascal

Knowledge, skills, and behaviours
kilowatt

kilowatt per hour

Labour, Delivery, Recovery and Post-partum
Local Exhaust Ventilation

Litres per minute
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LOX: Liquid oxygen

LV: Low voltage

LVA: Line valve assembly

mA: Milliamp

MA: Medical air

MA4: Medical air (4 bar)

MCC: Motor control centre

MCD: Medical carbon dioxide

MCP: Manifolded cylinder pack

MCS: Master control sheet

MEP: Mechanical, Electrical, and Plumbing
mg/L: milligrams per litre

mg/m3; Milligrams per cubic metre

MGPS: Medical gas pipeline system

MGSG: Medical Gas Safety Group

MHRA: Medicines and Healthcare products Regulatory Agency
MIA: Manufacturing and Importation Licence
ml/m3: Millilitres per cubic metre

MMC.: Modern methods of construction
mmHg: Millimetres of Mercury

MSc: Master of Science

MV: Medical vacuum

N: Newton

N2: Nitrogen

N20: Nitrous Oxide

N20/0O2: Nitrous oxide/oxygen (50% v/v) mixture
NaPSAC: National Patient Safety Alerting Committee
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NDT:
NIST:
NOS:
NPF:
NPSA:
NSS:
O2:
°C:
OFN:
P&ID:
PED:
PFI:
Ph. Eur.:
PIF:
PMTD:
PPM:
ppm:
PSA:
PTFE:
PTQA:
PVC:
QC (MGPS):
QMS:
RACI:
RAG:
RIBA:
ROCA:
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Non-destructive Testing

Non-interchangeable screw thread

National Occupational Standard

National Performance Framework

National Patient Safety Alert

NHS National Services Scotland

Oxygen

Degrees Centigrade

Oxygen-free Nitrogen

Piping and Instrumentation Diagrams

Pressure Equipment Directive

Private Finance Initiative

European Pharmacopoeia

Performance Influencing Factors

Particulate Matter Test Device

Planned Preventative Maintenance
Parts per million

Pressure swing adsorber

Polytetrafluoroethylene

Pharmaceutical Technology and Quality Assurance
Polyvinyl chloride

Quality Controller (Medical Gas Pipeline Systems)
Quality Management System

Responsible, Accountable, Consulted, Informed (matrix)
Red, Amber, Green

Royal Institute of British Architects

Royal College of Anaesthetists
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RPS:
RRM:
RSC:

SA:
SAT:
SAAD:
SCBU:
SCTA:
SDCEP:
SEPA:
SETAG:
SHFN:
SHPN:
SHTM:
SHTN:
S0:z:
SOP:
SPQAG:
SRO:
SRR:
SSD:
STP:
STPA:
TCO:
TIVA:
TRA:
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Royal Pharmaceutical Society

Risk Reduction Measure

Royal Society of Chemistry

Seconds

Surgical air

Surgical air (7 bar)

The Society for the Advancement of Anaesthesia in Dentistry
Special Care Baby Unit

Safety Critical Tast Analysis

Scottish Dental Clinical Effectiveness Programme
Scottish Environment Protection Agency

Scottish Engineering and Technology Advisory Group
Scottish Health Facilities Note

Scottish Health Planning Note

Scottish Health Technical Memoranda

Scottish Health Technical Note

Sulphur dioxide

Standard Operating Procedure

Scottish Pharmaceutical Quality Assurance Group
Senior Responsible Officer

Safety, Reliability and Risk

Sterile Services Department

Standard temperature and pressure

Systems Theoretic Process Analysis

Timed changeover

Total Intravenous Anaesthesia

Task Risk Analysis
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TWA: Time-weighted averages

TU: Terminal Unit

UCV: Ultra-clean ventilation

UPS: Uninterruptible Power Supply
V: volt

viv: volume per volume

VIE: Vacuum Insulated Evaporator
VIPR: Valve with an integral pressure regulator
VPM: Volume per million

WEL.: Workplace Exposure Limit
WI: Work Instructions

WRA. Well-Reasoned Argument
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