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RPZ Valves Uncovered
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In a world of acronyms and abbreviations, it is hardly surprising the profession is struggling to decipher it all.  RPZ stands for “Reduced Pressure Zone”.  An RPZ Valve is basically an extremely reliable non-return valve.  This mechanical device is designed to prevent contamination of the Mains water supply and the water system within a building.  It prevents contamination by preventing backflow of fluid.  The reason you may not have come across the term “RPZ” is because these valves are new to the UK.  However, they will become commonplace once designers and installers become aware of the requirements of the new Water Regulations and the advantages these devices offer over conventional break tanks.  

New to the UK they may be, but RPZ Valves have been used in America for about 30 years and are known colloquially as “Backflow Preventers”.  Europe has used RPZ’s for about 10 years and they are termed “BA Devices” since this identifies the alphabetical prefix of this family of Backflow prevention devices.  European harmonisation will make the name BA Device more common in the UK.

The old Water Byelaws did not allow the use of RPZ’s.  However many of the water supply companies recognised the benefits and sought specific or a blanket relaxation of their own Byelaws in order to gain experience of these devices.  The prescriptive nature of the 101 Byelaws stifled development of the plumbing industry in the UK and this accounts, in part, for the huge differences in engineering standards between traditional UK fittings and those seen in Germany and other European countries.  

The range of Backflow Prevention devices now permitted in the UK is considerable.  Definitions and examples of applications are described in the Water Regulations and government Guidance.  Consulting Engineers and Installers must have a comprehensive understanding of the Regulations in order to select the right device for the application.  So let us begin with an overview of the Water Regulations.

New Water Regulations

Introduced in July 1999, the Regulations – known officially as “Statutory Instrument 1999 No. 1148 The Water Supply (Water Fittings) Regulations 1999” – have replaced the water company's Byelaws.  All water companies in England and Wales have "revoked“ their Byelaws and must now enforce the government’s national Regulations.  In England, the Secretary of State for the Environment, Transport and the Regions (DETR) is the “Regulator”, whilst the Welsh equivalent is the Welsh Assembly.  All water companies in England and Wales are now enforcing the same Regulations and so there should be consistency throughout the country.  On 2 April, the Scottish Parliament introduced the "Water Byelaws 2000, Scotland", which is virtually identical to Water Regulations in England and Wales.  Many plumbers and designers will be familiar with the Water Research Centre (WRc) – now titled WRc Evaluation and Testing Centre Ltd.  This privatised company is running a scheme known as WRAS – Water Regulations Advisory Scheme on behalf of the water supply industry.  WRAS will promote the Regulations, assist with interpretation and endeavour to achieve consistency throughout the industry.

The old Byelaws served the country well and provided the framework for the New Regulations.  Indeed the principle aims remain unaltered, namely the prevention of - Waste, Misuse, Undue Consumption and Contamination.  There are just 14 Regulations in place of 101 Byelaws; they are less prescriptive and more succinct (about 7 pages long).  However (there had to be a “however”) the Regulations include additional legal requirements in the form of two Schedules.  Schedule 1 is a single page describing the Fluid Categories and Schedule 2 is the Requirement for Water Fittings (about 10 pages).  Remember, these three documents have been laid before parliament and are legally enforceable.  Predictably they are not “user friendly”.
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To assist with the interpretation of both Schedules, the government published a Guidance Document (not to be confused with the forthcoming WRAS "Guide") relating to Schedule 1 and Schedule 2.  The Regulations came into force in July 1999 but the Guidance was not published until December 1999.  Backflow is a subjective topic so without the aid of the specific examples in the Guidance, the water companies opted to postpone enforcement of this part until May 2000.  By the time you read this the water companies will be enforcing the whole of the Regulations.  The only other transitional aspect of the Regulations concerns the prohibition of the installation of 7.5 litre flushing cisterns (except for replacement), which is effective from 1 January 2001.  Similarly flushing or drop valves will be permitted.  Incidentally, most toilet suites now sold in England are already 6 litres.

The Water Regulations Advisory Scheme WRAS will produce a “Guide” to the Regulations and - would you believe it – the government’s guidance!

One important change concerns the risk assessment of fluids.  The Byelaws classified fluid according to three categories with Schedule C the least hazardous and Schedule A representing a fluid where backflow or Backsiphonage is or is likely to be harmful to health from a substance continuously or frequently present.  The new Regulations feature five "Fluid Categories", with 5 representing a serious health hazard.  Schedule A was also known as “Class 1” so the new scale is numerically inverted.  Water supplied by the water company for domestic purposes must be “wholesome” as defined in the 1991 Water Industry Act.  This is Fluid Category 1, whereas sewerage for example is at the opposite end of the scale in Fluid Category 5.  Whilst wholesome water was not specifically mentioned in the Byelaws, it nevertheless existed; so the main difference is the introduction of Fluid Category 4.  This is described as –
Fluid which represents a significant health hazard because of the concentration of toxic substances, including any fluid which contains-

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

(b) environmental organisms of potential health significance

Category 4 fluids can be protected with an RPZ or a break tank with an air gap.  A break tank consists of a tank (cistern), float valve and unless elevated, a booster pump set to restore pressure.  Where a tank is required for storage purposes or to allow the connection of a pump drawing more than 12 litres/minute, it is generally more economical to build-in a suitable air gap.  The Byelaws referred to Type A and Type B air gaps whereas the new Regulations has categorised all air gaps in family A, hence the prefix A followed by the type of air gap, e.g. AA, AB, AC etc.  The old Type A is now Type AA for a cistern without a lid and Type AB for a cistern with a weir slot in its side.  The original Type B is now Type AG and the government’s Guidance’s goes on to list a total of eight types of air gap. 

What is Backflow?

Backflow is a generic term meaning "flow upstream, that is in a direction contrary to the intended normal direction of flow, within or from a water fitting".  Reduced Pressure Zone Valves protect against both types of Backflow - that caused by back pressure and back-siphonage.  These are often eloquently described as “blow” and “suck” respectively.  Backpressure can occur due to thermal expansion, a wrongly connected pump or simply water pressurised by the Mains before the Mains pressure dropped because of high demand.  The suction caused by back-siphonage is limited to one atmosphere, i.e. 10m head or 1 Bar and is caused by a negative pressure in the supply pipe due to excessive draw off at a low level.  Mains pipe fracture will cause water at a high level to flow down under gravity and act just like a siphon tube.  

All backflow prevention devices afford a level of protection against back-siphonage but air gaps and some mechanical devices are not acceptable for the protection against backpressure.  Of course it is not actually possible to have backpressure within a cistern (vented tank held at atmospheric pressure).  We will return to the Regulations with regard to applications.  

How it Works 

Technically, a single functioning non-return valve is all that is required to prevent backflow.  Non-return valves are normally described as “Check Valves" when used for contamination avoidance purposes.  Whilst this type of valve can be reliable in a machine with clean hydraulic oil, valves used in Mains water tend to fail due to debris that is all too common in supply pipes.  Low friction, sprung-loaded valves are less problematic than earlier ones but particles in the water continue to lodge in the sealing area.  Double Check Valves (two valves in series) are little better.  If one fails, the second often fails for the same reason.

RPZ valves are based on a Double Check Valve with a crucial third component – a Relief Valve, located between the two Check Valves that can open to atmosphere.  Under normal circumstances this Relief Valve is closed but under backpressure conditions and where a Check Valve fails to seal, the Relief Valve will open fully to discharge the potentially contaminated fluid.

The operation is best explained with the aid of diagrams.  See Diagrams.
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Initial Connection – Diagram 1
· With no pressure in the system, both Check Valves (1) and (2) are closed and the Relief Valve (3) is open.

· Once the upstream pressure (A) reaches about 0.3 Bar, sufficient pressure exists above the Diaphragm (5) to compress the Spring (6) and close the Relief Valve (3). 

· At approximately 0.5 Bar, Check Valve (1) opens allowing water to flow into Zone (B). 

· A further 0.1 Bar is required to open Check Valve (2) and thereafter flow is maintained through the Valve.

No Flow – Diagram 2
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With no flow and the system pressurised, both Check Valves (1) and (2) are closed, and the Relief Valve (3) remains closed.

· The pressure in Zone (B) will reduce in line with the supply pressure whilst flow exists through the Valve.  If the supply pressure reduces whilst there is no flow, “Operational Discharge” can occur.  Zone (B) pressure is reduced by means of the Relief Valve (3), which discharges a few drops of water.  (This can be avoided if required).
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Downstream Pressure Increase - Diagram 3
· Backflow - due to an increase in downstream pressure (backpressure) - is prevented by Check Valve (2). 

Failsafe (Positive Action) – Diagram 3

· If Check Valve (2) fails to seal whilst the downstream pressure (C) is higher than (B), the Relief Valve (3) will open before (B) gets to within 0.14 Bar of the Supply Pressure (A).  The Relief Valve (3) orifice is substantially larger than the open area of a leaking Check Valve and therefore prevents fluid reaching the base of Check Valve (1).

· If Check Valve (1) fails to seal when there is no flow through the Valve, the Relief Valve would open, reducing the pressure in Zone (B).

· If Diaphragm (5) should ever rupture, the Relief Valve (3) would open - preventing backflow.

So reliable is the RPZ principle, that backflow prevention is maintained even if both Check Valves develop minor leaks and the Relief Valve Diaphragm fails simultaneously.  In summary, if the pressure in Zone (B) attempts to rise to within 0.14 Bar of the supply pressure (A), the Relief Valve (3) opens to atmosphere, reducing Zone (B) pressure – ultimately emptying Zone (B) and providing a “Horizontal Air Gap”.

Applications

RPZ valves may be used for all Fluid Categories except 5, i.e. not human or animal waste, pathogens (diseases), radioactivity or “very toxic substances” (e.g. Potassium Cyanide).  Examples of Fluid Category 4 are numerous but common applications include –

· Hose Union Bib Taps – commercial use (not Fluid Category 5 areas)

· Clothes Washing Machines – commercial use

· Dishwashers – commercial use

· Sealed Heating Systems – commercial

· Dyeing Equipment 

· Pressurised Fire Fighting Systems

· Water Treatment Plant

· Vehicle Washing Plant

· Food Preparation

· Refrigerating Equipment

· Other Chemical Fluids

“Commercial” basically means not a house.  RPZ’s are unlikely to be used for houses, except possibly for certain mini-irrigation systems.  Hose union taps in a farmyard would normally be considered to be Fluid Category 5 due to the animal waste aspect, whereas hose union taps for a house garden are generally Category 3.  Commercial applications where chemicals are, or are likely to be, found may be considered to be Category 4.  Remember, an adequate backflow prevention device is one suitable for the perceived Fluid Category – not the appliance per se.  For example, a standard domestic washing machine requires Fluid Category 3 protection (generally built-in to the machine) in a house, a Category 4 protection device (RPZ) in a building other than a house and Category 5 protection (break tank with Type AA or AB air gap) device in a hospital or nursing home.

Point of Use Protection

The water companies have the authority to enforce the government’s Regulations.  The Regulations apply to "water supplied by a water undertaker" (company).  The "Water Regulations Inspectors" or Officers have the right to inspect the whole plumbing system if the property has a Mains connection.  The Regulations apply to houses and commercial buildings but Inspectors will focus on commercial buildings where there is likely to be Category 4 or 5 fluids.  

Whilst the risks of backflow into the Mains is virtually eliminated with the use of a break tank with a Type AA or AB air gap, the Inspectors have the right to continue inspecting downstream of the air gap.  In terms of potential contamination, the Inspector will be looking for "cross connections", such as draw-off points (e.g. kitchen tap) taken from a supply pipe to a Bidet without backflow protection.  To avoid contamination of the cold water services, all appliances must have their own appropriate backflow prevention device.  Schedule 2, paragraph 15 states, "Subject to the following provisions of this paragraph, every water system shall contain an adequate device or devices for preventing the backflow of fluid from any appliance, fitting or process from occurring".  This means “Point of Use” protection.  This is not as daunting as it first appears because taps (without hose connection) and WC cisterns have built-in protection in the form of an air gap.  Furthermore, many appliances have integral protection such as an air gap or Double Check Valve in a washing machine.  However whilst the integral protection device might be suitable for a house installation (Category 3), it might be insufficient for commercial use.  

The Regulations state “The device used to prevent backflow shall be appropriate to the highest applicable fluid to which the fitting is subject downstream before the next such device”.  Where there are several machines of the same application, Fluid Category and in the same area and no other draw-off points, e.g. several washing machines in a Laundry Room, one protection device (RPZ Valve) might be used to protect several machines.  This is often referred to as “Zone Protection”.  "Risk Assessment" should be considered with regard to hose union taps in Category 4 or 5 areas to determine whether Zone or Point of Use protection is to be used.  

Application to Use

RPZ Valves are not acceptable for Category 5 fluids – except in special circumstances.  To ensure appropriate use and to begin the government audited paper chase, the water company must give its consent to the installation.  No water company can decline an application provided the application is technically correct and the requirements of IGN 9-03-02 are met.  The notification exemption for the installation of RPZ valves enjoyed by “Approved Contractors” apparently does not dispense with the permission to use requirement.  Where the Fluid Category is 3 or below, permission to use or install is not required.

Installation of RPZ Valves

The principle of operation means it is imperative that the Relief Valve aperture is lower than the Check Valves, thereby allowing Zone B to drain by gravity.  Incidentally Zone B is generally known simply as the “Zone”, hence the name “Reduced Pressure Zone”.  Inverting the valve so the Relief Valve is above the Check Valves or indeed installing to a vertical pipe would prevent the Zone draining and contamination would be possible if both Check Valves failed.  (Note, this is still better than a Double Check Valve because the Zone is at atmospheric pressure and therefore not forcing the fluid through a leaking Check Valve 1).  RPZ Valves must be installed to horizontal pipe work with the discharge at the bottom.  

WRAS have produced an Information and Guidance Note (IGN) specifically for RPZ Valves, providing installation guidance, areas of acceptable use, testing procedures and records.  Issue 2 was published in August 1997 and is now obsolete.  Issue 3 is currently in draft form but should be available within a few weeks.  To be titled “Type BA – Verifiable Backflow Preventer with Reduced Pressure Zone (RPZ Valve)” and has IGN number 9-03-02.  Water companies often make permission to use an RPZ Valve conditional upon compliance with this IGN.  When available, this document will be published on the WRAS web site (www.wras.co.uk).  Indeed the Water Regulations and Guidance can also be accessed and downloaded free of charge from this excellent site. 

The IGN and Guidance documents require a line Strainer and two Isolating Valves to be fitted to the RPZ Valve.  The Strainer should be fitted upstream of the RPZ Valve to prevent debris entering the assembly and fouling the Check Valves.  The coarseness of the Strainer has not been specified and most installers favour a Y Strainer.  These tend to be rather coarse (about 0.7mm) and can still allow particles through sufficiently large to cause the upstream Check Valve to leak.  Bear in mind that this condition is evident only when there is no flow through the valve and the symptom will be a small discharge from the Relief Valve.  This is clearly a waste of water (an offence) but backflow is still prevented and the valve will deliver water as normal – during which time the RPZ will often cease discharging.  Where the application has a high demand, e.g. mini irrigation systems, a larger capacity Strainer/Filter should be fitted.  Large surface area filters can cope with a finer mesh (0.1mm) and Check Valve leakage is likely to be eliminated.  However, the installation of a fine Strainer for fire fighting purposes is not recommended due to the high flow rate stirring up dormant debris and blocking the Strainer.
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Isolating Valves must feature resilient seals (no leakage).  This is important particularly for the downstream valve since even minor leakage prevents the assembly being tested.  To aid effective inspection and maintenance, the RPZ Relief Valve should be mounted 0.3m – 1.5m above the ground, floor or cabinet base.  50mm rear clearance is required for assemblies up to and including DN50 and 100mm rear clearance for larger valves.  The combined weight of the RPZ assembly and ancillary fittings requires the use of sturdy right angle wall brackets. 

The whole assembly must be frost protected and in a tamper-free environment or secure cabinet.  Plant Rooms are generally accepted as tamper-free, whereas areas accessible to the public or general staff are not tamper-free - therefore a basic cover or cage is required.  Where the assembly is to be installed outside or in unheated outbuildings, an insulated cabinet is required.  Electrical trace heating should be considered especially if there is no flow through the assembly, e.g. fire fighting and irrigation applications.

Testing

IGN 9-03-02 requires assemblies to be tested after installation and re-tested at intervals specified by the water supplier but at intervals not exceeding 12 months.  Generally water companies specify annual testing.  Whilst any competent person may install an RPZ valve, only “Accredited Testers” may test valves.  Accredited Testers will have received two days training and passed both theory and practical tests.  Furthermore the Tester must use a special test kit featuring a sensitive differential pressure gauge which should be calibrated annually.  Self-employed plumbers may be tempted to become an Accredited Tester but the budget for the cost of training plus the kit is just short of £1000.  Ideally Testers should carry spares in case a RPZ Valve should fail a regular test.

By testing in a particular sequence the function of the assembly can be established.  Essentially both Check Valves are tested for water tightness and the Relief Valve opening differential pressure is recorded (must open at 0.14 Bar min differential pressure across the upstream Check Valve).  The results of the test, together with any maintenance carried out must be recorded on the Test Report Form, a copy of which is to be sent to the water company.

Summary

RPZ Valves, i.e. BA Devises will be used in commercial situations for Fluid Category 4 risks, in place of Double Check Valves or break tanks.  You cannot simply purchase an RPZ Valve and install it.  The Water Company must verify the application is Fluid Category 4.  Environmentally, RPZ Valves are superior to break tanks with booster pumps because no electric power is required and the sealed system reduces the risk of legionella.  Their compactness, silent operation and reliability should make them increasingly common this century.

Steve Hockley Grace – Technical Director of Arrow Valves Ltd




The symbol for a Reduced Pressure Zone Valve Assembly is shown.  It illustrates an upstream Isolating Valve, Strainer, RPZ Valve and downstream Isolating Valve.  The three dots from the RPZ Valve indicate test points, whilst the Y underneath illustrates a Tundish to drain.  The Tundish is often part of the RPZ Valve.  Where flow is right to left, ensure Strainer is on upstream side (right) of the RPZ Valve
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