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Preface

About Health Technical Memoranda
Engineering Health Technical Memoranda (HTMs) 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 HTM guidance remains on healthcare-
specific elements of standards, policies and up-to-date 
established best practice. They are applicable to new and 
existing sites, and are for use at various stages during the 
whole building lifecycle:

Healthcare providers have a duty of care to ensure that 
appropriate engineering governance arrangements are in 
place and are managed effectively. The Engineering 
Health Technical Memorandum series provides best 
practice engineering standards and policy to enable 
management of this duty of care.

It is not the intention within this suite of documents to 
unnecessarily repeat international or European standards, 
industry standards or UK Government legislation. Where 
appropriate, these will be referenced.

Healthcare-specific technical engineering guidance is a 
vital tool in the safe and efficient operation of healthcare 
facilities. Health Technical Memorandum guidance is the 

main source of specific healthcare-related guidance for 
estates and facilities professionals. 

The core suite of nine subject areas provides access to 
guidance which:

•	 is more streamlined and accessible;

•	 encapsulates the latest standards and best 
practice in healthcare engineering;

•	 provides a structured reference for healthcare 
engineering.

Structure of the Health Technical 
Memorandum suite
The series of engineering-specific guidance contains a 
suite of nine core subjects:

Health Technical Memorandum 00 
	� Policies and principles (applicable to all Health 

Technical Memoranda in this series)

Health Technical Memorandum 01 
	 Decontamination

Health Technical Memorandum 02 
	 Medical gases
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Figure 1  Healthcare building life-cycle
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Health Technical Memorandum 03 
	 Heating and ventilation systems

Health Technical Memorandum 04 
	 Water systems

Health Technical Memorandum 05 
	 Fire safety

Health Technical Memorandum 06 
	 Electrical services

Health Technical Memorandum 07 
	 Environment and sustainabilty

Health Technical Memorandum 08 
	 Specialist services

Some subject areas may be further developed into topics 
shown as -01, -02 etc and further referenced into Parts A, 
B etc.

Example: Health Technical Memorandum 06-02 Part A 
will represent:

Electrical safety guidance for low voltage systems

In a similar way Health Technical Memorandum 07-02 
will simply represent: 

Environment and Sustainability – EnCO2de.

All Health Technical Memoranda are supported by the 
initial document Health Technical Memorandum 00 
which embraces the management and operational policies 
from previous documents and explores risk management 
issues.

Some variation in style and structure is reflected by the 
topic and approach of the different review working 
groups.

DH Estates and Facilities Division wishes to acknowledge 
the contribution made by professional bodies, 
engineering consultants, healthcare specialists and  
NHS staff who have contributed to the review.

Figure 2  Engineering guidance



�

Executive summary

Preamble
Health Technical Memorandum 2027 – ‘Hot and cold 
water supply, storage and mains services’ and Health 
Technical Memorandum 2040 – ‘The control of 
Legionellae in healthcare premises: a code of practice’ 
have both been revised, and have, at the same time, been 
combined into this single document: Health Technical 
Memorandum 04-01 – ‘The control of Legionella, 
hygiene, “safe” hot water, cold water and drinking water 
systems’.

The guidance has been revised in line with changes to 
relevant regulations, standards and other guidance, and 
also technical developments.

Health Technical Memorandum 04 now supersedes 
Health Technical Memorandum 2027 and Health 
Technical Memorandum 2040.

Introduction
The development, construction, installation and 
maintenance of hot and cold water supply systems are 
vital for public health. Healthcare premises are dependent 
upon water to maintain hygiene and a comfortable 
environment for patients and staff, and for clinical and 
surgical care.

Interruptions in water supply can disrupt healthcare 
activities. The design of systems must ensure that 
sufficient reserve water storage is available to minimise 
the consequence of disruption, while at the same time 
ensuring an adequate turnover of water to prevent 
stagnation in storage vessels and distribution systems. 

This Health Technical Memorandum gives 
comprehensive advice and guidance to healthcare 
management, design engineers, estate managers and 
operations managers on the legal requirements, design 
applications, maintenance and operation of hot and cold 
water supply, storage and distribution systems in all types 
of healthcare premises. It is equally applicable to both 
new and existing sites.

Aims of this guidance
This guidance has been written to:

•	 provide information on thermostatic mixing 
valve configurations, usage and maintenance 
requirements;

•	 outline how quality and hygiene of water supply 
can preserve system components and safe use by 
occupants;

•	 provide a point of reference to legislation, 
standards and other guidance pertaining to 
water systems;

•	 provide a basic overview of possible bacterial 
contaminants; 

•	 outline key criteria and system arrangements to 
help stop bacteria proliferate;

•	 give an overview of some of the different water 
systems components and their safe installation 
and operation;

•	 provide typical system layouts and individual 
component location;

•	 illustrate the importance of “safe” delivery of hot 
water;

•	 illustrate temperature regimes for sanitary 
outlets used in healthcare premises to reduce risk 
of occupant injury;

•	 identify key commissioning, testing and 
maintenance requirements for referral by 
designers, installers, operators and management.

Recommendations
•	 In healthcare facilities, there is a risk of scalding for 

vulnerable patients, the very young, older people 
and mental health patients. Therefore, this guidance 
strongly recommends that thermostatic mixing 
devices should be considered for many hot water 
outlets. Safe water and delivery devices are 
summarised as follows:
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Area/activity Recommended temperature (°C) Type of device (see MES D08 for 
explanation of valve types)

Staff bases, ward and consulting rooms 
etc basins  
In-patient, out-patient hand-wash basins

41 Type 3 Thermostatic

General areas to which staff and visitors 
may have access

41 Type 2 Thermostatic

Paediatric baths 40 – to allow for the cold paediatric 
bath/sink  
NB: Paediatric nurses should always use 
a thermometer

Type 3 Thermostatic

General baths 43 Type 3 Thermostatic
Showers 41 Type 3 Thermostatic
Assisted baths 46 – to allow for the cold mass of bath  

NB: Nurses should always use a 
thermometer before immersing patients

Type 3 Thermostatic

Hair-wash facilities 41 Type 3 Thermostatic
Bidets 38 Type 3 Thermostatic
All sinks, kitchens, pantries, slop sinks 
etc

55 – minimum required for food hygiene 
and decontamination purposes

Separate hot and cold taps or 
combination tap assembly Type 1;  
no preceding thermostatic device

Office, staff-only access areas hand-wash 
basins

43 Type 1

•	 It is preferable that thermostatic mixing devices are 
fitted directly to the mixed temperature outlet, or 
be integral with it, and be the method of 
temperature and flow control.

•	 Because of the complexity of hot and cold water 
systems found in healthcare facilities and the 
responsibility of maintaining a temperature control 
regimen at all times, this guidance suggests that 
chemical and other water treatments that have been 
shown to be capable of controlling and monitoring 
Legionella may also be considered (for example 
chlorine dioxide or silver/copper ionisation).

Note
As well as complying with the recommendations 
outlined in this document, the design and 
installation of the hot and cold water services, new 
or extended, in any NHS premises must also comply 
with:
   a.  �the Water Supply (Water Fittings) Regulations 

1999, recommendations of the water suppliers 
in the Water Regulations Advisory Scheme’s 
(WRAS) ‘Water Regulations Guide’, and any 
other requirements of the local water 
undertaker;

   b.  �the Health and Safety Commission’s Approved 
Code of Practice and guidance document 
‘Legionnaires’ disease: the control of Legionella 
bacteria in water systems’ (commonly known as 
L8), which requires that there must be a written 
scheme in place in respect of controlling 
Legionella in water systems.
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Preamble
1.1	 Health Technical Memorandum 2027 – ‘Hot and 

cold water supply, storage and mains services’ 
(NHS Estates, 1995) and Health Technical 
Memorandum 2040 – ‘The control of legionellae 
in healthcare premises: a code of practice’ (NHS 
Estates, 1994) have both been revised, and have, at 
the same time, been combined into this single 
document: Health Technical Memorandum 04-01 
– ‘The control of Legionella, hygiene, “safe” hot 
water, cold water and drinking water systems’. The 
guidance has been revised in line with changes to 
relevant regulations, standards and other guidance 
and also technical developments.

1.2	 Health Technical Memorandum 04 now supersedes 
Health Technical Memorandum 2027 and Health 
Technical Memorandum 2040.

1.3	 This Health Technical Memorandum gives 
comprehensive advice and guidance to healthcare 
management, design engineers, estate managers and 
operations managers on the legal requirements, 
design applications, maintenance and operation of 
hot and cold water supply, storage and distribution 
systems in all types of healthcare premises. It is 
equally applicable to both new and existing sites.

1.4	 In its new form, the document is divided in two 
parts. This part (Part A) outlines the principles 
involved in the design, installation and testing  
of the hot and cold water supply, storage and 
distribution systems for healthcare premises. Some 
variation may be necessary to meet the differing 
requirements for the various water undertakers. 
Part B covers operational management. 

General
1.5	 Current statutory legislation requires both 

“management” and “staff ” to be aware of their 
individual and collective responsibility for the 
provision of wholesome, safe hot and cold water 
supplies, and storage and distribution systems in 
healthcare premises. 

1.6	 Healthcare premises are dependent upon water to 
maintain hygiene and a comfortable environment 
for patients and staff, and for clinical and surgical 
care. 

1.7	 The development, construction, installation and 
maintenance of hot and cold water supply systems 
are vital for public health.

1.8	 Interruptions in water supply can disrupt 
healthcare activities. The design of systems must 
ensure that sufficient reserve water storage is 
available to minimise the consequence of 
disruption, while at the same time ensuring an 
adequate turnover of water to prevent stagnation  
in storage vessels and distribution systems.

1.9	 Measures to control the spread of microorganisms 
in healthcare premises include the regular use of 
alcohol-based hand-rubs, and this can result in a 
significant reduction in the use of handwash basins. 
Under-use of taps encourages colonisation with 
Legionella and other microorganisms. Designers 
should be aware of this and, accordingly, consider 
how local infection policies with regard to hand 
hygiene and the use of alcohol-based hand-rubs 
might impact on the frequency of use of handwash 
basins (see also paragraphs 5.7–5.12 in Part B on 
the extent of utilisation).

Legislation, standards and guidance 
1.10	 As well as complying with the recommendations 

outlined in this document, the design and 
installation of the hot and cold water services, new 
or extended, in any NHS premises should also 
comply with: 

a.	 the Water Supply (Water Fittings) Regulations 
1999, recommendations of the water suppliers 
in the Water Regulations Advisory Scheme’s 
(WRAS) ‘Water Regulations Guide’, and any 
other requirements of the local water 
undertaker; 

b.	 the Health and Safety Commission’s Approved 
Code of Practice and guidance document L8, 

1  Introduction
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1.16	 This Health Technical Memorandum does not 
cover wet cooling systems such as cooling towers. 
Guidance on these systems is given in the Health & 
Safety Commission’s Approved Code of Practice 
and guidance document L8.

1.17	 While some guidance on other water-service 
applications is included, it is not intended to cover 
them fully. For:

•	 laundry, see Health Building Note 25 – 
‘Laundry’; 

•	 sterile services departments, see Health Building 
Note 13 – ‘Sterile services department’; 

•	 hydrotherapy pools, see the Public Health 
Laboratory Service’s ‘Hygiene for hydrotherapy 
pools’;

•	 spa pools, see the Public Health Laboratory 
Service’s ‘Hygiene for spa pools: guidelines for 
their safe operation. The report of a PHLS spa 
pools working party’;

•	 Guidance on birthing pools, see Health 
Building Note 21 – ‘Maternity’. 

Definitions 
1.18	 Definition of terms is as those contained in the 

Water Supply (Water Fittings) Regulations 1999; 
BS 6100:1984-2000; BS 6700:1997; and BS EN 
806-2:2005.

1  Introduction
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General 
2.1	 Normally, the source of water supply to healthcare 

premises is by one or more service pipe connections 
from the mains of a water undertaker. If the 
quantity and rate of flow is inadequate, or if the 
cost of providing the service connection appears to 
be uneconomical, alternative sources of supply such 
as boreholes or wells may be investigated or other 
water undertakers may be contacted. 

2.2	 Where the constraint is only that of inadequacy  
of the water undertaker’s supply, the healthcare 
building needs could be met by using a private 
supply as an additional source to the undertaker’s 
supply. In such cases, the undertaker’s supply 
should be the priority supply for drinking, culinary 
and special hygienic services. By limiting the use  
of the private supply to services not requiring the 
highest level of hygiene, the extent of treatment of 
the private supply may be reduced. Private supplies 
used in this way must convey water through a 
separate pipework system that is clearly labelled. 
Outlets served by the private supply system should 
also be appropriately labelled. 

2.3	 Provision should be included for alternative water 
supply arrangements to meet an emergency, 
regardless of the source or sources of supply finally 
adopted. Alternative arrangements would include  
a second service connection from the water 
undertaker or a private supply. In either case the 
alternative supply should not be vulnerable to the 
cause of loss of the original supply. Direct physical 
interconnection of pipework and valves of a water 
undertaker’s supply with any private supply 
without adequate backflow protection is prohibited 
by the Water Supply (Water Fittings) Regulations 
1999. The water quality requirements applicable  
to the main supply apply also to any alternative 
supplies. 

2.4	 The water undertaker must be advised if it is 
proposed to use any private supply as well as the 
water undertaker’s supply, and advice should be 
sought on the limitations imposed in respect of 

break cisterns and interconnection thereafter as 
required by the Water Supply (Water Fittings) 
Regulations 1999.

2.5	 In England and Wales all water intended for 
human consumption is required by legislation to 
comply with the quality standards laid down in the 
Water Supply (Water Quality) Regulations 2000 
and the Private Water Supplies Regulations 1991. 
These regulations apply to water sampled at the 
point where the water is available for use and 
embrace not just drinking water but also water used 
in the preparation of food and beverages. 

2.6	 The responsibility for enforcing this legislation for 
public water supplies rests primarily with the 
Drinking Water Inspectorate, and for private 
supplies it rests with the local authority. In respect 
of public water supplies, the water undertaker has  
a duty to provide a wholesome supply and to 
demonstrate – by monitoring – that the supplies 
meet the above standards. 

Supplies from a water undertaker 
2.7	 The following factors should be taken into 

consideration in the initial stages of the design: 

a.	 the water undertaker’s requirements;

b.	 the estimated daily consumption, and the 
maximum and average flows required, together 
with the estimated time of peak flow; 

c.	 the location of the available supply;

d.	 the quality, quantity and pressure required; 

e.	 the cold water storage capacity required;

f.	 the likelihood of ground subsidence due to 
mining activities or any other reason;

g.	 the likelihood of there being any contaminated 
land on site;

h.	 the proposed method of storage and probable 
number and purpose of direct connections to 
pressure mains; 

2  Source of supply



j.	 the minimum and maximum pressures available 
at the service connection; 

k.	 details of the physical, chemical and 
microbiological characteristics of the water 
supply and scope of any possible variations in 
such characteristics;

m.	the possibility of an alternative service 
connection from some other part of the water 
undertaker’s network, including pressure details.  

Note
Regulations require notification to the water 
undertaker of any proposed changes and additions to 
the water supply system in the premises.

2.8	 These initial design investigations should  
normally reveal the need for any further treatment, 
pressurisation and storage of the water undertaker’s 
supply to meet healthcare building requirements 
and enable an estimate of costs to be made. 

2.9	 BS 6700:1997 and BS EN 806-2:2005 give further 
guidance on the procedures that should be followed 
when carrying out preliminary investigations in 
relation to new water supplies. 

2.10	 During the design stage, close collaboration with 
the water undertaker should be maintained, and 
consent must be sought on the final arrangements 
before proceeding with the installation. These 
arrangements should include: 

•	 siting of service connection, access chamber, 
metering, bypassing, flushing out, physical 
security of service connection, installation and 
provisions for the fire-fighting service; 

•	 compliance with the Water Supply (Water 
Fittings) Regulations 1999. 

Private supplies 
2.11	 Private supplies independent of the water 

undertaker are governed by the Private Water 
Supplies Regulations 1991 and the Water  
Industry Act 1991. A licence is required from the 
Environment Agency (EA) before embarking on 
any private water supply scheme. If, for reasons of 
back-up or security of supply, there is a connection 

to the public supply (regardless of whether, or how 
often, it is used), the installations must comply 
with the Water Supply (Water Fittings) Regulations 
1999. Private supplies should be registered with the 
local authority that has the responsibility to 
monitor the wholesomeness of the supplies where 
these are used for domestic or food production 
purposes. 

2.12	 The quality of water from a private supply is 
governed by the Private Water Supplies Regulations 
1991. The standards are very similar to those for 
public supplies. Reference should also be made  
to the Standing Committee of Analysts’ (2002) 
‘The microbiology of drinking water’. 

2.13	 The EA keeps records and maps of all known 
sources of private water supply together with details 
of the geological strata and water-bearing 
characteristics of the area under its control. 

2.14	 The feasibility of such a private supply should be 
decided by comparing the capital costs (of the 
construction of works, including mains, pumping 
plant, treatment plant etc) and revenue costs (of 
electricity for pumping, water treatment chemicals, 
direct and indirect maintenance and associated 
management costs, regular water analysis tests etc) 
with the long-term cost of water supply from the 
water undertaker over the predicted life-cycle of the 
installation. Due consideration should be given to 
the long-term costs of a private supply, and account 
should be taken of potential deterioration in water 
quality and/or capacity of the private supply source. 

2.15	 Where consideration is being given to the use of a 
private supply, specialist assistance should be sought 
to: 

a.	 confirm the long-term availability of water in 
sufficient quantity, which is either of proper 
quality or suitable for treatment; 

b.	 confirm the long-term quality of water and 
define requirements for water treatment; 

c.	 design and specify the works needed; 

d.	 carry out a full evaluation of the costs and 
practicability of a private supply compared to a 
connection from the water undertaker.

2  Source of supply
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4.1	 Hard waters are unsuitable for many industrial and 
domestic purposes. Treatment may therefore be 
necessary to remove or alter the constituents to 
render the water suitable for particular purposes. 

4.2	 Hardness is due to calcium and magnesium salts in 
the water and is expressed in terms of milligrams 
per litre as calcium carbonate (CaCO3). Temporary 
(carbonate) hardness is related to the bicarbonate 
salts of calcium and magnesium. Permanent (non-
carbonate) hardness is related to the other salts of 
calcium and magnesium, that is chlorides, 
sulphates, nitrates etc. The generally accepted 
classification of waters is shown in Table 1. 

Table 1  Classification of water hardness

Description Milligrams per litre 
(mg/L as CaCO3)

Soft 0 to 50
Moderately soft 50 to 100
Slightly hard 100 to 150
Moderately hard 150 to 200
Hard 200 to 300
Very hard Over 300

4.3	 When the temperature of water is raised, the 
hardness will be reduced by some of the dissolved 
salts (temporary hardness) coming out of solution 
and forming solids in suspension, some of which 
will be deposited on heating surfaces to form an 
adherent lime scale, thus reducing the heat transfer 
rate. 

4.4	 The extent of treatment required to prevent scale 
formation will depend upon the process for which 
the water is being heated; it may therefore be 
necessary to achieve one of the following 
conditions: 

a.	 replacement of calcium and magnesium salts by 
their more soluble sodium equivalents;

b.	 removal of all salts, that is, demineralisation;

c.	 where purer water is required for specialised 
uses, it can be produced from softened water  
by reverse osmosis or by demineralisation. 

4.5	 Softening is not considered necessary for 
palatability. In some instances the softening process 
makes the water less pleasant to taste without 
affecting the potability. 

4.6	 Epidemiological studies have shown that the 
incidence of cardiovascular disease tends to be 
higher in areas with soft water supplies than in 
areas with hard water supplies. The association is 
clearest where the soft water supplies contain 
hardness below about 150 mg/L (as CaCO3).  
The explanation is not known, but it is considered 
prudent, where possible, not to drink water that 
has been artificially softened to concentrations 
lower than this. Softened water may also tend to 
dissolve metals from pipes. Water softeners 
containing ion-exchange resins may be subject  
to bacterial contamination if not adequately 
maintained. Softeners using salt-regenerated ion-
exchange resins increase the sodium content of the 
water during softening, and this may be undesirable 
for children and anyone on strict salt-restricted 
diets. These concerns can be avoided if water 
intended for drinking and cooking is not softened. 

4.7	 Waters having a hardness of up to 400 mg/L have 
been used for public supplies without preliminary 
softening. While it is accepted that supplies for 
domestic purposes need not be softened, some 
water undertakers carry out partial softening. 

4.8	 The need for softened water in hospitals for 
domestic purposes other than drinking and cooking 
should be considered on the merits of each case; if 
treatment is considered essential, the extent of 
softening should be the minimum to achieve an 
acceptable level. A generally acceptable level is 
between 80 and 150 mg/L, and not less than 
60 mg/L, but this should not be taken as a 
requirement for hospitals as it may be impracticable 
to achieve. The cost and difficulties of treatment 
may be prohibitive for certain waters if the hardness 

4  Water softening�
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value is particularly high and the content of 
magnesium is appreciable. 

4.9	 Generally, within healthcare premises, softening of 
a hard water supply will be required on feeds to the 
following: 

a.	 boilers and hot water supply systems – to 
prevent sludge and lime scale building up in 
pipework and plant (see BS 2486:1997);

b.	 mixing devices and blending valves – to avoid 
clogging of control ports and showerheads by 
lime scale;

Note
Problems often occur in thermostatic mixing 

valves whereby scale is deposited as a result 
of hard cold water being heated in the 
blending process.

c.	 laundries – high maintenance costs and the 
uneconomic uses of soap or detergents are 
caused by the presence of hardness (see Health 
Building Note 25 – ‘Laundry’). 

4.10	 The most common water-softening process used 
for the protection of hot water calorifiers is base-
exchange softening. This process removes 

permanent and temporary hardness from water. 
The technique uses an ion-exchange process in 
which the calcium and magnesium ions in solution 
are removed and replaced by an equivalent number 
of sodium ions. This method of water softening is 
not recommended for drinking water or water for 
culinary use, since a raised level of sodium is 
associated with heart disease. 

4.11	 Other water softening methods include  
physical water conditioning and magnetic water 
conditioning. Physical water conditioners function 
by triggering the growth of nuclei or seed crystals 
in the water. When the water is heated or subjected 
to pressure change, dissolved salts precipitate onto 
these seeds to form crystals, which do not adhere to 
the sides of the pipes and are washed out with the 
flow. Some hard scale will still form, but it will be 
dissolved provided sufficient seeds are created. The 
main problem is to ensure an adequate supply of 
the seed crystals, which have a relatively short life 
before they are absorbed back into the water. The 
efficacy of these water-conditioning measures needs 
to be considered. 

4.12	 For further details on processes which control scale 
formation in hot water services systems, refer to 
BSRIA’s Application Guide AG 2/93: ‘Water 
treatment for building services’. 



General
5.1	 Examinations of domestic water systems in a 

number of Scottish hospitals have revealed 
significant deposits of sediment and debris  
in pipework. Such deposits can provide an 
environment conducive to the development of 
bacteria as well as biofilms. Filtration may be 
required to:

a.	 ensure that the domestic water supply and 
associated pipework is maintained at a high 
standard of cleanliness throughout the system;

b.	 reduce the accumulation of sediments and 
biofilms that may promote the growth of water-
borne organisms. 

5.2	 Filtration need not be provided for cold water for 
non-domestic use, for example fire-fighting, boiler-
feed or other chemically treated or dosed systems.

Description
5.3	 Filtration is normally used to prevent ingress of 

suspended solids into plant and pipework, and as 
such may be defined as the process of separating 
solids from liquids using a porous medium. The 
medium can consist of granular materials (sand, 
clay, carbon etc) assisted by chemical and/or 
bacterial activity, woven meshes and screens made 
of metals, fabrics, ceramics and polymeric 
membranes. 

5.4	 Filtration plant is usually specified by various 
criteria including minimum particle size retained, 
expressed in microns (µm). “Absolute filtration”  
of a given size indicates that the plant can remove 
99.9% of all particles above a given size. “Nominal 
filtration” is normally taken to mean that 95% of 
all particles above a specified size will be removed. 

5.5	 As a guide, suspended materials are normally 
classified according to Table 2.

Table 2  Particle size 

Material Particle diameter 
mm                          µm

Pebbles  >10 –
Gravel  10–2 –
Very coarse sand  2–1 –
Coarse sand  1–0.5  1000–500
Medium sand  0.50–0.25  500–250
Fine sand 0.25–0.10  250–100
Silt 0.10–0.01  100–10
Clay <0.01  <10
Colloid 10–4 – 10–6  0.1–0.001

5.6	 In practice, water will contain a range of sizes of 
suspended particulates. The rate of blockage by 
suspended solids for any given filter will depend on 
a number of factors such as:

a.	 throughput;

b.	 concentration of suspended solids and other 
fouling debris;

c.	 size distribution;

d.	 shape of particles.

5.7	 Particles less than 0.1 µm are invisible 
microscopically. The smallest visible macroparticle 
is approximately 40 µm. Particles less than 
0.001 µm are considered dissolved and in solution. 

Capacity
5.8	 To accommodate the variation in flow, and to allow 

for filter changes etc, the equipment should be 
installed in association with a storage cistern. 

Design features
5.9	 The level of filtration where thermoplastic 

pipework systems are installed should be 5 µm 
absolute. 

5.10	 The level of filtration where stainless steel pipework 
systems are installed should be 0.5 µm absolute. 

5  Filtration

�
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5.11	 For small establishments (those with fewer than 
100 beds), it will normally be appropriate to use 
strainer filters with cartridge or membrane elements 
(see paragraph 5.16). 

5.12	 In larger establishments (those with more than 
100 beds), the filtration equipment plant should  
be fully automatic in operation and include self-
cleaning and back-washing modes so that the filter 
medium does not become a reservoir for organisms 
capable of contaminating the service pipework. To 
allow for servicing of the plant, a bypass line with 
strainer filter should be provided, complete with 
isolation valves and non-return valves. The bypass 
should be provided with drains and vents to 
facilitate disinfection prior to bringing it into 
service. 

5.13	 As an alternative to the installation of a bypass 
strainer, the provision of two units to operate 
sequentially with automatic changeover on a 
regular basis will minimise potential failures and 
maintenance. Precautions should be taken to 
minimise stagnation of water in the dead-legs that 
may occur with this arrangement – weekly flushing 
of dead-legs should take place. 

5.14	 All items in contact with water must be of materials 
that comply with the Water Supply (Water Fittings) 
Regulations 1999 (for example, materials approved 
by the Water Regulations Advisory Scheme and 
listed in the WRAS ‘Water Fittings and Materials 

Directory’, having been assessed and shown not to 
have adverse effects on water quality).

5.15	 Parameters essential for the continued performance 
of the plant should be automatically monitored,  
for example downstream pressures and automatic 
cycling of back-washing facilities. These should be 
relayed to a building management system.

Point-of-use filtration
5.16	 Point-of-use filters have been found to provide 

protection from exposure to Legionella by 
preventing the dispersal of the bacterium from 
showers and other water outlets. To be effective,  
the filter membrane needs to have a nominal pore 
size of no greater than 0.2 µm. Before their use is 
contemplated, two factors should be considered. 
First, the filters do not eradicate the organism, but 
prevent discharge to the environment from the 
filtered outlet only; secondly, by retaining the 
organism within the pipework, it may be possible 
for the organisms to multiply and regressively 
“seed” other parts of the distribution system. Filters 
will also need to be changed routinely, depending 
on usage of the outlets. Their use, therefore, should 
be considered only as part of an overall regimen  
of Legionella control to be used where the most 
vulnerable patients are to be treated. Continuous 
long-term use of point-of-use filters is not 
recommended, except where there is no effective 
alternative.
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External storage 
7.18	 The ideal location for external cold water storage 

cisterns is the roof of the highest building, provided 
the structural design can support the load. If 
concrete water cisterns are to be considered, they 
should be designed to form an integral part of the 
building structure. The materials of construction, 
however, must comply with the Water Supply 
(Water Fittings) Regulations 1999. 

7.19	 Where storage is below ground, as distinct from 
being housed within a building, it is essential to 
ensure that there is no risk of contamination. 
Investigations of such risk require careful 
consideration of site conditions and should include 
such aspects as flooding; subsidence; the location of 
sewers and drains and other buried services; the 
maximum and minimum height of the water table 
in the area; the natural drainage of surface water; 
ingress of contaminants such as dust, debris etc; 
and, in the event of storage below a car parking 
area or roads, the danger of oil/fuel seepage. The 
future development of the healthcare building and 
probable extensions should also be taken into 
account in this respect. 

7.20	 Storage below ground should be adopted only as a 
last resort, and cisterns should be installed within a 
watertight bund allowing sufficient space all around 
and beneath the storage vessel to permit inspection 
and maintenance. Any underground construction 
arrangement, concrete or otherwise, not directly 
against earth will reduce the risk of contamination. 
The tank chamber must include provision for a 
sump to collect drainage water and any piping 
necessary to pump out tanks to the site drainage. 
The Water Supply (Water Fittings) Regulations 
1999 require any buried concrete reservoir to be 
designed, constructed and tested in accordance 
with BS 8007:1987. 

7.21	 The economic depth for reservoirs constructed  
in concrete is a function of the quantities to be 
stored. It should be considered at the outset of the 
planning stage, and will be influenced by soil-
bearing characteristics of the locality and take 
account of the outlet main’s position and 
particulars. If it is found necessary to exceed a 
depth of 3.3 m, a specialist should be consulted.  
A rectangular or square concrete reservoir will 
generally provide a more economic proposition 
than one or more circular reservoirs. 

Internal storage 
7.22	 As in the case of external storage, cisterns should  

be installed in positions where they can be readily 
inspected and maintained and where they will not 
be affected by frost or high temperatures. 

7.23	 It is essential in all cistern installations that a clear 
working space of not less than 0.5 m – but ideally 
1 m – is maintained around the cistern. Minimum 
clearances of 0.5 m below and 0.75 m above the 
cisterns are necessary to facilitate erection, 
inspection and maintenance. A minimum of 0.5 m 
should be provided between the floor of the 
catchment basin and the underside of the cistern. 

7.24	 Roof spaces in which cisterns are to be installed 
must have adequate trap doors or other means of 
access and adequate lighting to facilitate inspection 
and maintenance. 

Construction of cisterns 
7.25	 All storage cisterns should be constructed in 

accordance with manufacturers’ recommendations 
and should comply with the Water Supply (Water 
Fittings) Regulations 1999, be WRAS-approved, 
and comply with BS 6700:1997. Glass-reinforced 
plastic (GRP) tanks should comply with BS EN 
13280:2001. The WRAS Information and 
Guidance Note 9-04-04: ‘Cold water storage 
systems – design recommendation for mains supply 
inlets’ provides useful advice regarding the design of 
the inlet arrangements to ensure compliance with 
the Regulations. 

7.26	 Depending on size and/or capacity, tankage should 
be divided into convenient compartments suitably 
interconnected and valved to facilitate cleaning, 
disinfection, repair, modification and inspection, 
without seriously disturbing the cold water service. 

7.27	 Separate cisterns should also be provided for storage 
of different water supplies, for example cold water 
storage, softened water and fire-fighting water. 
Precautions must be taken to ensure that mixing 
does not take place between such supplies, and it 
should be noted that isolation by means of shut-off 
valves between them is not acceptable. 

7.28	 Normally the materials used for storage cisterns 
serving healthcare premises are predominantly 
GRP, but concrete or steel may also be considered. 
The material selected should comply fully with the 
Water Supply (Water Fittings) Regulations 1999. 



7.29	 Sectional cisterns fabricated from GRP or pressed 
steel provide a convenient means of bulk storage of 
water at atmospheric pressure. The components can 
be readily transported to site and, subject to unit 
multiples, they can be erected to give varying 
proportions of length to breadth and depth. It is 
also possible to make provision for future extension 
in capacity by an increase in available base area or, 
within limits, depth. 

7.30	 If sectional cisterns are selected, designs with 
external assembly flanges and self-draining profiles 
should be used, since this arrangement facilitates 
easy cleaning of internal surfaces of the cisterns. 

7.31	 The Water Supply (Water Fittings) Regulations 
1999 lay down the minimum requirements for 
potable water storage cisterns. Recommendations 
to comply with these are given in the WRAS 
‘Water Regulations Guide’. The requirements are 
indicated in Figure 1. 

Note
Cisterns should be sited away from heat sources and 
be protected from heat gains by insulation. Adequate 
access should be provided for inspection and 
maintenance (both internally and externally).

7.32	 Each storage cistern or its compartment should also 
be provided with the following: 

a.	 internal and external access ladders as necessary 
to comply with current health and safety 
requirements;

b.	 a full-way servicing valve at each inlet and outlet 
connection, except for cisterns providing water 
to primary circuits or heating circuits, vent 
pipes, overflow pipes, and warning pipes. Where 

practicable, all outlets should be taken from the 
base of the system and be sited opposite to the 
inlet;

c.	 a suitably-sized drain connection complete  
with isolating valve. The invert of the drain 
connection should be positioned so as to 
provide maximum drainage of the cistern. 

7.33	 Cisterns should be adequately supported on bearers 
placed under the longitudinal or lateral cistern 
section joints. To avoid distortion, a flat section of 
marine ply or equivalent should be sited between 
the support structure and the cistern. Final siting 
should be in accordance with the manufacturers’ 
recommendations.

7.34	 The design may incorporate a watertight drip tray 
under the cistern to contain condensed water or 
leakage so as to avoid damage to accommodation 
below. The necessity of a drip tray or watertight 
bund with drainage will depend on individual case 
requirements. The floor of the drip tray or bund 
should be graded to a drainage sump complete with 
drain pipe. A single pipe should drain off any 
overflow water from the sump and lead to a 
discharge point at ground level where any water 
flow would be readily noticed. If it is not possible 
to terminate the discharge pipe from the sump so 
that any discharge of water can be seen, an audible 
alarm should be installed to warn of overflow 
conditions. Cistern support levels should be 
constructed to keep the valves clear of the water 
level in the drip tray or bund in the event of  
cistern leakage. Special requirements apply to the 
supporting of GRP sectional cisterns on bearers, 
and manufacturers’ recommendations should be 
observed. The cistern should be provided with a 
warning pipe or a no less effective device to indicate 
leakage through the inlet control valve if this 
should occur. 

7.35	 On no account should a cistern be installed on a 
concrete plinth (directly or on steel beams) that is 
protected by an asphalt membrane. Subsequent 
irregular settlement into the asphalt may lead to 
cistern distortion and leakage.

7.36	 A consideration in deciding cistern shape and 
layout is the location of the services duct. Whereas 
the cistern room may be positioned aesthetically in 
relation to the building elevation, the duct serving 
it will be located to suit the internal layout. The 
pipe route from the system to the service duct will 
require access for inspection and protection from 
frost and heat gain.

Figure 1  �General potable water storage cistern 
arrangements

7  Water storage
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7.37	 A typical potable water storage cistern, piping  
and valve arrangements, for break-tank operation 
during normal running and maintenance, is shown 
in Figure 2. The dotted line indicates that the pipe 
is disconnected. Supply and draw-off connections 
should be arranged to facilitate good through-flow 
and turnover of stored water. 

Cistern rooms 
7.38	 GRP or steel cisterns should be installed in well-

ventilated but draught-proof housings constructed 
so as to prevent the ingress of birds, rodents and 
insects. The housing accommodating the cistern 
and the positioning of the cistern within the room 
must be designed to permit easy access for 
inspection and maintenance. 

7.39	 Prefabricated GRP housings, protected from 
extremes of temperature by thermal insulation,  
can provide an economical and aesthetic solution. 

Note
Break tank can be maintained during rundown of 
the main tank from full. When not in use “dotted” 
piped sections are removed and stored dry.

7.40	 The load-bearing capacity of the main structure 
will limit the distributed load that the cistern room 
and its contents can impose, and will ultimately 
limit capacity. If, however, cisterns can be located 
above main service ducts or stairwells, this will 
minimise the effects. 

7.41	 General space lighting should be provided in 
cistern rooms, together with suitable power points 
for low voltage small tools and inspection lamps. 

7.42	 The contents and capacity of all cisterns should be 
clearly labelled in letters not less than 100 mm high 
on a white background. 

Figure 2  �Piping and valve arrangements for break tank operation. (A) normal running; (B) during 
maintenance
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Figure 3  Schematic layout of a cold (and hot) water service system
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the pipeline distribution system is normally taken 
from the top of the vessel, as too is the open vent, 
which may or may not be combined. The cold feed 
is usually taken in towards the base of the vessel 
and the return water circulation at about one-third 
of the height. Instantaneous water heaters for 
distribution systems have similar pipeline 
connections. All water heaters must be WRAS-
approved and listed in the ‘Water Fittings and 
Materials Directory’. 

9.10	 Traditional design practice has been to provide a 
non-check-valved cold feed and expansion pipe  
to the calorifier/water heater and an open vent 
discharging over the cold feed cistern. Means 
should be taken to prevent warm water entering the 
cold feed line and possibly leading to conditions 
conducive to colonisation by Legionella. A check 
valve can be provided in the cold feed to prevent 
such circulation, but this will prevent the operation 
of the cold feed as an expansion pipe. An 
alternative is to provide a U-bend or S-bend in the 
cold feed sufficient distance from the connection to 
the calorifier so that water, which is warm, is not 
displaced (on heating up) beyond the bend and the 
vertical pipe rise. Similarly with a need to preserve 
the potability of water at all times in the storage 
cistern, the practice of terminating the vent pipe 
(air vent) over the cistern is no longer permitted  
by regulations. The vent should be arranged to 
discharge over a separate tundish arrangement, with 
visible Type AA air gap, sited at a level that takes 
account of the hydrostatic head of the system: the 
tundish should discharge to drain. The calorifier  
or water heater should be provided with a suitable 
safety valve of appropriate size and vacuum release 
arrangement. 

9.11	 Most vessels have some means of access for 
inspection, either via a special panel or by removing 
the heating coils/elements. When new calorifiers 
are required, it should be specified that they have 
separate and adequately sized access panels. 

9.12	 Where water quality indicates the need, cathodic 
protection from galvanic action by means of 
sacrificial anodes should be provided. 

9.13	 The combined storage capacity and heater output 
must be sufficient to ensure that the outflow 
temperature, at continuous design flow (at least 
20 minutes) from calorifiers or other heaters, 
should not be less than 60°C. This applies to both 
circulating and non-circulating hot water systems. 
The positioning of the control and high limit 

thermostats, cold feed and return water 
connections must ensure that these temperatures 
are achieved. 

9.14	 There are basically three types of water heater: 

a.	 instantaneous heater;

b.	 storage calorifier;

c.	 limited storage calorifier. 

Instantaneous water heaters 
9.15	 This type of heater can be further subdivided into: 

a.	 instantaneous water heaters for single or multi-
point outlets: these devices usually serve one 
draw-off only and are either electrically or gas 
heated. The general principles and limitations  
of instantaneous water heaters are given in 
BS 6700:1997. In essence: 

	 (i)	� the hot water flow rate is limited and is 
dependent upon the heater’s power rating;

	(ii)	� the water in instantaneous water heaters is 
usually heated to about 55°C at its lowest 
rate, and its temperature will rise and fall 
inversely to its flow rate. Where constant 
flow temperature is important, the heater 
should be fitted with a water governor at 
its inflow. Close control of temperature is 
of particular importance for showers. To 
attain constant temperatures on delivery, 
water flow and pressure must also be 
controlled. Variations in pressure can cause 
flow and temperature problems when the 
heater is in use, and when setting up or 
adjusting flow controls;

	(iii)	� they are susceptible to scale formation in 
hard water areas, where they will require 
frequent maintenance;

	(iv)	� this form of hot water heating should be 
considered only for smaller premises or 
where it is not economically viable to run 
a hot water circulation to a remote outlet;

b.	 instantaneous-type water heaters for distribution 
systems: these devices, which normally use 
steam or high/medium pressure hot water as the 
primary heating medium, are designed to heat 
their rated throughput of water rapidly from 
cold to the design outlet temperature. They can 
be used either to feed directly into a hot water 
distribution system, or in conjunction with a 
storage vessel which reduces the load on the 
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Figure 6  Directly heated unvented system
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Table 4  Safe water temperatures and delivery devices

Area/activity Recommended temperature (°C) Type of device (see MES D08 
for explanation of valve types)

Staff bases, ward and consulting rooms etc basins  
In-patient, out-patient hand-wash basins

41 Type 3 Thermostatic 

General areas to which staff and visitors may have 
access  
See note 3 below

41 Type 2 Thermostatic

Paediatric baths 40 – to allow for the cold 
paediatric bath/sink  
NB: Paediatric nurses should 
always use a thermometer 

 Type 3 Thermostatic

General baths 43 Type 3 Thermostatic
Showers 41 Type 3 Thermostatic
Assisted baths 46 – to allow for the cold mass of 

bath  
NB: Nurses should always use a 
thermometer before immersing 
patients

Type 3 Thermostatic

Hair-wash facilities 41 Type 3 Thermostatic
Bidets 38 Type 3 Thermostatic
All sinks, kitchens, pantries, slop sinks etc 55 – minimum required for food 

hygiene and decontamination 
purposes

Separate hot and cold taps or 
combination tap assembly Type 1; 
no preceding thermostatic device 

Office, staff-only access areas hand-wash basins 43 Type 1 
Notes: 

1. �It is preferable that thermostatic mixing devices are fitted directly to the mixed temperature outlet or be integral with it, and 
be the method of temperature and flow control, i.e. the mixing device should not be separate and supply water via a second 
tap or manual mixer since there will be many cases where draw-off of cold water will not occur. If a separate thermostatic 
device is used, it should be fitted as close to the outlet as possible, which should be a flow only control. Where “T” type 
mixing valves are installed they will require access for maintenance and consideration should be given to their location behind 
sanitaryware partitions.

2. �In the case of bidets with ascending sprays, or a handheld douche, which may be accidentally immersed in an adjacent WC, 
water must be supplied via a suitable air gap, normally from a storage cistern.

3. �Automatic taps should be considered for general public access washrooms/toilets, surgical scrub sinks and hand-wash basins 
in main kitchen/food preparation areas; because the temperature is non-user adjustable they should be supplied from a Type 2 
TMV set to 41°C. They are not recommended where the frequency of use of sanitary assemblies is low; part of the operational 
management regimen will necessitate “flushing” of outlets. Such flushing can be time-consuming and is not facilitated by 
automatic taps that require a continued presence. The proximity detector should include a timer that can be adjusted to take 
account of the optimum washing time: this is particularly important for scrub sinks.

4. �Automatic flushing WCs can also be considered for similar areas.

5. �In the case of a dual function delivery device, i.e. shower/bath diverter, a risk assessment will be necessary to establish what 
temperature setting is required. 

9  Hot water services
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10.1	 The continued safe operation of domestic hot and 
cold water systems requires a number of routine 
checks to be made by physical means using separate 
thermometric equipment. A number of the control 
parameters can, however, be monitored by building 
management systems (BMS) continuously, even 
though routine checks will still be required for 
“calibration purposes”. Parameters that should be 
monitored are as follows:

a.	 incoming mains temperature (at the water 
meter), inlet, outlet, and surface water 
temperatures of cisterns and cold water feed 
tanks for hot water calorifiers;

b.	 calorifier flow and return temperatures;

c.	 hot water service flow and circulation 
temperatures at the furthermost outlets in 
individual wards;

Note
In non-recirculating systems, at least two 
points, including the furthermost from the 
entry of the pipe into the department, should 
be monitored.

In other departments, monitoring should be 
provided on a similar basis.

d.	 cold water service at the furthermost point from 
the pipeline entry to the ward/department.

10.2	 In addition to temperature, the BMS should also 
monitor pressurisation and circulating pumps, and 
water treatment systems for fault conditions or 
change of status likely to result in a fault. 

10  Building management systems



General 
11.1	 Any materials that come into contact with the 

water in a hot and cold water installation must 
comply with the requirements of the Water Supply 
(Water Fittings) Regulations 1999. A list of 
products and materials that have been assessed  
for compliance with the requirements of these 
Regulations is given in the current edition of 
‘Water Fittings and Materials Directory’, which is 
updated every six months. Further information  
on the selection of materials can be found in 
BS 6700:1997, BS EN 806-2:2005 and BS 6920-1: 
2000. 

11.2	 Materials of construction should be selected to take 
account of water quality and its potential corrosive 
properties. The water undertaker should be asked 
to provide details of any specific requirements and 
variability from standard conditions. 

11.3	 Water supplied by the water undertaker, although 
remaining uniformly wholesome, will nevertheless 
differ chemically. Some waters are slightly acidic 
while others are slightly alkaline, and this affects 
the choice of materials for pipes, fittings and 
cisterns. The water undertaker also blends water 
and accordingly, the character of the water supply 
may vary from time to time. It will therefore be 
necessary to consult the water undertaker for advice 
on what materials should be avoided. 

11.4	 The choice of materials for piping and fittings 
should also take into account the nature of the soil 
in which the piping is to be laid. The materials 
selected should, where necessary, resist possible 
corrosion both inside and outside. The extent, if 
any, of anti-corrosion treatment of the outside of 
the piping will depend on the analysis of the soil. 
The advice of the water authority should be sought 
on the protective measures usually adopted in the 
area. 

11.5	 Corrosion (or erosion) can be caused by the motion 
of water when it is in a turbulent state and thus 
subject to rapid changes in pressure. Minute vapour 

or gas bubbles may be released at instants of low 
pressure; these collapse with implosive force the 
moment the pressure is increased. The collapse of 
such bubbles upon a metallic or concrete surface 
will quickly cause deep pitting or erosion of that 
surface. The designer should therefore avoid high 
velocities, the sudden increase of pressures or 
pulsating pressures. 

11.6	 Metallic piping should not be installed in contact 
with corrosive building products and materials. 

11.7	 Corrosion may result from galvanic action where 
dissimilar metals are connected. Dissimilar metals 
should be avoided as far as practicable, but if that  
is not possible, it should be determined that 
deterioration through galvanic action is unlikely to 
occur, or else effective measures should be taken to 
avoid deterioration. 

11.8	 The materials generally used for the conveyance  
of water in healthcare premises are copper, steel, 
stainless steel and plastics. Lead is no longer 
allowed under the Water Supply (Water Fittings) 
Regulations 1999 for pipework or solders. Lead-
free solders are now widely available. 

11.9	 Substances leached from materials of construction 
of pipes, cisterns or other water fittings in contact 
with water must not adversely affect the quality  
of water stored or drawn for domestic or food 
production purposes (Water Supply (Water 
Fittings) Regulations 1999). 

11.10	Direct gas-fired water heaters are particularly prone 
to corrosion and scale formation, and the inside of 
these heaters should be provided with suitable 
linings to limit these effects. 

Steel pipes and fittings 
11.11	 Where steel is used for bolts, nuts and slip-on 

couplings, adequate protection from corrosion 
should be provided. This usually takes the form of 
bitumen coating, but bitumen is not permitted in 
contact with water required to be wholesome (that 

11  Materials of construction
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is, to be used for normal domestic or food 
production purposes). 

11.12	 Unless adequately protected, steel is liable to 
corrosion both internally and externally, and 
therefore should not be used untreated. Steel 
piping is usually supplied zinc-galvanised, but 
dependent on the character of the water to be 
conveyed, it may be necessary to use piping with 
an internal coating of an epoxy phenolic lining 
which requires special application techniques. 

11.13	 External protection for piping may consist of 
bitumen or tar wrapping with reinforcing layers  
of fibreglass or a plastic cladding. 

11.14	 Where screwed steel piping is used, any threads 
exposed after jointing should be painted, or in the 
case of underground piping, thickly coated with 
bituminous or other suitable composition to 
prevent corrosion. 

11.15	 Where the soil is of a corrosive nature, the pipes 
must be additionally protected by means of 
bitumen and fibreglass cloth wrappings. 

11.16	 Screwed steel piping is jointed with screwed socket 
joints, using fittings of wrought iron, steel or 
malleable cast iron. A jointing compound or tape, 
which may be one of the many proprietary makes, 
should be used according to the manufacturers’ 
instructions. Compounds containing red lead 
must not be used because of the danger of 
contamination of the water. Jointing compounds 
must not support microbial growth, should 
comply with BS 6920-1:2000, and should be listed 
in the ‘Water Fittings and Materials Directory’. 
Care should be taken to remove any burr from the 
ends of pipes and to prevent the entry of excess 
jointing material. Steel piping may also be jointed 
with screwed flanges of steel or cast iron or with 
mechanical couplings. 

Stainless steel 
11.17	 Stainless steel is being increasingly used in hot and 

cold water service systems. Reference should be 
made to SHTN 2: ‘Domestic hot and cold water 
systems for Scottish health care premises’. 

Copper pipes and copper/copper alloy 
fittings 
11.18	 Copper in general is resistant to corrosion. Unless 

resistant to dezincification, brass fittings must not 
be used where water conveyed is capable of 

dissolving undue amounts of zinc from the fitting. 
External protection from corrosion for buried 
pipework may be obtained by using copper  
tube with a factory-applied polythene sheath. 
Dezincification-resistant material must be used  
for fittings that are concealed or inaccessible, for 
backflow prevention devices, and for temperature 
and pressure-relief devices on heating systems. 
Copper piping should conform to BS EN 1057: 
1996 as appropriate for underground or above-
ground installations. When soldering copper tube 
and fittings, refer to WRAS Information and 
Guidance Note 9-04-02: ‘Solder and fluxes’. If 
wax-based soldering fluxes must be used, they 
should be used sparingly. They pose a risk of 
bacterial contamination to the system, which can 
be difficult to eradicate.

11.19	 Fittings should comply with the requirements of 
BS EN 1254-1−5:1998. Copper piping may be 
jointed by means of compression joints or capillary 
joints. Effective capillary joints in copper pipes can 
be achieved if care is taken in their construction. 
Where compression joints are used with fully 
annealed copper piping, these should be 
manipulative joints; that is, joints in which the 
tube ends are flared or grooved. 

11.20	 Lead-free materials must be used in the formation 
of all potable water pipe capillary joints. 

Plastics 
11.21	 Most water systems operate at modest pressures  

and at a maximum temperature of 70°C. Such 
operating conditions are within the specified 
performance of plastics being produced in a range 
of sizes and costs suitable for healthcare premises. 

11.22	 Advantages of plastic include corrosion resistance, 
lightness of weight and ease of handling. 

11.23	 Disadvantages include poorer mechanical strengths 
than metals, greater thermal expansion (about 
seven times that of copper), low temperature (and 
possible long-term embrittlement [20–25 years]) 
and shorter distances between pipe supports. 

11.24	 All materials used for the transportation of water 
can give rise to contamination by differing 
processes. It is therefore important when 
introducing new materials that care is taken to 
ensure that appropriate standards are maintained. 
In the case of plastic materials, this can often be 
achieved by introducing a suitable “flushing” 
routine during the commissioning period. 



11.25	 Materials in common use for plastic pipework  
are medium-density and high-density polythene, 
the latter being stronger. Unplasticised polyvinyl 
chloride (uPVC) is also used. PVC pipes to 
BS 3505:1986, BS EN 1452:2000 (parts 1−5) and 
BS 3506:1969 are of a rigid material that has a 
greater tensile strength than polythene, but is less 
resistant to fracture. These materials are less 
susceptible to frost damage than metal pipes. 
Although freezing is unlikely to damage the pipe, 
it will result in interruption of supply, and 
subsequent leakage from joints may occur. 

11.26	 Polythene pipes are generally not susceptible to 
corrosion from either the water or the ground  
in which they are laid. However, they are not 
recommended in any soils contaminated with 
organic materials likely to permeate the plastics 
and taint the water such as coal gas, methane, oils, 
petrol or other organic solvents. Further advice is 
available in the WRAS Information and Guidance 
Note 9-04-03: ‘The selection of materials for water 
supply pipes to be laid in contaminated land’. 

11.27	 It is essential to consider the locality of exposed 
plastic pipes to ensure that there is no likelihood  
of mechanical damage and effects of UV daylight; 
otherwise suitable protection around the pipe will 
be necessary. Plastic piping should be adequately 
supported and incorporate adequate means of 
accommodating expansion, bearing in mind that 
plastic pipes have a much greater coefficient of 
thermal expansion than metal pipes. 

11.28	 Further advice on flushing regimes is given in 
SHTN 2: ‘Domestic hot and cold water systems 
for Scottish health care premises’.

11.29	 Methods of jointing employed include 
compression joints with insert liners, flanged, 
screwed and fusion-welded joints, as well as joints 
of the spigot and socket type. The method of 
jointing employed is dependent on the bore of  
the pipe and the applied internal pressure, and 
should be in accordance with the manufacturer’s 
recommendations. A competent fitter who has 
been trained under an approved scheme should 
make joints. 

Composite materials 
11.30	 Less proven, but available on the market, are 

composite pipes, for example aluminium pipe with 
an external and internal sheath of plastic. Little 
evidence on the performance of such pipes is so far 
available, and questions remain over earth 
bonding. 

Iron pipes and fittings 
11.31	 Iron has good resistance to corrosion, and this is 

further enhanced if the casting skin on the metal is 
still intact. Although ductile iron pipes are thinner 
than grey iron pipes, their resistance to corrosion is 
at least as good, and there is evidence that they 
tend to be rather more resistant. In assessing the 
life expectancy of ductile iron pipelines, account 
should be taken of any intended higher operating 
pressures that may be used or permitted. 

11.32	 In made ground containing ashes and clinker, or in 
certain natural soils, such as aggressive waterlogged 
clays, saline and peat marshes, additional external 
protection may be required. This may be provided 
by the use of protective coatings such as bitumen 
or coal-tar sheathing, by protective tapes, by loose 
polythene sleeving or, in certain circumstances,  
by concrete. Water undertakers are using more 
composite materials in pipework to overcome the 
risks. 

Lead 
11.33	 No new lead piping should be installed in  

any building. In the unlikely event of any lead 
pipework being discovered in existing healthcare 
premises, it should be removed as soon as practical. 

Concrete 
11.34	 Protection of concrete pipes may be required 

against sulphate and acid attack. The minimum 
size available in concrete pipework is 150 mm 
diameter, and therefore its practical use for 
healthcare premises is very limited. 

11.35	 Standard concrete pipes may be used when not 
subjected to internal pressure. Pre-stressed concrete 
pipes are available as pressure pipes, but only in 
larger sizes. 

Asbestos cement pipes and fittings 
11.36	 Asbestos cement pipes generally withstand 

corrosion but may have to be protected when laid 
in soil of high sulphate content. If iron fittings are 
used, both internal and external protection must 
be applied. 

11.37	 Specialist advice should be taken if work on 
materials containing, or suspected of containing, 
asbestos is to be carried out. 
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summits, unless adequate provision is made for  
the discharge of air and water by the presence of 
service connections. Large-orifice air valves will 
discharge displaced air when mains are being 
charged with water. When air is liable to collect  
at summits under ordinary conditions of flow, 
small orifice air valves, which discharge air under 
pressure, may be required. “Double-acting” air 
valves having both large and small orifices should 
be provided where necessary. Air-valve chambers 
should be adequately drained to avoid the 
possibility of contamination. 

12.11	 Automatic air-release valves should be installed 
where accessible for maintenance. Installation in 
ceiling voids is not recommended. 

12.12	 Drain points should not discharge directly into  
a drain or sewer or into a manhole or chamber 
connected thereto without a type A air gap. Where 
a wash-out discharges into a natural watercourse, 
the discharge should at all times be well above the 
highest possible water level in the watercourse. 
Consent for this discharge may be required from 
the Environment Agency. In some cases it may be 
necessary for the wash-out to discharge into a 
watertight sump, which has to be emptied while in 
use by portable pumping equipment. 

12.13	 In order to minimise quantities of water that may 
collect in stub pipes at drain points, the length of 
such stub pipes should be kept to an absolute 
minimum. This relates in particular to drains  
from hot water calorifiers, storage cisterns and 
distribution pipework. 

Valves 
12.14	 A clear indication should be given on all valves of 

the direction of rotation needed to close the valve. 
Normal practice is to have clockwise closing when 
looking down on the valve. 

12.15	 Where blending valves have been installed at the 
end of a run of hot water pipework, consideration 
should be given to the inclusion of a drain valve 
adjacent to the mixer. This should be located 
upstream of the mixing valve so as to facilitate 
flushing out and routine temperature testing of  
the hot water without having to dismantle the 
blending valve. 

Prevention of contamination 
12.16	 In all cold water installations it is important that 

adequate protection be provided to all supplies 

against backflow. In healthcare facilities, there 
should be a high degree of protection not only  
to the water in the undertaker’s mains, but also 
within the installations to protect the patients and 
staff. In addition to backflow protection at all 
points of use, the whole installation protection 
should be provided as required by the Water 
Supply (Water Fittings) Regulations 1999. 

12.17	 Healthcare buildings and medical premises have 
been identified as involving Fluid Category 5 
backflow risks (see Schedule 1 “Fluid Categories” 
from the Water Supply (Water Fittings) 
Regulations 1999), which are defined as points of 
use or delivery of water where backflow is likely to 
involve fluids contaminated with human waste. 
Within healthcare facilities, water usage covers a 
wide range of applications, from domestic use by 
patients and staff to specialised use in operating 
departments and pathology laboratories, and  
with equipment such as bedpan washers and 
haemodialysis machines. In addition, many 
apparently “commercial” usages may be classed as 
high-risk because they are for healthcare purposes, 
such as centralised laundries. 

12.18	 The hot and cold water storage and distribution 
systems should be designed so as to avoid the  
risk of contamination of the water supply. Such 
contamination may be caused by backflow, 
interconnections between potable and non-potable 
water supplies, stagnation, contact with unsuitable 
materials or substances, Legionella growth etc. The 
Water Supply (Water Fittings) Regulations 1999 
require the identification, by colour-coding or 
labelling, of all pipework carrying fluids other than 
wholesome water. 

12.19	 Comprehensive guidance on the measures required 
to prevent contamination of the water supply is 
given in the WRAS ‘Water Regulations Guide’ and 
in relevant parts of BS 6700:1997 and BS EN 
806-2:2005. 

12.20	 Certain departments such as pathology 
laboratories present particular risks of water 
contamination. Attention is drawn to section 
G15.24 in the WRAS ‘Water Regulations Guide’ 
on supplementing point-of-use protection by zone 
protection, where the pipes supplying a high-risk 
area can be given additional protection by 
installation of a secondary backflow protection 
device. 

12.21	 Instances of water use in hospitals where backflow 
is likely to be harmful to health include bidets, 
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Pump noise 
13.1	 Noise generated by centrifugal pumps will not 

cause problems if water velocity in the pipes and 
the speed of the pumps are low, for example about 
1 m/s and 960 rpm respectively. 

13.2	 Care should be taken in locating water-boosting 
pumps within healthcare buildings to ensure that 
they will not cause interference to wards and other 
quiet zones. 

13.3	 Such interference may result from break-out noise 
from the boosting equipment, or noise transmitted 
through the pipework system or through the 
building structure. Pump noise may also result 
from cavitation caused by low suction head. 

13.4	 Where pumps are located close to sensitive areas, 
provision for noise and vibration reduction must  
be incorporated within the design. Such provision 
will include selection of quiet-running motors, 
vibration isolation of boosting equipment from 
pipework and structure and, if required, acoustic 
lining to the booster plant enclosure. 

13.5	 Guidance on recommended noise levels for various 
locations is given in CIBSE Guide A: 
‘Environmental design’. 

Other forms of system noise 
13.6	 Other forms of nuisance noise that may be 

generated by hot and cold water distribution 
systems are listed below: 

a.	 noise from pipework due to excessive water 
velocity;

b.	 water hammer caused by rapid closure of valves 
or taps;

c.	 oscillation of the float of a float-operated valve;

d.	 tap washer oscillation;

e.	 noise caused by water discharging from float-
operated valves into cisterns;

f.	 noise caused by thermal movement of pipes;

g.	 noise due to trapping of air within pipework, 
particularly on hot water systems. 

13.7	 Further details on the above sources of noise, 
including guidance on avoiding such noise 
problems, are given in the WRAS ‘Water 
Regulations Guide’.
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application. They are not, therefore, necessarily 
effective in hot and cold water service systems. 

15.13	 Ultraviolet and ozone are methods that are suitable 
for water systems used for dialysis equipment. 
However, allowance must be made for the 
aggressive effects of ozone on materials exposed  
to it, particularly the degradation of rubber 
compounds and the corrosion of metallic 
materials. 

15.14	 The systems should be fail-safe and have adequate 
instrumentation to monitor operation. For 
example, UV systems should be preceded by 

particle filtration to prevent microorganisms being 
shielded by particles, and incorporate a detector so 
that any loss of transmission can be corrected 
immediately. They require appropriate pre-
filtration to remove particulate matter that may 
shield bacteria from the UV rays.

Purging the systems
15.15	 When the system is initially dosed, checks should 

be made at various parts of the system to ensure 
that satisfactory concentrations of treatment 
chemicals are being achieved.



Introduction
16.1	 While testing and commissioning is regarded as a 

discrete activity, continuous monitoring is required 
throughout the installation to ensure that:

a.	 materials and equipment installed comply with 
the Water Supply (Water Fittings) Regulations 
1999 and other British Standards, and are not 
otherwise unsuitable. Equipment that is listed 
in the latest edition of the ‘Water Fittings and 
Materials Directory’ and installed in accordance 
with any of its relevant conditions will comply; 

b.	 the work is done entirely within the 
specification for the scheme; 

c.	 all the requirements of current legislation  
are met, both during construction of the 
installation and when it is completed, 
particularly with regard to the Health and  
Safety at Work etc Act 1974. 

Installation checks 
16.2	 The system should be regularly checked during 

installation to ensure that open pipes, valve ends, 
cylinder connections etc are sealed to prevent the 
ingress of dust/debris that could cause problems 
during commissioning and subsequent operation. 
Checks should also be made to ensure that fittings 
and materials comply with the Regulations and are 
those listed in the ‘Water Fittings and Materials 
Directory’, and that lead solders are not being used. 

Inspection of joints 
16.3	 Before pressure testing, the site engineer should 

identify a number of fittings to be cut out for 
examination to establish whether the quality of the 
finished joint meets the specification. The exact 
number to be cut out will vary according to the size 
of the installation, but as a guide, a ratio of one 
fitting per 400 installations should be cut out. In 
any event, a minimum of two, and not normally 
more than five, fittings should be cut out for 
examination. 

16.4	 The fittings cut out should be cut open (quartered 
longitudinally) and examined. If unacceptable 
joints are found, adjacent fittings should be cut out 
until the extent of any faulty workmanship has 
been established. 

16.5	 The pipeline should be made good. 

16.6	 The tube and fitting should be internally clean and 
free from particulate matter. Some oxidation will be 
evident when hot “joints” are made. 

16.7	 When copper pipe and capillary fittings are used, 
because of the viscosity of the brazing filler, full 
penetration may not be achieved. 

16.8	 The minimum penetration at any point must be 
three times the wall thickness of the tube or 3 mm, 
whichever is the greater. 

Commissioning 
16.9	 Correct commissioning is vitally important for  

the satisfactory operation of the hot and cold  
water systems. The designer should prepare a 
commissioning brief for use by the contractor’s 
commissioning engineer. This brief should specify 
fully and clearly the extent of the commissioning 
and the objectives which must be achieved, and 
should include: 

a.	 full design data on temperatures, water flow 
rates and pressures; 

b.	 plant and equipment data; 

c.	 number commissioning procedures for 
thermostatic mixing valves in accordance with 
specification MES D08;

d.	 drawings and schematics; 

e.	 a list of test certificates to be provided. 

16.10	 The designer’s attention is drawn to CIBSE 
Commissioning Code W: ‘Water distribution’, 
which provides guidance on information that will 
be required by the commissioning engineers. 

16  Testing and commissioning
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16.11	 In the preparation of commissioning instructions 
for domestic hot and cold water services, designers 
should ensure that their work is in accordance with 
up-to-date guidance from the Department of 
Health’s Estates & Facilities Division. 

16.12	 The designer should prepare for inclusion  
in the contract documents a list of tests and 
measurements that are to be taken by the 
contractor and recorded by him/her. These should 
be witnessed by the contract supervising officer or 
project engineer on his/her behalf and he/she, if 
approved, will circulate the results, in accordance 
with the client’s instructions. 

16.13	 The installation, on completion, should be 
operated by the contractor as a whole, and 
subjected to functional or performance tests as 
specified by the designer. 

16.14	 The commissioning manual should be prepared  
by the contractor and submitted to the client’s 
commissioning adviser for review before being 
issued in final form. 

16.15	 Typical schedules of checks and performance tests 
should be included in the commissioning manual 
together with record sheets. These should be 
amended and supplemented as the designer 
considers necessary. 

16.16	 Once the client’s commissioning adviser is satisfied 
that the system meets the design intent, the final 
accordance record sheets should be completed. If 
performance is not acceptable, the matter should 
be dealt with in accordance with the contract 
requirements. 

16.17	 The supervising officer or project engineer,  
who should countersign any relevant test record 
documents, should witness commissioning and 
testing. 

16.18	 “As installed” record drawings, schematic 
diagrams, operating and maintenance instructions 
must be supplied at the time of handover. Certified 
records of pressure testing and disinfection should 
also be made available. 

16.19	 The whole commissioning procedure should  
be carried out under the guidance of a single 
authority, although the involvement of specialists 
or manufacturers may be required for specific 
items of plant. 

16.20	 Valid calibration certificates should be submitted 
and checked for all measuring equipment to be 

used by the commissioning engineers prior to 
commencement of commissioning. 

16.21	 The commissioning should be carried out in a 
logical and methodical manner. 

16.22	 The installation, on completion, should be 
operated by the contractor as a whole, and 
subjected to specified functional or performance 
tests. 

16.23	 Once the system meets the design intent, the final 
completion record sheet(s) should be completed. 
In the event of performance not being acceptable, 
the matter should be dealt with in accordance with 
the contract requirements.

Commissioning and testing checklists 
16.24	 The following is a summary of the key activities 

associated with pre-commissioning and 
commissioning of hot and cold water storage and 
distribution systems. The list is not intended to be 
comprehensive. 

Cold water installations 

16.25	 Pre-commissioning checks can be carried out on 
completion of the system installation, filling and 
pressure testing. 

16.26	 Pre-commissioning checks and tests to be applied 
are as follows. Check that: 

a.	 systems have been provided and installed in 
accordance with specification and drawings, 
and that the systems are charged with water, 
vented and free from leaks; 

b.	 water storage cisterns are free from distortion 
and leaks, are properly supported and secured, 
are provided with correctly fitting covers, and 
are in accordance with the Water Supply 
(Water Fittings) Regulations 1999; 

c.	 distribution pipework is rigidly supported, 
insulated, and incorporates adequate provisions 
for venting, draining, expansion, isolation and 
measurement of flow, temperature and 
pressure; 

d.	 pipework systems have been pressure tested; 

e.	 pipework systems and storage cisterns  
have been flushed, disinfected, appropriate 
certification received, and that specified 
residual chlorine levels are attained; 



f.	 pipework systems and storage/break tanks are 
correctly identified and marked; 

g.	 regulating valves and flow control devices 
operate freely; 

h.	 water meter(s) is/are fitted correctly; 

j.	 electrical isolation, cross-bonding and wiring of 
system components are installed in accordance 
with the current edition of BS 7671:2001. 

16.27	 Upon satisfactory completion of the pre-
commissioning tests, the commissioning tests can 
commence. 

16.28	 Commissioning checks and tests to be applied are 
as follows. Check that: 

a.	 overflows run freely and discharged water does 
not cause flooding or damage, and that drain-
down points flow when released and are free 
from leaks when shut; 

b.	 float-operated valves function satisfactorily and 
are adjusted to give the correct water level; 

c.	 control valves operate correctly and shut-off 
valves close tightly; 

d.	 all electrical circuits are tested and the pump 
motor direction of rotation is correct, and that 
electrical controls and alarms function 
correctly;

e.	 operation of any safety or anti-flood device is 
satisfactory; 

f.	 circulating or lifting pumps are free from 
excessive noise, vibration and leaks; 

g.	 remote control of pumps (if appropriate) is 
satisfactory; 

h.	 the installation is vented and regulated; 

j.	 the flow rate into, and out of, storage cisterns is 
recorded; 

k.	 all taps, mixers and outlets operate 
satisfactorily, and test and record mass flow 
from outlets in positions shown on contract 
drawings. (TMVs require hot and cold water 
for testing and commissioning. Type 3 TMVs 
are commissioned in accordance with MES 
D08.); 

m.	temperature of water in storage cisterns and at 
taps is appropriate; 

n.	 full load current of components does not 
exceed the recommended values; 

p.	 the running current of components does not 
exceed the recommended values; 

q.	 pump thermal overload trips are set; 

r.	 system schematic is displayed in a frame in the 
relevant plantroom, complete with valve 
schedule. 

Hot water installations 

16.29	 Pre-commissioning checks can be carried out upon 
completion of system installation, filling and 
pressure testing. 

16.30	 Pre-commissioning checks and tests to be applied 
are as follows. Check that: 

a.	 systems have been provided and installed in 
accordance with the specification and drawings; 

b.	 the system is charged with cold water, vented, 
and free from leaks; 

c.	 hot water storage vessels are free from leaks and 
are properly supported and secured; 

d.	 distribution pipework is rigidly supported, 
insulated, and incorporates adequate provision 
for venting, drainage, expansion, isolation, and 
measurement of flow, temperature and 
pressure; 

e.	 pipework systems, storage cylinders etc have 
been pressure tested, flushed and disinfected, 
and appropriate certification has been received, 
and that specified residual chlorine levels are 
attained; 

f.	 pipework systems, calorifiers and cisterns are 
correctly identified and marked; 

g.	 regulating valves and flow control devices 
operate freely; 

h.	 all control and regulating valves are labelled or 
marked to correspond with reference numbers 
on contract drawings; 

j.	 electrical isolation, cross-bonding and wiring of 
system components is installed in accordance 
with the current edition of BS 7671:2001; 

k.	 system schematic is displayed in a frame in the 
relevant plantroom. 

16.31	 Upon satisfactory completion of the pre-
commissioning checks, the commissioning checks 
and tests can then be started.
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16.32	 Commissioning checks and tests to be applied are 
as follows. Check that: 

a.	 drain down points flow when released and are 
free from leaks when shut, and that air vents 
and release valves open correctly and are 
airtight when shut off; 

b.	 all temperature and other controls are adjusted 
and calibrated to agreed design limits of system 
performance; 

c.	 all electrical circuits are tested and the pump 
motor direction of rotation is correct, and that 
electrical controls and alarms function 
correctly; 

d.	 control valves operate correctly and shut-off 
valves close tightly; 

e.	 heat exchangers operate satisfactorily; 

f.	 primary heating circuits are adjusted and 
regulated, and thermostatic settings are correct; 
and that bypass circuits and automatic control 
valves operate correctly; 

g.	 circulating pumps are free from excessive noise, 
vibration and leaks; 

h.	 remote and automatic control of pumps (if 
appropriate) is satisfactory, and there are no 
leaks at joints under maximum flow conditions; 

k.	 secondary circuits are regulated and vented; 

m.	thermostatic mixing devices and regulating 
valves are adjusted and set to desired values 
(TMVs require hot and cold water for  
testing and commissioning, and should be 
commissioned in accordance with MES D08); 

n.	 all taps, mixers and outlets operate 
satisfactorily;

p.	 water flow quantities at all plant items, 
regulating valves and flow-measuring valves are 
recorded; 

q.	 mass flow from taps, main and other outlets  
in positions shown on contract drawings is 
satisfactory; 

r.	 pressure drop at heat exchangers at full design 
demand flow is tested and recorded; 

s.	 hydraulic balancing of hot water secondary 
circulation system is carried out to ensure that 
minimum temperatures are achieved in all parts 
of the circuit; 

t.	 full load current of components does not 
exceed the recommended values; 

u.	 the running current of components does not 
exceed the recommended values; 

v.	 pump thermal overload trips are set. 

Pressure testing 

16.33	 Pressure testing must be carried out before 
disinfection. Except where otherwise specified, 
testing of underground pipelines should be carried 
out in accordance with the requirements of the 
Water Supply (Water Fittings) Regulations 1999. 

16.34	 Open pipes should be capped and valves closed to 
avoid contamination. 

Temperature testing 

16.35	 These tests should be performed prior to 
contractual handover and bringing the system  
into use. Separate thermostatic measuring and 
recording equipment should be used, that is, 
independent of any building management  
system. It will be necessary to have systems fully 
operational and to simulate typical draw-off of 
water. 

16.36	 Tests should include: 

a.	 measuring the incoming water temperature at 
the main water meter; 

b.	 testing the inlet, outlet and surface water 
temperatures of cisterns and cold water feed/
header tanks for the hot water calorifiers. The 
temperature should not be greater than 2°C 
above that measured at (a); 

c.	 testing the flow and return temperatures at 
connections to calorifiers and water heaters. 
These should not be less than 60°C and 50°C 
respectively; 

d.	 testing the temperature in branches of hot 
water circulating systems installed in all 
departments to ensure that the system has  
been balanced, and that under “no draw-off” 
conditions 55°C is achieved in the circulating 
system at outlets furthermost from the 
calorifier/heater;

e.	 testing sections of a non-recirculating hot water 
system at branches to ensure that the trace 
heating is effective and that under no-flow 
conditions 55°C is achieved;
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17.1	 Guidance on disinfection is given in BSRIA’s 
(2004) Application Guide 1/2001.1: ‘Pre-
commission cleaning of pipework systems’,  
which contains recommendations for the design, 
installation, system-flushing and chemical cleaning 
of pipework systems. Disinfection should be 
applied to the complete hot and cold water service 
systems. When considering a contractor to carry 
out the work, preference should be given to 
companies/individuals who are members of the 
Legionella Control Association (formerly, the  
Code of Conduct Association for the Control of 
Legionellosis). 

17.2	 Alternative disinfectants may be used, provided 
satisfactory disinfection is achieved. The infection 
control team should be consulted, and advice 
should also be sought from the Drinking Water 
Inspectorate. 

Note
Disinfection is a requirement of the Water 
Regulations. Additional advice on the use of 
alternative disinfectants is given in SHTN 2: 
‘Domestic hot and cold water systems for Scottish 
healthcare premises’.

17.3	 Proprietary solutions of disinfectant should be used 
in accordance with the manufacturers’ instructions. 
The COSHH Regulations require that the risks 
from using the disinfectant for each task be assessed 
to ensure that the control procedures adopted are 
suitable for the particular application. 

17.4	 Disinfection should not be undertaken before 
materials, for example linings in cisterns, have fully 
cured. Advice should be sought from equipment 
manufacturers to ensure that proposed disinfection 
chemicals will not adversely affect performance.  
No heat source should be applied during the 
disinfection procedure, including final flushing. 

17.5	 Pipework under pressure from the mains should  
be disinfected through an injection point and the 
disinfectant residual measured at the end of the 

pipeline. BS 6700:1997 and the Approved Code  
of Practice L8 advise 50 mg/L (ppm) for one hour 
or 20 mg/L (ppm) for two hours; it is usual practice 
to leave the chlorine solution in the pipes for 
24 hours before thoroughly flushing out with fresh 
water. Junctions that are to be inserted into existing 
pipelines should be disinfected prior to installation. 

17.6	 All disinfection of pipework under pressure from 
the mains must be carried out in accordance with 
the requirements of the water undertaker. Failure  
to ensure close liaison between the contractor and 
the water undertaker during design, construction, 
pressure testing or commissioning could present  
a potential risk of back-flow of contaminated 
materials or chemicals into the public water supply. 
Site supervision to ensure compliance with any 
requirements specified by the local water 
undertaker is recommended. 

17.7	 All cisterns should be internally cleaned to remove 
all visible dirt and debris. Cisterns and distributing 
pipework should be drained, filled with fresh water 
and then drained completely. The cisterns should 
then be refilled and the supply servicing valves 
closed. On re-fitting it is normal practice to add 
high doses of sodium hypochlorite to the water  
in the cisterns, for example to give a calculated 
chlorine concentration of 50 ± 10 mg/L (ppm)  
in the water, and leave the water to stand for one 
hour. Whatever disinfection method is used, the 
concentration should be adjusted if necessary. The 
use of a high dose ensures an adequate residual 
concentration to allow proper disinfection of the 
downstream services. Each tap or fitting should 
then be opened, progressively away from the 
cisterns, and water discharged until the disinfectant 
is detected. Each tap or fitting should then be 
closed, and the cistern and pipes left charged for  
a further hour. The tap(s) furthermost from the 
cisterns should be opened, and the level of 
disinfectant in the water discharged from the taps 
measured. If the levels set are not achieved, the 
disinfection process should be repeated. 

17  Disinfection



17.8	 As soon as possible after disinfection, the 
distribution pipework should be drained and 
thoroughly flushed through with fresh water  
and refilled (see paragraphs 17.14 and 17.15). 
Appropriate hazard warnings should be placed on 
all taps throughout the building during disinfection 
procedures. 

17.9	 After disinfection, microbiological tests for bacteria 
colony counts at 37°C and coliform bacteria, 
including Escherichia coli, should be carried out 
under the supervision of the infection control team 
to establish that the work has been satisfactorily 
completed. Water samples should be taken from 
selected areas within the distribution system. The 
system should not be brought into service until the 
infection control team certifies that the water is of 
potable quality. 

Discharge of waste water used 
during disinfection procedures within 
buildings 
17.10	 Contaminated water that is run to waste into a 

natural watercourse or a drain leading to it should 
be treated in accordance with the requirements of 
the authority responsible for land drainage and 
pollution control. The authority responsible for 
that sewer should be informed.

Thermal disinfection (of hot water 
service systems)
17.11	 The process introduces a serious scalding risk, and 

it is essential that steps are taken to ensure that 
access is limited to authorised personnel only until 
such time that the system has returned to normal 
operating temperature: it is unlikely to be a 
practicable alternative for a large system. It also 
requires the removal of thermostatic elements, thus 
introducing additional practical difficulties. 

17.12	 This process can be performed by raising the 
temperature of the entire contents of the calorifier, 
or hot water heater, followed by circulating the 
water throughout the system for at least an hour. 

The calorifier/heater temperature must be 
sufficiently high to ensure that the temperature in 
all parts of the circulating system, and at the return 
connection, does not fall below 60°C. After this 
period, each tap or draw-off-point should be  
run sequentially from the nearest point to the 
furthermost outlet. At branches it will be necessary 
to draw-off water to at least one outlet, the nearest, 
to ensure adequate purging. The draw-off at the 
tap or outlet should be for a period of at least five 
minutes at full temperature. 

17.13	 In the case of non-recirculating systems that have 
trace heating, the whole system should similarly be 
raised to, and held at, 60°C for at least an hour 
before draw-off commences. 

Maintaining control of systems
17.14	 Once disinfection has taken place, it is essential to 

put in place measures to ensure that hot and cold 
water temperatures are maintained. This will 
require regular flushing, at least weekly, and 
possibly more frequently during periods of hot 
weather. 

17.15	 Once filled, systems should not be drained unless 
full disinfection is to be carried out prior to 
building occupancy and use. However, allowing 
water in newly installed capillary-jointed copper 
plumbing to stagnate can result in serious 
corrosion of the copper. To reduce the risk of this, 
it is recommended that flushing should take place 
on a weekly basis to introduce fresh water 
throughout the system.

17.16	 To prevent the accumulation of biofilm during 
construction and testing, continuous dosing of 
water systems with appropriate biocides should  
be considered. Such treated systems should be 
regularly flushed to ensure that the biocide reaches 
all parts of the systems, and particularly outlets. 
Dosing with an appropriate level of biocide  
as soon as water hits a pipe or storage vessel,  
along with regular flushing, can control the 
accumulation of biofilm more effectively.

17  Disinfection
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General
18.1	 It is essential that a full report of all commissioning 

and testing activities is compiled and handed over 
to be incorporated within the operation and 
maintenance manuals. 

18.2	 These commissioning and testing records will be 
required so that subsequent maintenance and 
periodic checks can be made to ensure that the 
installation continues to operate as intended. Such 
information will include results of temperature 
checks on the cold water supply, hot water 
circulating systems and trace-heated hot water 
installations, and commissioning and in-service test 
data for Type 3 TMVs. The information should 
also include identification of, and test results for, 
sentinel taps. 

18.3	 Where continuous water treatment is installed, the 
commissioning records should include details of 
settings of the equipment, dosing rates and 
requirements for testing. 

18.4	 Operation and maintenance manuals should be in 
accordance with BSRIA’s (1990) Application Guide 
1/87: ‘Operation and maintenance manuals for 
building services installations’.

18.5	 As a minimum, for new installations or major 
refurbishment, the contract should require the 
following documents and drawings to be supplied:

a.	 full manufacturing details, including batch 
numbers of all pipes and fittings;

b.	 full records and certificates of pressure tests for 
all sections of pipework;

c.	 settings of all balancing valves, with readings of 
flow rates where applicable;

d.	 full details of each item of plant, including 
arrangement drawings and appropriate test 
certificates;

e.	 as-fitted drawings showing clearly the location 
of balancing valves, flows and settings, isolation 
valves, drain valves;

f.	 schematic drawings for installation in 
plantrooms showing all valves and items of 
plant;

g.	 full details of water treatment parameters and 
operating modes and settings;

h.	 full details of maintenance requirements;

j.	 detailed comfirmation of disinfection 
procedures to BS 6700:1997, and results of 
post-disinfection microbiological analysis;

k.	 full records confirming that all materials and 
fittings hold WRAS or equivalent accreditation.
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Sire band  
(no of beds)

No of hospitals  
in sample

Total no of beds 
in sample

Average size of 
hospital  

(no of beds)

Total 
consumption  

m3 per annum

Average 
consumption 
litres/bed/day

Acute (Types 1, 2, 3 and 17)
0–50 150 4,208 28 458,900 299

51–100 58 4,151 72 602,909 398
101–200 70 9,946 142 1,780,700 490
201–400 62 18,167 293 3,914,351 590
401–600 23 10,741 467 2,348,682 599
Over 600 3 2,023 674 721,887 978

Specialist acute (Types 11, 14, 15, 16 and 18)
0–25 53 931 18 108,336 319
26–50 18 651 36 82,455 347
51–100 38 2,664 70 352,133 362
101–200 16 1,952 122 341,004 479
Over 200 7 1,633 233 316,874 531

Long stay (Types 4 and 5)
0–50 30 1,126 38 74,009 180

51–100 45 3,463 77 339,791 269
101–200 44 6,222 141 560,731 247
201–300 10 2,300 230 182,617 217
Over 300 3 1,121 374 125,247 306

Recovery and convalescent (Types 7, 8 and 9)
0–25 6 126 21 9,965 216
26–50 35 1,339 38 100,721 206
51–100 19 1,357 71 91,947 185

Over 100 3 449 150 29,663 181
Geriatric and chronic sick (Type 19)

0–50 18 573 32 51,520 246
51–100 20 1,460 73 108,163 203
101–200 6 788 131 46,987 164
Over 200 2 512 256 23,748 127

Psychiatric (Types 12 and 13)
0–100 46 2,186 48 166,588 209

101–200 12 1,773 148 156,814 242
201–400 13 3,782 291 376,559 273
401–600 10 4,884 488 443,662 249
601–1000 7 5,112 730 654,024 350
Over 1000 5 6,098 1,220 747,676 336

London teaching (all types)
0–100 20 1,161 58 789,422 680

101–200 15 1,896 126 1,642,106 866
201–300 10 2,580 258 2,141,166 830
301–500 8 3,161 395 2,859,434 904
Over 500 4 2,611 652 3,207,658 1,228

Table A1  Average water consumption by type and size of hospital

Appendix 1  Water consumption for ward units
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Table A2  Definition of types of hospital

Type of hospital Type number Definition

Acute 1 Hospitals with not more than 15 per cent of their beds allocated to the “excluded 
departments”

Mainly Acute 2 Hospitals with more than 15 per cent and up to 40 per cent of their beds allocated to 
the “excluded departments”

Partly Acute 3 Hospitals with more than 40 per cent and up to 60 per cent of their beds allocated to 
the “excluded departments”

Mainly Long-stay 4 Hospitals with more than 60 per cent and up to 85 per cent of their beds allocated to 
the “excluded departments”

Long-stay 5 Hospitals with more than 85 per cent of their beds allocated to the “excluded 
departments”

Pre-convalescent 7 Hospitals with 90 per cent or more of their beds allocated to patients who have already 
received elsewhere the most intensive part of their treatment, but who still require active 
nursing care and medical oversight

Convalescent 8 Hospitals with 90 per cent or more of their beds allocated to patients recovering from 
a disability who no longer require active medical supervision or nursing care in bed 
though they may need such simple nursing procedures as renewal of dressings or the 
administration of medicines

Rehabilitation 9 Hospitals with 90 per cent or more of their beds allocated to patients who no longer 
require nursing care in bed and who, with or without the aid of appliances, can get 
about and attend to their own needs with occasional assistance but who require remedial 
and re-educative treatment with a view to their attaining the maximum degree of 
recovery of use of functions

Maternity 11 Hospitals (including General Practice Maternity Hospitals) with 90 per cent or more of 
their beds allocated to obstetrics

Psychiatric (Mental 
Illness)

12 Hospitals with 90 per cent or more of their beds allocated to mental disorder and 50 per 
cent or more of the psychiatric beds allocated to mental illness

Psychiatric (Mental 
Handicap)

13 Hospitals with 90 per cent or more of their beds allocated to mental disorder and 
more than 50 per cent of psychiatric beds allocated to handicapped and/or severely 
handicapped patients

Orthopaedic 14 Hospitals with 90 per cent or more of their beds allocated to traumatic and orthopaedic 
surgery, including bone and joint tuberculosis

Tuberculosis and 
Chest

15 Hospitals with 90 per cent or more of their beds allocated to tuberculosis (both 
respiratory and non-respiratory) or diseases of the chest (including thoracic surgery) or 
both

Tuberculosis and 
Chest and Isolation

16 Hospitals with 90 per cent or more of their beds allocated to tuberculosis (both 
respiratory and non-respiratory) or diseases of the chest (including thoracic surgery) or 
both, and infectious diseases

Children’s (Acute) 17 Hospitals with 90 per cent or more of their beds allocated as in Type 1 but for children 
only

Eye 18 Hospitals with 90 per cent or more of their beds allocated to that one function
Other hospitals 19 These include Dental and ENT hospitals and also: 

   �All hospitals with 90 per cent or more of their beds allocated to a single department 
not specifically named above unless that department is “General Medicine”, “General 
Surgery” or “General Practice (Medical)”, in which event the hospital would be 
classified as “Acute” (Type 1).  
Type 19 will include Geriatric and Chronic Sick Hospitals




