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	Sewage Tunnels

	
	
	

	Use mathematical process skills to design a sewage tunnel



	Subject(s):  Design & Technology, Mathematics
Approx time: 60 mins 
	
	Key words / Topics: 

· human impact
· environment
· water use
· waste water
· calculations
· civil engineering


	
	
	

	Suggested Learning Outcomes
	
	

	· To develop an insight into the representation of large volumes 

· To recognise that discrepancies in data can and do exist, and to begin to develop an understanding of possible causes
· To determine and select variables, then apply mathematical formulae to solve real-life problems

	

	Introduction
	
	

	This activity accompanies the Shifting Sewage film which looks at the sewage tunnels being built under London. This activity challenges students to use their mathematical skills to calculate the critical dimensions of the tunnel that will be built. It could also be taught in design & technology or engineering, with the emphasis on how the development will affect the quality of life and how it could be realised.
 

	Purpose

	This activity challenges students to move beyond an ‘out of sight, out of mind’ approach to sewage as they use and develop their mathematical process skills within the real-world contexts presented. 



	
	
	

	Activity
	
	Teacher notes

	Watch the Shifting Sewage film of the Tideway Tunnel, which explains why a new sewage tunnel needs to be dug under London, and then show students the PowerPoint presentation.

Ask the students what information they need to be able to calculate the volume of material that must be removed to make the tunnel.

Why does 15% need to be added to the volume of material removed? 
Next ask the students what information they need to determine how big the heap of extracted material would be, if it was a single heap.

Students then choose for themselves the mathematics to use (e.g. trigonometry, Pythagoras, scale drawing, similarity) to calculate the size of the heap, substituting their estimated measurements.

Finally, discuss the simplifications needed for this mathematical model. Why would it not be possible to create a heap of this size in the real world?
	
	When considering storage, civil engineers add about 15% to the volume since compacted soil will normally expand when excavated – this could form the basis of an interesting scientific experiment using soil or rock.

Determining the size of the heap is challenging since it depends upon the material’s internal angle of friction (known as the angle of repose). 

If needed, give students the formula for the volume of a cone (V = ⅓( r2 h). Ask them to use their knowledge of circle formulae to form the equation for the volume of a cylinder (V = ( R2 L), and then to form an equation representing the relationship between the area of the cone and the volume of the tunnel, i.e. ⅓( r2 h = 1.15 × ( R2 L (where r = radius of cone’s base, h = height of cone, R = radius of tunnel, and L = tunnel length).

This could be extended by asking students to list the different ways in which the safe and effective removal of sewage affects the quality of life in society. They can research the width of a London bus (one source gives a Routemaster bus as about 8 feet, or 2.44 metres, wide), which will then allow them to find the volume of material to be removed from the tunnel.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	The following practical activity could be used to support the development of understanding: students measure separate quantities (1kg is recommended but it could be more, or less), each of different materials, e.g. salt, sand, and small stones, and pour each out to create a heap. What are the dimensions of the heaps formed? How do they change if water is added to the material and the wet material is poured again? (The angle of repose for sand is about 30(, for crushed rock it is about 40(.)

Students could be guided towards using scale drawings to work out the height of the heap.
	
	Ask the students to calculate the ratio of the pipe diameter to the flow rate through the pipe (using the daily flow rate of 480 million litres of sewage from the first slide of the presentation). What are the implications of the calculated ratio?

Using the internet, identify the different technologies which could be used to dig the tunnel, along with the amount of material that they could remove each day. For each method, approximately how long would it take to dig the tunnel?



	
	
	

	Resources
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 Shifting Sewage film

·     Projector/Whiteboard

>         For the practical extension activity: a quantity (about   

           1kg or less) of each of 3 different materials, e.g. sand,   

           salt, small stones and measuring equipment
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 Sewage Tunnels (Presentation)

	
	
	

	Additional websites
	
	

	· Thames Tideway Tunnel: https://www.tideway.london/  

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· ACTIVITY: Expanding Populations 
· ACTIVITY: How Much Waste?
Main (Options)

· ACTIVITY: Sewage Tunnels 
· ACTIVITY: Properties of rocks 
	Extension (Options)

· ACTIVITY: How Much Sewage
Plenary

· Opportunities within activity for presentations, peer/self-assessment
· Reflection on Objectives and PLTS skills used

	
	
	


	The Engineering Context    [image: image6.png]




	· The story Shifting Sewage/Controlling Floods
· How it works? Infrastructure Complexity
· Who makes it work? Sian Thomas


	
	
	


	Curriculum links and PLTS

	England

Design & Technology 

· KS3 3d
Mathematics  

· KS3 1a, 1b, 1g, 3a, 3c, 4a, 4d, 4l, 4o, 6a, 7a, 7n (dependent upon the methodology chosen)

	Northern Ireland

Technology & Design
(Objective 2) Developing pupils as Contributors to Society

· Explore technical inventions and designs that have met a social need cost-effectively
(Objective 3) Developing pupils as Contributors to the Economy and the Environment

· Identify product needs and pursue sustainable harmonious design solutions in a local outdoor/indoor context

· Education for Sustainable Development

Learning Outcomes

· Research and manage information effectively to investigate design issues, using Mathematics and ICT where appropriate

	Scotland

Technologies
· TCH 3-02a
	Wales

Design & Technology

· 3.1

	GCSE D&T

AQA D&T

· 3.1.1, 3.2.1, 3.2.3, 3.3.2
Edexcel D&T

· 1.14
Eduqas D&T

· 2.1 Core: 2
· 2.2 Core: 4

OCR D&T

· 1.1a iii, 3.3a i/iii/iv, 5.2c, 5.3c, e 
	GCSE Engineering

AQA Engineering

· 3.5

	GCSE Mathematics
AQA Mathematics
· A2, R1, G14, G16, G17, G20, G22, N14
Edexcel Mathematics

· A2, R1, G14, G16, G17, G20, G22, N14
Eduqas Mathematics
· FA2, HA2, FR1, HR1, FG12, HG14, HG16, FG14, HG17, FG15, HG20, FG18, HG22, FN14, HN14 
· OCR Mathematics

· 4.01b, 6.02b, 6.02d, 10.01a, 10.03, 10.04, 10.05


	

	
	


	Assessment opportunities

	· APP – Space and Measure

	
	
	

	Personal, learning & thinking skills (PLTS)

	>   Creative thinker
>   Effective participant




