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Plumbing Core Units 

Phase 2 
The Level 3 Diploma in Plumbing and Domestic Heating is divided into a series of phases. Within each phase, 

there are a series of units that must be completed successfully before progressing to the next phase. At the 

end of each phase you must successfully complete a series of practical and theory based assessments. 

In phase 2, you will complete selected Assessment Criteria from a range of Learning Outcomes. These 

Learning Outcomes and the relevant Assessment Criteria are listed below:  

Unit 
Learning 
Outcome 

Assessment 
Criteria 

Page 

Unit 03: Scientific Principles 

LO2 AC2.7 7 - 11  

LO3 AC3.1 – AC3.6 12 – 22  

LO4 AC1.1 – AC4.7 23 – 32  

LO6 AC6.1 – AC6.4 33 – 46  

Unit 05: Cold Water 

LO2 AC2.2 – AC2.10 49 – 108  

LO3 AC3.1 – AC3.2 109 – 112  

LO5 AC5.1 – AC5.6 113 – 125  

Unit 06: Hot Water  

LO1 AC1.2 – AC 1.12 128 – 168  

LO2 AC2.1 – AC2.2 169 – 172  

LO4 AC4.1 – AC4.6 173 – 185  

Unit 07: Central Heating LO1 AC1.2 – AC1.13 186 – 234  

Unit 08: Rainwater systems 

LO1 AC1.2 – AC1.9 237 – 253  

LO2 AC2.1 – AC2.2 254 – 256  

LO4 AC4.1 – AC4.7 257 – 261  

Unit 09: Sanitation systems 

LO1 AC1.2 – AC1.14 264 – 303  

LO2 AC2.1 – AC2.2 304 – 306  

LO4 AC4.1 – AC4.6 307 – 313  
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Scientific Principles 
 

Science, and physics and chemistry in particular, play a very significant role within the plumbing industry. 

Every task we perform, every type of material we use, and every calculation we make has its roots in a 

scientific principle.  

Understanding key scientific principles is crucial if we are to design and install safe cold water, hot water, 

central heating and sanitation systems that work effectively and efficiently, contributing to a safer and 

healthier way of life for every man, woman and child in the United Kingdom. 

In this module, we will look at some key principles of chemistry that enables us to assess the correct materials 

for the systems we install and the principles of physics that make our systems work. In addition, we will 

investigate the SI system of measurement and its derivatives and briefly look at some simple principles of 

electrical theory.  There are 6 Learning Outcomes for this module: However this book will cover: 

LO2: Understand properties of materials 

AC2.7. Describe basic properties of gases  

LO3: Understand the relationship between energy, heat and power 

AC3.1. Identify the relationship between the Celsius and Kelvin temperature scales 

AC3.2. Describe the principles associated with a change of state 

AC3.3. Identify the terms latent and sensible heat as they apply to liquids and gases 

AC3.4. Define methods of heat transfer 

AC3.5. Distinguish how units of energy and heat are related and derived 

AC3.6. Carry out heat, energy and power calculations 

LO4: Understand principles of force and pressure and their application in the plumbing and heating 

industry  

AC4.1. State how units of force and pressure are derived from SI units 

AC4.2. Identify pressure and flow rate units of measurements  

AC4.3. Describe the application of pressure and flow rate measurements 

AC4.4. Carry out simple force and pressure calculations 

AC4.5. Explain the relationship between velocity, pressure and flow rate in systems 

AC4.6. Identify how restrictions in the pipework affects the flow of liquids and gases 

AC4.7. Describe the principles of a siphon 

LO6: Understand principles of electricity in the plumbing and heating industry 

AC6.1. Identify basic principles of electron flow theory 

AC6.2. Describe the purpose and application of simple units of electrical measurement 

AC6.3. Carry out  simple electrical calculations 

AC6.4. Identify the requirements for earthing of electrical circuits 

LOs 1 and 5 you will find in the BPEC phase 1 textbook 
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Learning Outcome 2 

 

 

Understand Properties of Materials 
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AC2.7 Describe the basic properties of gases 
All gases (with exception of steam) are liquids that have boiled and evaporated at ultra-low temperatures. In 

normal atmospheric temperature and pressures, these liquids exist in their gaseous state. Here we will look 

at gases from two perspectives: 

1. The gases and their properties 

2. Gas laws 

1. The gases and their properties 

Air 

The use of air within plumbing is limited: 

a) It is used for heating in warm air systems. The air is warmed by a warm air heater, usually gas-fired, 

and then distributed throughout the property by ductwork. 

b) It is used as a pressure charge in expansion vessels installed on sealed heating systems and unvented 

hot water systems. 

c) It is often used to clear blocked drains when administered at very high pressures. 

Steam 

The use of steam as a heating medium has declined over recent years. However, steam is now used in many 

modern applications: 

a) Combined Heat and Power (CHP). With these systems, the steam is used to generate electricity and 

the excess steam is used to heat a district heating system. 

b) Steam is still used for heating, especially for large industrial systems. 

c) Hot water production using large hot water calorifiers for industrial applications. 

d) Electricity generation. 

Liquid Petroleum Gas (LPG) 

LPG is a flammable gas that is heavier than air. Most LPG is a by-product of oil production. In its clean state, 

LPG can be used in areas where access to the mains Natural Gas is difficult. It is used to heat homes via LPG 

boilers and gas fires, and for cooking appliances. Plumbers also use LPG with their blowtorches. There are 

two basic types: 

 Butane – mainly used as a camping gas. It has a high calorific value and a high temperature flame. 

However, it suffers from the fact that its boiling point is rather higher at -5oC. This means that on 

very cold days, the liquid butane will not expand to a gas. 

 Propane – this does not suffer the problems of butane, as its boiling point is -45oC. Its calorific 

value is slightly less than butane with a slightly cooler flame. However, its ability to boil at low 

temperatures makes this the most widely used LPG type. 
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Natural gas 

Natural gas is the most widely used fuel for home and business heating and cooking in the UK. It is primarily 

a mixture of a number of gases: 

 Methane CH4 (92%) 

 Ethane C2H6 (3%) 

 Propane C3H8 (3%) 

 Butane C4H10 (1%) 

 Nitrogen N2 (1%) 

 Carbon dioxide CO2 (trace) 

 Hydrogen Sulphide H2S (trace) 

Four of these gases (methane, ethane, propane and butane) are flammable. Nitrogen is inert. There are also 

traces of carbon dioxide (CO2) and hydrogen (H) mixed in.  

Natural gas is always found when drilling for oil. The gas is extracted from deep within the earth, pumped 

ashore and cleaned of a waxy oil deposit called Naptha. At the refinery, the distinct smell is added. This is a 

chemical called mercaptan and is necessary because NG has no natural smell.  

NG is lighter than air having a specific gravity of 0.6 – 0.8 of that of air. 

Carbon dioxide 

Carbon dioxide (CO2) is used as a freezing agent with pipe freezing kits. It is also a very effective method of 

firefighting when used in fire extinguishers. 

Refrigerant gases 

Please refer to AC2.5 - Describe principle applications and basic properties of liquids (2) for information 

regarding refrigerants in liquid and gaseous states. 

2. Gas Laws 
Gases behave very differently from the other two states of matter, liquids and solids. Gases have neither a 

fixed shape nor a fixed volume. Their shape is determined by the container in which they are held. We 

measure gases by three variables: 

a) Pressure 

b) Temperature  

c) Volume 

Pressure 

The gas exerts this force on the walls of its container 

equally. An example of this is an inflated balloon. 

The balloon expands because the gas inside is at a 

higher pressure than the air that surrounds it. The 
high pressure to low pressure movement 
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balloon expands equally because the pressure inside is acting equally across the whole of the balloon’s 

surface. If the balloon is released, the air, because of its higher pressure, will move quickly from the area of 

high pressure inside to the area of low pressure outside. This action will create a forward motion. 

Temperature  

The temperature of a gas is a measure of its mean kinetic energy. Gas molecules are in constant but random 

motion. The greater the motion, the higher the temperature. As the temperature decreases, the kinetic 

energy and therefore the motion decreases. 

Volume 

The volume of a gas is affected by both pressure and temperature. The pressure is constant and stable if the 

temperature is constant and stable. If the temperature either rises or falls, then both pressure and volume 

increase or decrease.  

These three factors (pressure, temperature and volume) form the basis for two very important gas laws: 

 Charles’ Law 

 Boyles’ Law 

Charles’ Law 

In 1802 Jacques Charles discovered that if a known quantity of gas is held at a constant pressure and 

temperature, then its volume will also remain constant. If the temperature is raised, then its pressure and 

volume also increase. 

Gases expand when they are heated and contract when they are cooled. Consider the following analogy: 

A sealed copper tube, pressurised to 20mb at room temperature, is placed in direct sunlight where 

the pipe can warm up. As the gas inside warms, it expands and the pressure inside rises. When the 

pipe is taken away from the sunlight, the pipe cools to its original temperature and the gas inside 

contracts to its original volume and therefore its original pressure. 

This analogy shows that the rise in pressure is inversely 

proportional to the rise in temperature. The mathematical 

equation for this analogy is as follows: 

𝑉1 ÷ 𝑇1 =  𝑉2 ÷ 𝑇2 

Where:  

V = Volume  

T = Temperature 

Boyles’ Law 

Boyles’ Law, discovered by Robert Boyle in 1662, states that 

a volume of gas at a fixed temperature is inversely 

proportional to the pressure exerted on it. In other words, if 1m3 of gas at 1bar pressure is compressed into 

Volume reduced = pressure increased  
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Learning Outcome 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Understand the Principles of Force & Pressure and 

their Application in the Plumbing and Heating Industry 

  



Level 3 Diploma in Plumbing and Domestic Heating - Textbook Phase 2 

© BPEC Ltd 2019 v.2.3 

 

24 

LO4: Understand the Principles of Force and Pressure and their 

Application in the Plumbing and Heating Industry 
There are seven assessment criteria within Learning Outcome 4.  

AC4.1. State how units of force and pressure are derived from SI units 

AC4.2. Identify pressure and flow rate units of measurements  

AC4.3. Describe the application of pressure and flow rate measurements 

AC4.4. Carry out simple force and pressure calculations 

AC4.5. Explain the relationship between velocity, pressure and flow rate in systems 

AC4.6. Identify how restrictions in pipework restricts the flow of liquids and gases  

AC4.7. Describe principles of a siphon 

Force, pressure, flow rate and velocity play a major part in plumbing systems. To fully understand how 

plumbing and heating systems work, we must first master the difference between flow rate and pressure. 

These subjects, although very different, are interlinked. Where there is one, you will always find the other. 

In this part of the science unit, we will investigate those elements that are fundamental in plumbing theory 

– Force, Pressure, Velocity and Flow rate. We will also look at how these elements can be adversely affected 

and learn how to conduct simple pressure and flow rate calculations. 
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AC4.1 State how units of Force and Pressure are derived from SI 

units 
Within this Assessment Criteria, the range will cover: 

 Acceleration (m/s2) 

 Force due to gravity 

 Force - Newton (N) 

 Pressure (N/m2) 

 Atmospheric pressure 

 Flow rate (m3/s) 

The table below shows the derived units of force and pressure: 

 

AC4.2 Identify Pressure and Flow Rate Units of Measurements  
Within this Assessment Criteria, the range will cover: 

Pressure 

 Bar / millibar 

 kPa 

 Psi 

 Metres head 

Units of force and pressure 

Velocity 
The rate and direction of the change in the position of an 
object 

m/s Metres per second 

Acceleration Is defined as the rate at which an object changes its velocity m/s2 
Metres per second 
squared 

Flow rate The amount of fluid that flows in a given time m3/s 
Metres cubed per 
second 

Force 
A force is a push or pull upon an object that causes a change 
in the motion of that object 

N 
Newton (equal to 
kg/m/s2) 

Force due to 
gravity 

The force of gravity is the force exerted by the gravitational 
field of a massive object on anybody within the vicinity of its 
surface. 

Fg  

Pressure 
Pressure is an expression of force exerted on a surface per 
unit area.  

pa 
Pascal (equal to 
N/m2) 

Atmospheric 
Pressure 

An atmosphere (atm) is a unit of pressure based on the 
average atmospheric pressure at sea level. The actual 
atmospheric pressure depends on many conditions, e.g. 
altitude and temperature. 

atm Bar/Pascal/Millibars 
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Flow rate 

 m3/s 

 l/s 

 kg/s 

Pressure 

The standard unit of pressure is the pascal. However, other units, such as pounds per square inch (psi), bar 

and metres head, may also be used when describing pressure.  The relationship between these four units is 

shown in the table below: 

Flow rate 

In plumbing and heating, the volumetric flow rate, is the volume of fluid, which passes per unit time. The SI 

unit is m³/s: in other words, the volume of water (in m3) that flows every second (s).  

However, since we know that 1m3 of water has a mass of 1000kg and that 1 kg of water is equal to 1 litre, 

then the flow rate can also be represented in various other ways too: 

 m3/s 

 l/s 

 kg/s 

For example, if a tap discharges 0.3m3/s, then: 

𝟎. 𝟑𝒎𝟑 =  𝟑𝟎𝟎 𝒍𝒊𝒕𝒓𝒆𝒔 =  𝟑𝟎𝟎𝒌𝒈 

In this case, the flow rate could be quoted as 0.3m3/s or 300 l/s or 300 kg/s.  

Unit of Pressure Conversion Chart 

Kilopascals (Kpa) Bars Metres head of water 
Pounds per square 

inch (p.s.i) 
10 0.1 1 1.42 
20 0.2 2 2.84 
30 0.3 3 4.27 
40 0.4 4 5.68 
50 0.5 5 7.11 

100 1 10 14.22 
150 1.5 15 21.33 
200 2 20 28.44 
250 2.5 25 35.55 
300 3 30 42.66 
350 3.5 35 49.77 
400 4 40 56.88 
450 4.5 45 63.99 
500 5 50 71.10 
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AC4.3 Describe the Application of Pressure and Flow Rate 

Measurements 
Pressure and flow rate are the key points that any plumbing system will be measured by. If the flow rate or 

the pressure is poor, then this can be the result of poor design, poor installation or both. Good plumbing 

design and installation will deliver the desired pressure and flow rate for a given specification. However, we 

must also be aware that too much pressure or too high a flow rate can be detrimental as they can cause noise 

and erosion problems in pipework and fittings and this may lead to breakdown or failure of the pipework or 

components. In heating systems, too much flow rate can be detrimental as this causes unwanted noise. 

We will examine pressure and flow rate later in this section.  

AC4.4 Carry out Simple Force and Pressure Calculations 
Within this Assessment Criteria, the range will cover: 

 Force calculations 

 Pressure head 

 Pressure calculations 

 Static pressure 

 Dynamic pressure 

 Draught  

 Forced draught 

Force 

In physics, force is the influence on a static object 

that causes the motion of the object to change. If 

the object is subjected to force, it will begin to 

move. Consider the following example: 

A cold water cistern is connected to a pipe with a 

tap at the end. The cistern is situated in the roof 

space and the tap is in the bathroom. While the 

tap is closed, the water is at rest. It is not moving. 

When the tap is opened, the water moves from 

the cistern, down the pipe and out of the tap. The 

water is being acted upon by the force of gravity 

causing it to move. We can calculate the amount 

of force acting downwards on the cistern that 

causes the water to flow. 
 Gravity acting on water in a cistern 

Tap is closed = Water 

at rest 

Tap is open = Water 

moving due to force 

of gravity 
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The cistern contains 100 litres of water. Since 1 litre of water = 1 kg, then the mass of the cistern is 100kg. 

Therefore: 

𝑲𝒈 𝒙 𝟗. 𝟖𝟏 =  𝑵 

𝟏𝟎𝟎 𝒙 𝟗. 𝟖𝟏 = 𝟗𝟖𝟏𝑵 

So, the force acting on the water is 981 N. 

Force, however, does not give the pressure of the water at the tap. Force only gives an indication of the 

gravitational pull downwards on the water. Water pressure is calculated slightly differently, and this will be 

discussed a little later in the unit. 

Pressure 

Physics defines pressure as force per unit area. The weight of, say, a cistern sitting on a platform in a roof 

space is measured in N/m2 or Newtons per square metre. If the cistern was of equal dimensions (length, 

width and height), then the weight being exerted onto the platform would be the same irrespective of 

whether the cistern was on its bottom, side or end. 

If the cistern has unequal dimensions for the length, width and height, then different pressures will be 

exerted depending on which of the sides is face down. Take a look at the following calculation: 

Example: 

A cistern measuring 0.9m long x 0.8m wide x 0.7m high is to be installed on a platform in a roof space. What 

pressure would it exert on the platform if: 

 The cistern was placed on its bottom (length x width) 

 The cistern was placed on its side (length x height) 

 The cistern was placed on its end (width x height) 

First, we must first determine the mass of the cistern in kg. The formula for this is: 

Mass = 𝑳𝒆𝒏𝒈𝒕𝒉 𝒙 𝒘𝒊𝒅𝒕𝒉 𝒙 𝒉𝒆𝒊𝒈𝒉𝒕 =  𝒗𝒐𝒍𝒖𝒎𝒆 𝒊𝒏 𝒎𝟑 

𝟎. 𝟗 𝒙 𝟎. 𝟖 𝒙 𝟎. 𝟕 = 𝟎. 𝟓𝟎𝟒𝒎𝟑 

Then, we must convert the volume into mass of water. To do this we must multiply the volume by 1000 to 

convert the mass into litres. 

𝑽𝒐𝒍𝒖𝒎𝒆 𝒙 𝟏𝟎𝟎𝟎 = 𝒍𝒊𝒕𝒓𝒆𝒔 

𝟎. 𝟓𝟎𝟒 𝒙 𝟏𝟎𝟎𝟎 = 𝟓𝟎𝟒 𝒍𝒊𝒕𝒓𝒆𝒔 

Since 1 litre of water has a mass of 1 kg, then: 

𝑳𝒊𝒕𝒓𝒆𝒔 = 𝒌𝒈 

𝟓𝟎𝟒 𝒍𝒊𝒕𝒓𝒆𝒔 = 𝟓𝟎𝟒 𝒌𝒈 
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From an earlier calculation we know that: 

𝑲𝒈 𝒙 𝟗. 𝟖𝟏 =  𝑵 

So: 

𝟓𝟎𝟒 𝒙 𝟗. 𝟖𝟏 =  𝟒𝟗𝟒𝟒. 𝟐𝟒 𝑵 

Therefore, the cistern has a force of 4494.24 N 

The formula for finding the pressure exerted is:  

Pressure = 𝑭𝒐𝒓𝒄𝒆 ÷  𝑨 𝒓𝒆𝒂 = 𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆 

Area of the bottom of the cistern: 

𝟎. 𝟗 𝒙 𝟎. 𝟖 = 𝟎. 𝟕𝟐𝒎𝟐 

𝟒𝟗𝟒𝟒. 𝟐𝟒 ÷  𝟎. 𝟕𝟐 =  𝟔𝟖𝟔𝟕𝑵 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 

Area of the side of the cistern: 

𝟎. 𝟗 𝒙 𝟎. 𝟕 = 𝟎. 𝟔𝟑𝒎𝟐 

𝟒𝟗𝟒𝟒. 𝟐𝟒 ÷  𝟎. 𝟔𝟑 =  𝟕𝟖𝟒𝟖𝑵 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 

Area of the end of the cistern: 

𝟎. 𝟖 𝒙 𝟎. 𝟕 = 𝟎. 𝟓𝟔𝒎𝟐 

𝟒𝟗𝟒𝟒. 𝟐𝟒 ÷  𝟎. 𝟓𝟔 =  𝟖𝟖𝟐𝟗𝑵 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 

From these calculations we can see that the greater the surface area for a known mass of water, then the 

less force is exerted by the mass on to the platform. This is very important when we are deciding on where 

to place large cisterns that will contain a lot of water. The greater area we can present to the platform, the 

better the spread of the weight across the platform. 

Water Pressure 

The pressure that is exerted by water is due to its mass and is 

determined by the height of the source from the outlet. Water 

pressure can be measured when the water is flowing and when it is 

not flowing. These two methods are known as: 

Static pressure (head) – Water that is not flowing 

Dynamic pressure – Water that is flowing 

Static pressure (head) – Water that is not flowing 

The image shows a cistern full of water with a pipe connected to a 

tap. It is the distance between the cistern and the tap (measured from 

the bottom of the cistern to the outlet of the tap) that creates the 

water pressure. It is measured in Pascals (pa). This is known as the 

‘static head’ or ‘head of water’. Every metre of height (or head) 

between the two increases the water pressure by 10 Kpa 

(kilopascals):  

How static head acts on a cistern 
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Learning Outcome 1   
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Systems 
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Learning Outcome 1: Install Sanitary Appliances and 

Pipework Systems 
In Phase 2, you will be investigating the following Assessment Criteria from Learning Outcome 1: 

LO1 - Install sanitary appliances and pipework systems: 

AC1.1 Identify types and layout features of sanitary appliances pipework systems (completed at 

Phase 1) 

AC1.2 State advantages and disadvantages of sanitary appliances pipework systems 

AC1.3 Identify typical pipe sizes and maximum distances permitted in sanitary appliances pipework 

systems within dwellings  

AC1.4 Describe working principles of sanitary appliances pipework systems (positioning, fixing, 

connection and operation of components)  

 AC1.5 Identify the positioning and fixing of pipework within the building fabric 

AC1.6 Explain expansion and contraction in sanitary appliances pipework systems and negative 

effects 

AC1.7 Identify sources of information required when undertaking work on sanitary appliances 

pipework systems  

AC1.8 Identify different types of sanitary appliances and components used in dwellings 

 AC1.9 Identify factors that lead to trap seal loss in sanitary pipework systems  

AC1.10 Outline the suitability of below ground drainage systems to receive waste water 

AC1.11 Installation requirements of sanitary facilities and equipment in dwellings for the disabled 

including wet rooms 

AC1.12 Identify jointing methods used in sanitary appliances pipework systems 

AC1.13 Explain working principles of greywater recycling systems 

AC1.14 Install sanitary appliances, pipework systems and components 
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AC1.2 State advantages and disadvantages of sanitary appliances 

pipework systems 

A. The Primary Ventilated Stack 

This is the most common soil and vent stack in use in 

the UK. It is installed in almost every domestic building 

in the UK. It relies on the fact that most of the 

appliances are close to or closely grouped around the 

stack. Because of this, waste pipe lengths are restricted 

to the lengths and sizes stated in the table below. It is 

used where the discharge stack is large enough to limit 

any pressure fluctuations that would otherwise 

destroy the water seal in the appliance traps. There is 

no need for extra ventilation via a separate ventilating 

stack. 

The waste pipe sizes, lengths and gradients play a 

crucial role in determining whether a secondary 

ventilating stack is required. Waste pipes should be 

installed with enough fall for the water to reach a self-

cleansing velocity.  

Washbasin waste 

pipes are slightly 

different 

insomuch that if the maximum distance of 1.7m is used, the gradient of 

the pipe is 18-22mm/m. If the pipe is shorter than 1.7m, the fall can be 

increased. This is shown in the graph right. If, for instance, the 

washbasin is 1m away from the stack, then the gradient is 40mm/m. 

 

Appliance 
Pipe size 

(mm) 
Max. Length 

(m) 
Gradient 
(mm/m) 

Trap seal depth 
(mm) 

A WC branch 75 - 100 6 18 50 

B Wash basin and bidet 32 1.7 
18 - 22 

See graph 
75 

C Washing machine/dish 
washer 

40 3 18 -90 75 

D Bath 40 3 18 - 90 50 

E Kitchen/utility sink 40 3 18 - 90 75 

Where these lengths are exceeded, then the next pipe size up should be used. 40mm appliances will need to 
increase to 50mm pipe (see below) 

 Appliances with 50mm waste pipe 4 18 - 90 75 

The Primary Ventilated 

Stack 
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Advantages and disadvantages of the Primary Ventilated Stack 

 

B. The Secondary Ventilated Stack 

With the Secondary Ventilated stack, a smaller 

secondary ventilating stack is connected to the 

main discharge stack. This prevents positive and 

negative pressure fluctuations. The system is 

shown left. 

The secondary ventilated stack is traditionally 

used in high rise buildings where pressure 

fluctuations can adversely affect the trap seals of 

the appliances fitted to the stack. This is due in 

part to the unsteady flow of water through the 

pipework. An incorrect air balance can result in 

blowback of the water into the appliance as well 

as induced syphonage. Both conditions need to be 

avoided. 

Installing the secondary ventilated stack requires 

more installation time and materials and takes up much more space than the Primary Ventilated stack. This 

is an important point if space is an issue. The ventilating stack is usually half the diameter of the main 

discharge stack. 

Advantages and disadvantages of the Secondary Ventilated Stack 

Advantages Disadvantages 

Most common system in domestic properties Appliances must be closely group around the stack 

Uses less pipework than other sanitary systems Waste pipe lengths and sizes must be adhered to if 

problems with trap seal loss are to be avoided 

Two or more appliances can be connected to one 

waste pipe 

Where more than one appliance is connected to a 

waste pipe, an increase in waste pipe size is 

required 

Does not require extra ventilation pipework  

Advantages Disadvantages 

Prevents pressure fluctuations within the pipework Requires extra ventilation pipework 

Less risk of trap seal loss More expensive to install 

Can be used where many appliances are connected 

to the stack 

Requires more space for the pipework 

Mainly used in multi-storey buildings  

The Secondary Ventilated Stack 
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C.  The Ventilated Branch Discharge Stack 

The Ventilated Branch Discharge stack is used 

in situations where the maximum lengths of 

the waste pipes of the Primary Ventilated 

Stack may be exceeded. It is also used in 

larger installations where many appliances 

may be fitted or where groups of appliances 

are fitted in ranges. Trap seal loss due to 

pressure fluctuations caused by excessive 

waste pipe length is prevented by adding a 

ventilating pipe that connects from the main 

ventilating stack to within 750mm of the 

appliance. 

Methods of ventilating branch 

discharge pipework 

Where branch ventilating pipes are required the following rules 

must be observed: 

1. Ventilating pipes must be connected to the discharge stack 

above the spill over level of the highest appliance installed on 

the stack. 

2. The ventilating pipe must rise away from the appliance and 

not fall to the stack. 

3. The minimum size of ventilating pipe to any single appliance 

is 25mm. If the ventilating pipe is longer than 15m or serves 

more than one appliance, the size MUST be increased to at least 

32mm diameter (min). 

4. The main ventilation stack must be at least 75mm in diameter (this applies to the Primary Ventilating 

Stack also) 

Advantages and disadvantages of the Ventilated Branch Discharge Stack 

Advantages Disadvantages 

Prevents pressure fluctuations within the pipework Requires extra ventilation pipework to every 

appliance/appliance groups with long waste pipes Trap seal loss is prevented 

Can be used where many appliances are connected 

to the stack 

More expensive to install 

Requires a lot more space for the pipework 

Allows installations where the appliances are 

further away from the soil stack 

Difficult system to install 

Pipework is unsightly 

The Ventilated Branch  

Discharge Stack 

 

Branch Ventilating pipe rules 
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D. The Stub Stack  

This is usually used where a small group of 

appliances, such as a WC and washbasin in a 

downstairs cloakroom, is to be connected directly to 

a drain. However, ventilation of the drain must be 

provided when the connection from the invert of the 

drain to the connection to the highest appliance 

exceeds 2m, or the crown connection to the invert 

exceeds 1.3m. Stub Stacks can be ventilated by an air 

admittance valve. 

 

Design Recommendations for Discharge 

Stacks  

Rule 1 – The foot of any discharge stack should only 

connect to a drain and should have as large a radius 

bend as possible but not less than 200mm radius. Two 

45o bends are acceptable. 

Rule 2 – Where possible, there should be no offsets in 

the wet part of the discharge stack. 

Rule 3 – In situations where rule 2 is unavoidable: 

a) Buildings over 3 storeys should have a separate 

ventilation stack connected above and below the 

offset,  

b) Buildings up to 3 storeys should have no branch 

connection within 750mm of any offset. 

 

 

Advantages Disadvantages 
Ideal system for small numbers of appliances Not suited for every soil stack installation as the 

drains require ventilation direct to air The system is relatively cheap to install 

Can be used with or without air admittance valves Should only be used when there are other stacks 

directly ventilated to air  

Strict rules surrounding stub stacks must be 

observed (see drawing above) 

Table 1 

Stack size 

(mm) 

Max. Capacity 

(l/sec) 

50* 1.2 

65* 2.1 

75** 3.4 

90 5.3 

100 7.2 

*  No WCs installed 

** Not more than 1 WC with an outlet size 

<80mm 

The stub stack  

Large radius bend at the foot of the stack 




