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Plumbing Trailblazer Core Units 
Phase 1 

The Plumbing Trailblazer Qualification 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 1, 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 

Unit 01: Understand and apply Health and 

Safety systems 

LO1 AC1.1 – AC1.5 

LO2 AC2.1 – AC2.7 

LO3 AC3.1 – AC3.5 

LO4 AC4.1 – AC4.5 

LO5 AC5.1 – AC5.6 

LO6 AC6.1 – AC6.7 

LO7 AC7.1 – AC7.4 

LO8 AC8.1 – AC8.4 

Unit 02: Common processes and techniques 

LO1 AC1.1 – AC1.2 

LO2 AC2.1 – AC2.5 

LO3 AC3.1 – AC3.4 

LO4 AC4.1 – AC4.4 

LO5 AC5.1 – AC5.6 

Unit 03: Scientific Principles 

LO1 AC1.1 – AC1.3 

LO2 AC2.1 – AC2.6 

LO5 AC5.1 – AC5.2 

Unit 04: Planning and Supervision 

LO1 AC1.1 – AC1.3 

LO2 AC2.1 – AC2.2 

LO3 AC3.1 – AC3.4 

LO4 AC4.1 – AC4.3 

Unit 05: Cold Water  
LO1 AC1.1 – AC1.7 

LO2 AC2.1 
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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  

 

 

 

 

 

 



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

© BPEC Ltd 2019 v.2.3 

 

5 

Unit 03 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Scientific Principles 



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

© BPEC Ltd 2019 v.2.3 

 

6 

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 
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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 



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

© BPEC Ltd 2019 v.2.3 

 

27 

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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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 



 v 

Unit 06: Hot Water  LO1 AC1.1 

Unit 07: Central Heating LO1 AC1.1 

Unit 08: Rainwater systems LO1 AC1.1 

Unit 09: Sanitation systems LO1 AC1.1 
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Unit 1 – Understand and Apply Health and Safety 

Systems 

Introduction 
In 2014 - 2015, a total of 611,000 accidents occurred at work in the UK with 27.3 million working days 

lost. The loss to the UK economy totalled £14.3 billion that can be directly attributed to injuries and ill 

health from current working conditions and practices in the UK. Despite the requirement that all UK 
construction operatives carry a Construction Safety (CSCS) card, the construction industry alone 

reported 1.7 million working days lost due to work-related injury or illness costing £900 million in lost 

production and added employer costs, and preventable accidents continue to happen with mounting 
regularity. 

It is a fact that construction sites are dangerous environments, with an infinite amount of hazards and 

dangers that can cause injury, illness and even death to any site worker. With an increasing level of 

health, safety and welfare legislation over the last twenty years, an enormous amount of stress has been 
placed on employers, site managers and supervisors to ensure that construction sites are as safe as they 

can possibly be for the site worker, but this can only be successful with our help. 

It is EVERYONE’S RESPONSIBILITY to ensure that correct health and safety practices are carried out on 

site. Only by working safely and working together can we reduce the accident rate in our industry further. 

There are eight Learning Outcomes to this module: 

LO1. Know the Health and Safety Legislation that applies to the Building Services Industry 

LO2. Understand hazardous situations working in the Building Services Industry 

LO3. Use of safe personal protection measures  
LO4. Understand how to respond to accidents  

LO5. Carry out procedures for electrical safety 

LO6. Understand how to work safely with heat producing equipment 
LO7. Safety use access equipment 

LO8. Understand working safely in excavations and confined spaces
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Learning Outcome 1 

 

Know Health and Safety Legislation that applies to 

the Building Services Industry

Regulations Best Practice
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Learning Outcome 1: Know Health and Safety 

Legislation that applies to the Building Services 

Industry 
Within this Learning Outcome, there are five Assessment Criteria: 

AC1.1 Identify health & safety legislation in protecting the workforce and members of the public 
AC1.2. Define responsibilities of members of the construction team  

AC1.3. Describe the legal status of health and safety guidance materials 

AC1.4. Identify the role of enforcing authorities 

AC1.5. State the control measures of inspectors
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AC1.1 Identify Health & Safety Legislation in Protecting the 

Workforce and Members of the Public 

Within this Assessment Criteria, the range will cover: 

• General Legislation 

• Construction Specific Legislation 

• Building Services Specific Legislation 

Before we look at the Health and Safety legislation in the Building Services sector, it is important that we 

understand what the word ‘legislation’ actually means. 

Legislation is the law of the land that has been written and passed by the UK Government. The term may 
refer to a single law or a collection of laws that form an Act of Parliament. Once an Act of Parliament has 

been passed, it becomes a legal requirement to comply with that Law. Failure to comply could result in 

a fine and, in severe cases, imprisonment. 

Health and Safety legislation takes three distinctive forms: 

1. General Legislation: 

• Health And Safety At Work etc Act 1974 

• Provision and Use of Work Equipment Regulations (PUWER) 1998 

• Reporting of Injuries, Diseases and Dangerous Occurrences Regulations (RIDDOR) 2013 

• Control of Substances Hazardous to Health Regulation (COSHH) 2002 

• Electricity at Work Regulations 1989 

• Working at Height Regulations 2005 

• Manual Handling Operations Regulations 1992 

• Safety Signs and Signals Regulations 1996 

• Personal Protection Equipment at Work Regulations 1992 

• Control of Asbestos at Work Regulations 2012 

• Control of Lead at Work Regulations 2002 

2. Construction Specific Legislation: 

• Construction Design and Management Regulations (CDM) 2015 

3. Building Services Specific Legislation: 

• Water Supply (Water fittings) Regulations 1999 

• Gas Safety (Installation and Use) Regulations 1998 Approved Code of Practice and Guidance. 

• 18th Edition of the IET Regulations (BS 7671:2008 incorporating amendment number 1:201 
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1. General Legislation 

Health and Safety at Work etc Act (HASAWA) 1974 
The Health and Safety at Work Act is the principal piece of occupational health, safety and welfare 

legislation in the United Kingdom that is enforced by the Health and Safety Executive. It is the foundation 

from which all other health and safety regulations are written. 

The aim of the Act is to ensure that employers, employees and the self-employed understand and 
implement a safe attitude towards health and safety at work. In particular, the requirement for 

employers to complete a written health and safety policy ensures that all employees know how health 

and safety is managed and implemented within the company. 

In general terms, the HASAWA imposes a duty of care on employers to maintain the health, safety and 

welfare of their employees whilst at work. It also imposes a set of parallel duties on employees and the 

self-employed that are aimed at helping the employer maintain and implement their duty of care 

responsibilities. 

Employers, employees, the self-employed, manufacturer’s and suppliers must all comply with the duties 

set out in the Act, the main sections of which are summarised below: 

• Section 2 places a duty on employers to ensure, as far as is reasonably practicable, the health, 

safety and welfare of their employees. Employers must also consult with trade union safety 

representatives on matters affecting health and safety in the workplace. Where an employer 
employs more than five people he/she must prepare a written health and safety policy and 

bring it to the attention of their employees. 

• Section 3 requires employers to ensure that non-employees (including the general public and 

site visitors etc) who may be affected by work activities are not exposed to risks to their health 

and safety. Where young people or vulnerable persons may be affected, the duty of care is 

much greater. 

• Section 4 places a duty on anyone responsible for the workplace to ensure that the premises, 

plant and machinery do not endanger the people using them. 

• Section 5 requires employers to prevent and control harmful, noxious or offensive emissions 

into the atmosphere. 

• Section 7 states that it is the duty of every employee whilst at work to take reasonable care of 

themselves and of any other person who may be affected by their acts or omissions. This section 

also requires employees to work together with their employer in relation to health and safety 

matters. 
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• Section 8 requires employees not to interfere with or misuse equipment provided in the 

interest of health and safety. 

A free copy of HASAWA can be downloaded from: http://www.legislation.gov.uk/ukpga/1974/37 

Provision and Use of Work Equipment Regulations (PUWER) 1998 
The Provision and Use of Work Equipment Regulations 2009, also known as the PUWER Regulations set 
out the minimum standards for the use of all work related equipment. They are usually used in 

conjunction with other, more specific, Regulations, such as the Electricity at Work Regulations. The 

requirements of the Regulations are specifically aimed at employers. They must: 

• Take account of working conditions and hazards when selecting equipment 

• Provide work equipment which conforms to relevant safety standards 

• Ensure that the work equipment is suitable for its intended purpose and used only for that 

purpose 

• Maintain the equipment in good working order 

• Ensure that appropriate safety devices are available, if required 

• Issue staff with appropriate instructions, training and supervision to enable them to use the 

work equipment safely 

• Make sure that equipment is inspected after installation or after assembly at a new location. 

A free copy of PUWER Regs can be downloaded from: http://www.hse.gov.uk/pubns/priced/l22.pdf 

Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 

(RIDDOR) 2013 
Under these regulations, often referred to as RIDDOR, certain work-related accidents must be reported 
by law to the Health and Safety Executive or the local authority. 

Specific reportable incidents include: 

• The death of any person 

• A 'major injury' to any person at work 

• Hospital treatment of any person who is not at work 

• An accident, which results in a person at work being off work for more than seven consecutive days. 

This excludes the day of the accident but includes weekends and rest days. The report of the injury 

must be made within 15 days of the accident occurring 

• Specified dangerous occurrences, e.g. building collapse 

• Specified work-related diseases, e.g. mesothelioma and hepatitis 

Construction sites and other workplaces should have clear guidelines on incident reporting, which should 
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be conveyed to all staff on the first day of their employment. 

For more information about the reporting and investigation of accidents, including how to report, see 

the section on accident reporting. 

A free copy of RIDDOR can be downloaded from: http://www.hse.gov.uk/riddor/ 

Control of Substances Hazardous to Health Regulations (COSHH) 2002 
The Control of Substances Hazardous to Health Regulations (COSHH) require all employers to assess, 

adequately control and, where possible, prevent the risks to health from the use of any hazardous 
substances that are used in the workplace. Manufacturer’s are required to produce safety data sheets 

(SDS) giving vital information, which will allow employers to complete risk assessments and produce 

recommendations as required by COSHH. 

A hazardous substance is one, which has, by law, to be labelled as 'very toxic', 'toxic', 'harmful', 'irritant' 
or 'corrosive'.  Employers must: 

• Assess the risks 

• Decide what precautions are needed 

• Take steps to reduce or adequately control exposure to hazardous substances 

• Ensure that control measures are utilised and maintained 

• Monitor exposure 

• Carry out health surveillance of employees who have been or are likely to be exposed 

• Have in place emergency procedures to deal with accidents/incidents 

• Ensure that employees are properly informed, trained and supervised  

To comply with COSHH eight steps should be followed: 

1. Assess the risks 

Assess the risks to health from hazardous substances used in or created by your workplace 

activities. 
2. Decide what precautions are needed 

Your employer must not carry out work, which could expose you to hazardous substances 

without first considering the risks and the necessary precautions. 

3. Prevent or adequately control exposure 
Your employer must prevent you being exposed to hazardous substances. Where preventing 

exposure is not reasonably practicable, then your employer must adequately control it. 

4. Ensure that control measures are used and maintained 

Your employer must ensure that control measures are used and maintained properly and that 
safety procedures are followed. 

5. Monitor the exposure 

Your employer should monitor the exposure of employees to hazardous substances, if 
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necessary. 

6. Carry out health surveillance 

Your employer must carry out appropriate health surveillance where the risk assessment has 
shown this is necessary or where COSHH sets specific requirements. 

7. Prepare plans and procedures to deal 

with accidents, incidents and 

emergencies 
Your employer must prepare plans and 

procedures to deal with incidents and 

emergencies involving hazardous 

substances, where necessary. 
8. Ensure employees are properly 

informed, trained and supervised 

Your employer should provide you with 

suitable and sufficient information, 
instruction and training. 

Advice is given on controlling hazardous substances on the HSE website at: www.HSE.gov.uk 

Electricity at Work Regulations 1989 
The Electricity at Work Regulations place duties on all employers to ensure that all risks involving 

electricity are properly assessed. Employers are required to ensure that safe systems of working are 

implemented and that all electrical equipment is well maintained and regularly tested. Any repairs must 

be carried out by suitably qualified staff or those that are deemed to have sufficient and suitable 
technical knowledge. For more information on Portable Appliance Testing (PAT), see the section on 

electrical safety. 

A free copy of EAW Regulations can be downloaded from:  

http://www.legislation.gov.uk/uksi/1989/635/part/I/made 

Working at Height Regulations 2005 
Working at height continues to be the principal cause of death in the workplace. The overriding aim of 

the Working at Height Regulations is to avoid working at height wherever possible. Where this is 

unavoidable, employers and duty holders must do all that is reasonably practicable to prevent anyone 
from falling: 

• Work at height must be properly planned and suitable equipment used 

• Fall prevention equipment should be adopted before personal protective equipment (PPE) 

• Work at height should be properly supervised and carried out in a safe manner 

• The worker must be provided with appropriate training and instructions 
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Learning Outcome 3 
 

 

 

 

 

 

 

 

 

 

Purpose of Personal Protective 

Equipment (PPE)
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Learning Outcome 3: Purpose of Personal Protective 

Equipment (PPE) 
Within this Learning Outcome, there are five assessment criteria: 

AC3.1 Purpose of personal protective equipment (PPE)  

AC3.2 Apply and use personal protective equipment (PPE) 

AC3.3 Procedures for manual handling 
AC3.4 Carry out correct manual handling 

AC3.5 Use mechanical lifting aids 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 52 Level 3 Plumbing and Domestic Heating Qualification Textbook Phase 1



Level 3 Plumbing and Domestic Heating Qualification Textbook Phase 1  
 

 

49 

AC3.1 Purpose of personal protective equipment (PPE) and AC3.2 

Apply and use personal protective equipment (PPE) 

Within these Assessment Criteria, the range will cover: 

• Clothing protection including high visibility 

• Eye protection 

• Hand protection 

• Head protection 

• Foot protection 

• Hearing protection 

• Respiratory protection 

• Vibration protection 

• Harnesses 

Personal Protective Equipment (PPE) is designed to protect the worker from hazards in the workplace. 

Health and Safety Regulations state that: 

a) An employer must try to make the wearing of PPE unnecessary where possible. If wearing PPE 
is unavoidable then: 

a. The employer MUST provide all necessary PPE 

b. The employer MUST train all employees in the use of PPE 

b) The employee MUST wear the PPE provided 
c) The employee MUST take care of the PPE 

d) The employee MUST report lost or damaged PPE to their manager or supervisor 

All construction operatives have a legal duty to protect themselves and others who may be affected by 
their acts or omissions. The provision of protecting yourself means wearing the correct PPE where 

required. The employer is legally bound to give you the means to protect yourself. This includes providing 

the following: 

• Suitable protective clothing for working in adverse weather conditions 

• Eye protection or eye shields 

• Respirators to avoid breathing in dangerous dust, fumes etc 

• Shelter accommodation for use when sheltering from inclement weather 

• Storage accommodation for protective clothing and equipment when they are not used 

• Ear defenders when noise levels cannot be reduced below 80 dB(A) 8 hour 

• Protective clothing and local extraction units when exposed to lead, lead dust or fumes or paint 

• Safety helmets for protection against falling materials and protruding objects 

• Industrial gloves for handling rough abrasives, sharp and coarse materials or when handling toxic 
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or corrosive materials 

Safety Helmets 
When working on a construction site, the danger from falling objects, falling into trenches and 
excavations, falling from scaffolds, or even hitting your head on protruding objects, is ever present. To 

give some protection from these obvious dangers, it is a mandatory requirement that personal safety 

helmets (known as hard hats) are worn in all areas. These 

should be adjusted to suit the correct head size so that it fits 
snugly but not tight. The helmet should not be defaced in any 

way by stickers or paint as these could reduce its effectiveness. 

Safety helmets must conform to BSEN397 and are designed to 

withstand penetration of falling objects  and reduce the shock 
absorber effect to the head and body. Hard hats should be 

replaced once a year or if the hard hat has been struck by an 

object. They are resistant to: 

• Temperatures as low as -30oC and as high as +150oC 

• Electrical resistance up to 440V 

• Molten metal, marked as MM 

• Side squeeze, marked LD, for lateral deformation. 

Safety Footwear 
On site, feet must be protected against the many 

hazards that could be found, including damp, cold, 
sharp objects, falling objects and crushing. Flimsy 

footwear such as trainers do not offer sufficient 

protection against these obvious dangers and so MUST 

not be worn. 

A good pair of work boots must have steel toe caps to 

EN20345 and a steel midsole for underfoot protection. 

Good quality footwear is a mandatory requirement on 

all construction sites.  

Safety footwear to EN 20345 

Overalls and Workwear 
There are many different types of workwear available from full boiler suits to separate jacket/sweatshirt 
and work pants. Good quality workwear has protective knee pad provision, which is especially useful for 

A typical safety helmet with chin strap 
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plumbers and heating engineers. 

Plumbers should always consider flame retardant types as these offer protection when soldering fittings. 

High Visibility Jackets and Vests 
High Visibility jackets and vests (known as hi-vis) are now a mandatory 

requirement on ALL construction sites. These can be supplied in either 

fluorescent yellow or fluorescent orange. 

Good quality hi-vis jackets will be waterproof for protection when 
working in inclement weather. 

Eye Protection 
There are many eye injuries at work every day. Some of these will result in either partial or total 

blindness. A person’s eyes are one of the most vulnerable parts of the body and any injury can be life 
changing. The majority of these eye injuries are preventable if the correct eye protection is worn. There 

are a number of eye protection systems available, such as safety goggles, visors, spectacles and full face 

fixed shields. 

Safety signs should be positioned where eye protection must be worn. 

Hazards that can cause eye injuries 
The following are some of the hazards and risks that might be encountered in the work place: 

• Using hammers and chisels 

• Threading steel pipe 

• When welding or soldering 

• Instruments and tools that emit intense light or lasers 

• Coming in contact with corrosive and irritant substances such as acids and alkalis 

• Gas or vapour under pressure 

• Molten metal 

• Abrasives and cutting wheels 

• Chipped and broken tools 

Eye protection methods should conform to EN166 and EN172 
Eye protection is a requirement under regulation 4 of the Protective Personal Equipment at Work 

Regulations 1992 when work is undertaken in a hazardous area. 
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Impact resistant goggles 

 

Protection against molten 
metals 

 

Safety specs 

 

Full face safety mask 

In the event of an eye injury: 

• Do not apply medication to the eye 

• The injured eye should be washed with clean, cold water and covered with clean, dry material. 

if possible, cover the unaffected eye also as this will help to reduce eye movement 

• Seek urgent and immediate medical attention 

• A thorough eye examination should be carried out within 24 hours 

Respirators (Respiratory Protective Equipment) 
One of the biggest problems, when working on site, is from dust and fumes. These can come from 
common materials such as brick, stone, concrete, wood and plastics. Cutting and grinding these 

materials releases vast amounts of dust that can, if inhaled over long periods, create breathing problems, 

such as asthma, emphysema and bronchitis. Dust inhalation can also lead to problems in later years if it 

isn’t protected against now. 

Fumes from mechanical machinery, such as diggers, earthmovers and dumper trucks can create many 

breathing problems if protection is not worn. Other fumes from solvents and adhesives can also be 

dangerous  when used in confined/unventilated spaces. 

The Personal Protective Equipment at Work Regulations 1992 make provision for the protection of 
employees at work and the general public who may be affected from dust and fumes. As well as 

providing Respiratory Protective Equipment, the employer must display suitable signs where people may 

come into contact with dust and fumes from hazardous substances. 

It is the responsibility of the employer to carry out risk assessments to determine when or where 
Respiratory Protective Equipment is needed, and which type would be appropriate. 

Selecting the Right Respirator 
Respiratory Protective Equipment selection will depend on the hazard and must be carried out by a 

competent person. They will assess the following: 

• The hazard from the material 

• The amount of dust it will create 
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• How long the wearer will be exposed to the hazard 

• The weather conditions when working outside 

• Suitability for the wearer i.e. field of vision, communication etc. 

The types of Respiratory Protective Equipment (RPE) available are shown below and include the 

following types: 

• Disposable face masks 

• Half dust respirators 

• High efficiency dust respirators 

• Ventilator visor 

• Self-contained breathing apparatus (SCUBA) 

 

Self-contained breathing   apparatus 

 

 

 

 

 
 

Gloves 
Hands can suffer a wide range of injuries from cuts and abrasions to hammer blows and chemical burns. 

Other extremes such as low temperatures can also be a hazard. These situations will require hand 

protection. The type of glove required will depend on the type of work being done. 

All of the different hazards to hands make it vital that the right kind of glove for a given situation is 

chosen: 

Disposable face mask Half-dust respirators 

High efficiency respirators Ventilator visor respirator 
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EN407 – Gloves that protect against thermal hazards. 

In other words, these gloves offer protection against heat and cold, whether it is heat 
in the form of conduction, convection and radiation or cold in the form of freezing 

outside temperatures or pipe freezing gases. 

EN374 – These gloves guard against chemicals and micro-organisms. Substances that 
could inflame, irritate or burn the skin can be classed as a chemical hazard. This type of 

glove offers protection against chemical splashing and micro-organism hazards and is 
recommended by the COSHH Regulations. 

EN 12477 - is the standard for protective gauntlets for welders. They are heat resistant 
and flame retardant. 

EN 421 - Protective gloves against ionizing radiation and radioactive contamination. 

EN388 – This is the classification for gloves designed to withstand mechanical 

abrasions such as sharp and rough objects. 

Hearing Protection 
Employers must make a risk assessment and provide information and training when the noise level 

reaches 80 decibels. The upper noise limit, taking into account hearing protection, is 87 decibels. The 

British Standards for ear protection are: 

• Ear defenders BS EN 352 – 1: 2002 

• Earplugs BS EN 352 – 2: 2002 
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Learning Outcome 1: Install central heating systems 
In Phase 1, you will be investigating the following Assessment Criteria from Learning Outcome 1: 

AC1.1 Identify types and layout features of central heating systems  

Before we investigate these systems, we will look at some of the key phrases and terms you will come 

across as we work through the wet central heating subject. 

Phrase  Meaning 
Low pressure heating A heating system that operates at temperatures below 100oC 

because it includes an open vent pipe.  

Open vent The open vent prevents heating systems from exceeding 100oC and 

assists with accommodating the expansion of water due to the water 

being heated. 

Sealed heating A heating system that does not contain a vent pipe or feed and 
expansion system. It is filled with water from the mains cold water 

supply using a temporary filling loop or some other no less effective 

device that creates an airgap between the heating system and the 

water main. 

Gravity  A method of heating water that uses conduction. When water is 

heated, it expands and loses density, the lighter, hotter water then 

flows upwards to the heat exchanger. When the water cools, it 

becomes denser and circulates back to the boiler. This continuous 
cycle is called gravity circulation 

Microbore  A system of heating that uses very small pipe work to the radiators. 

Typically sizes of 8mm and 10mm pipework. 

Manifold  A fitting or component that allows multiple pipe connections in one 
place. 

Feed and Expansion Cistern A small, usually 10 litre capacity, cold water cistern that is connected 

to a low-pressure heating system for the purposes of system filling 

with water and to allow water to expand in to it when the water is 
heated. 

Filling loop A temporary connection between the mains cold water supply and 

 364 Level 3 Plumbing and Domestic Heating Qualification Textbook Phase 1



Level 3 Plumbing and Domestic Heating Qualification Textbook Phase 1 
 

 

4 

the heating system for the purposes of filling and pressurisation. It 

should be removed after the filling, venting and pressurization tasks 

are completed. 

AC1.1 Identify types and layout features of central heating systems  

Almost every home in the UK has a central heating system and, for most those homes, it is some form 

of wet central heating containing a boiler and radiators or underfloor heating. Over the years many 
different systems have been developed, designed and installed, and many of these older systems are 

still providing good service today, despite their lack of today’s energy saving controls. 

Modern systems use energy saving appliances and boilers linked with energy saving controls and 

components to give the best possible heating both for the end user and for the environment. 

In this Unit, we will look at the layouts and types of some of the systems of the past and the modern 

systems that you will install on a day-to-day basis. You will see how they have developed from the basic 

to the sophisticated as we investigate this most difficult of subjects. 

Domestic heating systems 
Domestic heating systems fall into four categories: 

a) Wet central heating  

b) Warm air 

c) Electric storage heaters 
d) District heating  

a)  Wet Central Heating Systems 
Traditionally the most popular form of heating system in the UK, wet central heating systems rely on the 

circulation of heated water around a circuit of pipework to heat some form of heat emitter or, in the 
case of underfloor heating, the floors of the structure of the building itself. The heat is then transferred 

into the building using conduction, convection and radiation (see Scientific Principles). The heating of 

the water can be performed by the use of gas, oil or solid fuelled appliances or by environmentally 
friendly sources, such as air source and ground source heat pumps, micro co-generation sources and 

biomass boilers. 

There are many different wet systems that have been installed over the years, and some of these are 

still in use today. Modern systems still use some of the theory and design that was developed many 
years ago but now use modern installation techniques, materials and controls to give much better use 

of the energy they use and the heat they generate. Heating systems, both new and old, include: 

1. One pipe low pressure systems 
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a) Pumped heating with gravity hot water (semi-gravity) 

2. Two pipe low pressure systems 

a) Pumped heating with gravity hot water (semi-gravity) 

b) C Plan systems  
3. Fully pumped low pressure systems 

a) Fully pumped, 3 port valve (mid position/diverting) (Y/W plans) 

b) Fully pumped, 2 x two port valves (S plan) 
4. Two pipe sealed systems (using system boilers or sealed system components) 

a) Fully pumped, 3 x two port valves (S plan+) 

b) Microbore systems 

c) Systems using combination boilers 
5. Underfloor heating systems. 

1 One pipe low pressure systems 
One pipe systems use a continuous loop of pipework that travels to and from the boiler. Each heat 

emitter was taken from the single loop. When they were first designed, they were purely a gravity 
system, working without the aid of a circulating pump, and there were many variations, such as the one 

pipe drop, one pipe ladder, one pipe upfeed systems.  

In the late 1950s, the central heating circulating pump was developed and this greatly improved the 

heat-up time of gravity systems, enabling smaller pipework to be used, typically 28mm and 22mm loops 
with radiators installed and connected in 15mm. 

In domestic dwellings, the main system used was the Pumped heating with gravity hot water (semi-

gravity) system. 

a) Pumped heating with gravity hot water (semi-gravity)  
The diagram shows a typical domestic pumped one pipe semi gravity system. Here, the hot water storage 

cylinder heats up by gravity circulation, with the heating water to the radiators being pumped by a 

circulating pump installed on the return part of the pipework loop.  

Each radiator is connected to the heating circuit that flows from the boiler and back to the boiler in a 
single unbroken loop of pipework. The radiators are usually connected via swept tees, as shown in the 

diagram, with the flow pipe connected to the top connection on the radiator. The reason for this is that 

although the water in the circuit is pumped, the water is not actually pumped through the radiators. 
When water is circulated mechanically, it takes the least line of resistance. Radiators offer too much 

resistance to flow and so the water in the radiator heats up through gravity. By installing the flow at the 

top of the radiator, the hot water is circulated directly to the top section of the radiator, where it 

immediately begins to cool by a few degrees. The cooler water begins to descend through the radiator 
a lot more quickly than the heated water rises through it, so the radiator heats up more rapidly than if 

the hot water had entered at the bottom of the radiator. This creates a better gravity circulation. 
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A detrimental feature of this system was that each successive radiator is fed with water that is around 
4oC cooler than the previous radiator. The first radiator on the system will always be the hottest, usually 

around 70oC, but the cooler water leaving the radiator mixes with the pipework loop, making the loop 

water somewhat cooler. This cooler water is then circulated through the next radiator, leaving the 

radiator cooler still and when mixed with the water in the loop, it cooled down further and so on, and 
so on. If we look at the four radiators on the diagram, the first radiator will be around 70oC but the last 

radiator, just before the loop enters the boiler, will be considerably cooler at around 56oC. The net effect 

of this is that a greater surface of heat emitter was required to heat the room. In other words, the 

radiators got bigger in proportion to the heat output. 

Thermostatic control of both the hot water and the heating within this system was solely reliant on the 

boiler thermostat, which often meant that the hot water in the storage cylinder was excessively hot, 

especially in cold weather when the heating temperature was increased. 

2 Two pipe low pressure (semi gravity) systems 
Two pipe systems were a direct development of the one pipe system and gave an immediate 

improvement both in heat up times and temperature outputs of the heat emitters. Two pipe systems 

use two circuits; a flow circuit that goes from the boiler to every heat emitter and a return circuit that 
travels from every radiator back to the boiler. The benefit of this is that every radiator, in effect, has its 

own circuit to and from the boiler. This ensures that all radiators achieve similar temperatures because 

One pipe system 
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Learning Outcome 1: Install sanitary appliances and 

pipework systems 
In Phase 1, you will be investigating the following Assessment Criteria from Learning Outcome 1: 

AC1.1 Identify types and layout features of sanitary appliance pipework systems  

The importance of good, functional sanitation systems cannot be overstated. Human waste in all forms 

can be extremely dangerous. It can cause fatal diseases such as cholera and dysentery. Cholera continues 
to be a problem in some parts of the world, even today. 

Sanitation systems prevent such diseases by taking away human waste, treating it and safely disposing 

the remaining effluent. It is the plumber’s job to ensure that the sanitation systems in our homes, 

hospitals, schools and places of work do their part in keeping us safe without causing problems that 
could affect our health. 
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AC1.1 Identify types and layout features of sanitary appliances 

pipework systems 

Sanitary system types  
Often called Above Ground Sanitation Systems (AGSS), there are four systems of pipework used in the 
UK. These are: 

A. The Primary Ventilated Stack 

B. The Secondary Ventilated Stack 

C. The Ventilated Branch Discharge Stack 
D. The Stub Stack 

Sanitary pipework is made up of three sections: 

1. The wet part of the stack, called the soil pipe. This is the bottom section of the stack that carries 

the waste away from the dwelling and into the drains and sewers. 

2. The vent stack or vent pipe. This is the top, dry part of the stack that introduces air into the 

system to prevent trap seal loss when the sanitary appliances are used. Without the vent pipe, 

the water in the appliance traps would be sucked out due to the negative pressure created when 
a large amount of water is discharged into the soil pipe. This would allow bad odours emanating 

from the drainage system below ground to enter the building. 

3. The waste pipes. These are the pipes which take the waste water away from baths, showers, 

washbasins, bidets and kitchen sinks. They vary in size depending on the appliance that they are 
serving. They are usually connected directly to the soil stack but can sometimes be discharged 

into an external gully. 

We must remember that the systems we install must meet the requirements of two very important 

documents: 

• Approved Document H of the 2013 Building Regulations 

• British Standard BS EN 12056: 2000 pts 1 to 5 
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Approved Document H states that all 

sanitary appliances must be fitted with 

a water trap or some other no less 

effective device that prevents the foul 
air from any drainage system from 

entering the building. Any water trap 

must maintain at least 25mm of water 
seal in the worst-case scenario after 

the appliance has been used. 

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. 

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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