Plumbing Core Units
Phase 3
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 3, you will complete selected Assessment Criteria from a range of Learning Outcomes. These
Learning Outcomes and the relevant Assessment Criteria are listed below:

UNIT

05 Cold Water Systems

06 Hot Water Systems

07 Central Heating Systems

08 Rainwater Systems
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LEARNING OUTCOME

ASSESSMENT
CRITERIA

LO4 Size and select cold water systems and components for dwellings

4.1 to 4.7

9 - 43

LO5 Perform a soundness test and commission
cold water systems and components

5.7 to 5.11

46 - 50

LO6 Perform fault diagnosis and rectification
procedures on cold water systems

6.1 to 6.3

53 - 56

LO7 Carry out service and maintenance of cold
water systems

7.1 to 7.5

59 - 62

LO3 Size and select hot water systems and components for dwellings

3.1 to 3.7

67 - 73

LO4 Perform a soundness test and commission
hot water systems and components

4.7 to 4.11

76 - 81

LO5 Perform fault diagnosis and rectification
procedures on hot water systems

5.1 to 5.3

84 - 87

LO6 Carry out service and maintenance of hot
water systems

6.1 to 6.5

90 - 93

LO1 Install central heating systems

1.14 only

98 - 100

LO2 Decommission central heating systems

2.1 to 2.2

103 - 104

LO3 Size and select central heating systems and
components for dwellings

3.1 to 3.7

107 - 138

LO4 Perform a soundness test and commission
central heating systems and components

4.1 to 4.11

141 - 151

LO5 Perform fault diagnosis and rectification
procedures on central heating systems

5.1 to 5.3

154 - 158

LO6 Carry out service and maintenance of central 6.1 to 6.4
heating systems

161 - 162

LO3 Size and select rainwater systems components for dwellings

3.1 to 3.6

167 - 176

LO5 Perform fault diagnosis and rectification
procedures on rainwater systems

5.1 to 5.3

179 - 182
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PAGE
NUMBER

3

09 Sanitation Systems

010 Environmental
Technology Systems
(Theory only, no practical
assessments)

011 Domestic Fuel Systems
(Theory only, no practical
assessments)

012 Electrical Work and the
Control of Plumbing and
Domestic Heating Systems

LO3 Size and select sanitary appliances pipework
system and components for dwellings

3.1 to 3.6

187 - 196

LO4 Perform a soundness test and commission
sanitary appliances, pipework systems and
components

4.6 only

199 - 201

LO5 Perform fault diagnosis and rectification
procedures for sanitary appliances and pipework
systems

5.1 to 5.3

204 - 208

LO6 Carry out service and maintenance of sanitary appliances and pipework systems

6.1 to 6.4

211 - 213

LO1 Know the basic operating principles of
micro-renewable energy and water conservation
technologies.

1.1 to 1.3

218 - 226

LO2 Understand requirements to install micro-re- 2.1 to 2.5
newable energy and water conservation systems
to existing systems

229 - 240

LO1 Understand factors affecting fuel selection

1.1 to 1.6

245 - 264

LO2 Know combustion processes of fuel supply
systems

2.1 to 2.9

267 - 271

LO3 Know principles of chimney/flue systems.

3.1 to 3.7

274 - 286

LO1 Perform pre-installation activity prior to
undertaking electrical work on plumbing and
domestic heating

1.1 to 1.10

291 - 318

LO2 Apply industry standard safe isolation proce- 2.1 to 2.2
dures

321 - 326

LO3 Carry out the safe installation, testing and
decommissioning of electrical systems

329 - 357

3.1 to 3.4

LO4 Carry out the identification of faults and safe 4.1
repair of electrical work
Assessment Criteria index

377 - 383

Blank Heat loss design sheets
Central Heating pipe sizing charts
Hot and Cold pipe sizing chart

4

360 - 376
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386 - 387
388
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Unit 8

Rainwater Systems – Phase 3
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Unit 08 Rainwater Systems - Phase 3
In Unit 08 Rainwater Systems, there are two (2) Learning Outcomes:
LO3: Size and select rainwater systems components for dwellings
LO5: Perform fault diagnosis and rectification procedures on rainwater systems
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Learning Outcome 3

Size and select rainwater systems components for dwellings
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Learning Outcome 3
Size and select rainwater systems components for dwellings
There are six (6) assessment Criteria for Learning Outcome 3
AC3.1 Explain factors which affect the selection of rainwater systems for dwellings
AC3.2 Identify information sources required to size and select rainwater systems components
AC3.3 Calculate rainwater systems requirements for dwellings
AC3.4 Select rainwater systems components in accordance with calculations from predetermined
data
AC3.5 Interpret information to complete a detailed materials list
AC3.6 Present calculations and information in a suitable format for quotation and tender
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AC3.1 Explain factors which affect the selection of rainwater systems for
dwellings
The design and selection of rainwater systems and the layout of the installation for a property is based on
a number of factors:

Customer needs
Rainwater, if left to simply run off of a roof, can do huge amounts of damage to a building. It can cause damp
issues and degradation of the building structure. In some cases, it can even affect the foundations that
the building stands on. The needs of the customer are to safely remove the water away from the building
as quickly and with as little effect on the building as possible. It is a good idea to have a discussion with
the customer about the type and style of gutters available and the choices that would be suitable for the
building. Buildings with large roof areas generally have limited choices with regard to style of gutter used.
It may be that the customer has other uses for the water that runs off of the roof, such as rainwater
harvesting systems or garden irrigation, and these should be discussed with the customer and taken into
account when designing the layout of the guttering and the position of the rainwater pipes.

Building layout and features
When designing a rainwater system, there are impoprtant points that we must take into consideration:
•

The area and shape of the roof plan. This is crucial because the resulting rainwater run-off will have to
be accommodated in any gutter choice that the customer makes. In this respect, the customer will be
guided by the manufacturer's data with regard to capacity and flow rate of the gutter.

•

The position and type of drains that the rainwater will discharge into. This will ultimately require a
survey of the building. If there are any soakaways, try to establish whether these are fit for purpose.

•

The material(s) that the gutter and rainwater pipes are to made from. In most instances these will be
PVCu, but older properties or those of a historic nature and listed buildings may require lead, cast iron
or cast aluminium gutters and rainwater pipes.

•

The number of rainwater pipes that will be required and where they will be positioned.

•

The type of surface that the gutter and rainwater pipes are to be fixed to and its condition. In most
cases, fascia brackets on fascia board will be used, but some older properties may require rafter irons/
brackets or rise and fall irons/brackets.

Environmental impact
All gutters and rainwater pipe materials have some impact on the environment, especially in the way that
the raw materials are extracted and the finished products manufactured. All gutters and rainwater pipes
use raw materials that require heat energy in their production and some require more heat energy than
others:
•

•

Aluminium has very high energy requirements resulting from the smelting of the raw material, bauxite.
Much aluminium is melted down and recycled, which requires a much lower temperature (600 to
700oC) than cast iron.
Cast iron products are usually manufactured from recycled cast iron materials with very little new cast
iron smelted. Cast Iron requires temperatures close to 1200oC for melting to take place.
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•

PVCu is manufactured initially from materials derived from hydrocarbon raw materials. However, PVCu
can be recycled and this accounts for much of the PVCu used.

When gutters and rainwater pipes are in use, the subsequent water may have a wider and more direct
impact on the environment. The water will discharge into a combination of:
•

Foul water drains, where the water will end up at a sewerage plant. This can cause the plant to be
inundated with water, especially when heavy rainfall and floods occur. The energy usage at the sewerage
plant will then increase as it copes with the sudden influx of water.

•

Surface or top water drains, where the water will discharge directly into a water course or river. In times
of heavy rainfall, this can cause river water levels to rise.

•

A soakaway drain. Modern soakaways must be constructed to a Building Regulation specification.
This was discussed in the BPEC Phase 2 textbook. Older soakaways are often blocked, which can have
implications for the integrity of the building.

Cost
By far the cheapest form of guttering and rainwater pipes are PVCu. It is reasonably inexpensive to buy and
is very easy and cost effective to install. It has a life span of around 20 to 30 years. Most new properties will
have PVCu gutters and rainwater pipes installed.
Cast iron and cast aluminium gutters and rainwater pipes are expensive to buy and require specialist
jointing compounds for joint making. Installing cast iron and aluminium often requires more time than
PVCu because of the jointing methods used. Generally, cast iron has a lifespan of 60+ years if properly and
regularly maintained.
Pre-formed aluminium gutters are generally only installed by specialist companies.

Legislation
The installation of guttering systems and rainwater pipes is covered by Building Regulation Approved
Document H3: Rainwater Drainage, 2010 with 2015 Amendments. It states that:
(1) Adequate provision shall be made for rainwater to be carried from the roof of the building.
(2) Paved areas around the building shall be so constructed as to be adequately drained.
(3) Rainwater from a system provided pursuant to sub- paragraphs (1) or (2) shall discharge to one
of the following, listed in order of priority:
a) an adequate soakaway or some other adequate infiltration system; or, where that is not
reasonably practicable,
(b) a watercourse; or, where that is not reasonably practicable,
(c) a sewer.
The above criteria will be seen to have been complied with if:
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a. Rainwater from roofs and paved areas is carried away from the surface either by a drainage system
or by other means;
b. A rainwater drainage system:
i. Carries the flow of rainwater from the roof to an outfall (a soakaway, a watercourse, a surface
water or a combined sewer),
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ii. Minimises the risk of blockage or leakage,
iii. Is accessible for clearing blockages.
c. Rainwater soaking into the ground is distributed sufficiently so that it does not damage the
foundations of the proposed building or any adjacent structure.

BS EN 12056-3:2000 Gravity drainage systems inside buildings. Roof drainage, layout and calculation
This British Standard recommends the design methods for both roofs and paved areas. The information it
contains is based upon current meteorological information with regards to rainfall intensities in the regions
of England and Wales (Scotland has its own Regulations). Also covered in the document are materials
choice, site work, inspection, testing and maintenance of rainwater systems.
It should be consulted along with Building Regulations Document H3.

Rainfall intensity
Image left taken from Building
Regulations AD H-3

Rain fall in the UK varies
considerably. In the North
West of England, around
2.4m of rain falls each year.
Compare this with the 0.5m
of rainfall in the South East.
However, the intensity of
the rainfall shows a different
picture. A two minute burst
of rain in the South East
deposits more water (0.022
litres/sec/m²) than a two
minute burst of rain in the
North West (0.014 litres/sec/
m²). This has a direct effect on
the amount of rain that runs
off roof areas.

Roof area
The area and pitch of a roof
relates directly to the size of the gutter and the number of rain water pipes that will need to be installed.
The roof area will require calculating and the expected rain fall on to the roof established before a gutter
type can be recommended to the customer. There is little point installing gutters and rain water pipes that
are incapable of dealing with the flow of water from the roof. Calculating the roof area and pitch will be
dealt with in AC3.3 Calculate rainwater systems requirements for dwellings.

Roof pitch
Increasing the angle or pitch of the roof effectively increases its surface area. The steeper the pitch of the
roof, the greater the amount of water discharged and the greater the velocity of the water run off. As water
runs down the roof area, it fans out covering more of the roof. The greater the velocity of the water, the
© BPEC
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greater the run off into the gutters. Again, roof pitch will be covered in AC3.3 Calculate rainwater systems
requirements for dwellings.

Running outlet position
The position of the outlets on gutter
systems is crucial if the system is to
function at its maximum capacity.
Outlets are designed to take water
from both directions. if the water
is entering the outlet from only 1
direction, then the flow rate for the
rainwater pipe is halved.
In diagram A (left top) the whole of
the roof area rain water run-off is
discharged down only one side of the
outlet. This can lead to water backing
up the gutter and even possibly
overflowing over the gutter edges.
In diagram B (left middle), by placing
2 outlets at either end of the run, the
burden on the outlets is effectively
halved. However since only half of the
rain water outlet is being used, the
total water discharged only amounts
to that of 1 outlet.
Diagram C (Left bottom) shows 2
outlets placed equidistant either
side of the centre line of the roof.
Now each of the outlets are taking
¹/2 of the rain run-off each (¹/4 either
side) and both outlets are working
at their maximum capacity. This
effectively means that the flow of
water is efficient with little or no risk
of overflowing the gutter front edge.
The bottom drawing shows the
positioning of outlets on a large
roof area. The distance between
the outlets is roughly equidistant
ensuring that each outlet is used to
its maximum capacity. Obviously, in
most cases the outlet position will
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correspond to a drain below it. The number of outlets required can be calculated by dividing the flow rate
of the calculated roof rainwater run-off by the flow rate of the outlet.

Gutter fall
Gutters should be installed with a fall between 1mm and 3mm per m of gutter or 1-3mm/m. This equates
to a fall of 1:600 (25mm for every 15m of gutter). However, always check the manufacturer's installation
literature as some manufacturer's differ from this. Gutters that are installed level will still work but with a
greatly reduced flow rate.
Installing gutters at 1:600 ensures that the gutter does not sit to low on the fascia board at the low or outlet
end of the gutter. Positioning the gutter too low will mean that the water run off from the roof misses the
gutter completely. Gutter fascia brackets should be installed at 800mm intervals if sagging or deformation
of the gutter is to be avoided (every 600mm where heavy snow fall is common).

Changes of direction in the gutter run
Changes in direction of the gutter reduce the gutter flow rate. Angles in excess of 10o will reduce the flow
rate and the larger the angle, the greater the reduction. A 90o gutter bend effectively reduces the flow rate
by 15%. Here are a few points to remember:
•
•
•

Where possible, install straight runs of gutter as these give the maximum flow rate.
Where a change of direction is required, do not install outlets close to the change of direction.
Where the gutter layout requires many changes of direction, use the maximum fall rate possible, or
install larger gutters.

AC3.2 Identify information sources required to size and select rainwater
systems components
As previously discussed in AC3.1, certain documents are required when both designing, calculating and
installing gutters and rainwater pipes:
•
•
•

Building Regulation Approved Document H3: Rainwater Drainage, 2010 with 2015 Amendments.
BS EN 12056-3:2000 Gravity drainage systems inside buildings. Roof drainage, layout and calculation
Gutter manufacturer's design data with flow rates and gutter/rainwater pipe sizes

AC3.3 Calculate rainwater systems requirements for dwellings
Calculating the area of the roof - BS EN 12056
BS EN 12056-3 gives the following method for calculating
the area of a roof:

Where:
W = Horizontal span of the roof
H = Height of the roof
L = Length of the roof
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Example 1
Calculate the area of the roof below. Remember the formula:

W = 5m
H = 3m/2 = 1.5m
L = 12m

(5 + (3 / 2)) x 12 =
(5 + 1.5) x 12 =
78m²

Roof Pitch
The gutter size that is used relates directly to the area of the roof and the water run-off. If the area of the
roof increases, then the capacity of the guttering must be able to cope with the subsequent water run-off.
In this respect, the angle (or pitch) of the roof is crucial because as the angle increases, so does that area
of the roof. The greater the pitch, the faster the water run-off into the gutter. The table below shows the
pitch factors which must be taken into consideration when calculating roof area:
Multiplication factors for all roof pitches
Pitch of the Roof
10o
12.5o
15o
17.5o
20o
22.5o
25o
27.5o
30o

Factor
1.088
1.111
1.134
1.158
1.182
1.207
1.233
1.260
1.288

Pitch of the Roof
32.5o
35o
37.5o
40o
42.5o
45o
47.5o
50o
60o

Factor
1.319
1.350
1.384
1.419
1.459
1.500
1.547
1.600
1.870

By using the answer gained from the example roof area, we can calculate the actual roof area for the
correct pitch of roof. If the pitch of the roof was 60o pitch, then:

78 x 1.870 = 145.86m²
A manufacturer's data chart can now be used to work out which gutter type is best for the roof.

172

BPEC Level 3 Diploma in Plumbing and Domestic Heating Textbook Phase 3

© BPEC

The Building Regulations roof area calculation method
Roof Pitch Factors as given in Approved Document H3
Type of surface
Effective design area
Flat roof
plan area of relevant
portion
Pitched roof at 30o
plan area of portion x 1.29
Pitched roof at 45o
plan area of portion x 1.50
Pitched roof at 60o
plan area of portion x 1.87
Pitched roof over 70o or any elevational area x 0.5
wall
Approved Document H3 has a slightly different method of
calculating the roof area. Again, it is based on the angle (or
pitch) of the roof and uses Roof Pitch Factors shown in the
table above. This method is especially useful if the roof area is large or complex.

Example 2
A roof with a pitch of 30o measures 4m wide and 12m long. What is its roof area?

12 x 4 = 48
48 x 1.29 = 61.92m²

Determining the rain water run-off
The amount of water that runs off a roof is based upon the rainfall intensity shown on the map at the
beginning of this section. The rainfall intensities are always quoted by the amount of water that is likely
to discharged in a 120 seconds (2 minute) storm event. Let us look at an example of how to calculate the
amount of rain water run-off based upon the roof area from example 2:

Example 3
The rain fall intensity for a 2 minute storm event in Nottingham is 0.020l/s/m²
The storm event is 120 seconds
The roof area is 61.92m²

(120 x 0.020) x 61.92 = 148.61 litres

Sizing the gutter from Building Regulations Approved Document H3
Looking at example 2, it can be seen that the roof area of a roof with a pitch of 30o measuring 4m wide and
12m long is 61.92m². Looking at the gutter sizing table from AD H3 shows the following:
Max. effective roof area
(m²)
18.0
37.0
53.0
65.0
103.0

Gutter size
(mm diameter)
75
100
115
125
150

Outlet size
(mm diameter)
50
63
63
75
89

Flow capacity
(litres/sec)
0.38
0.78
1.11
1.37
2.16

Half-round gutters only laid level with outlets at one end
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As can be seen from the table, the size of guttering than can be used on the roof is 125mm half round gutter
with a 75mm rainwater pipe.

AC3.4 Select rainwater systems components in accordance with calculations
from predetermined data
Choosing the gutter from manufacturer's literature/data
Below is a page from the OSMA Gutters and Rainwater Pipe brochure that clearly shows the type and
sizes of gutter, their applications and the maximum roof coverage. Using the same data as calculated in
example 2 of 61.92m², the manufacturer's data suggests that OSMA Roundline and Squareline for domestic
properties are both suitable for the area of the roof.

AC3.5 Interpret information to complete a detailed materials list
Before completing a materials list for the installation of gutters and rainwater pipes, it is a good idea to learn
the name and terminology of the gutter/RWP fittings and components. The gutter profiles themselves are
named differently between manufacturers. For example, what is 'DeepLine'® profile to one manufacturer
may be 'DeepFlow'® to another, even though both profiles are essentially the same. It is also wise to not 'mix
and match' manufacturers. Whilst many gutter profiles have the same dimensions, some, such as 'OGEE'
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and 'Square section', do not. The following gutter and rainwater pipe fittings are from OSMA RoundLine®
rainwater products range:

PVC-U Running Outlet

PVC-U Stopend Outlet

PVC-U Gutter Jointing
Bracket

PVC-U Gutter Angle 90°

PVC-U Gutter Angle 45°

PVC-U Stopend EXT

PVC-U Conn to CI Ogee

PVC-U Gutter Support
Bracket

PVC-U Offset Bend

PVC-U Branch 67.5°

PVC-U Pipe Connector

PVC-U Pipe Bracket

The image left shows the layout of a guttering
installation to a new build detatched house. There
are 6 changes of direction and 5 running outlets.
The height of the building is 7m to eaves level.
On the next page is a materials list for the system
shown.
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Component

Size

Number
of

4m PVC-U RoundLine gutter

112mm

8

PVC-U Gutter Angle 90°

112mm

6

PVC-U Running Outlet

112mm

5

PVC-U Gutter Jointing Bracket

112mm

8

PVC-U Gutter Support Bracket

112mm

40

4m PVC-U Pipe

68mm

9

PVC-U Offset Bend

68mm

10

PVC-U Pipe connector

68mm

5

PVC-U Pipe shoe

68mm

5

PVC-U Pipe Bracket

68mm

35

Price each Price total

VAT @
20%

This section would be
completed if the materials
list was to form part of an
estimate or quotation

https://www.wavin.com/en-gb/Catalogue/Rainwater-Stormwater/Roof-Drainage/Roof-Gutter-OsmaRoundLine

AC3.6 Present calculations and information in a suitable format for
quotation and tender
The Table in AC3.5 can be populated with the prices of the materials so that a quotation/estimate can be
produced for the work to be done. It is not usual to present the customer with the materials total from
the manufacturers/suppliers, as most businesses usually add a profit margin of 5 - 10%. However, the total
including VAT can be added to any labour costs to give an overall tender price.
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Learning Outcome 5

Perform fault diagnosis and rectification procedures on
rainwater systems
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Learning Outcome 5
Perform fault diagnosis and rectification procedures on
rainwater systems
There are three (3) assessment Criteria for Learning Outcome 5:
AC5.1 Describe methods of obtaining information on system faults
AC5.2 Carry out diagnostic checks for a range of faults
AC5.3 Carry out repair and rectification procedures to deal with a range of faults
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AC5.1 Describe methods of obtaining information on system faults
Problems with gutters and rainwater pipes are probably the easiest of all systems to diagnose. In most
cases the problem is very visual and often audible. Rainwater running out of a leaking gutter joint is very
hard to miss and the damage the rainwater can do often leaves a visual reminder long after the rain has
stopped.
When called to diagnose a problem with gutters and rainwater pipes, there are methods that are tried and
tested that lead to a successful repair. Remember! Different gutter materials often need different skills to
rectify and repair the problem and it is of vital importance that we have the knowledge and skills to be able
to repair the problems effectively without causing more damage than was there originally. This is especially
important when dealing with cast-iron gutters, fittings and joints.

End user
The customer should always be the first point in diagnosing gutter and rainwater pipe problems. Ask them
where the problems are located. They will know where the water is running from. However, in some
instances, the point where the water is leaking/overflowing, may not be the point where the problem
exists. A blockage at the high point in the gutter may often lead to overspill elsewhere on the system. This
leads to the next point, the visual inspection.

Visual inspection
A visual inspection will often reveal a multitude of problems. Lack of basic maintenance is very often the
enemy of gutters and rainwater pipes. Blocked gutters, for example, do not just result in water overflowing
the gutter. Quite often, the gutter can sag because of the extra weight of the blockage, which can lead to
weakened brackets and damaged fascia boards. Also
the ground beneath the leakage becomes saturated
leading to damp problems, compromised brickwork
and structural damage. Below is a table of problems
to look out for:
Leaking joints

Often visible as a white
stain on PVC-u gutters or
rust on cast-iron gutters.

Cracked/broken gutters

Not always apparent until
it rains.

Blocked gutters/RWP

See photo left

Poorly clipped gutters

Often a result of incorrect
fascia bracket spacing
but can also be caused by
gutter blockages and snow
fall.

Deformation of the
gutters
Overflowing gutters

Overflowing gutters because of a blockage has caused the
gutter to overflow resulting in major damage to the brickwork
structure at ground level of this Victorian church in Manchester.
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Can be a sign of the gutter
being too small for the
roof area. More often
caused by a blockage.

During a visual inspection, walk around the building
and actively look for problems both with the gutters
and the RWP. Check for brickwork staining, white
stains or rust showing on the gutter joints. Check for

BPEC Level 3 Diploma in Plumbing and Domestic Heating Textbook Phase 3

179

sagging gutters. Investigate anything that looks like it could be a potential problem.

Check the gutter joints for leakage

Blockages can cause structural damage

Check gullies and RWP shoes for blockages

Blockages can cause stained masonry

The effects of poorly fitted gutters. The gutter
shown here is sagging

Joint failure due to thermal movement of the
gutter

Manufacturer's instructions
Manufacturer's instructions contain a wealth of knowledge with regard to the correct installtion of gutters
and gutter repairs that may need to be carried out. Where PVC-u gutters are concerned, replacement gutter
jointing rubber seals are often available.
Cast-iron and cast aluminium gutters require special jointing compounds and manufacturer's instructions
will give information about the best joint mediums to use.
Manufacturer's instructions will also give advice on specific maintenance tasks that may be required.
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AC5.2 Carry out diagnostic checks for a range of faults; and,
AC5.3 Carry out repair and rectification procedures to deal with a range of
faults
Working at height can be dangerous. Ensure that there is adequate safety provision for working at height.
Gutter and rainwater pipe repairs are best conducted from a safe scaffold environment. Ensure that the
correct PPE is worn at all times and always conduct a risk assessment and method statement (RAMS)
before commencing working at height.

Fault

Symptom

Repair

Leaks

Water discharging from a gutter
joint

PVC-u gutters: Most manufacturers produce repair
rubber seals for their jointing systems. Care should
be taken when replacing the seals to ensure that
the gutter union does not break when repairing
the joint. Always follow the manufacturer's
instructions.
Cast-iron/aluminium: Cast-iron gutter joints are
held together by a domed head galvanised steel
gutter bolt. Before any repair can be made, the
bolt should be removed by cutting away the nut
and poking the bolt out of the joint. Many old
joints were made with paint and linseed oil putty
and this must be removed from the joint before
any new joint can be made. When remaking the
joint, use a jointing compound or LOW MODULUS
SILICONE SEALANT that is recommended by the
manufacturer. DO NOT use bath or kitchen sealant.
When rebolting the joint, do not over-tighten the
nut as this may crack the cast-iron.

Blockages/debris
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Water discharging from over the
gutter or from a RWP

Gutter blockages must be removed with a trowel.
DO NOT use your hands to remove blockages.
Always wear protective clothing, including waterproof protective gloves, when clearing blockages
from gutters or rain water pipes. Always flush
the gutter with water after clearing to ensure the
gutter is working correctly.
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Inadequate or broken
support

Sagging gutters causing the gutter PVC-u gutters: In most cases, PVC-u gutters that
to overflow
have sagged will have to be taken down and rehung correctly using new fascia brackets. Often,
this will also mean that the gutter too will have to
be replaced, as PVU-u gutters tend to stay in the
sagged position and cannot be re-hung.
Cast-iron/aluminium: Brackets are available to
repair cast-iron gutters that have dropped. They
are known as 'repair irons'. Lifting cast-iron gutters
may mean that any joints will need to be parted
and re-made after the gutter has been lifted. This
should be done using LOW MODULUS SILICONE
SEALANT and fresh gutter bolts. Remember to
clean off any excess sealant after completion

Broken gutter/pipe
(RWP)

Water discharging from the gutter Broken gutters and RWP will have to be replaced
or from a RWP
with new. Most gutters break because of the
following reasons:
•
•
•
•
•
•

Inadequate provision for expansion causing
the gutter to break.
Inadequate clipping.
Wear and tear.
Lack of maintenance.
Mis-use by leaning ladders against them.
Ultra-violet light degradation with age.

Most cast-iron gutters simply rust away, usually
at the back closest to the fascia board. The more
they rust, the greater the chances of breakage.
Cast-iron gutters require lots of maintenance if
they are to remain trouble free.

Incorrect fall

Overflowing or slow flowing
gutters

Gutters that have been laid with an incorrect fall
tend to overflow at the opposite end to the outlet.
In some cases, this can happen due to building
settlement or subsidence.
When an incorrect fall is noted, the gutter should
be taken down and re-hung with the correct fall.

Lack of provision
for expansion and
contraction

182

Water leaking from joints.
Constant creaking of gutters
during periods of warm weather

PVC-u gutters have a very large co-efficient of
linear expansion. In other words they expand a
lot! Every PVC-u joint contains an expansion line in
the joint. This line, usually 10mm from the gutter
stop, is the point where the gutter should be fitted
to. If the gutter is fitted either before or after the
expansion line, then the gutters may 'walk' out of
the joint when expansion and contraction takes
place. If the gutter is too long, then it can be removed, trimmed to the correct size and refitted. If
the gutter has been cut too short, then it must be
replaced with new gutter.

BPEC Level 3 Diploma in Plumbing and Domestic Heating Textbook Phase 3

© BPEC

Unit, Learning Outcome and Assessment Criteria

Page

Unit 05 Cold water - Phase 3

5

LO4: Size and select cold water systems and components for dwellings

7

AC4.1 Explain factors which affect the selection of cold water systems for dwellings
AC4.2 Identify information sources required to size and select cold water systems and

9
10

components
AC4.3 Identify recommended design temperatures within cold water systems
AC4.4 Calculate cold water system requirements used in dwellings
AC4.5 Select cold water components in accordance with calculations from predetermined data
AC4.6 Interpret information to complete a detailed materials list
AC4.7 Present calculations and information in a suitable format for quotation and tender

18
19
39
40
43

LO5: Perform a soundness test and commission cold water systems and
components

44

AC5.7 Describe operational checks required during commissioning

46
48

AC5.8 Identify the range of information that would be detailed on commissioning
documentation
AC5.9 Identify actions that must be taken when commissioning reveals defects
AC5.10 Describe the procedure for handing over to the end user
AC5.11 Carry out commissioning procedures

48
50
50

LO6: Perform fault diagnosis and rectification procedures on cold water
systems

51

AC6.1 Describe methods of obtaining information on system faults
AC6.3 Carry out repair and rectification procedures to deal with a range of faults

53
53
53

LO7: Carry out service and maintenance of cold water systems

57

AC7.1 Identify how to use manufacturer instructions and job maintenance schedules to establish

59

AC6.2 Carry out diagnostic checks for a range of faults

the periodic servicing requirements of system components
AC7.2 Describe routine checks required on cold water system components and pipework as part

59

of a periodic maintenance programme
AC7.3 Identify types of information to be provided on a maintenance record for cold water

61

systems
AC7.5 Carry out routine checks of cold water systems

61
62

Unit 06 Hot water - Phase 3

63

LO3: Size and select hot water systems and components for dwellings

65

AC3.1 Explain factors which affect the selection of hot water systems for dwellings.

67
68

AC7.4 Identify requirements for Legionella and bacterial growth control measures

AC3.2 Identify information sources required to size and select hot water systems and
components.
AC3.3 Identify recommended design temperatures within hot water systems.
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AC3.4 Calculate hot water system requirements used in dwellings.
AC3.5 Select hot water components in accordance with calculations from predetermined data.
AC3.6 Interpret information to complete a detailed materials list.
AC3.7 Present calculations and information in a suitable format for quotation and tender.

70
71
73
73

LO4: Perform a soundness test and commission hot water systems and
components

74

AC4.7 Describe operational checks required during commissioning

76
78

AC4.8 Identify the range of information that would be detailed on commissioning
documentation
AC4.9 Identify actions that must be taken when commissioning reveals defects
AC4.10 Describe the procedure for handing over to the end user
AC4.11 Carry out commissioning procedures for hot water systems

79
80
81

LO5: Perform fault diagnosis and rectification procedures on hot water
systems

82

AC5.1 Describe methods of obtaining information on system faults
AC5.3 Carry out repair and rectification procedures to deal with a range of faults

84
85
85

LO6: Carry out service and maintenance of hot water systems

88

AC6.1 Identify how to use manufacturer instructions and job maintenance schedules to establish

90

AC5.2 Carry out diagnostic checks for a range of faults

the periodic servicing requirements of system components
AC6.2 Describe routine checks required on hot water components and pipework as part of a

90

periodic maintenance programme
AC6.3 Identify types of information to be provided on a maintenance record for hot water

92

system
AC6.5 Carry out service and maintenance of systems

92
93

Unit 07 Central Heating Systems - Phase 3

94

LO1: Install central heating systems

96

AC1.14 Install Central Heating Systems

98

AC6.4 Identify requirements for Legionella and bacterial growth control measures

LO2: Decommission central heating systems

101

AC2.1 Explain procedures for decommissioning systems
AC2.2 Carry out decommissioning procedures

103
104

LO3: Size and select central heating systems and components for dwellings

105

AC3.1 Explain factors which affect the selection of central heating systems for dwellings

107
108

AC3.2 Identify information sources required to size and select central heating systems and
components
AC3.3 Describe the principles of heat loss and gain and how this affects heating requirements
AC3.4 Calculate central heating system requirements used in dwellings
378
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AC3.5 Select central heating system components in accordance with calculations from

137

predetermined data
AC3.6 Interpret information to complete a detailed materials list
AC3.7 Present calculations and information in a suitable format for quotation and tender

138
138

LO4: Perform a soundness test and commission central heating systems and
components

139

AC4.1 Identify information sources required to complete testing and commissioning

141
141
141

AC4.2 Describe how to fill and vent central heating systems
AC4.3 Describe a visual inspection of a central heating system to confirm that it is ready to be
soundness tested
AC4.4 Describe a soundness test to industry requirements on central heating system pipework

143

and components
AC4.5 State the flushing requirements including the use of system additives for new and existing

145

central heating systems
AC4.6 Carry out a soundness test
AC4.7 Describe operational checks required during commissioning
AC4.8 Identify the range of information that would be detailed on commissioning

147
147
149

documentation
AC4.9 Identify actions that must be taken when commissioning reveals defects
AC4.10 Describe the procedure for handing over to the end user
AC4.11 Carry out commissioning procedures for central heating systems

150
151
151

LO5: Perform fault diagnosis and rectification procedures on central heating
systems

152

AC5.1 Describe methods of obtaining information on system faults
AC5.3 Carry out repair and rectification procedures to deal with a range of faults

154
155
155

LO6: Carry out service and maintenance of central heating systems

159

AC6.1 Identify how to use manufacturer instructions and job maintenance schedules to establish

161

AC5.2 Carry out diagnostic checks for a range of faults

the periodic servicing requirements of system components
AC6.2 Describe routine checks required on central heating components and pipework as part of

161

a periodic maintenance programme
AC6.3 Identify types of information to be provided on a maintenance record for central heating

162

systems
AC6.4 Carry out service and maintenance of systems and controls

162

Unit 08 Rainwater Systems - Phase 3

163

LO3: Size and select rainwater systems components for dwellings

165

AC3.1 Explain factors which affect the selection of rainwater systems for dwellings

167
171
171
174

AC3.2 Identify information sources required to size and select rainwater systems components
AC3.3 Calculate rainwater systems requirements for dwellings
AC3.4 Select rainwater systems components in accordance with calculations from
predetermined data
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AC3.6 Present calculations and information in a suitable format for quotation and tender

174
176

LO5: Perform fault diagnosis and rectification procedures on rainwater systems

177

AC5.1 Describe methods of obtaining information on system faults
AC5.3 Carry out repair and rectification procedures to deal with a range of faults

179
181
181

Unit 09 Sanitation Systems - Phase 3

183

LO3: Size and select sanitary appliances pipework system and components for
dwellings

185

AC3.1 Explain factors which affect the selection of sanitary appliances pipework systems for

187

AC3.5 Interpret information to complete a detailed materials list

AC5.2 Carry out diagnostic checks for a range of faults

dwellings
AC3.2 Identify information sources required to size and select sanitary appliances pipework

188

system
AC3.3 Calculate sanitary appliances pipework system requirements for dwellings
AC3.4 Select sanitary system components in accordance with calculations from predetermined

188
193

data
AC3.5 Interpret information to complete a detailed materials list
AC3.6 Present calculations and information in a suitable format for quotation and tender

195
196

LO4: Perform a soundness test and commission sanitary appliances, pipework
systems and components

197

AC4.6 Carry out soundness testing and commissioning procedures

199

LO5: Perform fault diagnosis and rectification procedures for sanitary
appliances and pipework systems

202

AC5.1 Describe methods of obtaining information on system faults

204
204
204

AC5.2 Carry out diagnostic checks for a range of faults
AC5.3 Carry out repair and rectification procedures to deal with a range of faults

LO6: Carry out service and maintenance of sanitary appliances and pipework
systems

209

AC6.1 Identify how to use manufacturer instructions and job maintenance schedules to establish

211

the periodic servicing requirements of system components
AC6.2 Describe routine checks required on sanitary appliances and pipework systems as part of

211

a periodic maintenance programme
AC6.3 Identify types of information to be provided on a maintenance record for sanitary

212

appliances and pipework
AC6.4 Carry out routine checks of sanitary appliances and pipework systems

380

BPEC Level 3 Diploma in Plumbing and Domestic Heating Textbook Phase 3

213

© BPEC

Unit 10 Environmental Technology Systems

214

LO1: Know the basic operating principles of micro-renewable energy and
water conservation technologies

216

AC1.1 Describe the basic operating principles of heat producing micro-renewable energy

218

technologies
AC1.2 Describe the basic operating principles of heat-led micro-combined heat and power
AC1.3 Describe the basic operating principles of water conservation technologies

224
224

LO2: Understand requirements to install micro-renewable energy and water
conservation systems to existing systems

227

AC2.1 Explain the suitability of building location and features when installing micro-renewable

229

energy and water conservation systems
AC2.2 Identify regulations affecting installation of micro-renewable energy and water

234

conservation systems
AC2.3 Describe what would be typically classified as ‘permitted development’ under town and

236

country planning regulations in relation to the deployment of technologies
AC2.4 State which parts of the regulations apply in relation to the installation of environmental

238

technologies
AC2.5 State typical advantages and disadvantages associated with environmental technologies

239

Unit 11 Domestic Fuel Systems

241

LO1: Understand factors affecting fuel selection

243

AC1.1 Identify the types of fuels used in appliances

AC1.6 Compare factors which could affect storage requirements for fuels

245
252
253
254
255
258

LO2: Know combustion processes of fuel supply systems

265

AC2.1 Describe the combustion process

AC2.9 Explain installation practices for ventilation

267
267
268
268
268
269
270
270
271

LO3: Know principles of chimney/flue systems

272

AC3.1 Explain the operating principles of chimney/flue systems

274
274
275

AC1.2 Describe the factors which affect the selection of fuels
AC1.3 State sources of information for fuel supply installation
AC1.4 Define the regulatory type bodies which govern the installation of various fuel types
AC1.5 Specify the storage requirements for fuels

AC2.2 Identify the main constituents of complete and incomplete combustion
AC2.3 Identify causes of incomplete combustion
AC2.4 Identify signs of incomplete combustion
AC2.5 Describe the symptoms of CO poisoning
AC2.6 Describe the purpose of CO detectors
AC2.7 Explain the requirements for ventilation
AC2.8 Identify the different types of ventilation

AC3.2 Identify types of chimney/flue systems
AC3.3 Identify the components within chimney/flue systems
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AC3.7 List basic inspection and testing procedures for chimney/flue systems

276
279
282
285

Unit 12 Electrical work and the control of plumbing and domestic heating systems

287

LO1: Perform pre-installation activity prior to undertaking electrical work on
plumbing and domestic heating systems

289

AC1.1 State the limitations of your responsibility when carrying out work on electrical supplies

291

AC3.4 Explain the effects of layout on chimney/flue systems
AC3.5 State the layout and features of chimney and flue construction
AC3.6 Reference termination requirements for chimney/flue systems from relevant documents

and/or circuits for the control of plumbing and domestic heating systems.
AC1.2 Identify the applications, advantages and limitations of electrical supplies.
AC1.3 Identify the applications, advantages and limitations of different electrical equipment,

291
293

cables/wiring and components in relation to the working environment.
AC1.4 State the appropriate industry standards and regulations relevant to carrying out work on

305

electrical supplies and/or circuits for the control of plumbing and domestic heating systems.
AC1.5 State how to verify that job information and documentation is current and relevant and

308

that the plant, instruments, access equipment and tools are fit for purpose.
AC1.6 Produce a risk assessment and method statement for the work to be carried out.
AC1.7 Apply and use personal protective equipment (PPE).
AC1.8 Confirm the status of the electrical supply.
AC1.9 Confirm, as necessary, that the electrical supply is suitable for the plumbing and domestic

309
311
316
317

heating systems.
AC1.10 Select, as required, electrical equipment, cables/wiring and components and confirm

318

that they are of the right type and size and fit for purpose in accordance with the plumbing and
domestic heating system’s design.

LO2: Apply industry standard safe isolation procedures

319

AC2.1 Identify the correct means of electrical isolation prior to commencing work

321
326

AC2.2 Carry out the safe-isolation of electrical equipment and components associated with the
electrical supply of the plumbing and domestic heating system

LO3: Carry out the safe installation, testing and decommissioning of electrical
systems

327

AC3.1 Carry out work on electrical equipment, cables/wiring and components associated with

329

theelectrical supply and control of the plumbing and domestic heating system in accordance
with the requirements of: industry recognised methods and procedures and manufacturers’
instructions
AC3.2 Identify that the electrical equipment, cables/wiring and components are in accordance

335

with the requirements of the plumbing and domestic heating system.
AC3.3 Check that the electrical equipment, cables/wiring and components are of proper

342

construction in accordance with the requirements of the plumbing and domestic heating
system.
AC3.4 Undertake functional testing of the electrical equipment and components associated with

351

the electrical supply and control of the plumbing and domestic heating system in accordance
with industry recognised methods and procedures and manufacturers’ instructions
382
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LO4: Carry out the identification of faults and safe repair of electrical work

358

AC4.1 Identify and rectify electrical faults and deficiencies on plumbing and domestic heating

360

systems in accordance with industry recognised methods and procedures and manufacturers’
instructions
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