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About your qualification



INTRODUCTION TO THE PLUMBING QUALIFICATIONS

You are completing one of the following qualifications:


	•  Level 3 Advanced Technical Diploma in Plumbing (8202-35)

	•  Level 3 Diploma in Plumbing Studies (6035-03)

	•  Level 3 Diploma in Plumbing and Domestic Heating (9189).

	•  T Level Technical Qualification in Building Services Engineering for Construction (8710).



The Level 3 Advanced Technical Diploma and Level 3 Diploma in Plumbing Studies are for learners who are interested in developing the specific technical and professional skills that can support development towards becoming a plumber, progressing from Level 2 qualifications.

The Level 3 Diploma in Plumbing and Domestic Heating is the on-programme qualification for the Plumbing and Heating Technician Apprenticeship and is designed to provide the apprentice with the opportunity to develop the knowledge, skills and core behaviours that are expected of a competent Plumbing and Domestic Heating Technician operating in a number of regulated areas.

T Levels are new Level 3 vocational qualifications available to learners following the completion of GCSEs; they are the same size as three A Levels and you will sit them across two years. They offer a mixture of classroom, workshop and on-the-job work experience through industrial placements. The Plumbing Engineering (356) and Heating Engineering (355) occupational specialisms will offer the knowledge and experience needed to open the door to skilled employment or further study.



HOW TO BECOME A PLUMBING AND HEATING TECHNICIAN

To become a fully recognised plumber, you must complete the following:


	•  Plumbing and Heating Technician Apprenticeship (9189).



The 8202 Advanced Technical Diploma and 6035 Level 3 Diploma provide the knowledge and practical skills to prepare you for an apprenticeship.

The apprenticeship and 9189 Level 3 Diploma will give you an understanding of suitable on-site skills and further knowledge required to work in the plumbing industry. Once qualified, there are many specialist qualifications available, such as environmental technology systems and designing and planning complex water systems.



How to achieve your qualification

The requirements for successfully obtaining your qualification depend on which programme you are enrolled on.


6035

The 6035 diploma is assessed by a range of multiple choice exams, assignments and practical tests. You will be assessed, by one of these methods, at the end of each unit.

For details on which assessments will follow which units, you should consult the City & Guilds qualification handbook. For details on when you will complete your assessments, consult your tutor.



8202

The 8202 qualification is assessed using one multiple choice examination and one practical synoptic assignment.

For the synoptic assignment, a typical brief might be to install a cold water supply and hot water distribution pipework connected to all sanitary appliances. You will need to draw on skills and understanding developed across the qualification content in order to consider the specific requirements of the particular system and related plumbing principles, and carry out the brief. This includes the ability to plan tasks, such as plant, materials and equipment for an installation, and apply the appropriate practical and hand skills to carry them out using appropriate tools and equipment.

You will also demonstrate that you are following health and safety regulations at all times by drawing upon your knowledge of legislation and regulations.

The exam draws from across the content of the qualification, using multiple choice questions to:


	•  confirm breadth of knowledge and understanding

	•  test applied knowledge and understanding – giving the opportunity to demonstrate higher-level integrated understanding through application, analysis and evaluation.





9189

Level 3 is assessed using multiple choice tests and practical assignments. These will happen at the end of each phase of learning, with there being four phases in total. Learners will also be expected to keep a work log for the duration of the programme.

The apprenticeship is assessed separately to the on-programme qualification and is assessed by an end-point assessment (EPA). In order to progress through the end-test gateway to end-point assessment, you must complete the following:


	•  Level 3 Diploma in Plumbing and Domestic Heating qualification (9189)

	•  Level 2 Maths

	•  Level 2 English.



The graded EPA will be comprised of the following assessment methods:


	•  multiple choice test

	•  design project

	•  practical installation test

	•  practical application test

	•  professional discussion.





T Level (8710)

This Level 3 course, which runs alongside the apprenticeship programme, offers the opportunity to gain essential skills that will enable you to enter full-time employment within the plumbing and heating sector.

The course is a two-year programme. All learners studying a Building Services Engineering for Construction T Level will complete the core component (350), which introduces the foundational industry principles. This is assessed by two written exams and an employer-set project. This core component is covered in another Hodder Education textbook: Building Services Engineering for Construction T Level: Core.

You will also choose one or two occupational specialisms. These include:


	•  355 Heating engineering

	•  356 Plumbing engineering.



Although these specialisms involve practical work (which you will cover with your tutor in the workshop, and which will be assessed by observation of practical tasks), the key underpinning plumbing and heating content needed for these specialisms is covered across this book and The City & Guilds Textbook: Plumbing Book 1 (also published by Hodder Education).







How to use this book


Throughout this book you will see the following features:

Industry tips and Key points are particularly useful pieces of advice that can assist you in your workplace or help you remember something important.



INDUSTRY TIP

Sedimentation tanks require cleaning when their performance begins to deteriorate, and a 12-month period between cleaning operations would normally be sufficient.






KEY POINT

It is vital that fuels are kept dry and that they are delivered in good condition for optimum combustion efficiency to occur.




Key terms in bold purple in the text are explained in the margin to aid your understanding. (They are also explained in the Glossary at the back of the book.)



KEY TERM

Thermal shock: the rapid cooling or heating of a substance that can lead to failure of the material.




Health and safety boxes flag important points to keep yourself, colleagues and clients safe in the workplace. They also link to sections in the health and safety chapter for you to recap learning.



HEALTH AND SAFETY

It is dangerous to use a disposable knife blade when stripping cables as the blade can break, creating sharp shards.




Activities help to test your understanding and learn from your colleagues’ experiences.



ACTIVITY

Research reed bed filtration systems to assess the range of systems available in the UK.




Values and behaviours boxes provide hints and tips on good workplace practice, particularly when liaising with customers.



VALUES AND BEHAVIOURS

Do not forget to keep the householder/responsible person informed of the areas that are going to be isolated during maintenance tasks and operations.




Improve your maths items provide opportunities to practise or improve your maths skills.

Improve your English items provide opportunities to practise or improve your English skills.

At the end of each chapter there are some Test your knowledge questions. These are designed to identify any areas where you might need further training or revision. Answers are provided at www.hoddereducation.co.uk/construction.
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CHAPTER 1 COLD WATER SYSTEMS, PLANNING AND DESIGN




This chapter provides learning in the application of design techniques, installation, maintenance, diagnostics and rectification of faults and commissioning procedures, along with the backflow protection in plumbing systems to comply with current legislation and regulations. The chapter also covers systems in multi-storey dwellings with water supplied from the water undertaker and private water supplies.

By the end of this chapter, you will have knowledge and understanding of the following:


	•  the legislation relating to the installation and maintenance of cold water systems

	•  cold water system layouts

	•  backflow protection in plumbing systems

	•  design techniques for cold water systems

	•  diagnosing and rectifying faults in cold water systems and components

	•  commissioning cold water systems and components

	•  servicing and maintenance of cold water systems.








Return to Book 1, Chapter 5, Cold water systems, which covered the following topics:


	•  the sources and properties of water

	•  the types of water supply to dwellings

	•  the treatment and distribution of water

	•  the sources of information relating to cold water systems

	•  the water service pipework to dwellings

	•  selecting cold water systems

	•  backflow protection

	•  installing cold water systems and components

	•  replacing or repairing defective components

	•  decommissioning cold water systems.







1 THE LEGISLATION RELATING TO THE INSTALLATION AND MAINTENANCE OF COLD WATER SYSTEMS

In this, the first section of this chapter, we will look at some of the many pieces of legislation that govern the installation and maintenance of cold water systems.



HEALTH AND SAFETY

Return to Book 1, Chapter 1, Health and safety practices and systems.





Cold water system legislation

The water industry in England and Wales is regulated by the Water Industry Act 1991 (the Act), as amended by the Water Act 2003 (Commencement No. 11) Order 2012, the Private Water Supplies Regulations 2016 and the Water Supply (Water Fittings) Regulations 1999. These three documents have specific roles to play within the plumbing industry. We will look at the impact of each of these documents separately.

[image: Cover of Water Regulations Guide, Second Edition, by W R A S, featuring a background of flowing water with Schematic diagram of a domestic hot and cold water system.]

Figure 1.1 Water Regulations Guide




The Water Act 2003 (Water Industry Act 1991)

The Water Act 2003 amalgamates and amends two previous pieces of legislation; the Water Industry Act 1991 and the Water Resources Act 1991. The Water Act 2003 introduced changes to the regulation of the water industry in England and Wales originally made under the Water Industry Act 1991. They are enforced by the Environment Agency and deal with such matters as:


	•  the appointment and regulation of water and sewerage companies and licensed water suppliers by the Water Services Regulation Authority (OFWAT)

	•  water supply and sewage disposal powers and duties of the water companies and suppliers

	•  the obligations of the water companies and licensed water suppliers to supply water that is fit for human consumption and the enforcement of those obligations by the Department of the Environment, Food and Rural Affairs (DEFRA) and the Drinking Water Inspectorate

	•  charging powers of water companies and suppliers and the control of those charges by OFWAT

	•  protection of customers and consumers by OFWAT and the Consumer Council for Water.



Under the provisions laid down by the Water Act 2003, the UK Government introduced two documents that regulate how plumbers install, commission and maintain water supplies within domestic buildings. These are:


	•  The Water Supply (Water Fittings) Regulations 1999

	•  The Private Water Supplies Regulations 2016.





The Water Supply (Water Fittings) Regulations 1999

Before 1999, each water authority had its own set of water by-laws that were based upon the 101 model water by-laws issued by the UK Government in 1986. The problem was that each water undertaker had local variations, which caused much confusion, as there was no ‘common’ standard throughout the UK.



KEY TERM

Water undertaker: a water authority or company that supplies clean, cold wholesome water under Section 67 of the Water Act 1991.




On 1 July 1999, the Office of the Deputy Prime Minister issued the first ever water regulations to be enforced in the UK. They are known as ‘The Water Supply (Water Fittings) Regulations 1999’ and they offer a common practice throughout the United Kingdom. BS 8558 is the lead British Standard on the design, installation, testing and maintenance of services supplying water for domestic use within buildings and their curtilages. BS EN 806 contains specifications for installations inside buildings conveying water for human consumption.

BS EN 806 is a relatively new British Standard that came into force in 2011. It is divided into five parts:


	•  general recommendations

	•  design

	•  pipe sizing

	•  installation

	•  operation and maintenance.



Both BS 8558 and BS EN 806 replace the old British Standard, BS 6700, Design, installation, testing and maintenance of services supplying water for domestic use within buildings and their curtilages. However, parts of BS 6700 that are not covered in either BS EN 806 or BS 8558 will be retained.



INDUSTRY TIP

For more information go to the Water Regulations Advisory Scheme (WRAS) website at: www.wras.co.uk




Simply put, the Water Supply (Water Fittings) Regulations were made under Section 74 of the Water Industry Act 1991 and have been put in place to ensure that the plumbing systems we install and maintain prevent:


	•  contamination of water

	•  wastage of water

	•  misuse of water

	•  undue consumption of water

	•  erroneous metering of water.



An important factor here is that these regulations ONLY cover installations where the water is supplied from a water undertaker’s water main and are enforced by the water undertaker in your area. They are NOT, however, enforceable where the water is supplied from a private water source.



KEY TERM

Erroneous: wrong or incorrect.






INDUSTRY TIP

A free copy of the Water Supply (Water Fittings) Regulations 1999 can be downloaded from: www.legislation.gov.uk/uksi/1999/1148/contents/made






The Private Water Supplies Regulations 2016

A private water supply is defined as any water supply, which is NOT provided by a water undertaker. It is not connected to any part of the water mains network and, as such, water rates are not charged, although the owner of any such supply may make a charge for any water used. Private supplies are commonly used in rural areas where connection to the water mains is difficult. A private supply may serve one property or many properties on a private network. The water may be supplied from a borehole, spring, well, river, stream or pond.

Under the Water Act 2003, the local authority in the area where the private water supply is located is responsible for the inspection and testing of the water supply to ensure that it is maintained to a quality that is fit for human consumption. These inspections and tests are made in accordance with the Private Water Supplies Regulations 2016. Generally speaking, the more people that use the supply, the more detailed the tests and the more regular the inspections have to be. Supplies for commercial properties and activities or food production and preparation have to be tested more frequently and meet more stringent requirements than domestic supplies.

The Private Water Supplies Regulations 2016 stipulate that a risk assessment must be made of ALL private water supplies including the source, storage tanks, any treatment systems and the premises using the water supply.



INDUSTRY TIP

A free copy of the Private Water Supplies Regulations 2016 can be downloaded from: www.legislation.gov.uk/uksi/2016/618/contents






Installer and user responsibilities under the Water Supply (Water Fittings) Regulations 1999

Plumbers who install plumbing systems and fittings, users, owners and occupiers have legal responsibilities under the Water Supply (Water Fittings) Regulations 1999 to ensure that any installation and the materials and fittings used comply with the regulations. In most cases, as we have seen, advanced notification of the proposed installation must be given and so architects, building developers and plumbers have to abide by the regulations on behalf of their client. These regulations are not retrospective, so systems installed BEFORE the regulations came into force can still be used without the need to update to current standards, even if that installation would not meet current requirements. However, any alteration or extension completed on an existing installation must comply with the regulations in force at the time of the installation date. Regulation 3 of the Water Supply (Water Fittings) Regulations 1999 makes this very clear.



KEY TERM

Retrospective: looking back, in this case, at previous installations.




Regulation 3 states:


	1  No person shall:

	a  Install a water fitting to convey or receive water supplied by a water undertaker, or alter, disconnect or use such a water fitting; or

	b  Cause or permit such a water fitting to be installed, altered, disconnected or used, in contravention of the following provisions of this Part.





	2  No water fitting shall be installed, connected, arranged or used in such a manner that it causes or is likely to cause:

	a  Waste, misuse, undue consumption or contamination of water supplied by a water undertaker; or

	b  The erroneous measurement of water supplied by a water undertaker.





	3  No water fitting shall be installed, connected, arranged or used which by reason of being damaged, worn or otherwise faulty, causes or is likely to cause:

	a  Waste, misuse, undue consumption or contamination of water supplied by a water undertaker; or

	b  The erroneous measurement of water supplied by a water undertaker.







The following points are worth remembering:


	•  Plumbers should obtain a copy of the regulations, any amendments and guidance notes from Her Majesty’s Stationery Office (HMSO) or a copy of the Water Regulations Guide from the Water Regulations Advisory Scheme (WRAS) to ensure that any plumbing work complies with the regulations. They must ensure that any fittings and materials are of a sufficient quality and that any installation is installed in a workmanlike manner to an approved installation standard requirement. Membership of a competent person scheme is advisable.

	•  Users, owners and occupiers must ensure that the person employed to undertake the proposed work is aware of the regulations and that any work completed is done so in accordance with the regulations. A certificate of compliance MUST be obtained for the work and retained for future reference by the user, owner or occupier. Regulation 3 also makes it clear that the user, owner or occupier is responsible for ensuring that waste, misuse, undue consumption, contamination or erroneous metering of the water supply does not occur during usage.

	•  The Government requires the water undertakers enforce the regulations within their area of supply. They will undertake inspections of new and existing installations to check that the regulations are being complied with. Where breaches of the regulations are found, they must be remedied as soon as practicable. Where breaches present a significant health risk, the water supply to the premises may be isolated or, in severe cases, disconnected immediately to protect the health of occupants and/or others fed from the same public supply. The Government has deemed that it is a criminal offence to breach the regulations, and offenders, including users, owners and occupiers in cases where the original installer cannot be traced, may face prosecution.






Notification requirements

Now we will investigate the requirements of notification and consent with regard to cold water installations. We need to consider:


	•  Who needs to notify?

	•  Which types of installations require notification and consent?

	•  Why do we need to notify?

	•  Who do we notify?




The Water Supply (Water Fittings) Regulations requirements

Regulation 5 of the Water Supply (Water Fittings) Regulations requires that the water undertaker must be notified before work is commenced on most types of plumbing installations and anyone installing or using the installation without the water undertaker’s written consent could be committing a criminal offence.



VALUES AND BEHAVIOURS

Being aware of the regulations that may apply to any job you commence will ensure you are working within the law.




Notification and consent are also legally required where water fittings are to be installed on any water or waste water plants. This requirement applies irrespective of whether the plant is owned/operated by the same organisation as the enforcing water undertaker.

Consent is necessary for the installation of fittings in new buildings and dwellings, extensions and alterations of water systems in existing non-domestic premises, where there is a material change of use of a building and for the installation of certain specified items. These include:


	•  a bidet with an ascending spray or flexible hose

	•  a bath larger than 230 litres (measured to the centre of the overflow)

	•  a shower unit of a type specified by the regulator

	•  a pump or booster drawing more than 12 litres per minute

	•  a reverse osmosis unit

	•  a water treatment unit producing a waste water discharge or requiring water for regeneration or cleaning

	•  a reduced pressure zone (RPZ) valve or other mechanical device for protection against backflow in fluid category 4 or 5

	•  a garden watering system unless designed to be a hand-operated one

	•  any water system laid outside a building and either less than 750 mm or more than 1350 mm below ground level

	•  construction of an automatically-replenished pond or swimming pool of more than 10,000 litres.



When notifying the water undertaker, the following information must be sent:


	•  the name and address of the person giving notice and, if different, of the person to whom the consent should be sent

	•  a description of the proposed work and any related change of use of premises

	•  the location of the premises and their use or intended use

	•  the plumbing contractor’s name and address, if an approved plumber is to do the work.



Consent cannot be withheld unless there are reasonable grounds to do so, and may be granted subject to conditions, which must be followed. If written approval is not given within ten working days it can be assumed that consent has been granted but this does not alter the obligation upon the installer and the owner or occupier to ensure that the regulations have been complied with.



Notification and consent requirements: the Building Regulations Approved Document G requirements

From 6 April 2010 an updated and extended version of Part G was implemented, bringing in a number of new areas under Building Regulations control. As such, under these new areas of control, the installation of the systems mentioned in Regulation 5 of the Water Supply (Water Fittings) Regulations are notifiable to the local authority building control. In general terms, notification must take place prior to the work starting and within five working days of the work being completed.



INDUSTRY TIP

A free copy of the Building Regulations Approved Document G can be downloaded from: www.gov.uk/government/publications/sanitation-hot-water-safety-and-water-efficiency-approved-document-g




The new regulation Approved Document G is broken down into six parts:


	•  G1 Cold water supply – new requirements on supply of wholesome water for purposes of drinking, washing or food preparation. Also for the provision of water of a suitable quality to sanitary conveniences fitted with a flushing device.

	•  G2 Water efficiency – G2 and Regulation 17K of the Building Regulations 2000 set out new requirements on water efficiency in dwellings.

	•  G3 Hot water supply and systems – sets out enhanced and amended provisions on hot water supply and safety, applying safety provisions to all types of hot water systems and a new provision on scalding prevention.

	•  G4 Sanitary conveniences and washing facilities – sets out requirements for sanitary conveniences and hand washing facilities.

	•  G5 Bathrooms – sets out requirements for bathrooms, which apply to dwellings and to buildings containing one or more rooms for residential purposes.

	•  G6 Kitchens and food preparation areas – contains a new provision requiring sinks to be provided in areas where food is prepared.





Certification of plumbing installations

As a direct result of the introduction of the Water Supply (Water Fittings) Regulations in 1999, the water undertakers began to recognise competent persons schemes, approved plumber schemes and self-certification of certain plumbing installations. These are administered and regulated by the local water undertaker.

Under Water Supply Regulation 5, if a person proposes to carry out plumbing work on any building other than a house or dwelling, they can either:


	•  notify their local water undertaker, or

	•  use an approved plumber/contractor who will issue a Water Regulation Compliance Certificate. This certificate confirms that the work has been carried out in accordance with the regulations and that the fittings and materials used meet the strict requirements of the regulations.



[image: U K Approval certificate for Kiwa approved product, issued to A B C U K limited. The document certifies compliance with Water Regulations 1999 for England and Wales, Water Supply Water Fittings Byelaws 2014, and Water Regulations Northern Ireland.]

Figure 1.2 An example of a certificate produced by KIWA, which proves quality, credibility and compliance




Long Description
Diagram of a U K approval certificate from Kiwa for a product manufactured by A B C U K limited. It includes details such as certificate number 1 9 0 6 x x x x, issue date of June 2019, and expiration date of June 2024. The document specifies that it covers products with specific pressure and temperature ranges. It also mentions product codes a b c, e f g, and h i j. The certificate confirms that these products comply with the Water Regulations 1999 for England and Wales, Water Supply Water Fittings Byelaws 2014, and Water Regulations Northern Ireland. Additionally, it notes that installation requirements can be obtained from the acceptance letter provided along with this certificate. The certificate is addressed to A B C U K limited, located at A B C House, London, U K. The Kiwa Water Solutions logo and contact information are included on the bottom left corner.




KEY TERM

Approved plumber: a plumber that has undertaken specific Water Regulations training and is recognised as competent by the water undertaker.





What are competent persons schemes and approved plumber schemes?

A plumber who can prove, via an assessment, a substantial knowledge of the Water Supply (Water Fittings) Regulations, can join a competent persons scheme (CPS). The main benefit for members of these schemes is that they can self-certify plumbing supply work (domestic commercial and industrial) that would otherwise have to wait for water company approval before work could commence.

The first of these schemes to emerge was the water industry approved plumber scheme (WIAPS), set up by most of the water undertakers in England and Wales.






2 COLD WATER SYSTEM LAYOUTS

In this section, we will take a look at the component layout features and functions for cold water systems and the methods of providing water supplies.


Layout features for multi-storey dwellings

In plumbing systems, the phrase ‘multi-storey’ applies to buildings that are simply too tall to be supplied totally using just the pressure of the water main. Because of their design, these buildings have particular cold water system requirements that can only be satisfied by pumping or ‘boosting’ the cold water supply either in part or in total.



KEY TERM

Multi-storey building: a building having more than three floors.




Most cold water supplies that are delivered from the mains cold water supply arrive at a building at a three to seven bars pressure (30–70 metres head). A 30 m head is equivalent to around eight storeys in height. When taking into account a two-storey margin to allow for frictional losses, it becomes obvious that the height of the building will often outstrip the head of pressure available. In some parts of the UK, it is not unusual to find premises with pressures lower than two bars and flow rates of below 15 litres/minute. In these cases, the water undertaker should be consulted as to where supply pressures can be relied upon to ensure the correct operation of the cold water system.

If the public supply is inadequate or the building too high, then the water supply within the building must be boosted. There are several ways that this can be achieved and these can be divided into:


	•  direct boosting systems, direct from the cold water mains supply

	•  indirect boosting systems, from a break cistern.



Indirect systems are the most common, as direct boosting systems are often forbidden by the water undertakers because they can often reduce the mains pressure available to other consumers in the locality and can increase the risk of contamination by backflow. However, where insufficient water pressure exists and the demand is below 0.2 litres/second, then drinking water may be boosted directly from the supply pipe provided that the water undertaker agrees. With indirect systems, a series of float switches in the break cistern starts and stops the pumps depending upon the water levels in the cistern.

Boosting pumps can create excessive aeration of the water, which, although causing no deterioration of water quality, can cause concern to the consumer because of the opaque, milky appearance of the water. There are several common examples of these systems:


	•  direct boosting systems

	•  direct boosting to a drinking water header and duplicate storage cisterns

	•  indirect boosting to a storage cistern

	•  indirect boosting with a pressure vessel.




Direct boosting systems

Where permission from the water undertaker has been granted, pumps can be directly fitted to the incoming supply pipe to enable the head of pressure to be increased.

[image: Schematic diagram of a water supply system with a pump, stop valve, and duplicate pump configuration. The diagram shows how the system is designed to prevent backflow.]

Figure 1.3 Direct boosting system




Long Description
Diagram of a schematic representation of a water supply system that includes a main water pump connected via a vertical pipe to a horizontal line labelled Incoming supply. This setup features a stop valve positioned before the main pump's inlet, ensuring control over the flow into the system. A duplicate pump is also illustrated parallel to the primary pump, providing redundancy or additional capacity if needed. The diagram indicates operational controls such as Pump start and Pump stop, suggesting manual or automatic operation capabilities. There is a note specifying that this drawing does not include any backflow prevention devices required under Water Supply Water Fittings Regulations 1999, implying that these components may be necessary but are not shown in the illustration. The overall design aims at maintaining a reliable water supply by utilizing both pumps and incorporating safety measures where applicable.


A float switch, or some other no less effective device, situated inside the high-level cistern controls the pumps. The pumps either switch on or off depending upon the water level in the cistern. The pumps are activated when the water drops to a depth normally equal to about half cistern capacity and switch off again when the water level reaches a depth approximately 50 mm below the shut off level of the float operated valve.

If the cistern is to be used for drinking water, then it must be of the protected type.



Direct boosting to a drinking water header and duplicate storage cisterns

This system is mainly used for large and multi-storey installations. With this system, the cisterns at high level are for supplying non-drinking water only, a drinking water header sited on the boosted supply pipe provides limited storage of 5–7 litres drinking water to sinks in each dwelling when the pump is not running. Excessive pressure should be avoided as this can lead to an increase in the wastage of water at the sink taps along with the nuisance of excessive splashing.

[image: Schematic diagram of a water distribution system, featuring various components such as pumps, valves, and storage tanks with labels like Pump start, Pump stop, Drinking water header, Automatic air inlet valve, Pipeline level switch, Secondary protection, Incoming supply, Stop valve, Duplicate pump, N R V Non-Return Valve, and S V Shut Valves. It shows the flow direction through pipes connecting different parts including a water tank and multiple outlets.]

Figure 1.4 Direct boosting to drinking header




Long Description
The diagram is a detailed schematic representation of a water distribution network. At the top centre, there are two tanks labelled Drinking water header connected by horizontal pipes to other components. The left side includes a vertical pipe with controls labelled Pump start and Pump stop, while another section on the right has a similar setup. Above these tanks, an Automatic air inlet valve is positioned at the top.

A central vertical pipe connects both tanks via a Pipeline level switch located below it. Below this switch, Secondary protection is indicated near the bottom middle part of the diagram. On the left, the incoming water supply enters through a Stop valve, followed by a N R V Non-Return Valve and then splits into two paths: one leads to a Duplicate pump and the other continues downward. Both paths converge again before splitting towards sinks depicted at the bottom, which receive water from the Drinking water supplies sinks in flats taken from the boosted supply pipe.

The diagram also features several cross connections between pipes using N R V and S V Shut Valves. The overall layout illustrates a complex plumbing arrangement designed to manage water flow and pressure effectively within the system.


A pipeline switch on the header by-pass starts the pumps when the water level falls to a predetermined level. The pumps can be time controlled or activated to shut down by a pressure switch. When filling the cisterns, the pumps should shut down when the water levels in the cisterns are approximately 50 mm below the shut off level of the float operated valve.

Secondary backflow devices may be required at the drinking water outlets on each floor.



Indirect boosting to a storage cistern

This system incorporates a break cistern to store the water before it is pumped via a boosting pump (known as a booster set) to a storage cistern at high level. The pumps should be fitted to the outlet of the break cistern. The capacity of the break cistern needs careful consideration and will depend upon the total water storage requirements and the cistern’s location within the building, but it should not be less than 15 minutes of the pumps maximum output. However, the cistern must not be oversized as this may result in water stagnation within the cistern.

[image: Diagram of a plumbing system with two parallel pumps labelled as a duplicate pump configuration, connected to an incoming water supply. The system includes a filtered air vent, an overflow and filter, and pump start/stop controls. Additional labels indicate Pump live, Pump shut off, and other control lines.]

Figure 1.5 Indirect boosting to a storage cistern




Long Description
The diagram illustrates a plumbing schematic featuring a dual-pump system designed for water management within a facility. The system includes two main pumping sections:

Upper Pump Section – Located at the top of the diagram, it includes labelled controls for Pump live, Pump start, and Pump stop, connected to a vertical line branching off to multiple points, representing flow control.

Lower Duplicate Pump Section – Positioned at the base of the diagram, it features two pumps arranged in parallel, labelled as duplicate pump, and is connected directly to the incoming water supply. This section includes an overflow and filter mechanism, a filtered air vent, and manual controls marked Pump start and Pump stop.

The note states that the drawing does not show all required backflow prevention devices, as specified under the Water Supply, Water Fittings Regulations 1999. The overall design demonstrates redundancy and control for effective water flow management across the system.


The water level in the storage cistern (or cisterns) is usually controlled by means of water level switches which control the pumps. When the water drops to a predetermined level the pumps start filling the storage cisterns. The pumps are then switched off when the water level reaches a point about 50 mm from the shut off level of the float operated valve. A water-level switch should also be positioned in the break cistern to automatically shut off the pumps if the water level drops to within 225 mm of the suction connection near the bottom of the break cistern. This is simply to ensure the pumps do not run dry.



Indirect boosting with a pressure vessel

This rather complicated system is mainly used in buildings where a number of storage cisterns are fed at various floor levels making it impractical to control pumps by water level switches. It utilises a pneumatic pressure vessel to maintain the pressure boost to the higher levels of the building.

The pneumatic pressure vessel comprises of a small water reservoir with a cushion of compressed air. The water pumps and the compressed air operate intermittently. The pumps replenish the water level and the pressure vessel maintains the system pressure. Since the system may be supplying drinking water, the vessel capacity is kept purposely low to ensure a rapid and regular turnover of water. The compressed air must be filtered to ensure that dust and insects are eliminated.

[image: Diagram of an automatic pneumatic pressure vessel system showing a compressor, pressure switches, gauge, sight gauge, pressure relief valve, water tank with compressed air, and a duplicate pump set connected to a break cistern.]

Figure 1.6 Auto pneumatic pressure vessel




Long Description
On the left, water is supplied from a break cistern, passing through a duplicate pump set consisting of two parallel pump lines with isolating valves. The pipeline leads into a horizontal cylindrical pressure vessel, which is partially filled with water and contains compressed air above it. A sight gauge on the side of the vessel shows the water level. A compressor is shown on the left, connected by green and black lines to the top of the vessel, supplying compressed air into the tank. Pressure switches are mounted at the top of the vessel to monitor and control air pressure, and a gauge is included to display the pressure reading. A pressure relief valve is located near the top right side of the tank to release excess pressure if necessary. The output from the vessel is labelled Supply to high level.


[image: Booster set with pressure vessel, multiple vertical pumps, stainless steel pipework, and a control panel featuring a display screen and an emergency stop button.]

Figure 1.7 A typical booster set with pressure vessel and control boards



Normally, the controls including the pressure vessel, pumps, air compressor and control equipment are purchased as a package, although self-assembled booster sets are available.

As can be seen in Figure 1.8, some of the floors below the limit of the mains cold water supply pressure are supplied un-boosted directly from the cold water main with the floors above the mains pressure limit being supplied via the break cistern and booster set. Drinking water supplies must be from a protected cistern.

[image: Diagram of an indirect water boosting system with a pressure vessel, showing components such as duplicate pumps, non-return valve N R V, pressure gauges, valves, and boosted mains supply.]

Figure 1.8 Indirect boosting with pressure vessel




Long Description
On the left, the incoming supply enters through two isolation valves. It then splits into two distinct branches: the first branch passes through a non-return valve N R V and continues into the distribution network. The second branch flows into a break cistern tank, which features a float-operated inlet valve represented by an orange float, and two level switches labelled Pump Stop and Pump Start. At the top of the cistern is a filtered air vent, and on the side is an outlet labelled Overflow and Filter. From the base of the cistern, water flows into a boosting circuit. This circuit contains duplicate pumps installed in parallel within a valve-controlled path. After passing through the pumps, the boosted flow splits into two branches: the first flows into a pneumatic pressure vessel, which is supplied with air via a compressed air line entering at the top. The vessel includes a pressure gauge on top and three bottom ports: a drain tap, a pressure relief valve, and a pressurised outlet. The second branch rises into the boosted mains supply, passing a connection to pressure switches and a Limit of Mains Pressure point, followed by an automatic air inlet valve. From the vertical boosted mains line, four horizontal branches extend to individual cisterns. The topmost branch, located directly beneath the automatic air inlet valve, is labelled Secondary Protection. Each cistern contains a float valve and discharges into a basin or open outlet. To the right, a parallel un-boosted mains supply line runs vertically and serves the same cisterns. A note in the upper left corner states: This drawing does not show any additional backflow prevention devices that may be required under the Water Supply, Water Fittings, Regulations 1999.




Layout features for large-scale storage cisterns used in multi-storey cold water systems

The installation of large-scale cisterns differs somewhat from the cisterns that were introduced in Chapter 5 of Book 1. Large cisterns must be installed in accordance with the Water Supply (Water Fittings) Regulations 1999 (and the Scottish Water Byelaws 2014). Regulation 5 states that the water undertaker must be notified before the installation of large cisterns begins and it is important to remember that the correct backflow protection must be present in relation to the fluid category of the contents of the cistern.

In this section of the chapter, we will look at the general requirements of large-scale cisterns.



Materials for large-scale cisterns

Large cisterns can be made from several materials and can be either one piece or sectional.

Sectional cisterns are constructed, usually on site, from 1 m2 sections, which are bolted together and can be made to suit literally any capacity and tailored to fit any space. Sectional cisterns can be internally or externally flanged and are bolted together with stainless steel bolts.

The main materials used for:


	•  One-piece cisterns:

	•  glass-reinforced plastic (GRP) BS EN 13280:2001

	•  plastic BS 4213:2004 and BS EN 12573.1 :2000:

	•  polyproylene (PP)

	•  polyethylene (PE)

	•  polyvinyl chloride (PVC)









	•  Sectional cisterns:

	•  glass-reinforced plastic (GRP) BS EN 13280:2001

	•  steel with protection against corrosion and subsequent water contamination in the form of:

	•  paint protected with a paint that is listed in the Water Materials and Fittings Directory

	•  glass-coated

	•  galvanised

	•  rubber-lined.





	•  aluminium – rubber-lined.







[image: Four one-piece G R P cisterns positioned vertically in a column, in different shapes and sizes, each with a flat lid and visible panelled sides.]

Figure 1.9 One-piece GRP cisterns



[image: Large sectional cistern composed of bolted square panels in a grid layout, elevated on a concrete base and positioned outdoors.]

Figure 1.10 A sectional cistern





Overflow and warning pipe requirements of large-scale cisterns

Overflows for large cisterns are quite different from those fitted to cisterns for domestic purposes. The objective is the same – to warn that the float operated valve is malfunctioning and to remove water that may otherwise damage the premises. But with larger cisterns, the potential for water wastage and water damage is far greater. Therefore, the layout is different.

The overflow/warning pipe on large-scale cisterns must:


	•  contain a vermin screen to prevent the ingress of insects and vermin

	•  be capable of draining the maximum inlet flow without compromising the inlet air gap

	•  contain an air break before connection to a drain

	•  not be of such a length that it will restrict the flow of water, causing the air gap to be compromised

	•  discharge in a visible, conspicuous position.



The warning pipe invert needs to be located a minimum of 25 mm above the maximum water level of the cistern and the air gap not less than 20 mm or TWICE the internal diameter of the inlet pipe, whichever is the greater.

The general features of larger cisterns are:


	•  Cisterns with an actual capacity of 1000 litres to 5000 litres:

	•  The discharge level of the inlet device must be positioned at least twice the diameter of the inlet pipe above the top of the overflow pipe.

	•  The overflow pipe invert must be located at least 25 mm above the invert of the warning pipe (or warning level if an alternative warning device is fitted).

	•  The warning pipe invert must be located at least 25 mm above the water level in the cistern and must be at least 25 mm diameter.





	•  Cisterns with an actual capacity greater than 5000 litres:

	•  The discharge level of the inlet device must be positioned at least twice the diameter of the inlet pipe above the top of the overflow pipe.

	•  The overflow pipe invert must be located at least 25 mm above the invert of the warning pipe (or warning level if an alternative warning device is fitted).

	•  The warning pipe invert must be located at least 25 mm above the water level in the cistern and must be at least 25 mm diameter.







[image: Diagram of a cistern system with service valve, shut-off level, air gap, overflow and warning pipes, designed for cisterns with 1000 to 5000 litre capacity.]

Figure 1.11 Cisterns 1000–5000 litres




Long Description
On the left side, an incoming pipe includes a service valve controlling the flow of water into the cistern. Attached to the inlet pipe inside the cistern is a float valve mechanism that regulates water flow according to the shut-off level, which is marked within the cistern. Above the cistern, an air gap is maintained, measured as twice the diameter of the inlet pipe, ensuring backflow protection. An overflow pipe and a warning pipe exit the right side of the cistern, both positioned at not less than 25 millimetres above the top water level to prevent overfilling. At the base of the cistern, an outlet pipe allows controlled discharge of water through another valve. The diagram uses arrows to indicate the direction of water flow through the system, and all labels such as Air gap 2 times inlet diameter, Service valve, Shut off level, Overflow pipe, and Warning pipe are clearly marked.


[image: Diagram of a cistern system with capacity greater than 5000 litres, showing service valve, shut-off level, air gaps, overflow and warning pipes, and a warning alarm activating near overflow.]

Figure 1.12 Cisterns greater than 5000 litres




Long Description
On the left, an incoming pipe fitted with a service valve supplies water to the cistern. A float-operated valve inside the cistern maintains water at the marked shut-off level. An air gap equal to two times the inlet diameter is maintained between the inlet pipe and the top of the cistern to prevent backflow. An overflow pipe and a warning pipe exit from the top right side of the cistern, with each positioned not less than 25 millimetres apart. A warning alarm is connected to the warning pipe and is designed to sound when the water level rises to within 25 millimetres of the invert of the overflow pipe. A discharge outlet at the bottom of the cistern allows water to leave the system under control of a valve. Labels within the diagram include Air gap 2 times inlet diameter, Service valve, Shut off level, Overflow pipe, Warning pipe, and Warning alarm. Directional arrows indicate the path of water flow into and out of the cistern.



	•  Alternatively, the warning pipe may be discarded provided a water level indicator with an audible or visual alarm is installed that operates when the water level reaches 25 mm below the invert of the overflow pipe.





INDUSTRY TIP

References to the ‘actual capacity’ of a cistern simply means the maximum volume which it could hold when filled to its overflowing level. ‘Nominal capacity’ is the total volume it could hold when filled to the top of the cistern.




In both cases, the size of the overflow pipe will depend upon the type of air gap incorporated into the cistern (we will look at air gaps and backflow protection a little later in this chapter) and this will depend upon the fluid category of the cistern contents. It must be remembered that:


	•  if a type AG air gap (fluid category 3) is fitted, the overflow diameter shall be a minimum of twice the inlet diameter

	•  if a type AF air gap (fluid category 4) is fitted, the minimum cross-sectional area of the overflow pipe must be, throughout its entire length, four times the cross-sectional area of the inlet pipe.



[image: Diagram of a float-operated valve system with an inlet pipe, overflow pipe, and warning pipe positioned with required air gap and minimum clearances above the critical water level.]

Figure 1.13 Relative positions of inlet, warning pipe and overflow for type AG and AF air gaps




Long Description
At the top, a float-operated valve controls the water inflow through a horizontal blue inlet pipe. Below the inlet pipe is the overflow pipe, which is horizontally aligned to allow excess water to discharge safely if the system fills beyond the critical water level. Beneath the overflow pipe is the warning pipe, positioned to provide early indication if the water rises excessively. An air gap, specified as twice the diameter of the inlet pipe, is maintained between the inlet and the critical water level to prevent backflow or siphoning. The critical water level is marked with a dashed line. Vertical measurements show a minimum clearance of 25 millimetres between the critical level and the overflow pipe, and another 25 millimetres minimum between the overflow pipe and the warning pipe.


For all cisterns greater than 1000 litres, the invert of the overflow must not be less than 50 mm above the working level of the cistern.



Methods of filling large-scale cisterns

Section 7, Schedule 2, Paragraph 16 of the Water Supply (Water Fittings) Regulations states:


Every pipe supplying water connected to a storage cistern shall be fitted with an effective adjustable valve capable of shutting off the inflow of water at a suitable level below the overflowing level of the cistern.



In domestic cistern installations up to 1000 litres, this is usually a float operated valve to BS 1212. In large-scale cisterns, however, other means of filling the cistern are available:


	•  float operated valves

	•  solenoid valves.





Float operated valves BS 1212


There are basically four types of float operated valve (FOV) that can be installed on large-scale cisterns. These are:


	•  BS 1212 Parts 1 and 2 float operated valves

	•  equilibrium float operated valves

	•  pressure operated float valves

	•  Keraflo delayed action float valves.



We will look at the merits of each valve in turn.


BS 1212 Parts 1 and 2

These are the most common types of FOV. The main problem with this type of FOV is that they are very restrictive to water flow and incur a much greater pressure (head) loss than other types of FOVs, making cistern filling a long process. Wear on the washer and orifice can also be problematic when the valve is in constant use. They are, however, satisfactory when intermittent use is anticipated. These were looked at in detail in Book 1.



Equilibrium float operated valves

The equilibrium FOV offers a greater flow rate and lower pressure loss than the BS 1212 type and are especially beneficial for large cisterns with a high-pressure inlet cold water supply.



KEY TERM

Equilibrium: in perfect balance. In this case, the pressure is balanced both sides of the valve.




Unlike other FOVs, the equilibrium type does not rely solely on the float to successfully close the valve. Instead, the closing operation is aided by the water pressure of the incoming mains cold water supply allowing a smaller float to be used.

As can be seen in Figure 1.14, the piston has a hole running through its length. This allows water to pass through to the back of the piston, which has the effect of pushing the piston towards valve shut off whilst the water at the front of piston tends to push it away, equalising the pressure both sides of the barrel. The float now only has to lift the arm to close the valve greatly reducing the effort required to stop the flow of water.

[image: Diagram of an equilibrium float operated valve showing a copper float attached to a float arm, connected to a piston mechanism regulating water flow from a water inlet to a water outlet, with flange bolts securing the valve.]

Figure 1.14 An equilibrium float operated valve




Long Description
A spherical copper float is attached to a float arm, which moves horizontally to control the position of a piston inside the valve body. Water enters from the right side through the water inlet, passes through the piston mechanism, and exits through the water outlet, as indicated by blue arrows. The piston regulates the water flow based on the float's position, allowing balanced pressure on both sides of the piston for smoother operation. Flange bolts secure the valve to external pipework.


Equilibrium valves are an advantage where the water pressure is high and water hammer may be a concern. Almost all FOVs above 54 mm are of this type.



Pressure operated valves

The pressure operated FOV uses the pressure of the cold water main to assist the valve closure by the use of a pilot valve controlled by the lever and the float. Often called the pilot operated valve, the advantage here is that the variations in water tank levels between fully open and fully closed are greatly reduced. Although the head loss is greater than with the equilibrium type, the pressure operated valve is particularly suited to large cisterns with a high-pressure supply.


How do pressure operated valves work?

At zero pressure, the valve is closed. As water enters the valve inlet and the pressure increases, the valve opens to allow water to flow to the cistern. When the water has reached its shut off level, the pilot valve, operated by the float and lever, closes. This causes the pressure within the diaphragm chamber to increase, thereby closing the water inlet and stopping the flow of water. As the water level drops, the float operated pilot valve opens, releasing the pressure of the diaphragm chamber. Water pressure then re-opens the inlet valve and the cistern fills again to its shut off level.

[image: Diagram of a pressure operated valve with labelled components including pilot valve, linkage, float and lever, diaphragm chamber, diaphragm, and water flow direction from inlet to outlet.]

Figure 1.15 The pressure operated valve




Long Description
Water enters from the left at the inlet and exits to the right at the outlet, following arrows that indicate the flow direction. A float and lever assembly, located at the top right, connects via a linkage to a pilot valve. The pilot valve controls the pressure within the diaphragm chamber positioned above the main valve body. The diaphragm chamber houses a flexible diaphragm that responds to changes in pressure. When the pilot valve allows water to escape from the diaphragm chamber, the diaphragm lifts, allowing water to flow freely through the valve, as shown in the open position.


[image: Diagram of a pressure operated valve connected to a cistern with a raised chamber, a pilot valve float and lever, a Type A B air gap, and indicated water level.]

Figure 1.16 The pressure operated valve cistern layout




Long Description
On the left, a blue pipe carries water to a pressure operated valve, which regulates flow into the cistern. A linkage from the valve connects to a pilot valve float and lever located inside the cistern. The float rises and falls with the water level, controlling the pilot valve and thereby adjusting the pressure operated valve. The cistern includes a raised chamber above the main body of water, providing a Type A B air gap to prevent backflow and protect the water supply from contamination. The water level is indicated just below the air gap. The dashed lines illustrate the mechanical linkages between the float-operated pilot valve and the pressure operated valve.





Keraflo delayed action float valve

An alternative approach to cistern filling is the Keraflo delayed action float valve. This type of valve only opens when the water falls to a pre-set level in the cistern, opening fully to achieve a fast cistern fill. The benefits here are that not only does the cistern fill quickly but also that the velocity of the water entering the cistern means that the water will mix with the cistern contents preventing stratification.

The valve opens at a predetermined water level, opening and closing fully eliminating water hammer and unwanted system noise. An adjustable water level enables the levels to be set based upon water usage or, in the case of large domestic installations, occupancy levels.

The design of the valve means that boosting pumps are used less frequently. With a conventional FOV, pumps activating every few minutes wastes energy and increases pump wear. A delayed action float valve eliminates this by allowing the pumps to be activated only once every few hours when the water level has fallen sufficiently.



KEY TERM

Stratification: describes how the temperature of the water varies with its depth. The nearer the water is to the top of the cistern, the warmer it will be. The deeper the water, the colder it will be. This tends to occur in layers, whereby there is a marked temperature difference from one layer to the next. The result is that water quality can vary, the warmer water near the top being more susceptible to biological growth such as Legionella pneumophila (Legionnaires’ disease).







Solenoid valves

A solenoid valve is an electromechanical valve that controls the flow of water into the cistern. The solenoid is an electromagnet that operates when an electrical current runs through the coil. When the coil is not energised, a spring keeps the valve shut.

Most solenoid valves used on large cisterns are of the servo-type (also called the pilot type solenoid valve). With this type, the electromagnet operates a plunger, which opens and closes a pilot orifice. The incoming water pressure, which is fed through the pilot orifice, opens the valve seal allowing water to flow through the valve. As the pilot valve closes, the pressure on the valve seal decreases and a spring closes the valve.

Although very rarely used with modern systems, a solenoid valve discharging through an open-ended pipe when used in conjunction with a float switch to activate the solenoid valve is an acceptable alternative method of filling large-scale cisterns (we will look at float switches a little later in the chapter). They are generally associated with boosted cold water systems.

[image: Keraflo Aylesbury type delayed action float valve with brass inlet assembly, copper supply pipe, and large black float arm marked with close level indicator.]

Figure 1.17 The Keraflo ‘Aylesbury’ type delayed action float valve



[image: Servo-type solenoid valve with brass body, threaded inlet, and square shaped actuator coil labelled Danfoss on top.]

Figure 1.18 A servo-type solenoid valve





Multiple cistern installations

Where large quantities of water are required but space is limited, then cisterns can be interlinked, provided the cisterns are the same size and capacity. Problems can occur if the cisterns are not linked correctly, especially where the cisterns are to supply drinking water. Stagnation of the water in some parts of the cistern may cause the quality of the water to deteriorate. It should be remembered that the number of cisterns to be linked should be kept to a minimum.

Stagnation can be avoided by following some basic rules. Connection must be arranged to encourage the flow of water through each cistern. This can be achieved by:


	•  keeping the cistern volumes to a minimum to ensure rapid turnover of water to prevent stagnation

	•  connecting the cisterns in parallel wherever possible

	•  connecting the inlets and the outlets at opposite ends of the cistern

	•  using delayed action float operated valves to limit stratification.



Where it is not possible to connect cisterns in parallel, cisterns may be connected in series.

[image: Diagram of two large interlinked cold water cisterns with labelled service valves, gate valves, cold water supply pipes, screened overflow pipes, and distribution connections.]

Figure 1.19 Cisterns in parallel




Long Description
Each cistern features service valves positioned at the top and bottom sections to allow isolation for maintenance. Access covers are located at the top of each cistern for cleaning and float-operated valve servicing. A screened vent is installed on the upper side of each cistern to allow air movement while preventing debris entry. Both cisterns have independently screened overflow pipes fitted near the top to prevent overfilling. Blue pipes represent the cold water supply lines feeding the cisterns, while red and white valves indicate control points such as gate valves. The cisterns are linked in a manner ensuring balanced distribution and continuous flow within the system.


[image: Diagram of two cold water cisterns connected in series with a float-operated valve in the first cistern and internal water flow arrows indicating direction towards a primary outlet.]

Figure 1.20 Cisterns in series




Long Description
The first cistern, on the left, has a float-operated valve controlling the incoming mains water supply. Water enters through a ball valve and flows internally, shown by dashed blue arrows. An interconnecting pipe at low level links the first cistern to the second cistern on the right, allowing water to flow between them. Both cisterns are vented at the top, and internal water flow is indicated by directional arrows. The second cistern provides the primary outlet to the system, while the first cistern also has a secondary outlet. Valves are fitted to the pipework at both the secondary and primary outlets.


In practice, cisterns in series should be interconnected to allow free movement of water from one cistern to the other. They should be connected at the bottom AND the middle so that water passes evenly through them. The primary outlet connection should be made on the opposite cistern to the FOV to encourage water movement with the secondary connection made on the cistern with the FOV installed. The overflow/warning pipe should be fitted on to the same cistern as the FOV. Both cisterns must be of the same size and capacity.



KEY TERM

Interconnected: connected together to form one cistern.




When connecting two or more cisterns together, care should be taken to ensure that the water movement is regular and even across all cisterns. In this situation, it is a good idea to install FOVs on ALL cisterns with appropriate service valves as detailed in the Water Regulations:


Every float operated valve must have a service valve fitted as close as is reasonably practicable.



Wherever an FOV is fitted, then an overflow/warning pipe must accompany it. These should terminate in a conspicuous, visible position outside the building. On no account should they be coupled together.

There should be service/gate valves positioned to allow for isolation and maintenance of the cisterns without interrupting the supply. In Figure 1.21, you will see that any two of the four cisterns can be decommissioned, leaving two in operation. This ensures continuation of supply.

[image: Diagram of a system with four connected cisterns, each with independent float operated valves and overflow pipes, showing gate valves arranged for isolating individual cisterns while maintaining supply from the others.]

Figure 1.21 Installing three or more cisterns




Long Description
Each cistern has a float operated valve set to shut off at the same water level. Gate valves are installed on the inlet and outlet of each cistern, allowing any two cisterns to be isolated and decommissioned for cleaning or maintenance while leaving the others operational to maintain water supply. Each cistern also has its own independent overflow or warning pipe, ensuring that overflow water evacuates the building separately without joining together. The connecting pipework links the cisterns horizontally at mid-height and at the base, and vertical pipes with valves are shown above and below the cisterns.




Break cisterns

Break cisterns (often called break tanks) are used in large cold water installations in order to supply the system with water via a set of boosting pumps when the mains supply is insufficient. They provide a ‘break’ in the supply between the mains supply and the installation. This has several advantages over pumping direct from the mains supply:


	•  Using break cisterns ensures that there is no surge on the mains supply when the boosting pumps either start or stop.

	•  Break cisterns ensure that contamination of the mains cold water supply from multi-storey installations does not occur.

	•  Break cisterns ensure that there is sufficient supply for the installation requirements at peak demand.

	•  Break cisterns safeguard the water supply to other users by not drawing large amounts of water from the mains supply through the boosting pumps.



Break cisterns are often used in very tall buildings as intermediate cisterns on nominated service floors, thus dividing the system into a number of manageable pressure zones. The break cisterns provide water to both user outlets and other break cisterns higher up where the water is then boosted to other pressure zones further up the building.

As with all cistern installations, break cisterns must be fitted with an appropriate air gap that ensures zero backflow into any part of the system.

[image: Diagram of the layout of a break cistern with a raised chamber, including a solenoid valve, float switches, screened overflow pipes, and Type AB air gap to prevent backflow.]

Figure 1.22 The layout of a break cistern with a raised chamber




Long Description
Incoming mains cold water enters from the left and passes through a solenoid valve, which could alternatively be a float-operated valve, an equilibrium float valve, or a delayed-action float valve. A Type A B air gap, twice the diameter of the inlet pipe, is shown to prevent backflow. Within the cistern, two float switches control the solenoid valve: one float switch opens the valve when water levels are low, and another closes it when the water reaches a set high level. A weir overflow, sized according to the incoming pipe diameter, allows water to overflow safely if needed. Screened overflow and warning pipes are installed to prevent debris entry, each with a minimum diameter of 25 millimetres. A float switch at a lower level ensures that boosting pumps, which draw cold water from the cistern, are shut off in case of insufficient water, protecting the pumps from damage. Arrows show the direction of water flow throughout the system.





Components of systems in multi-storey dwellings


Float switches, transducers and temperature sensors

Float switches, transducers and temperature sensors play a vital part in modern boosted large-scale cold water systems. The problems encountered are not just those of how to install them but also where to install them. Installations of large cisterns are often undertaken in tight and restricted spaces. Difficulties arise in positioning these components whilst providing access for maintenance and inspection.

We will look at these important components.


Float switches

Float switches, often called level switches, provide detection of water levels within the cistern to activate various other pieces of remote equipment such as start/stop functions on boosting pumps, open/close functions on solenoid valves, water level alarms, and water level indicators.

There are many different types of float switches available and these can vary in design from simple magnetic toggle switches to ultrasonic and electronic types.

[image: Diagram of a magnetic toggle float switch operation, with two states: micro-switch deactivated at raised water level and activated at lowered water level using magnets to open or close a circuit.]

Figure 1.23 Magnetic toggle float switch – how it works




Long Description
In the top half, the float is shown raised due to a raised water level. A cylindrical float connected to an arm rises, which deactivates the micro-switch. A red arrow indicates the upward movement of the float, while a second red arrow points downwards to show the deactivation of the switch. In the bottom half, the float is shown lowered, corresponding to a lowered water level. The float arm drops, causing the magnets with opposing poles to repel each other and activate the micro-switch. This action operates either a booster pump set or a solenoid valve. Labels visible in the diagram include Micro-switch deactivated, Raised water level, Float raised, Micro-switch activated, Magnets with opposing poles repel each other, Float lowered, and Lowered water level.


Popular types include:


	•  magnetic toggle – a simple float switch that uses the opposing forces of magnets to activate a micro-switch

	•  sealed float

	•  pressure activated diaphragm

	•  electronic

	•  ultrasonic.





Transducers

A transducer is an electronic sensor that converts a signal from one form to another. In large-scale, multi-storey water systems it senses system pressure variations and converts a pre-set low pressure into voltage to activate either the boosting pumps or the compressor feeding the pressure vessel to boost the pressure to normal operating pressure. They may also be used to sense over-pressurisation.

[image: Digital water pressure transducer with a round gauge face displaying 2.86 bar, labelled B D Sensors.]

Figure 1.24 Water pressure transducer with pressure gauge





Temperature sensors

Temperature sensors are often used to monitor the temperature of large volumes of stored wholesome, potable water where the installation is of major importance, such as in a hospital, prison or any place where there is a duty of care.

The Water Supply (Water Fittings) Regulations advise that stored wholesome water should not exceed 20 °C in order to minimise the risk of micro-bacterial growth.

[image: Water temperature sensor equipment including a main control unit in a protective case, a separate small control box, and a probe with a metal float and cable.]

Figure 1.25 Water temperature sensor





KEY TERMS

Potable: pronounced poe-table, from the French word ‘potable’ meaning drinkable.

Duty of care: in British law, this is a moral and legal obligation imposed on an organisation or an individual, which necessitates that a standard of reasonable care is adhered to. If an action does not meet the standard of care, the actions are considered to be negligent and damages may be claimed for in a court of law.






Boosting pumps

These are usually sited in the plant room and can either be horizontal single-stage or vertically mounted multi-stage centrifugal type pumps. Multi-stage pumps are often accompanied by pressure vessels to aid boosting.

There are two common types of boosting pump:


	•  horizontal single-stage types

	•  vertical multi-stage types.



Boosting pumps are available either as single components or as packaged units containing all the necessary equipment pre-fitted. The latter are the easiest to install and only require the final plumbing and electrical connections.

A typical pump package would normally consist of the following components:


	•  the pump

	•  a transducer to sense pressure and flow

	•  a control box to monitor pressure differentials and flow rate

	•  an accumulator to assist in providing sufficient system pressure for the installation

	•  a float switch to prevent the pumps running dry.



[image: Diagram of a horizontal single-stage centrifugal pump showing water supply inlet and outlet, a control box with pressure and flow rate L C D readout, and functionality to vary pump speed.]

Figure 1.26 Components of a horizontal pump




Long Description
On the left side is the water supply inlet, feeding into the blue pump casing. Water is discharged through the outlet labelled Water feed to property. Attached to the pump is a motor with a direct coupling, and mounted above it is a control box. The control box includes an L C D readout displaying pressure and flow rate and can vary the pump speed if necessary to maintain optimal performance.


[image: Diagram of a vertical multi-stage centrifugal pump set showing an accumulator, electrical connection and isolation panel, pressure transducer, pressure gauge, control panel, multi-stage centrifugal pump motor, supply manifold, and water intake manifold.]

Figure 1.27 Components of a vertical multi-stage pump set




Long Description
At the top is a large blue accumulator, used to store pressurised water and reduce pump cycling. Below it is the electrical connection and isolation panel, which manages power and enables safe disconnection for maintenance. Attached nearby is a pressure transducer that monitors system pressure, with a pressure gauge mounted adjacent to it for visual readings. Two multi-stage centrifugal pump motors sit side-by-side at the base, each fitted with its own control panel to regulate speed and operation. Water enters the system via a water intake manifold at the bottom and is distributed through the supply manifold located above the pumps.




The accumulator

The accumulator is a pressurised vessel that holds a small amount of water for distribution within the installation. They are designed to maintain mains operating pressure when the pump is not working and to reduce pump usage. Small accumulators can also be used to suppress water hammer.

Small domestic installations use bladder type accumulators. These consist of a synthetic rubber bladder or bag within a coated steel cylinder or vessel.

[image: Diagram of a bladder type accumulator showing a Schrader valve under a protective cap, compressed air chamber, synthetic rubber bladder containing water, and a connection to the system.]

Figure 1.28 A bladder type accumulator




Long Description
The outer shell of the accumulator is cut away to reveal the internal structure. At the top, there is a Schrader valve positioned under a protective cap, which allows for charging or adjusting the compressed air inside the vessel. The upper section of the accumulator is filled with compressed air. Below this, a synthetic rubber bladder is depicted, occupying a significant part of the interior. This bladder contains the stored water, separated from the air by the flexible membrane. At the bottom of the vessel, a connection to the system is shown, allowing water to flow into or out of the bladder as system pressure changes.






Water for single occupancy dwellings

A private water supply (PWS) can be described as any water supply that is not provided by a water undertaker. The responsibility for the maintenance and repair of the supply lies solely with the person that owns or uses it. Private water supplies are regulated by the Private Water Supplies Regulations 2016.



INDUSTRY TIP

Access the Private Water Supplies Regulations 2016 at: www.legislation.gov.uk/uksi/2016/618/contents/made




A private water supply can serve a single occupancy dwelling providing less than 1000 litres (1 m3) per day or it may supply many properties or commercial/industrial buildings where the extraction rate may be in excess of 1,000,000 litres (1000 m3) per day.

Sources of water vary from boreholes, wells, springs and streams to rivers and lakes, and each one needs to be assessed for its water quality and suitability. The monitoring requirements of the Drinking Water Directive will vary according to the source and the size of the supply. In addition to this, the volume of water produced and the population it is serving should also be classified by the nature of the supply and whether the supply is:


	•  serving a single occupancy dwelling

	•  for domestic use for the persons living in the dwelling

	•  supplying water for commercial food production.



The issue of private water supply is an especially important part of a plumber’s work as the Water Supply (Water Fittings) Regulations do not apply in this instance. The special regulations mentioned previously need to be followed with respect of cleansing, sterilising and testing the water to ensure that it is fit for human consumption.



The methods of providing private water supplies to single occupancy dwellings

There are several methods of water extraction that can be used to supply single occupancy dwellings. In this, the first of the assessment criteria for this section, we will investigate these methods and the equipment that is used. We will look at:


	•  water that is pumped from wells and boreholes

	•  water that is collected from surface water sources such as streams and springs

	•  the use of externally sited break cisterns.




Water that is pumped from wells and boreholes

Many small private drinking water supplies are extracted from boreholes and wells. Wells are usually large and circular, and not less than 1 m diameter, often dug by hand and occasionally by mechanical excavators. Boreholes, however, are smaller in diameter and are drilled by specialist companies using a variety of methods, including percussion and rotary drilling.

The quantity of available water will largely depend upon the type of aquifer that the borehole is to access. Obviously, the bigger the aquifer, the more water will be available for extraction. Estimated amounts can be calculated by test pumping after the borehole has been sunk. Perched aquifers are the most unreliable as these may well dry up after long periods without rain.

[image: Photograph of water being pumped from a borehole on a muddy construction site, with a visible jet of water gushing from a pipe surrounded by temporary fencing and drilling equipment on a truck.]

Figure 1.29 Water pumped from boreholes



[image: Cross-sectional diagram of an unconfined aquifer and a confined aquifer, with wells, cones of depression, saturated and unsaturated zones, and artesian flow.]

Figure 1.30 Aquifers




Long Description
On the left, the unconfined aquifer lies below an unsaturated zone, with the water table marking the boundary between them. A well drawing from this aquifer creates a cone of depression in the water table due to pumping. Water flows horizontally within the saturated zone toward a natural spring emerging at the surface. Rainfall infiltrates the recharge area at the ground surface. On the right, the confined aquifer is bounded by a largely impermeable base and an overlying impermeable cover. Wells drilled into the confined aquifer access water under pressure, forming a potentiometric surface above the actual aquifer. An artesian well is shown, where water naturally flows to the surface without pumping due to internal pressure. The flow directions of groundwater within both aquifers are indicated by arrows.




KEY TERM

Aquifer: a type of rock that holds water like a sponge. There are three basic types:


	•  confined aquifers – these are aquifers that have a confining layer between the water level and ground level. A confining layer is a layer of material that is impermeable with little or no porosity

	•  unconfined aquifers – these are aquifers that have no confining layers between the water level and ground level

	•  perched aquifers – these are aquifers that have a confining impermeable layer below the water bearing strata. They sit above the main water table.






Normally, a well-sunk and properly constructed borehole will comfortably be able to supply a single occupation domestic dwelling with water pumped directly from the aquifer, after appropriate treatment, by either:


	•  a submersible pump – this is a centrifugal pump that has a hermetically sealed motor and is, therefore, waterproof. The whole assembly is submerged in the water. The main advantage with this type of pump is that it prevents water cavitation. Submersible pumps are specifically designed to push the water from the well or borehole rather than pull water from it. They are more efficient than surface pumps, which have to pull the water upwards from the borehole.

	•  a surface mounted pump – usually sited in a pump house, these can either be horizontal single-stage or vertically mounted multi-stage centrifugal-type pumps. Multi-stage pumps are often accompanied by pressure vessels to aid boosting, especially where the water supplies are unreliable or inefficient.



[image: Diagram of a typical borehole installation showing G R P well chamber, stop valve, well cladding, grout seal, impermeable strata, inert silica gravel or sand pack, rising main, submersible pump, and water-bearing strata.]

Figure 1.31 A typical borehole installation




Long Description
At the surface is a G R P Glass Reinforced Polymer well chamber connected to a stop valve, which controls the water flow. Below this, the borehole is lined with well cladding to maintain the structure. A grout seal is placed between the well cladding and the surrounding ground to prevent contamination. The borehole passes through impermeable strata, then through an inert silica gravel or sand pack that surrounds the rising main. The rising main descends to a submersible pump located within the water-bearing strata. Arrows indicate water movement from the surrounding groundwater through the gravel pack into the borehole, where the submersible pump lifts the water to the surface. An impermeable strata layer is shown both above and below the water-bearing layer to contain the groundwater.


[image: Diagram of a multi-stage centrifugal pump system with components labelled as electrical connection and isolation panel, pressure transducer, supply manifold, water intake manifold, control panel, and an accumulator.]

Figure 1.32 A typical surface pumping set using multi-stage centrifugal pumps and pressure vessels




Long Description
Two vertical multi-stage centrifugal pump motors are mounted side by side. Above them, an accumulator maintains system pressure stability. A water intake manifold directs incoming water into the pumps, while a supply manifold distributes pressurised water from the pumps to the system. An electrical connection and isolation panel is positioned above the pumps to manage power safely. A pressure transducer monitors system pressure, feeding data to a central control panel that regulates pump operation, including speed and output pressure. A pressure gauge is also fitted to provide a visual indication of system pressure.


Water taken from deep wells and boreholes may have travelled from catchments several kilometres away. If the water supply is extracted from a sand and gravel type aquifer, then the water will be very clean having gone through a thorough many stages of filtration through the sand/gravel geology. If the aquifer is predominantly limestone, the water will have travelled through fissures in the rock itself and will generally not be as clean as sand/gravel aquifers. Although ground waters such as aquifers are usually of good quality, some may contain high levels of iron and manganese and others may be contaminated with nitrates and other chemicals from farming and agricultural activities.

Boreholes extract the water from far deeper than any other source of private water supply. Boreholes, often 100 mm to 150 mm in diameter can be drilled as deep as 50 m.



Water that is collected from surface water sources

There are several water sources that can be classified as surface water sources.


Rivers

Rivers offer greater, more reliable yields than boreholes, but can be susceptible to pollution and often show a variable quality of water. Pollution often depends on the catchment area and the activities in the general vicinity. Water that is derived from ground where there is little peat and agricultural activities is usually of good quality. Peaty ground tends to yield acidic water because of the concentration of CO2, and this can lead to high concentrations of dissolved metals such as lead.

Lowland water is most likely of poor quality and may show seasonal variations in terms of quality and colour at different times of the year, with late autumn being the peak of colour changes. Microbiological contamination may also be high during periods of heavy rainfall.

[image: Cross-sectional diagram of river and stream water collection using a permeable riverbank, coarse filter or screen, graded media, and an inverted tank to collect filtered river water.]

Figure 1.33 River and stream water collection




Long Description
Water from the river, shown on the right-hand side, flows laterally through a permeable river bank into an area filled with graded media. At the top left, a coarse filter or screen prevents large debris from entering the collection system. The graded media below the surface further filters smaller particles from the water. Beneath this is an inverted tank that collects the filtered water. Arrows in the diagram indicate the movement of water from the river through the permeable materials into the tank.


Because of the potential problems associated with rivers, a surface water source should only be considered as a potential drinking water supply where no ground water source exists. The water will require a minimum of filtration and disinfection treatments. This must be designed for a worst-case scenario when the water is raw, especially after snow-melt and heavy rainfall. Installing a small tank or reservoir will help the settlement process and will do much to reduce the variations in water quality. The tank will require regular inspections and cleaning because of the solid matter within the water.



Streams

Small streams often show a variable quality to the water because of animal and human activity within the streams’ catchment area and may show varying colour changes due to the levels of humic and fulvic acids that are used in agriculture as soil supplements.

Pollution and natural variations in the quality of the water are the most common problems that can occur with both stream and river water sources and these need to be considered carefully when siting the water supply intake point. Water can be pumped directly from the stream or collected from the ground





[image: Cross-sectional diagram of a fenced concrete water reservoir with inlet and outlet pipes, overflow, ventilation pipe, washout pipe, and an inspection access cover.]





Long Description




Springs














[image: Cross-sectional diagram of a spring water collection system showing aquifer, permeable wall, filter, overflow, valve, and a supply pipe connected to a stream.]





Long Description












Storing treated water




	•  a small covered reservoir, providing sufficient head to serve the property

	•  an externally sited break cistern, the water being pumped into the property by a booster set

	•  a suitably positioned storage tank or cistern in the roof space of a property from which water flows under gravity to the taps and outlets.








Water treatment processes for private water supplies



	•  the design of the treatment process should be based on a full investigation of site conditions

	•  the chemical and microbiological content of the water must be established and tests performed to determine the effectiveness of any treatment process and the chemical dosing requirements.













[image: Table titled Water Treatment Methods that lists various water treatment techniques along with their effectiveness against bacteria, viruses, algae, coarse particles, turbidity, colour, aluminium, arsenic, iron, manganese, nitrate, pesticides, solvents, taste and colour.]





	•  filtration

	•  settling, often assisted by the addition of chemicals, or

	•  the biological removal of micro-organisms.





	•  initial pre-treatment by settling

	•  pre-filtration through a coarse medium

	•  sand filtration

	•  disinfection or chlorination.








	Parameter
	Unit of measurement
	Concentration or value (maximum unless otherwise stated)





	Colour
	mg/1 Pt/Co
	20



	Turbidity
	FTU
	4



	Odour (including hydrogen sulphide)
	Dilution no.
	3 at 25 °C



	Taste
	Dilution no.
	3 at 25 °C



	Temperature
	°C
	25



	Hydrogen ion
	pH value
	9.5 (min. 5.5)



	Sulphate
	mg SO4/1
	250



	Magnesium
	mg Mg/1
	50



	Sodium
	mg Na/1
	150



	Potassium
	mg K/1
	12



	Nitrite
	mg NO2/1
	0.1



	Nitrate
	mg NO3/1
	50



	Ammonia
	mg NH4/1
	0.5



	Silver
	μg Ag/1
	10



	Fluoride
	μg F/1
	1500



	Aluminium
	μg Al/1
	200



	Iron
	μg Fe/1
	200



	Copper
	μg Cu/1
	3000



	Manganese
	μg Mn/1
	50



	Zinc
	μg Zn/1
	500



	Phosphorus
	μg P/1
	2200



	Arsenic
	μg As/1
	50



	Cadmium
	μg Cd/1
	5



	Cyanide
	μg CN/1
	50



	Chromium
	μg Cr/1
	50



	Mercury
	μg Hg/1
	1



	Nickel
	μg Ni/1
	50



	Lead
	μg Pb/1
	50



	Pesticides
	μg/1
	0.1



	Conductivity
	μS/cm
	1500 at 20 °C



	Chloride
	mg Cl/1
	400



	Calcium
	mg Ca/1
	250



	Total hardness
	mg Ca/1
	min. 60



	Alkalinity
	mg HCO3/1
	min. 30



	Total coliforms
	number/100 ml
	0



	Faecal coliforms
	number/100 ml
	0



	Faecal streptococci
	number/100 ml
	0







Coagulation and flocculation











Sedimentation










[image: Diagram of a sludge blanket clarifier with labelled parts including decanting trough, sludge cone, and inlet valve.]






Filtration



	•  slow sand filters

	•  rapid sand filters

	•  pressure filters

	•  absorption filters

	•  reverse osmosis.





Slow sand filters











[image: Diagram of a slow sand filter showing layers of gravel and fine sand with a bellmouth inlet and float-operated valve.]






Rapid (gravity) sand filters




[image: Cross-sectional view of a rapid gravity filter showing gravel, filter media, and labelled inlet and outlet pipework.]






Pressure filters


[image: Cutaway diagram of a horizontal pressure sand filter tank with labelled valves, inlet and outlet, and sand and gravel media.]






Absorption filters



	•  Activated carbon – these filters remove contaminants by the process of physical absorption. Granular activated carbon (GAC) is the most commonly used medium, although block carbon and powdered carbon can also be used. Most filters use replaceable cartridges that can easily be changed when the old one is exhausted.



	•  Activated alumina – these filters can be used where the water contains contaminants, such as arsenic, and other chemicals, such as fluoride. They are manufactured using aluminium hydroxide.





Reverse osmosis










[image: Diagram of a reverse osmosis system showing water with impurities being forced through a membrane, leaving purified water and concentrated waste.]









Disinfection





Chlorination















Ozonation













Ultraviolet irradiation





[image: Spectrum chart showing X-rays to infrared, with ultraviolet sections U V-A, U V-B, U V-C, and vacuum-U V marked by wavelength in nanometres.]




[image: Stainless steel U V water disinfection unit labelled Silverline U V-C S 220.]




[image: Diagram of U V water disinfection showing U V rays inside a stainless steel chamber.]








The system layout features of cold water systems fed from private water supplies





	•  pumped supply direct from the borehole or well, or

	•  gravity supply from a catchment tank in a spring or stream.





Pumped supplies



	•  pumped supply with pressure control

	•  pumped supply with level control.





Pumped supply with pressure control



[image: Diagram of a well system with components like an impervious strata, sandstone aquifer, submersible pump, pressure vessel/accumulator, pressure switch/flow controller, gate/solator valve, non-return valve, pressure gauge, and gravity feed to a storage cistern.]






Pumped supply with level control


[image: Diagram of a groundwater pumping system with components including impervious strata, sandstone aquifer, surface-mounted pump, filter, gate/isolator valve, gravity feed distribution to all outlets, float switch controlling pump, and storage cistern.]





[image: Diagram of a spring water collection system with labels indicating components such as the aquifer, catchment tank at the head of a spring, impervious strata, protective external break/storage cistern, surface pump, and a house structure.]








The components used in boosted (pumped) cold water supply systems from private sources for single occupancy dwellings



	•  small booster pump sets which incorporate all controls and components

	•  boosted system with separate controls and components

	•  use of accumulators in increasing system flow rate.




Vertical, horizontal and submersible pumps



	•  submersible pumps

	•  surface pumps:

	•  horizontal single-stage types

	•  vertical multi-stage types.







[image: Diagram of a single-stage pump system with labels indicating key components, including water supply in, control box to monitor pressure and flow rate, L C D readout, and water feed to property.]





Long Description




[image: Oxygen tank with a hose, gauge, and accessories.]






	•  the pump

	•  a transducer to sense pressure and flow

	•  a control box to monitor pressure differentials and flow rate

	•  an accumulator to assist in providing sufficient system pressure for the installation

	•  a float switch to prevent the pumps running dry.



[image: Diagram of a multi-stage centrifugal pump system with labelled components including an accumulator, electrical connection panel, pressure transducer, pressure gauge, supply manifold, water intake manifold, control panel, and pump motor.]






The accumulator



	1  When the pump operates it forces water into the accumulator bladder compressing the air surrounding it to a pressure greater than the vessel’s pre-charge pressure. This is the source of the stored energy.

	2  When the bladder expands due to water being forced in by the pump, it deforms in shape and the pressure within the accumulator increases. Bladder deformation stops when the water and the now-compressed air charge become balanced.

	3  When a tap is opened, the pressure within the system drops and the compressed air forces the water out of the accumulator. When all of the water inside the accumulator is used and the pressure falls to a predetermined level, the pump energises to recharge the accumulator water storage and pressure and the cycle begins again.





	•  the type of accumulator being used

	•  the work to be done, and

	•  the system operating limits.


















Specialist components for cold water systems




Infrared operated taps



	•  They are easy to operate.

	•  They stop the spread of germs and bacteria.

	•  They can help with water conservation.

	•  They can prevent scalding injury.




How do they work?



	1  The infrared sensor eye emits an infrared beam that is approximately 200 to 260 mm wide. When an object, such as a hand, is within range of the infrared sensing zone, the infrared beam is interrupted and a signal wire transfers an electronic signal to a solenoid valve.

	2  The solenoid valve acts as a latching mechanism that allows a restricted flow of water to flow through it. As soon as the valve receives the electronic signal, it snaps open, allowing the water to flow to the outlet.

	3  When the object leaves the sensing zone, the infrared beam returns to normal, the electronic signal ceases and the valve closes.



[image: Diagram of an infrared sensor-operated tap system showing water connections, solenoid valve and transformer.]





Long Description





Non-concussive (self-closing) taps




[image: Chrome tap with a cylindrical handle.]








	Advantages
	Disadvantages





	They are self-closing so water is not wasted due to the tap being left open.



	The rapid closing of the tap can cause water hammer and pipework reverberation.












Combination bath tap and shower head



	•  pillar type – a traditional style predominantly used in period bathrooms

	•  deck mixer type – there are many types to suit all types of modern bathroom styles

	•  thermostatic type – has the benefit of thermostatic control by the inclusion of a temperature sensitive wax cartridge

	•  wall mounted – specifically designed for baths without tap holes.



[image: Traditional chrome bath mixer tap with handheld shower and two cross-head handles.]




[image: Modern chrome bath filler tap with square handles and separate hand shower attachment.]




[image: Chrome bath tap with lever handles and a central control marked hot and cold.]




[image: Wall-mounted chrome bath tap with a single lever and shower diverter.]






[image: Diagram of bath and shower plumbing with check valves preventing back siphonage, shower hose retained above bath rim, and mixing valve connected to hot and cold supplies.]





Long Description





Flow limiting valves



	•  washbasins

	•  baths and sinks

	•  bidets

	•  WCs (when used with a strainer cartridge as required by Water Supply (Water Fittings) Regulation R25.6).





	•  balance the flow rates between hot and cold supplies

	•  assist with balancing thereby preventing some appliances (for example, a shower) from consuming all available water while other appliances at higher level or further downstream are starved of water

	•  save money on water and energy costs.





Spray taps




Urinal – water conservation controls




	•  a timer to match the hours of occupancy

	•  infrared detectors to detect the presence of people to open a solenoid valve for a short period of time

	•  a mechanical means to detect reduced hydraulic water pressure caused by taps being opened to open a valve controlling water to a urinal cistern

	•  some controls even allow a cistern to fill only very slowly if no movement is detected for a pre-set period of time.




[image: Cistermiser labelled low pressure valve with product and serial number labels.]













Shower pumps – single and twin impeller



	•  Twin impeller pump on the inlet to the mixer valve. The pump increases the pressure of the hot and cold water supplies to the mixer valve independently. The water is then mixed to the correct temperature in the valve before flowing to the shower head.




	•  Single impeller pump off the outlet from the mixer valve. These boost the water AFTER it has left the mixer valve. They are usually used with concealed shower valves and fixed ‘deluge’ type, large water volume shower heads.



[image: Diagram of domestic water system showing hot and cold water flows, venting, and shower pump protection.]





Long Description


[image: Electric shower pump with black motor casing and four brass pipe connections.]




[image: Essex flange fitting set showing copper fitting and shaped wire clip for installation.]




[image: Chrome circular overhead shower head with evenly spaced spray nozzles, viewed from below against a white background.]




[image: Diagram of shower plumbing showing Essex flange connection to hot water cylinder, ensuring hot water is drawn before cold during use.]





Long Description


[image: Single pump unit with black motor housing and brass pipe connections.]






Using shower pumps in negative head situations


[image: Twin pump unit with black motor, chrome fittings, and expansion vessel mounted above.]






[image: Diagram of a hot water heating system with a 230-litre cold water storage cistern, connected to a hot water storage cylinder via two full-way gate valves. The system includes a shower head located at negative head elevation, a pump for drawing hot water from the cylinder using an Essex flange, and isolation valves.]





Long Description





Pressure reducing valves











	•  They reduce high supply pressures upstream to a lower, more functional pressure for distribution.

	•  They maintain a set pressure ensuring that the pipework and appliances are not subjected to excessive stress and operate at a more moderate, acceptable pressure.




How do PRVs work?


[image: Diagram of a diaphragm valve with water flowing through it, showing its internal components such as the indicator, spring, diaphragm, strainer, inlet, outlet, comb, and valve.]





Long Description




	•  Under no-flow conditions, the downstream pressure applies back pressure on the valve seat and the diaphragm. This overcomes the pressure of the spring and forces the seat against the diaphragm to prevent the downstream pressure from increasing.

	•  Under flow conditions, the back pressure is reduced and the spring forces the valve open to allow water flow.







Shock arrestors/mini expansion vessels



Water hammer


[image: Graph showing normalised pressure over time after a valve closure, with a sharp spike followed by oscillations.]





Long Description




Shock arrestors


[image: Diagram of a water hammer effect, where a shock wave is generated by the quick closure of a valve, causing water to surge upstream.]





Long Description



Using the shock arrestor as a mini expansion vessel


[image: Diagram of a hot water heating system with a mini expansion vessel, showing cold water supply, hot water supply, an instantaneous hot water heater, and a shower valve.]





Long Description













3 BACKFLOW PROTECTION IN PLUMBING SYSTEMS




	•  contamination of water

	•  wastage of water

	•  misuse of water

	•  undue consumption of water

	•  erroneous metering of water.












	•  Part 1 General

	•  Part 2 Design

	•  Part 3 Pipe sizing – simplified method

	•  Part 4 Installation

	•  Part 5 Operation and maintenance.









The fluid categories



Fluid category 1




Fluid category 2



	•  a change in temperature

	•  a change in appearance, taste or odour owing to the presence of substances or organisms.





	•  water heated in a hot water secondary system

	•  mixed fluid categories 1 and 2 water discharged from combination taps or showers.





Fluid category 3



	•  ethylene glycol (anti-freeze), copper sulphate or similar chemical additives such as heating inhibitors, cleansers and de-scalers used in domestic properties

	•  sodium hypochlorite and other common disinfectants.





	•  in houses, apartments and other domestic dwellings:

	•  water in the primary circuits of heating systems whether chemicals have been administered or not

	•  water in washbasins, baths and shower trays

	•  clothes and dishwashing machines

	•  home dialysis machines

	•  hand-held garden hoses with a flow-controlled spray or shut off valve

	•  hand-held fertilisers

	•  in premises other than single occupancy domestic dwellings:

	•  domestic fittings and appliances such as washbasins, baths, or showers installed in commercial, industrial or other premises may be regarded as fluid category 3. However, if there is a potential for a higher risk, such as a hospital, medical centre or other similar establishment, then a higher fluid category risk should be applied in accordance with the regulations

	•  house garden or commercial irrigation systems without insecticides.









Fluid category 4



	•  chemical, carcinogenic substances or pesticides (including insecticides and herbicides)

	•  environmental organisms of potential health significance.





	•  general:

	•  primary circuits of heating systems in properties other than a single occupancy dwelling (commercial systems)

	•  fire sprinkler systems using anti-freeze chemicals





	•  house gardens:

	•  mini irrigation systems without fertiliser or insecticides, including pop-up sprinkler systems and permeable hoses





	•  food processing:

	•  food preparation

	•  dairies

	•  bottle washing plants





	•  catering:

	•  commercial dishwashers

	•  refrigerating equipment





	•  industrial and commercial installations:

	•  dyeing equipment

	•  industrial disinfection equipment

	•  photographic and printing applications

	•  car washing and degreasing plant

	•  brewery and distilling processes

	•  water treatment plant or softeners that use other methods than salt

	•  pressurised fire-fighting systems.









Fluid category 5



	•  faecal material or any other human waste

	•  butchery or any other animal waste

	•  pathogens from any source.





	•  general:

	•  industrial cisterns and tanks

	•  hose union bib taps in a non-domestic installation

	•  sink, WC pans, urinals and bidets

	•  permeable pipes in any non-domestic garden whether laid at or below ground level

	•  grey water recycling systems





	•  medical:

	•  laboratories

	•  any medical or dental equipment with submerged inlets

	•  bedpan washers and slophoppers

	•  mortuary and embalming equipment

	•  hospital dialysis machines

	•  commercial clothes washing equipment in care homes and similar premises

	•  baths, washbasins, kitchen sinks and other appliances that are in non-domestic installations





	•  food processing:

	•  butchery and meat trade establishments

	•  slaughterhouse equipment

	•  vegetable washing





	•  catering:

	•  dishwashing machines in healthcare premises and similar establishments

	•  vegetable washing





	•  industrial/commercial:

	•  industrial and chemical plants

	•  laboratories

	•  any mobile tanker or gulley cleaning vehicles





	•  sewerage treatment works and sewer cleaning:

	•  drain cleaning plant

	•  water storage for agricultural applications

	•  water storage for firefighting systems





	•  commercial agricultural:

	•  commercial irrigation outlets below or at ground level and/or permeable pipes, with or without chemical additives

	•  insecticide or fertiliser applications

	•  commercial hydroponic systems.

















Backflow and back siphonage risks in the home















	Appliance or system
	Content of the water
	Risk





	Kitchen sink
	May contain animal remains from food preparation
	Fluid cat. 5



	WC
	Contains human waste



	Bidet (over rim type)
	May contain human waste



	Grey water and rainwater harvesting systems
	May contain bacteria and disinfectants



	Washing machines and dish washers
	Contains soap and other detergents and chemicals from dish washing and clothes cleaning
	Fluid cat. 3



	Bath
	May contain soap and other detergents from personal hygiene



	Wash hand basin



	Shower valves and instantaneous showers
	At risk from soap and other detergents from personal hygiene



	Hose union bib taps (outside tap)
	At risk from gardening and other activities such as watering, weed killing, car washing, irrigation etc.



	Combination boilers
	The water in the heating system is often contaminated with dissolved metals, flux and some form of chemical inhibitor
	Fluid cat. 3 or 4 (depending on boiler size)



	Hot water system
	Contains hot water
	Fluid cat. 2







Whole site, zone and point of use protection



Whole site protection



[image: Diagram of a fluid system with labelled components, including a stop valve on the water undertaker's main supply line connected to a reduced pressure zone R P Z valve providing category 4 risk protection.]





Long Description




Zoned protection


[image: Diagram of a water supply system with multiple stop valves, including a gate valve at the top and several stop valves below it. It shows connections to industrial processes labelled as fluid category 4 risk and a reduced pressure zone R P Z valve providing protection.]





Long Description


[image: Diagram of the flow of cold water supply to individual apartments with R P Z valve protection on each floor.]





Long Description




Point of use protection


[image: Diagram of a pipe system with a hose union bib tap, non-verifiable double check valve, and isolation valve.]





Long Description



Eliminating the risk of contamination of wholesome water







Air gaps used as a method of backflow prevention



[image: This is Table detailing non-mechanical backflow prevention arrangements suitable for protecting against fluid categories 5 back pressure and 5 back siphonage. Table categorizes different types of backflow preventers based on their descriptions, including air gaps with various discharge mechanisms, interposed cisterns, and pipe interceptors.]



Long Description













	•  Back pressure – caused when a downstream pressure is greater than the upstream or supply pressure in the water undertakers main or the consumer’s potable water supply. Back pressure can be caused by:

	•  a sudden loss of upstream pressure, such as a burst pipe on a water undertaker’s mains supply

	•  an increase in downstream pressure caused by pumps or expansion of hot water

	•  a combination of both of the above.





	•  Back siphonage – backflow caused by a negative pressure creating a vacuum or partial vacuum in the water undertaker’s mains cold water supply. It is similar to drinking through a straw. If a sudden loss of pressure on the mains supply was to occur whilst a submerged outlet was flowing, then water would backflow upwards through the submerged outlet and down into the water undertaker’s main.











[image: Diagram of water flow through a pipeline system with arrows indicating direction, illustrating pressure changes due to upstream and downstream conditions.]





Long Description


[image: Plumbing system with a siphonage effect due to gravity, showing water flowing from a bathtub into a main pipe.]





Long Description



Type AA – air gap with unrestricted discharge above spillover level



	•  the type AA air gap is suitable for all fluid categories

	•  the size of the air gap is subject to the size of the inlet (see Table 1.6)

	•  the flow from the inlet into the cistern must not be more than 15° from the vertical.



[image: Diagram of a liquid protection system with a blue tank, showing the spillover level marked above the outlet and air gap indicated by dashed lines.]





Long Description






	Situation
	Nominal size of inlet, tap, valve or fitting
	Vertical distance between tap or valve outlet and the spillover level of the receiving appliance or cistern





	Domestic situation with fluid categories 2 and 3 (AUK2)
	Up to and including G ½
	20 mm



	Over G ½ and up to G ¾
	25 mm



	Over G ¾
	70 mm



	Non-domestic situation with fluid categories 4 and 5 (AUK3)
	Any size of inlet pipe
	Minimum diameter of 20 mm or twice the diameter of the inlet pipe, whichever is the greater of the two






[image: Large black animal trough with a rectangular shape, featuring a blue valve housing at one end and a drainage outlet on the side.]




[image: Diagram of a water level control system featuring a rigidly fixed float-operated valve, retractable cover locked in position, and a separation plate to prevent animal damage.]





Long Description




Type AB – air gap with weir overflow











[image: Diagram of a float switch system with a reservoir filled with liquid, showing various components such as an overflow pipe, warning pipe, weir spill slot screened, head over weir, shut-off level, outlet, and back siphonage protection.]





Long Description










[image: Type A B air gap system with weir overflow on a cistern, featuring a BOOST-A-BREAK unit, pump, blue pressure vessel, and connecting pipework.]






Type AD – air gap with injector



[image: Diagram of a siphon system with labelled components, including an air gap at the top, two back siphonages on either side marked as 5, and outlets connected to a water container.]





Long Description




Type AG – air gap with minimum size circular overflow determined by measure or vacuum test




	•  It should be sufficient to prevent back siphonage.

	•  It should not be less than the distances specified in Table 1.6, depending on cistern type.



[image: Diagram of a water level sensor system with a float mechanism, showing critical water levels and warning/overflow pipes.]





Long Description




	•  The air gap is related to the size of the inlet supply and is minimum vertical distance between the critical water level and the lowest part of the discharge outlet of the float operated valve (FOV) as specified in Table 1.6.

	•  The critical water level is the level that is reached when the FOV has failed completely and the water is running freely at maximum full-bore flow rate and pressure.

	•  Type A unrestricted air gaps must comply with the requirements of BS EN 13076:2003.






Type AUK1 – air gap with interposed cistern



[image: Diagram of a water filtration system with labels indicating components such as Type A G air gap, contaminated water, back siphonage, and minimum 15 millimetres interposed cistern or receptacle suitable for protection against fluid category 3 and 5.]





Long Description


[image: Diagram of a toilet flushing system with labelled components, including the type A G air gap, overflow pipe, 300 millimetres A U K 1 air gap, and spillover level.]





Long Description




Type AUK2 – air gaps for taps and combination fittings (tap gaps) discharging over domestic sanitary appliances


[image: Diagram of a washbasin setup showing two pillars connected to different fluid categories, with an air gap labelled A U k 2 between them.]





Long Description




Type AUK3 – air gaps for taps or combination fittings (tap gaps) discharging over any higher risk domestic sanitary appliances where a fluid category 4 or 5 is present




[image: Diagram of the installation of a back pressure relief valve with dual outlets, showing the placement of the lowest point of outlet tap above the spillover level to prevent back siphonage.]





Long Description




Type DC – pipe interrupter with a permanent atmospheric vent


[image: Diagram of a pipe system with a control valve connected to a pipe interrupter that has a minimum 150 millimetres diameter, leading into a horizontal tank labelled as Outlet. There is a note indicating suitability against fluid category 5 back pressure siphonage.]





Long Description



[image: Two D C pipe interrupters, one with a chrome-plated body and one with a brass body, each featuring connection fittings and small side holes.]




[image: Diagram of a D C pipe interrupter with air apertures, showing the flow direction from top to bottom.]





Long Description




	•  The valve should be fitted in the vertical position, discharging downwards.

	•  It must be installed at least 300 mm above the overflowing level or 150 mm if fitted above a urinal.

	•  No tap or valve should be installed downstream of the interrupter.

	•  Pipe size reductions downstream of the interrupter are not allowed.

	•  The length of the pipe downstream after the interrupter should be as short as possible.

	•  The interrupter should be accessible for replacement and repair.

	•  DC pipe interrupters must comply with BS EN 14453:2005.






Mechanical backflow prevention devices




Type BA – verifiable backflow preventer with reduced pressure zone (a reduced pressure zone valve)











	•  two check valves

	•  a differential relief valve

	•  three test points.







	Type
	Description of backflow prevention arrangements and devices
	Suitable for protection against fluid category



	Back pressure
	Back siphonage



	a
	BA
	Verifiable backflow preventer with reduced pressure zone
	4
	4



	b
	CA
	Non-verifiable disconnector with difference between pressure zones not greater than 10%
	3
	3



	c
	DB
	Pipe interrupter with atmospheric vent and moving element
	X
	3



	d
	EA/EB
	Verifiable and non-verifiable single check valves
	2
	2



	e
	EC/ED
	Verifiable and non-verifiable double check valves
	3
	3



	f
	HA
	Hose union backflow preventer. Only permitted for use on existing hose union bib tap in house installations
	2
	3



	g
	HUK1
	Hose union bib tap incorporating a double check valve arrangement. Only permitted as a replacement for existing bib taps in house installations
	3
	3



	h
	HC
	Diverter with automatic return (normally integral with some domestic appliance applications only)
	X
	3









	•  If, under static conditions, the mains pressure reduces where it is just 0.14 bar above the pressure in the reduced pressure zone, the differential relief valve will open and release the contents of the middle chamber to drain.

	•  Should backflow occur past the first check valve element, the pressure on both sides of the differential valve will equalise and the differential relief valve will open to discharge the water.

	•  If complete mains failure occurs, the contents of the middle chamber are discharged to drain, providing that both check valve elements are functioning correctly. However, should the upstream check valve become faulty, the pressure in the middle chamber will equalise to that of mains pressure and the differential relief valve will open and continuously discharge water at a steady rate.

	•  If the downstream check valve fails under zero mains pressure conditions, the differential relief valve will open and water will discharge from the downstream side of the system until the pressure here also becomes zero.



[image: Diagram of the operation of a fluid system with check valves, differential relief valves, and back pressure protection using B A or reduced pressure zone R P Z valves to prevent siphonage.]





Long Description












Type CA – non-verifiable disconnector with difference between pressure zones not greater than 10%



[image: Type C A backflow preventer with a brass T-shaped body and a black plastic discharge valve below.]




[image: Diagram of a plumbing system with a system boiler, flow direction indicated by arrows, and a Type C A disconnector.]





Long Description




Type DB – pipe interrupter with atmospheric vent and moving element




[image: Diagram of a water valve system with two states of operation. On the left, the membrane closes off outer vent holes during normal water flow to prevent back siphonage. On the right, when pressure loss occurs, the outer vents open to the atmosphere.]





Long Description



[image: Two Type D B pipe interrupters with metallic cylindrical bodies, each featuring multiple large circular holes and connection threads at both ends.]






Type EA and Type EB – verifiable and non-verifiable single check valves



	•  Type EA device – has a test nipple situated on the upstream side of the valve so that it can be tested whilst in position to verify that it is working correctly

	•  Type EB non-verifiable single check valve – does not have a test point but can be used in the same way as the type EA single check valve.



[image: Two diagrams of spring-loaded valves with stainless steel springs, featuring end views on the right side indicating flow direction from left to right. The valves have valve guides and test points labelled.]





Long Description











[image: Two brass single check valves, one verifiable with a test point and one non-verifiable with a streamlined body and flow direction arrow.]






Type EC and Type ED – verifiable and non-verifiable double check valves



[image: Diagram of two spring-loaded valve system with test points, including front and back views labelled as Test point and Stainless steel spring. The system includes a direction of flow arrow and components such as a valve guide.]





Long Description





Type HA – hose union backflow preventer (only permitted for use on existing hose union bib tap in house installations)


[image: Diagram of a back-pressure relief valve showing two states: normal operation with water flow and back siphonage protection. The top view shows the valve in its normal operating state, while the bottom view illustrates air entering the hose pipe when water pressure drops.]





Long Description





Type HUK1 – hose union bib tap incorporating a double check valve arrangement


[image: Diagram of a pressure relief valve with labelled components: rising spindle, packing gland, head workings, fixed jumper, washer, single check valves on both sides, test point at the bottom centre, suitable for protection against back pressure.]





Long Description












Type HC – diverter with automatic return





Regulations and guidance for backflow prevention



General









	•  They are readily accessible for inspection, operational maintenance and renewal; and,

	•  Except for types HA and HUK1, backflow prevention devices for protection against fluid categories 2 and 3, they should not be located outside premises; and,

	•  They are not buried in the ground; and,

	•  Vented or verifiable devices, or devices with relief outlets, are not installed in chambers below ground level or where liable to flooding; and,

	•  Line strainers are provided immediately upstream of all backflow prevention devices required for fluid category 4. Where strainers are provided, servicing valves are to be fitted upstream of the line strainer and downstream of the backflow prevention device; and,

	•  The lowest point of the relief outlet from any reduced pressure zone valve assembly or similar device should terminate with a type AA air gap located not less than 300 mm above the ground or floor level.












Appliances incorporating or supplied with water through pumps




Bidets (including WCs adapted as bidets) with flexible hose and spray handset fittings and with submerged water inlets




	•  Be supplied with cold and/or hot water through type AA, AB, or AD backflow prevention arrangements serving the bidet only; or,

	•  Be supplied with cold water from an independent distributing pipe serving the bidet only or a common distributing pipe serving the bidet and which may also serve a WC or urinal flushing cistern only; or,

	•  Be supplied with hot water from a water heater, which is supplied from an independent distributing pipe, that serves the bidet only, see Figure 1.100; or,

	•  Where the bidet is at a lower elevation than any other outlets or appliances, be supplied with water from a common cold and/or hot water vented distributing pipe providing that:

	•  The elevation of the spillover level of the bidet, if there is no flexible hose; or,

	•  The elevation of the spray outlet, with the hose extended vertically above the spillover level of the bidet,





	•  Whichever is the highest, is not less than 300 mm below the point of connection of the branch pipe serving the bidet to the main distributing pipe serving other appliances.



[image: Diagram of a hot water heating system with separate cold and hot water pipes, a safety vent, a water heater H W S C, and distribution to various appliances including a bath and washbasin.]





Long Description





Bidets with water inlets above spillover level only


[image: Diagram of a domestic hot water system, illustrating the flow paths for cold and hot water through a heater unit connected to a main supply. The setup includes a cold feed pipe leading into the heater, with distribution pipes supplying hot water to various appliances such as a bidet, bath, and washbasin. Cold water from the mains is fed into the heater via a cold distribution pipe.]





Long Description





WCs and urinals









[image: Diagram of a plumbing setup with a flushing valve, type D C pipe interrupter, and spreader at the bottom.]





Long Description




Shower heads or tap inlets to baths, washbasins, sinks and bidets




Submerged inlets to baths and washbasins




Drinking water fountains




Washing machines, washer-dryers and dishwashers




Hose pipes for house garden and other applications


[image: Self-closing handheld garden spray with a grey handle, orange adjustment dial, and a separate black and orange hose connector.]






Commercial and other installations excluding house gardens



	•  Backflow protection devices appropriate to the downstream fluid category; and,

	•  Where appropriate, a zone protection system.






House garden installations


[image: Diagram of a pipeline system with a hose union bib tap, pipe sleeved through wall, non-verifiable double check valve, and isolation valve.]





Long Description









	•  The existing hose union tap should be provided with a double check valve located inside the building; or,

	•  The tap should be replaced with a hose union tap that incorporates a double check valve (type HUK1); or,

	•  A hose union backflow preventer (type HA) or a double check valve should be continuously fitted to the outlet of the tap.





[image: Diagram of a drip irrigation system setup with a Type D B interceptor, hose union bib tap, and porous irrigation hose, showing water distribution at multiple points.]





Long Description


[image: Diagram of a porous irrigation hose system with water flowing from a central vertical pipe, featuring a hose union bib tap and a D B interrupter with a moving element at least 300 millimetres above the highest outlet.]





Long Description




Whole-site and zone protection



	•  A supply or distributing pipe conveys water to two or more separately occupied premises (whether or not they are separately chargeable by the water supplier for a supply of water); or,

	•  A supply pipe conveys water to premises, which under any enactment are required to provide a storage cistern capable of holding sufficient water for not less than 24 hours ordinary use.







Fire protection systems








Methods of preventing cross connection in systems that contain non-wholesome water sources



	•  correct design of systems taking into account the requirements of the regulations in place

	•  careful planning and routing of pipework and fittings

	•  careful use of mechanical backflow prevention devices and air gaps

	•  using the correct methods of marking and colour coding pipework and systems.







4 DESIGN TECHNIQUES FOR COLD WATER SYSTEMS



	•  large industrial/commercial contracts – on large contracts a building services engineer (BSE) will design the cold water installation

	•  new build domestic installations – with these types of installations, the cold water design will be completed by the plumbing company who may employ their own designer/estimator

	•  existing dwellings – here, the design of systems is usually completed by an experienced operative who has knowledge of the procedures for completing simple flow rate and pipe sizing calculations.





Information sources



Statutory regulations



	•  Water Act 2003

	•  Water Supply (Water Fittings) Regulations 1999

	•  Private Water Supplies Regulations 2016

	•  Building Regulations.














British Standards and Approved Codes of Practice (ACoPs)

























Manufacturer’s instructions




	•  the terms of the warranty will be void

	•  the installation may be dangerous

	•  we may inadvertently be breaking the regulations.













Verbal and written communication with the customer



	•  written communication:

	•  letters

	•  e-mails

	•  faxes

	•  text messages





	•  verbal communication:

	•  face-to-face

	•  via the telephone.















Written communication


	•  Letters are an official method of communication and are usually easier to understand than verbal communication. Good written communication can help towards the success of any company by portraying and building a professional reputation. Official company business should always:

	•  be in written form

	•  be on company headed paper

	•  have a clear layout (for example, divided into logical paragraphs)

	•  communicate content clearly using standard English.





	•  Emails have emerged as a hugely popular form of communication because of the speed that the information they contain is transferred to the recipient. As with letters, they should be well written and laid out, using correct grammar and spelling to convey professionalism, whether the recipient is a client, customer or colleague.

	•  Faxes are used mainly for conveying documents such as orders, invoices, statements and contracts where the recipient may wish to see an authorising signature. Again, the basic rules apply with regard to layout, standard English and content. Remember to always use a cover page that is appropriate for your company. This is an external communication that reflects the business and company image.

	•  Messaging is used a lot these days as an easy, convenient and cheap way to pass on information. This is an informal method of communication that may use simple text messaging or a smartphone app such as WhatsApp. This method of communication can be used to update a customer about your potential arrival time if you are delayed, for example, but should not be used for any formal information.



















	•  Quotations and estimates – both of these are written prices as to how much the work will cost to complete. A quotation is a fixed price and cannot vary. An estimate, by comparison, is not a fixed price but can go up or down if the estimate was not accurate or the work was completed ahead of schedule. Most contractors opt for estimates because of this flexibility. Wherever possible, the estimate/quotation should be accompanied by detailed scale drawings to help the customer understand the work that is to be completed.

	•  Invoices/statements – documents that are issued at the end of any contract as a demand for final payment for services rendered. Usually a period of time is allowed for the payment to be made.

	•  Statutory cancellation rights – a number of laws give the customer the legal right to cancel contracts after signing, providing work has not already started. There is usually no penalty for cancellation, providing the cancellation is confirmed in writing within a specific timeframe. Most cancellation periods start when the customer receives notification of their right to cancel, which should be at least seven days before work commences.

	•  Handover information – at the end of any contract, the customer must be given certain information. For large contracts, this includes the health and safety file. For small domestic contracts, a file should be made which contains any manufacturer’s information, installation, servicing and user instructions, the appliance warranty information, contact numbers of key personnel within the company and a letter of thanks for their custom.





Verbal communication



	•  consider what you are saying before saying it

	•  evaluate the response of your listener

	•  maintain an appropriate tone of voice

	•  use body language effectively.




















	•  during the handover process – explain and show the customer where all control valves are and how to use any appliances and controls that have been installed

	•  verbal feedback – most often, discussions with a customer help us to understand the following points:

	•  details of ways in which the service to the customer could be improved

	•  details of any faults that have developed in relation to the work completed; discussions with the customer can help us to diagnose and identify these faults and, therefore, complete any rectification work quickly and efficiently.











Taking measurements



	•  direct from the architect’s scale drawings

	•  by visiting the site and taking measurements in situ.




Architect’s scale drawings



[image: Architectural floor plan of a proposed ground floor, featuring various rooms such as kitchen, dining area, utility room, and living area. It includes notes on upgrades like new cooker hood and smoke detectors.]





Long Description




	•  1:1000 for site plans (10 mm = 10 m)

	•  1:500 for site plans (10 mm = 5 m)

	•  1:100 for plans and elevations (10 mm = 1 m)

	•  1:50 for plans, sections and elevations (10 mm = 500 mm)

	•  1:20 for part plans, sections and internal elevations (10 mm = 200 mm)

	•  1:10 for details and joinery (10 mm = 100 mm)

	•  1:5 for details (10 mm = 50 mm).



[image: Architect’s triangular scale rule with white edges, black measurement markings, and a central yellow strip.]





Taking measurements using a scale rule, step-by-step


	1  Ensure that the drawing is lying flat so that there is no distortion of the drawing. Mistakes in measuring are easy to make when the drawing is not on a flat surface.

	2  Identify the scale of the drawing from the legend.

	3  Identify the part of the drawing that you wish to measure. This may be a wall, room or a pipe run.

	4  Identify the correct scale on the rule that corresponds with the scale on the drawing.

	5  Place the zero mark of the rule against the start of the line you wish to measure and read the length. Care must be taken here as it is very easy to misinterpret the length by reading along the wrong scale. Most scale rules have two scales along each edge and it is important that the correct scale is used.

	6  Note the length you have measured.






Taking measurements on site



	•  Using an architect’s tape measure, which is an extra-long tape measure often used by site engineers to plot out a building. Requires two people for accurate measuring of buildings and can be inaccurate if care is not taken to prevent the tape bending and distorting.

	•  Using a standard tape measure, which requires two people for accurate measuring of buildings and can be inaccurate if care is not taken to prevent the tape bending and distorting.

	•  Using a laser measure, which is by far the most accurate method as this will not bend like a flexible tape or be affected by obstacles in the way. It uses a pulse of laser light to measure the distance and is accurate to ± 3mm. A single person can operate a laser measure quickly and effectively without distortion.

	•  Using an ultrasonic measure, which uses an ultrasonic wave to judge the distance, but can be affected by obstacles and obstructions that interrupt the wave.






Calculating component size



	•  assessment of likely demand; this will include:

	•  the number and position of the appliances

	•  flow rates required by individual appliances

	•  the number of people living in the dwelling

	•  frequency of use





	•  the available incoming pressure

	•  the length and routes of the pipework

	•  the type of pipework material to be used

	•  the requirements of any Regulations and British Standards

	•  the requirements of the manufacturer’s installation and performance data.





	•  the capacity of any cisterns that may be included in the design

	•  the pipe size

	•  the pump duty, if the system is a boosted cold water installation

	•  the size and charge of the pressure vessel, if the system is a boosted cold water installation.





Calculation of pipe size



	•  the volume flow rate required

	•  the pressure of the incoming supply

	•  the length of the pipework run

	•  the number of changes of direction and valves to be included in the design.











The flow rate















	Draw-off point
	Qa (l/s)
	Qmin (l/s)
	Loading units





	Washbasin, handbasin, bidet, WC cistern
	0.1
	0.1
	1



	Domestic kitchen sink, washing machine*, dish washing machine, sink, shower head
	0.2
	0.15
	2



	Urinal flush valve
	0.3
	0.15
	3



	Bath domestic
	0.4
	0.3
	4



	Taps (garden/garage)
	0.5
	0.4
	5



	Non-domestic kitchen sink DN20, bath non-domestic
	0.8
	0.8
	8



	Flush valve DN20
	1.5
	1.0
	15











Assessing the likely demand

















	•  1 × sink

	•  2 × basins

	•  1 × WC

	•  1 × bath

	•  1 × washing machine









	Appliance
	Number
	Loading units
	Total





	Domestic kitchen sink
	1
	2
	2



	Washbasin
	1
	1
	1



	WC
	1
	1
	1



	Bath
	1
	4
	4



	Washing machine
	1
	2
	2



	Total loading units
	10







	•  If the system is to be a mains-fed, unvented hot water system, then the manufacturer’s data should be consulted with regards to flow rate required.

	•  If the system is to be a combination boiler or an instantaneous multipoint hot water heater, then the loading units can be added to the table shown because the cold water supply would also have to serve these outlets.

	•  If, however, the hot water is to be supplied via a vented hot water cylinder, then the capacity of the cistern feeding it will have to be taken into account.










[image: Graph displaying two lines, one in blue representing loading units on the vertical axis ranging from 0 to 8000, and another in red showing design flow rate litres per second on the horizontal axis ranging from 0 to 30.]





Long Description










The available pressure (head)




























	•  Laminar flow – this is where a fluid, such as water, travels in regular paths. Often called streamline flow, the velocity and pressures at each point remain fairly constant. Laminar flow over a parallel surface such as the internal bore of a pipe consists of layers that are all parallel to each other. The fluid that is in contact with the pipe surface moves only very slowly because of the resistance offered by the pipe material and all other layers slide over it with varying degrees of velocity. The pipe moves at it fastest in the centre of the pipe because there is little or no resistance to flow.

	•  Turbulent flow – this is flow which undergoes irregular fluctuations. The fluid continuously changes direction and velocity. The water swirls and creates eddies while the bulk of the water generally flows in one direction. In a pipe, turbulent flow can be caused by many factors including the internal roughness of the pipe bore or sudden changes in direction, such as an elbow or a tee piece.



[image: Diagram of a fluid flowing with varying resistance across different layers, illustrating how velocity decreases as resistance increases from top to bottom.]





Long Description


[image: Diagram of a fluid flowing through a pipe with arrows indicating turbulence due to irregularities, labelled as Fluid undergoes irregular fluctuations causing a reduction in velocity above and The internal bore of the pipe is not smooth below.]





Long Description







Pipe sizing




Tabulated pipe sizing method




Stage 1 – Make a simple sketch of the system



[image: ]


[image: Diagram of a plumbing layout with various fixtures connected to a water main, featuring pipes labelled 1 through 5. The pipe system includes a sink 0.15 litre per second, wash basin 0.1 litre per second, W C 0.1 litre per second, bath 0.3 litre per second, cistern 140 litres at 0.15 litre per second, and washing machine 0.15 litre per second. Dimensions such as distances between points for example, 2 metre, 4 metre and heights from the ground level for example, 3.5 metre, 4 metre are marked.]





Long Description


















	Section
	Appliance
	Loading units LU
	Flow rate l/s





	3
	Cistern
	–
	0.15



	5
	Basin
	1
	0.1  



	 
	WC
	1
	0.1  



	 
	Bath
	4
	0.3  



	 
	 
	6
	0.5  



	2
	Appliances from sections 3 and 5
	–

6
	0.15

0.5  



	6
	0.65



	4
	Sink
	2
	0.15



	 
	Washing m/c
	2
	0.15



	 
	 
	4
	0.3  



	1
	Appliances from sections 2, 3, 4 and 5
	4

6
	0.3  

0.65



	 
	 
	10  
	0.95







[image: ]




Stage 2 – Assumed pipe diameter



[image: ]




Stage 3 – Actual and effective pipe lengths






	Pipe size (mm)
	Elbow (m)
	Tee (m)
	Stop valve (m)
	Check valve (m)





	15
	0.5
	0.6
	  4.0
	  2.5



	22
	0.8
	1.0
	  7.0
	 4.3



	28
	1.0
	1.5
	10.0
	  5.6



	35
	1.4
	2.0
	13.0
	  6.0



	42
	1.7
	2.5
	16.0
	  7.9



	54
	2.3
	3.5
	22.0
	11.5












	Section
	Fitting
	Number
	Size (mm)
	Equivalent length (m)
	Total (m)





	1
	Elbow
	2
	28
	1.0
	2.0



	 
	Tee
	1
	28
	1.5
	1.5



	 
	Stop valve
	1
	28
	10.0  
	10.0  



	 
	 
	 
	 
	 
	13.5  



	2
	Tee
	1
	22
	1.0
	1.0



	 
	 
	 
	 
	 
	1.0



	3
	Elbow
	1
	15
	0.5
	0.5



	 
	Service valve (fullway)
	1
	15
	0    
	0.0



	 
	 
	 
	 
	 
	0.5



	4
	Elbow
	1
	15
	0.5
	0.5



	 
	Tee
	1
	15
	0.6
	0.6



	 
	 
	 
	 
	 
	1.1



	5
	Elbow
	1
	22
	0.8
	0.8



	 
	Tee
	2
	22
	1.0
	2.0



	 
	 
	 
	 
	 
	2.8







[image: ]




Stage 4 – Head loss and velocity


[image: Graph displaying various lines representing flow rates labelled as Flow rate, metre cube per hour against head loss measured in metres across different diameters of pipes or tubes denoted by O D, which stands for outside diameter. The horizontal axis ranges from 0 to 0.5 metres, while the vertical axis ranges from 0 to 200 cubic metre per hour.]





Long Description


[image: Graph with multiple lines representing various flow rates in litres per second plotted against head loss in metres. Each line corresponds to different pipe diameters, ranging from 35 millimetres to 159 millimetres, marked along the vertical axis on the left side of the graph. The horizontal axis represents head loss in metres. A red horizontal line indicates a specific value at around 1 litre per second.]





Long Description



[image: ]










[image: ]


[image: Graph with two vertical axes on each side, depicting wall friction gradient head loss versus flow rate and velocity in metres per second. The left axis ranges from 0 to 1 on the vertical axis labelled as head loss in kilo pascals/m and 0 to 0.5 metre per second for velocity. The right axis ranges from 5 to 80 litres per second for flow rate and 3 to 6 millimetres for outside diameter of copper tube. Annotations indicate that Lamont's smooth pipe formula S 3 applies between specific limits only.]





Long Description












[image: Graph depicting the relationship between wall friction gradient head loss in kilo pascals per metre, velocity in metres per second, flow rate in litres per second, and other parameters related to pipe characteristics.]





Long Description














Stage 5 – Head used



[image: ]




Stage 6 – Available head pressure



[image: ]




Stage 7 – Final pipe size







[image: ]















Simplified pipe sizing method



Stage 1 – Make a simple sketch of the system


[image: Diagram of a domestic plumbing system showing water main supply and pipe layout to fixtures with labelled flow rates, including sink, washbasin, WC, bath, washing machine, and a 140-litre cistern at 0.4 litres per second.]





Long Description










	Section
	Appliance
	Loading units (LU)
	Flow rate (l/s)





	1
	Sink
	2
	0.2



	 
	Washing machine
	2
	0.2



	 
	Basin
	1
	0.1



	 
	WC
	1
	0.1



	 
	Bath
	4
	0.4



	 
	Cistern
	1
	  0.15



	 
	 
	11
	  1.15



	2
	Basin
	1
	0.1



	 
	WC
	1
	0.1



	 
	Bath
	4
	0.4



	 
	Cistern
	1
	0.1



	 
	 
	7
	0.7



	3
	Cistern
	1
	  1.15



	4
	Sink
	2
	0.2



	 
	Washing machine
	2
	0.2



	 
	 
	4
	0.4



	5
	Basin
	1
	0.1



	 
	WC
	1
	0.1



	 
	 
	6
	0.6







Stage 2 – Pipework material






[image: ]




Stage 3 – Pipe size









[image: ]










Stage 4 – Design flow rate




[image: Log-log nomograph showing design flow rate Q d versus total flow rate Q t in loading units. Multiple curved lines labelled with values represent usage categories from 2 to 15.]





Long Description


[image: Log-log nomograph showing design flow rate versus total flow rate in loading units. Curved lines represent usage patterns, with a red cross marking a reading point.]





Long Description










Calculation of cistern capacity





	•  the type and use of the building

	•  the number of occupants

	•  the type and number of the appliances

	•  the frequency of use

	•  the likelihood of a breakdown of the supply.








	Type of building
	Minimum cold water storage (litres)





	Hostel
	90 per bed space



	Hotel
	200 per bed space



	Office premises with canteen facilities
	45 per employee



	Office premises without canteen facilities
	40 per employee



	Restaurant
	7 per meal



	Nursery/primary day school
	15 per pupil



	Secondary/technical day school
	20 per pupil



	Boarding school
	90 per pupil



	Children’s home/residential nursery
	135 per bed space



	Nurses’ accommodation
	120 per bed space



	Nursing/convalescent home
	135 per bed space



































Calculation of pump power






Long Description






[image: Diagram of a fluid system showing water pumped from a break cistern through a centrifugal pump to a delivery tank at 4 kilograms per second, via a 45-metre pipe. The pump operates at 75 percent efficiency and water mass is 1 kilogram per litre.]





Long Description











Pump laws



	•  Quantity of water delivered (Q) will vary according to the rotational speed of the impeller (N). This is expressed as:





	•  Pressure produced (P) will vary with the square of the rotational speed of the impeller (N). This is expressed as:





	•  Power (W) required will vary with the cube of the rotational speed of the impeller (N). This is expressed as:











































Assessment of accumulator capacity




	•  the pressure of the water supply

	•  the flow rate into the property

	•  the number of occupants and their water usage requirements

	•  the location where the accumulator is to be fitted.




















	•  the amount of storage for a given accumulator size

	•  the air charge required

	•  the length of time of storage usage

	•  the length of time required to replenish the accumulator.





















	1  the charge in bar pressure required at the accumulator

	2  the storage capacity of the accumulator

	3  the amount of showering time available when both showers are running

	4  the time needed to replenish the accumulator to full capacity.








Presentation of the design







5 DIAGNOSING AND RECTIFYING FAULTS IN COLD WATER SYSTEMS AND COMPONENTS




Identifying system faults through consultation with the customer



	•  The immediate history of the fault:

	•  When did it first occur?

	•  How did they notice it?

	•  What characteristics did it show?

	•  Did they notice any unusual noises? This may well indicate the type of component failure that has taken place.

	•  Did they attempt any repairs themselves? If so, what did they do? This is important because if repairs have been attempted, they may well have to be undone to successfully diagnose the problem.

	•  What was the result of the fault? Again, this is an important aspect because it can often indicate where the fault lies. For instance, if the customer has noticed a drop in flow rate or pressure, this might indicate a blockage, a blocked filter, scale growth or a mechanical fault, such as a loss of charge from an accumulator or a pump fault.












Identifying system faults through consultation with the manufacturer’s instructions and the British Standards



	•  known problems that can occur and the symptoms associated with them

	•  methods by which to identify the problem in the form of a flow chart. These usually follow a logical, step-by-step approach, especially if the equipment has many parts that could malfunction, such as a cold water boosting set

	•  the techniques required to replace the malfunctioning component.














Methods of repairing faults




	•  Checking components for correct operating pressures and flow rates – this can be performed using a pressure and flow rate meter or a weir jug. However, caution must be exercised when using a weir jug as the flow rate of some systems can exceed the flow rate capacity of the weir jug making an accurate reading impossible.

	•  Cleaning system components (including dismantling and reassembly) – again, a very important part of the diagnostic process, especially with certain components such as filters and valves. Sediment and scale can quickly build up in certain water areas and it is important that these components are cleaned on a regular basis to prevent loss of flow rate and pressure. The use of manufacturer’s literature is recommended, especially with complex components such as pumps.

	•  Checking for correct component operation:

	•  Pumps – these should be checked using the manufacturer’s commissioning procedures to ascertain whether the pump is performing as the data dictates. A slight fall in performance is to be expected with age. Check to ensure:

	•  there are no signs of damage or wear and tear on the pump

	•  there are no signs of leakage from the pump

	•  that the pump switches on and off at the correct pressure

	•  that there are no unusual noises or vibrations when the pump is operating.









	•  Pressure switches (transducers) – transducers are often checked using a calibrated pressure gauge on the system pipework to ensure that the system is operating within acceptable limits. A transducer that is malfunctioning will often read over 12 bar pressure when tested irrespective of the actual pressure within the system.

	•  Float switches – when fitted to a cold water storage cistern (CWSC), these can usually be operated by hand, by moving the float arm, to ensure that the pump starts when the float switch is moved to the ‘on’ position.

	•  Accumulators (pressure vessels) – accumulators are checked at the Schrader valve with a pressure gauge to ensure that the vessel contains the correct pressure.

	•  Gauges and controls – gauges should correspond to the known pressures within the system. Any deficiency could indicate that the gauge is faulty.

	•  Checking for correct operation of water treatment devices – this must be done by following the recommendations of the manufacturer’s servicing and maintenance instructions.

	•  Water filters – these must be regularly cleaned and cleared of all scale and sediment build-up to ensure that flow rates within the system are maintained.

	•  Water softeners – again, these should be checked using the manufacturer’s set of specific maintenance instructions, especially where the softener uses external additives. Water softeners can be checked for correct operation by the use of a pH indicator.

	•  Cold water storage cisterns (CWSC) and break cisterns – when used to supply wholesome water supply, they should be checked and cleaned at regular intervals, and at least every six months for large cisterns supplying wholesome water to many properties.



[image: Pressure gauge with circular dial on one end and a flexible braided metal hose connected to a white plastic fitting.]






Why a water treatment device may not be operating as required




	•  limescale builds up within the softener

	•  the salt crystals require replenishment

	•  the water softener fails to backwash.






Isolating cold water systems



	•  maintaining and servicing components and equipment

	•  repairing and replacing pipework and components

	•  decommissioning procedures (permanent and temporary)

	•  commissioning new pipework and systems

	•  an emergency (burst pipes or failed components).




















Carrying out diagnostic checks and repairs



Booster pumps






	Fault
	Diagnostic test





	No power at the motor
	Check for voltage at the motor terminal box. Check the feeder panel for tripped circuit breakers and reset as necessary. If the circuit breakers continue to trip out, then initiate tests on the wiring and the pump motor as detailed below.



	Defective capacitor (single-phase pumps only)
	Isolate the power supply and discharge the capacitor by touching the leads together. Check the capacitor with an analogue ohmmeter as detailed on the next page. If the capacitor is working correctly, the needle should jump to almost zero (0) ohms and slowly return to infinity (∞). If this does not happen, replace the capacitor.



	Loose electrical connections





	Checked using an ammeter


	1  Make sure the pump is set to run.

	2   Set the scale on the front of the ammeter to 100 amps.

	3   Place the tongs of the ammeter around the cable.

	4   Slowly rotate the scale on the ammeter back towards 0 (zero) until an exact reading is shown.

	5  Record the measurement.

	6   Check against the manufacturer’s data.







	Motor winding defect
	Checked using an ohmmeter


	1  Turn OFF the POWER and check for safe isolation.

	2   Disconnect the electrical leads to the motor.

	3   Set the ohmmeter scale selector to R × 1 (if you anticipate ohm values under 10) or R × 10 (for ohm values over 10).

	4   Touch the leads of the ohmmeter to two motor leads. Touching the leads of the ohmmeter to the live and neutral motor lead will measure the main winding’s resistance.

	5  Watch the ohmmeter scale and compare the figure with the appropriate chart in the pump installation and maintenance instructions.











	The pump runs too often
	There are several possibilities:

	•  The pressure switch is not properly adjusted or is defective. Check the pressure setting on the switch and the voltage across the closed contacts. If it is defective, then it must be replaced.

	•  The accumulator is too small. It must be replaced with a larger accumulator. As a rule of thumb, the accumulator should have at least 45 litres for every litre per minute flow rate of the pump.

	•  The air charge in the accumulator is insufficient. Check the air charge in the accumulator and repair or replace as necessary as detailed earlier in this chapter.







	Pump runs but does not produce enough flow (l/m)
	Again, there are a number of possibilities:

	•  The shaft is rotating the wrong way. The pump usually rotates anti-clockwise when viewed from the top. Check the wiring against the manufacturer’s instructions. Re-wire as necessary.

	•  The pump is airlocked. Close the isolation valves, open the priming plug and prime the pump by slowly opening the isolation valves. The suction lines from the water source should be opened first.

	•  The strainers and check valves are clogged. Remove and inspect the filters and valves. Clean as necessary.







	Verifying the boosting pump performance
	When any faults have been repaired, then the pump must be checked to ensure that it is working correctly. This can be achieved installing pressure gauges on both upstream and downstream pipework, close to the pump. Correct operation shows a drop in pressure on the upstream pipework as the suction of the pump acts on the upstream gauge and an increase in pressure to that shown on the manufacturer’s instructions or the pump data plate. The flow rate should also be checked.







Backflow prevention devices





















Diagnosing and preventing corrosion within cold water system pipework




Electrolytic corrosion











[image: Table showing the electrochemical series of metals with standard electrode potentials from plus 1.50 Volts for gold to minus 2.37 Volts for magnesium, arranged from cathodic to anodic behaviour.]



Long Description



Preventing electrolytic corrosion






Blue water corrosion












Treating and minimising blue water corrosion







6 COMMISSIONING COLD WATER SYSTEMS AND COMPONENTS




	•  The Water Supply (Water Fittings) Regulations 1999

	•  British Standard BS 6700 and BS EN 806 (in conjunction with BS 8558)

	•  The Building Regulations Approved Document G1 and G2

	•  the manufacturer’s instructions of any equipment and appliances.




The Water Supply (Water Fittings) Regulations










The British Standards (BS EN 806.4 and BS 8558)




The Building Regulations




Manufacturer’s instructions







	•  Always read the instructions before operations begin.

	•  Always follow the procedures in the correct order.

	•  Always hand the instructions over to the customer upon completion.

	•  Failure to follow the instructions may invalidate the manufacturer warranty.









Visual inspections



	•  walking around the installation. Check that you are happy that the installation is correct and meets installations standards

	•  checking that all open ends are capped off and all valves are isolated

	•  checking that all capillary joints are soldered and that all compression joints are fully tightened

	•  checking that enough pipe clips, supports and brackets are installed and that all pipework is secure

	•  checking that the equipment (such as boosting pumps, float switches, accumulators, etc.) are installed correctly and that all joints and unions on and around the equipment are tight

	•  checking that cisterns and tanks are supported correctly and that float operated valves are provisionally set to the correct water level

	•  checking that all appliances’ isolation valves and taps are off. These can be turned on and tested when the system is filled with water

	•  where underground services have been installed, checking that any pipework is at the minimum depth required by the Water Supply (Water Fittings) Regulations.






Filling and venting systems – the initial system fill



	•  Filling the system in a series of stages allows the operatives time to check for leaks stage by stage. Only when the stage being filled is leak free should the next stage be filled.

	•  Air locks from cistern-fed supplies are less likely to occur as each stage is filled slowly and methodically. Any problems can be assessed and rectified as the filling progresses without the need to isolate the whole system and initiate a full drain down. Allowing cisterns to fill to capacity and then opening any gate valves is the best way to avoid air locks. This ensures that the full pressure of the water is available and the pipes are running at full bore. Trickle filling can encourage air locks to form causing problems later during the fill stage.

	•  It is possible that less manpower will be used by staged filling procedures. On very large and multi-storey systems, the use of two-way radios greatly helps the operatives during the filling process and isolation of a potential problem becomes quicker. Operatives should be stationed at the main isolation points to initiate a rapid turn off should a problem occur.







Soundness testing



The requirements of the Water Regulations












	•  Copper tubes and low carbon steel pipes – systems installed in copper tube and low carbon steel pipes should be tested to 1 1/2 times normal operating pressure (1.5 times normal operating pressure or 50 per cent above normal operating pressure). It should be left for a period of 30 minutes to allow for temperature stabilisation and then left for a period of 1 hour with no visible pressure loss. BS EN 806.4 states a test pressure of 1.1 times the maximum design pressure (MDP) for a minimum period of 10 minutes.

	•  Elastomeric (plastic polybutylene) pressure pipe systems – these are tested differently to rigid pipes. There are two tests that can be carried out. These are known as test type A and test type B and are detailed in BS 6700. It is important that the correct tests are used for elastomeric pipes as these can become stressed very easily at high pressures.

	•  Test type A – Slowly fill the system with water and raise the pressure to 1 bar (100 kPa). Check and repump the pressure to 1 bar if the pressure drops during this period provided there are no leaks. Check for leaks. After 45 minutes, increase the pressure to 1.5 times normal operating pressure and let the system stand for 15 minutes. Now release the pressure in the system to 1/3 of the previous pressure and let it stand for a further 45 minutes. The test is successful if there are no leaks. BS EN 806.4 states that test type A can be carried out at 1.1 times the MDP for a period of 10 minutes.

	•  Test type B – Slowly fill the system with water and pump the system up to the required pressure and maintain the pressure for a period of 30 minutes and note the pressure after this time. The test must continue with no further testing.










[image: Line graph showing pressure over time with labelled points for pumping, test pressure at 1.5 times maximum working pressure, and 0.5 times maximum working pressure.]





Long Description


[image: Line graph showing pressure over time with key points marking pumping, test pressure, and pressure drops below 60 kilopascals at 60 minutes and below 20 kilopascals at 180 minutes.]





Long Description




Planning the test





	•  Is the test being used appropriate for the service and the building environment?

	•  Will it be necessary to divide the vertical pipework into sections to limit the pressures in multi-storey buildings?

	•  Will the test leave pockets of water that might cause frost damage or corrosion later?

	•  Can all valves and equipment withstand the test pressure? If not, these will need to be removed and temporary pipework installed.

	•  Are there enough operatives available to conduct the test safely?

	•  Can different services be interconnected as a temporary measure to enable simultaneous testing?

	•  How long will it take to fill the system using the available water supply?

	•  When should the test be started when the size of the system is considered? Preparation should also be taken into account.












Preparing for the test


	•  Check that the high points of the system have an air vent or a tap to help with the removal of air from the system during the test. These should be closed to prevent accidental leakage.

	•  Blank or plug any open ends and isolate any valves at the limit of the test where the test is being conducted in stages.

	•  Remove any vulnerable equipment and components and install temporary piping.

	•  Open the valves within the section to be tested.

	•  Attach the test pump to the pipework and install extra pressure gauges if necessary.

	•  Check that a suitable hose is available for draining down purposes.










[image: Hydraulic pressure test pump labelled Rothenberger with a gauge, two control knobs, and a long metal handle.]





The hydraulic test procedure, step-by-step


	1  Using the test pump, begin to fill the system. When the pressure shows signs of rising, stop and walk the route of the section under test. Listen for any sounds of escaping air and visually check for any signs of leakage.

	2  Release air from the high points of the system or section and completely fill the system with water.

	3  When the system is full and free of air, pump the system up to the required test pressure.

	4  If the pressure falls, check that any isolated valves are not passing water and visually check for leaks.

	5  Once the test has been proven sound, the test should be witnessed and a signature obtained on the test certificate.

	6  When the pressure is released, open any air vents and taps to atmosphere before draining down the system.

	7  Refit any vulnerable pieces of equipment, components and appliances.







Disinfection of large cold water systems



	•  in new installations (except private dwellings occupied by a single family)

	•  where large extensions or alterations to systems have been undertaken

	•  where it is suspected that the system has been compromised by contamination (such as fouling by drainage, sewage or animals or the physical entry by operatives during maintenance operations or repair)

	•  where the system has not been in regular use nor regularly flushed

	•  where underground pipework has been installed. This does not include localised repairs or where a junction has been installed after the fittings have been disinfected by immersion in a solution of sodium hypochlorite to dilution of 200 parts per million (ppm). 1 ppm is equivalent to 1 mg/l.











The requirements of the disinfection process



















The disinfectant types



	•  EN 900 for calcium hypochlorite, or

	•  EN 901 for sodium hypochlorite.



















Calculating system capacity



	•  calculating the capacity in litres up to the water line of any storage cisterns, and

	•  calculating the capacity in litres of the pipework.




Calculating the capacity of a cistern



	•  measure the length of the cistern in metres (m)

	•  measure the width of the cistern in metres (m)

	•  measure the height to the water line in metres (m).

























Calculating the capacity of the system pipework





















	Standard/spec
	Tube dimension (OD)
	Carrying capacity (l/m)





	BS EN 1057 R250 half-hard straight lengths
	6
	0.018



	8
	0.036



	10
	0.061



	12
	0.092



	15
	0.145



	22
	0.320



	28
	0.539



	35
	0.835



	42
	1.232



	54
	2.091



	66.7
	3.247



	76.1
	4.197



	108
	8.659






[image: Diagram of a cold water cistern feeding four floors with washbasins, W Cs, and baths via vertical and horizontal pipework, with labelled distances between appliances.]





Long Description














	Pipe
	Size (mm)
	Length (m)
	Capacity per metre (l)
	Capacity of the pipe (l)





	1
	42
	4.5
	1.232
	5.544



	2
	35
	8
	0.835
	6.68



	3
	22
	8.5
	0.320
	2.72



	4
	22
	4.5
	0.320
	1.44



	5
	22
	4.5
	0.320
	1.44



	6
	22
	4.5
	0.320
	1.44



	Appliance legs
	15
	8
	0.145
	1.16



	Total pipework capacity (l)
	20.424
























	Pipe
	Size (mm)
	Length (m)
	Capacity per metre (l)
	Capacity of the pipe (l)





	1
	54
	10
	 
	 



	2
	42
	22.5
	 
	 



	3
	35
	15.5
	 
	 



	4
	28
	24.5
	 
	 



	5
	22
	14.5
	 
	 



	6
	15
	10
	 
	 



	Appliance legs
	15
	12
	 
	 



	Total pipework capacity (l)
	 












The method of disinfection



	1  Thoroughly flush the system with water from the undertaker’s main to remove any swarf, flux residues or other contaminants.

	2  Calculate the cistern capacity and the amount of disinfectant required to give the required 50 ppm.

	3  Add this to the cistern as it is filling to give a good mix with the cistern water.

	4  Working away from the cistern, open each draw-off until a smell of disinfectant is detected. This should be done at every draw-off to ensure that the system is full of disinfectant.

	5  As the water from the cistern is drawn off, it will be necessary to add more disinfectant solution to ensure that the required 50 ppm throughout the installation is achieved.

	6  Once the system is full and the float operated valves on the system have shut, the 1-hour test period can begin.





Testing for residual chlorine








	Water colour
	Chlorine level (ppm or mg/l)





	Clear
	None



	Faint pink/pink
	0.2–1



	Pink/red
	1–5



	Red/purple
	5–10



	Purple/blue
	10–20



	Blue/grey-green
	20–30



	Grey-green/yellow
	30–50



	Muddy brown
	Over 50



	Colour develops but then disappears
	Excessive







Flushing the system after disinfection
















	•  Do take care to warn people before disinfection begins. The chemicals are dangerous.

	•  Do handle chemicals with care and always use PPE.

	•  Do calculate the capacity of the system. Using too much chemical disinfectant will not produce better results and may result in the test having to be completed again.

	•  Do use chlorinated water when topping up cisterns and pipework during the test. This will help keep the correct disinfectant level.

	•  Do check the chlorine level at the end of the test period.

	•  Do not leave the water in the system for more than 1 hour and never overnight.

	•  Do not discharge the test water direct into a water course or drain without first contacting the local water undertaker or the Environment Agency.

	•  Always complete the disinfection record paperwork correctly.









The flushing procedure for cold water systems and components not requiring disinfection





Operational checks


Taking flow rate and pressure readings



	•  Flow rates can be checked using a weir gauge. This is sometimes known as a weir cup or a weir jug. The method of use is simple. The gauge has a slot running vertically down the side of the vessel, which is marked with various flow rates. When the gauge is held under running water, the water escapes out of the slot. The height that the water achieves before escaping from the slot determines the flow rate. Although the gauge is accurate, excessive flow rates will cause a false reading because the water will evacuate out of the top of the gauge rather than the side slot.

	•  System pressures (static) can be checked using a Bourdon pressure gauge at each outlet or terminal fitting. Bourdon pressure gauges can also be permanently installed either side of a boosting pump to indicate both inlet and outlet pressures.

	•  Both pressure (static and running) and flow rate can be checked at outlets and terminal fittings using a combined pressure and flow rate meter.



[image: Bourdon pressure gauge labelled S U K U with black needle pointing at 0 and red maximum pointer set at 6, marked in bar.]







Dealing with defects with cold water systems that are discovered during commissioning



	•  Systems that do not meet correct installation requirements. This can take two forms:

	•  Systems that do not meet the design specification – problems such as incorrect flow rates and pressures are quite difficult to deal with. If the system has been calculated correctly and the correct equipment has been specified and installed to the manufacturer’s instructions, then problems of this nature should not occur. However, if the pipe sizes are too small in any part of the system, then flow rate and pressure problems will develop almost immediately downstream of where the mistake has been made. In this instance, the drawings should be checked and confirmation with the design engineer that the pipe sizes that have been used are correct before any action is taken. It may also be the case that too many fittings or incorrect valves have been used causing pipework restrictions.

	•  Another cause of flow rate and pressure deficiency is the incorrect set-up of equipment such as boosting pumps and accumulators. In this instance, the manufacturer’s data should be consulted and set-up procedures followed in the installation instructions. It is here that mistakes are often made. If problems still continue, then the manufacturer’s technical support should be contacted for advice. In a very few cases, the equipment specified is at fault and will not meet the design specification. If this is the case then the equipment must be replaced.





	•  Poor installation techniques. Installation is the point where the design is transferred from the drawing to the building. Poor installation techniques account for:

	•  Noise – incorrectly clipped pipework can often be a source of frustration within systems running at high pressures because of the noise that it can generate. Incorrect clipping distances and, often, lack of clips and supports can put strain on the fittings and cause the pipework to reverberate throughout the installation, even causing fitting failure and leakage. To prevent these occurrences, the installation should be checked as it progresses and any deficiencies brought to the attention of the installing engineer. Upon completion, the system should be visually checked before flushing and commissioning begins.

	•  Undue warming of cold water systems – this generally occurs if the cold water pipework has been installed too close to either hot water pipework or heating system pipework. The Health and Safety Executive state that to prevent micro-bacterial growth due to temperature the cold water must not exceed 20 °C. To prevent this, the cold water pipework should be insulated across the entire system including cisterns and storage vessels.

	•  Leakage – water causes a huge amount of damage to a building and can even compromise the building structure. Leakage from pipework if left undetected causes damp, mould growth and an unhealthy atmosphere. It is, therefore, important that leakage is detected and cured at a very early stage in the system’s life.

	•  It is almost impossible to ensure that every joint on every system installed is leak free. Manufacturing defects on fittings and equipment and damage sometimes cause leaks. Leakage due to badly jointed fittings and poor installation practice are much more common, especially on large systems where literally thousands of joints have to be made until the system is complete. These can often be avoided by taking care when jointing tubes and fittings, using recognised jointing materials and compounds and using manufacturers’ recommended jointing techniques.





	•  Microbiological contamination within cold water systems. Contamination of cold water systems can occur for a variety of reasons:

	•  the ingress of insects and vermin into stored water

	•  the ingress of debris during installation

	•  poor installation practice

	•  undue warming of the cold water.







	•  Defective components and equipment. Defective components cause frustration and cost valuable installation time. If a component or piece of equipment is found to be defective, do not attempt a repair as this may invalidate any manufacturer’s warranty. The manufacturer should first be contacted as they may wish to send a representative to inspect the component prior to replacement. The supplier should also be contacted to inform them of the faulty component. In some instances where it is proven that the component is defective and was not a result of poor installation, the manufacturer may reimburse the installation company for the time taken to replace the component.






Commissioning


Notification of work carried out



	•  The water undertaker – the Water Supply (Water Fittings) Regulations dictate that the local water authority must be informed before work starts, at various stages during its installation and on completion. It also states that where backflow prevention devices are installed, such as RPZ valves, notification must be given and they must be inspected prior to being commissioned. A list of notifiable works is provided on page 5. Notification should be completed by the installing plumber and involves completing a water undertaker’s notification form.

	•  The local building control office – under Building Regulations Approved Document G, cold water installations and water conservation are notifiable to the local authority building control office. Building Regulations approval can be sought from the local authority by submitting a building notice. Plans are not required with this process so it is quicker and less detailed than the full plan’s application. It is designed to enable small building works to get under way quickly. Once a ‘building notice’ has been submitted and the local authority has been informed that work is about to start, the work will be inspected as it progresses. The authority will notify if the work does not comply with the Building Regulations.



	•  the installation of a new bathroom where alterations have to be made to the drainage system or soil stack or where no bathroom existed before

	•  the installation of a new kitchen where alterations have to be made to the drainage system or soil stack or where no kitchen existed before

	•  the installation of sanitary appliances, such as new washroom facilities

	•  the installation of water conservation components, such as rainwater harvesting or grey water recycling systems.









Building Regulations Compliance certificates




Commissioning records



	•  the date, time and the name(s) of the commissioning engineer(s)

	•  the location of the installation

	•  the amount of cold water storage (if any)

	•  the types and manufacturer of equipment and components installed

	•  the type of pressure test carried out and its duration

	•  disinfection processes, the disinfection chemicals used and the disinfection readings

	•  the flow rates and pressures at the outlets

	•  the pressures on both the suction side and the discharge side of any boosting pumps

	•  the accumulator pressure.













Handover procedures



	•  all manufacturers’ installation, operation and servicing manuals for the taps, sanitary ware and any other equipment fitted to the installation such as boosting pumps and accumulators

	•  the commissioning records and certificates

	•  the water undertaker’s acceptance of the system

	•  the Building Regulations Compliance certificate

	•  an ‘as fitted’ drawing showing the position of all isolation valves, backflow prevention devices, etc.







7 SERVICING AND MAINTENANCE OF COLD WATER SYSTEMS












Manufacturer’s instructions





Maintenance



	•  planned preventative maintenance

	•  unplanned/emergency maintenance.




Planned preventative maintenance



	•  periodic system inspection – checking for leaks

	•  re-washering of float operated valves

	•  re-washering and re-seating of terminal fittings and taps

	•  inspection and cleaning of cisterns

	•  re-adjustment of water levels in cisterns

	•  re-washering of drain valves

	•  cleaning of filters and strainers

	•  maintenance of water softeners

	•  check correct operation of stop valves

	•  checking flow rates at all outlets.






Unplanned and emergency maintenance



	•  burst pipes and leaks

	•  running overflows

	•  dripping taps

	•  loss of low pressure, cistern-fed cold water supply due to faulty FOVs

	•  poor past installation practices, such as incorrectly positioned overflow pipes

	•  complete component breakdown necessitating the replacement of the component.







The risk of Legionella












Dealing with Legionella















Keeping maintenance records






SUMMARY






	  1  In which of the following situations are the Water Supply (Water Fittings) Regulations not enforceable?

	a  Water distribution pipework within an agricultural building fed from the mains

	b  Domestic heating systems connected to the water supply by a quick fill loop

	c  Water feeding terminal fittings fed via a private borehole

	d  Cold water service pipework under ground between properties fed at mains pressure





	  2  Which of the following works need to be notified and consent given by the local water undertaker before work commences?

	a  Installation of a pump or booster drawing more than 12 litres per minute

	b  Replacement of a combination boiler above 30 kW heat input

	c  The installation of an outside tap

	d  The installation of a bath with a volume of 200 litres





	  3  Which Building Regulations Approved Document deals with cold water supply?

	a  G1

	b  G2

	c  G3

	d  G4





	  4  To prevent pumps running dry within a boosted cold water system, the break cistern should be sized to allow the pumps to run at maximum output for:

	a  Not less than 5 minutes

	b  Not less than 10 minutes

	c  Not less than 15 minutes

	d  Not less than 20 minutes





	  5  The item below is suitable for protecting against backflow up to which category?

	a  Category 1

	b  Category 2

	c  Category 3

	d  Category 4







[image: Diagram of a spring-loaded valve system with fluid flow indicated by arrows, stainless steel springs, two test points, and an end-on view of the valve guide.]


Long Description



	  6  What is the purpose of the item labelled X in the image below?



[image: Diagram of a liquid supply tank with a filtered air vent, overflow outlet, pump start and stop controls, and a duplicate pump system with directional flow arrows.]


Long Description



	a  To start the pump when the water level falls to within 225 mm of the cistern outlet

	b  To stop the pump when the water level falls to within 225 mm of the cistern outlet

	c  To automatically isolate the cold water supply if a leak is detected downstream of the pump

	d  To automatically isolate the cold water supply if a leak is detected upstream of the pump




	  7  Identify the correct meaning of the term ‘actual capacity’ when referring to storage cisterns:

	a  The maximum volume which it could hold when filled to its overflowing level

	b  The total volume it could hold when filled to the top of the cistern

	c  The total volume it can hold when shut off by the float operated valve

	d  The total volume it contains including any expansion through heating





	  8  What type of water treatment plant is shown in the image below?




[image: Diagram of a sand filter showing a float operated valve, a bell mouth inlet, layers labelled Schmutzdecke, fine sand, and gravel, and water exiting through an outlet after passing perforated support tiles.]


Long Description



	a  Rapid sand filter

	b  Slow sand filter

	c  Pressure filter

	d  Absorption filter




	  9  Which type of non-mechanical backflow prevention is most suitable to protect against contamination at a kitchen sink?

	a  AD

	b  AG

	c  AUK2

	d  AUK3





	10  A HUK1 type mechanical backflow prevention device is suitable for protection up to which fluid category?

	a  1

	b  2

	c  3

	d  4





	11  Which British Standard is used alongside BS EN 806?

	a  BS 12058

	b  BS 8558

	c  BS EN 1212

	d  BS 1984





	12  In a boosted cold water system, what item activates the pump?

	a  Float switch

	b  Solenoid

	c  Transducer

	d  Pressure switch





	13  What must be avoided when cold water cisterns are joined together in a customer’s loft area?

	a  Back flow

	b  Cross flow

	c  Stagnation

	d  Pressurisation





	14  What does the infrared sensor eye operate to release water out of the tap?

	a  Transformer

	b  Transducer

	c  Flow switch

	d  Solenoid





	15  What is the purpose of the retaining ring on a shower hose connected to a combination bath tap and shower head?

	a  Prevent scalding when in use

	b  Increase pressure on a low pressure system

	c  Keep the shower head above the bath rim

	d  Restrict flow to the shower head








	16  What would this item be used to connect?



[image: Essex flange with backplate, sealing washer, and compression nut, shown alongside a coiled restraining wire.]


	a  Shower hose to bath tap

	  b  Hot feed from cylinder to shower pump

	  c  Rising main to cold water storage cistern

	  d  Expansion vessel to cold water mains




	17  Which of the following does NOT have category 2 water flowing through it?

	a  Hot water cylinder

	b  Rising main

	c  Mixer shower

	d  Combination tap and shower





	18  Which of the following appliances does NOT have a risk of category 5 water being present?

	a  Bath

	b  WC

	c  Kitchen sink

	d  Bidet





	19  What backflow prevention device MUST be installed on an outside tap?

	a  Single check valve

	b  RPZ valve

	c  Double check valve

	d  DC pipe interrupter





	20  Which of the following is NOT a statutory regulation?

	a  Water Act 2003

	b  Water Supply (Water Fittings) Regulations 1999

	c  BS EN 806

	d  Building Regulations





	21  According to BS EN 806, what is the loading unit for a bath?

	a  2

	b  3

	c  4

	d  5





	22  A cold water storage cistern in a loft area is sized to provide cold water to the property over what period?

	a  24 hours

	b  12 hours

	c  8 hours

	d  48 hours





	23  What is a fitting marked with DZR resistant to?

	a  Electrolytic corrosion

	b  De-zincification

	c  Blue water corrosion

	d  Contamination





	24  Which metal is used to prevent electrolytic corrosion taking place in plumbing systems?

	a  Copper

	b  Zinc

	c  Magnesium

	d  Nickel





	25  When disinfecting a system, how many parts per million must the chlorine mixture be diluted to?

	a  200 ppm

	b  500 ppm

	c  175 ppm

	d  50 ppm





	26  For a single occupancy dwelling, what is the water extraction rate of a private water supply?

	27  Which system of cold water uses a pneumatic pressure vessel?

	28  Describe a break cistern.

	29  Describe the purpose of a transducer within a boosted cold water system.

	30  Which backflow prevention device is notifiable under the regulations?

	31  List the Regulative and Guidance documentation that will be required when designing and installing a new domestic cold water system.

	32  Plumbers who install systems and fitting have a legal responsibility to ensure that the materials and fitting comply with the regulations. What does the Water Supply (Water Fittings) Regulations state in Regulation 3 about waste and contamination of water?

	33  Explain the function of a float switch in a boosted cold water system.

	34  List the documentation that the customer will require at the handover stage after a system has been tested and commissioned.
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Back pressure

Back siphonage

a AA | Air gap with unrestricted discharge above spillover level 5 5
b AB | Air gap with weir overflow 5 5
c AD Air gap with injector 5 5
d AG | Airgap with minimum size circular overflow determined by measure or 3 3
vacuum test
e | AUKI | Airgap with interposed cistern (e.g. a WC suite) 3 5
£ | AUK2 | Airgaps for taps and combination fittings (tap gaps) discharging over X
domestic sanitary appliances, such as a washbasin, bidet, bath or
shower tray shall not be less than the following:
Vertical distance of bottom
Size of tap or combination of tap outlet ahove spillover
fitting level of receiving appliance
Not exceeding G % 20 mm
Exceeding G % but not 25 mm
exceeding G %
Exceeding G % 70 mm
o | AUK3 | Air gaps for taps or combination fittings (tap gaps) discharging over any X 5
higher risk domestic sanitary appliances where a fluid category 4 or 5 is
present, such as:
@ any domestic or non-domestic sink or other appliance, or
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h [ Pipe interrupter with permanent atmospheric vent X 5

X indicates that the backflow prevention arrangement or device is not applicable or not acceptable for protection against back pressure for any fluid
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Arrangements incorporating type DC devices shall have no control valves on the outlet of the device; they shall be fitted not less than 300 mm

above the spillover level of a WC pan, or 150 mm above the sparge pipe outlet of a urinal, and discharge vertically downwards.

Overflows and warning pipes shall discharge through, or terminate with, an air gap, the dimension of which should satisfy a type AA air gap.
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‘lable 1.22 Finding recommended pipe sizes using BS EN 806 Part 3 Table 5.2
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dyxs mm | 12x10 | 15x10 | 18x10 | 22x1,0 | 28x 1,5 | 35x 15 | 42x15 | 54x2 | 76,1 x2
d mm | 100 130 160 | 200 2 32 29 50 | 721
Max length of pipe | m 20|75 |15[07
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lable 1.21 Recommended pipe sizes for copper (B> EN 8Ub Part J lable 3.2)
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Tlable 1.16 The tabular method (stage 4 after determining head loss)
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