
www.rskgroup.com

EDUCATIONAL PACK
FOR KEY STAGE 3

RSK is proud to support



We provide end-to-end services to help organisations 
achieve their aspirations in a sustainable and efficient 
manner. We are working with a wide variety of customers 
in locations all around the world. 

We are committed to supplying high-quality services for 
our clients while working to high environmental, health 
and safety standards.

We have created this resource to introduce you to the world 
of engineering and environmental consulting, and to help 
you on your educational journey.

RSK IS A LEADING INTEGRATED 
ENVIRONMENTAL, ENGINEERING 
AND TECHNICAL SERVICES 
BUSINESS. 

www.rskgroup.com



DO YOU WANT TO HELP
BUILD TOMORROW’S WORLD?

Have you ever looked around your town? Wondered why are buildings the shape they are? Why 
are roads built where they are? How we have heat, electricity and water piped into our homes? 
Who makes railways, tunnels and bridges the way they are?

The answers to these questions lie in engineering.

An engineer is a person who uses science, maths and 
creativity to solve technical problems. Engineering is 
a very diverse field of work. Engineers can be called 
civil, structural, environmental, chemical, electrical 
or mechanical. Each of these areas has even more 
specialist areas within it. People may specialise in 
technical areas relating to water, waste water or 
flooding while others may be multidisciplinary, which 
means that they know about more than one area of 
engineering, for example, a structural engineer who 
works on the design of wind turbines.

You will hear many of your teachers talking about the 
importance of STEM (science, technology, engineering 
and mathematics) subjects and these are important if 
you are interested in engineering, but other subjects 
and skills are vital too. The ability to speak another 
language will help you to work on international 
engineering projects, just like you need good literacy 
and communication skills if you are going to be writing 
reports and meeting clients. IT literacy is important 
for communication and for sharing information. Many 
engineers use specialised software for design projects 
and modelling how engineering solutions will work. 
So, wherever your talent lies or whatever your passion, 
there is likely to be an engineering role for you.

In the environmental industry there is a wide variety of 
roles for people with all sorts of qualifications. We have 
produced this booklet to introduce you to RSK’s world of 
engineering and some of the work that we do. You will 
find out about the different types of engineers we have, 
and we have given you a few tasks to show you how what 
you learn at school works in the world around us.

We have released this pack on 23 June, International 
Women in Engineering Day (#INWED20), because 
diversity in engineering is very important! Because 
of the different range of skills required by different 
types of engineers and because problem solving is 
at the forefront of engineering, the more different 
types of people and ways of thinking we have on our 
team the better. As a business, RSK prides itself on 
innovative thinking and we can only be innovative by 
thinking in different ways – and a diverse workforce 
helps us to achieve this. The theme for #INWED 2020 
is #ShapeTheWorld. This pack celebrates the role that 
engineering can play in helping to #ShapeTheWorld.

We hope you find this useful and interesting and we 
would love to see you in our world of engineering.



If we want to design a wind farm to generate 
enough electricity for 32,000 homes, based on 
the information above, how many small and large 
turbines would we need to build?

Wind turbines and wind farm layouts are designed to 
maximise efficiency. For environmental, engineering 
and cost reasons, turbines cannot always be located in 
the places with the highest wind speeds and where they 
generate the most power.

Turbine spacing is also important. Each turbine 
significantly affects the air that passes though it by 
creating drag and turbulence that lower the wind’s 
speed; the first turbines to catch the wind will generate 
more power than those that come after.

To make wind farms as efficient as possible, designers 
must take many factors into account: wind speed, 
turbine spacing, number of turbines, terrain, topography, 
area of land available, geography, tree cover, 
meteorological conditions and building costs. 

GENERATING SOLUTIONS

You may have noticed that the world is trying to reduce carbon dioxide emissions to stop climate change. One way 
of doing this is by producing ‘green’ energy – or power that is generated by renewable technology that does not 
involve burning fossil fuels such as oil and coal. Using wind energy to produce electricity is one solution.

What can the engineers do?
Before building a wind turbine or wind farm, it is necessary to estimate how much electricity you need to generate. 
Generally speaking, larger blades on a turbine generate more power than smaller blades. Longer blades will need to 
be suspended higher up to stop the blades from hitting the ground, but this height will also make the turbine better 
at harnessing wind energy.

The wind turbines manufactured today have power ratings ranging from 250 watts (W) to 12 megawatts (MW). An 
onshore wind turbine with a capacity of 2.5–3 MW can produce more than 6 million kilowatt hours (kWh) of electrical 
energy in a year – enough to supply 1500 average households with electricity. Some of the largest wind turbines can 
produce up to 12 MW of power. This is enough to power to about 16,000 households.

Size of turbine
Number of 
turbines 
required

Number of 
turbines at 75% 
efficiency

3 MW

12 MW

Thinking about your answers for small and large 
turbines, recalculate how many turbines you would 
need if your turbines were only 75% efficient and 
write the number into the boxes provided above.



Thinking about the layout of your wind farm and how 
the various factors will affect it, select the appropriate 
boxes in the table below. 

Design factor Small turbines Large turbines

Which type of wind farm 
requires the largest space 
between turbines?

Which type of wind farm is likely 
to be most affected by trees 
sheltering it from wind?

Which wind farm will be affected 
most by drag?

Which will be more
expensive to build?

Which type will require 
the largest area?

Balancing all these factors to find an optimum layout is 
difficult, even with the assistance of mathematical models. 
With advances in technology, the size of wind turbines and 
their ability to create more energy is increasing, as you can 
see from the graphic below.



The formula 2R is used to calculate the diameter of a circle, where R is the radius. Using the formula, can you work 
out the length of the blades of the turbines listed below. Then use the formula 4R to calculate the distance 
between turbines.

Assuming that we have to place the wind turbines in a linear arrangement, what would be the total length of a 
site required for each of the wind farms? To calculate this, you need to work out the total width of each turbine and 
add the distance between them and multiply by the number of turbines.

For large wind turbines, the forces that the wind generates will be larger than for small turbines. This means that the 
foundations on which a large wind turbine stands have to be stronger. Some of other the specialist engineers that could 
be involved in the design and construction of a wind farm include

• geotechnical engineers: They carry out a site investigation, usually with drilling equipment, to gather information 
on the quality of the ground on which the turbine will be built.

• geologists: They can advise on the type of rocks and ground in that area and make recommendations on the best 
location for the turbines. They will also advise on ground stability, which is especially important when locating wind 
farms on peaty areas. 

• structural engineers: They calculate how deep and how strong the foundations will need be and also determine 
the strength and quality of steel for building the wind turbine and supporting its weight.

• mechanical engineers: They design the moving parts of the wind turbine and decide which materials it will be 
made from, all while trying to minimise its weight and maximise its longevity (the length of time it will last before it 
needs to be repaired or replaced).

• electrical engineers: They advise on how the wind moving the blades on the wind turbine will be converted into 
electricity and then design the way in which the electricity will be transported to where it is needed, including the 
size and type of wiring and cables necessary.

Hopefully, this has given you some understanding of what RSK engineers working in renewable energy do. The topics 
you learn about in school that are relevant to wind turbines are gravity, momentum, friction, inertia, centrifugal force, 
aerodynamics and electric currents.

Rotor diameter
Length of blade (radius of the 
turning circle)

Distance between turbines (4R)

30 m

50 m

125 m

250 m

Size Total linear distance = (diameter + distance) × number of turbines

3 MW (50-m diameter)

12 MW (125-m diameter)



Water is essential to sustain life. All living creatures need water to survive. Thinking about what you have learned in 
science, can you remember the chemical symbol for water and the name of elements that make up water.

RSK’s civil engineers frequently work on projects involving water, water storage and water distribution. For engineers 
to be able to design infrastructure for water, it is important to understand what the water demand will be.

Chemical symbol: Element 1: Element 2:

THE DAM BUILDERS

Activity Weekly total

Bath 
(115 litres)

Shower 
(50 litres)

Washing machine 
(50 litres)

Dishwasher 
(111 litres)

Toilet flush 
(average 10 litres)

Drinking

Cooking

Cleaning (house)

Total

How much water do you use?  
For a week, track water use at home, including for having a shower or bath, 
drinking, cooking and in dishwaters and washing machines.



Now imagine how much water is needed for every 
house and building in your street, neighbourhood 
or town. So that there is enough water to satisfy 
everybody’s everyday water use, dams and reservoirs 
sometimes need to be built.

RSK civil engineers may be asked to work on projects 
involving dams. A dam is built to control water by 
placing a blockage of earth, rock and/or concrete 
across a stream or river. A dam is usually constructed to 
store water in a reservoir, which is then used to supply 
towns and villages and for industrial uses like cooling, 
cleaning and irrigation. 

Reservoir water can also be directed to flow through 
hydraulic turbines to produce electric power for 
use in homes and industries. Hydroelectric power is 
considered a renewable source of energy because 
the reservoir water used to generate the electricity is 
continuously replenished. 

To create a dam, a large area of land needs to 
be flooded, which will have a significant effect 
on the environment and cause changes to the 
flora and fauna (plants and animal life) in the area. 
Consequently, a large amount of data collection 
work will be required during the design stage. 
Specialist engineers will have to carry out various 
surveys to give the design engineers the information 
they need to make the project a success.

During the early stages of the project, the total 
quantity of water that can be stored will need to be 
calculated. Looking at weekly calculations of water 
use and multiplying it by the number of residents in 
an area is a starting point.

We are going to make some assumptions about 
how much we need.

20,000 residents × 1500 litres per week
Total average domestic demand =  30,000,000 litres per 
week

Add 50% capacity to allow for low rain fall and 
evaporation

30,000,000 + 15,000,000 litres = 45,000,000 litres

Add 50% capacity to allow for heavy rainfall and prevent 
flooding

45,000,000 + 15,000,000 litres = 60,000,000 litres

Volume required = 60,000,000 litres ÷1000 litres =                                                                     cubic metres

Area required = volume ÷ depth =                                                                   square metres

In school, you will have learned that 1 cubic metre can hold 1000 litres of water.

Assuming a water depth of 20 metres, how much area is needed for this quantity of water?



Now that the total area has been estimated, the engineers must try to find the ideal location for the dam. The 
additional specialist surveys and skills they will need include

• geotechnical investigations to examine the structure of the ground under the land that will be used for the 
reservoir. This involves many site investigations over the whole area to make sure that it is suitable for flooding.

• geological surveys to determine the type of rocks underneath the ground. As the dam and the reservoir need 
to contain water, a geologist will advise on the permeability of the rocks. Permeability is a property of rocks that 
indicates how easily fluids can flow through them. So, if we want to contain water in a reservoir, we do not want the 
ground to be very permeable and unable to store water. The unit of measure for permeability is the darcy, which is 
named after the engineer who created the formula for calculating permeability.  

• topographic surveys. For these, engineers survey the land to create a map or a three-dimensional (3D) drawing 
to show the physical features of the area, for example, hills, mountains and valleys. Dams are typically located at a 
narrow part of a valley downstream of a natural basin. The valley sides act as natural walls. The dam is located at 
the narrowest practical point to provide strength and the lowest construction costs. Thanks to modern technology, 
drones fitted with cameras and radar can now be used for surveying large areas of land.

• archaeological surveys. For many reservoir construction projects, people have to be moved and rehoused, and, if 
the area has been inhabited for a long time, this may necessitate moving historical artefacts and recording features 
of the area that are historically important, such as old forts or buildings or ancient roads. Once an area is flooded, it 
is impossible to recover historical items, so the archaeologists will advise on the work that is needed.

• hydrogeologists. They are vital to the project team and will use all the information gathered from the surveys for 
their work. Hydrogeologists are scientists who research groundwater systems. Their job will be to advise on how 
the water moves naturally in the area for the dam and to estimate how much water can be collected and how much 
may be lost to groundwater and through evaporation. The hydrogeologist will also estimate the effect that creating 
the dam will have on the surrounding area when the water is not flowing in its natural way and use computer 
modelling to estimate flow and predict if other areas would flood or be deprived of water because of the dam. 

• ecologists. The disadvantages of dams include that the flooding of large areas of land destroys flora and fauna; 
alters the physical characteristics of the river below the dam, which also affects flora, fauna and fish migration, and 
in some cases prevents fish from returning to their breeding grounds. Consequently, ecologists need to conduct 
surveys to determine these effects. In recent years, engineers and scientists have begun to manage reservoirs and 
their water releases to be less harmful to aquatic and terrestrial wildlife and plants, and to the people living below 
the dam; this is a method of water resource management called adaptive management.

Once all the surveys are complete, the civil and structural design engineers take all the information and create a 
technical solution that has the least environmental impact. Their jobs include building the dam strong enough to 
sustain the pressure of all the water. They also design a water treatment plant to enable the water to be cleaned before 
it is piped into houses. The treatment plant needs electrical and mechanical engineers to calculate hydraulic flow and 
pressures for transporting the water.



Can you think of any environmental impacts that a 
dam would have on your local area? 

These can be positive or negative.

Positive impacts Negative impacts

Engineers try to mitigate the negative environmental impacts of dams. Some of these 
solutions include

• having water intakes at different levels of the reservoir to enable control of the outflow 
temperature

• having fish ladders to enable fish to climb over dams and complete their migration

• timing large water releases to simulate natural flooding.

Some of the things you will learn about at school that are relevant to civil and structural engineering on dams 
are forces, the water cycle, pressure, mathematical formulas, taking measurements, volumetric calculations, and 
analysing and interpreting data. For specialist skills like archaeology, a good knowledge of history and science is 
important. Many ecologists will have studied biology and geography.



The RSK acoustics team works on a variety of projects 
both inside and outside. Acoustics is the branch of 
physics that deals with the study of all mechanical waves 
in gases, liquids and solids, and includes topics such as 
vibration, sound, ultrasound and infrasound. Acoustics 
can also be described as “the properties or qualities 
of a room or building that determine how sound is 
transmitted in it.”

Before a construction project starts, we measure the 
usual noise levels in a suitable area to give a baseline 
value in decibels, the unit of measurement for noise. 
Then any project activities should try to stay below 
baseline noise level.

On large construction sites, where machinery can 
make a lot of noise, it is the job of the acoustics team 
to measure and monitor the noise levels. If they are 
too loud for houses, schools and businesses in the 
surrounding areas, we will make recommendations on 
how to reduce noise. 

Room acoustics describes how sound behaves in an 
enclosed space. Good acoustics are when the sound 
source is audible and clear without interference caused 
by sound reflections from walls and other surfaces. The 
control and manipulation of direct and indirect sound 
waves reaching the listener are what determine this clarity 
and audibility.

First reflections occur when a sound strikes a surface and 
is directly reflected to your ear, like a tennis ball being 
served to a player. The ratio between these and direct 
sound is what helps us to localise a sound source, and 
time differences between direct source sounds is what 
gives us front to back recognition.

To help you understand something about sound and 
vibration, we have an activity for you try.

Object Balloon Paper plate/paper

Volume – what happens when the 
volume is turned up?

Pitch – did the objects change when 
the sound was high or low?

Frequency – did the object vibrate 
fast or slow?

Boom box station
1. Hold a blown-up balloon in front of a boom box speaker and turn up the volume. If you do not have a boom box 

speaker, anything with a speaker will work such as a stereo or an audio dock.

2. Place a paper plate containing small pieces of paper on top of the boom box and turn up the volume.

3. What happens to the balloon when the volume is turned up? What happens to the pieces of paper as you turn up 
the volume?

1. Can you see or hear sound energy? Yes/no

2. How would this help an engineer in designing something?

SOUND LESSONS



When engineers design buildings such as schools, churches, hotels and concert venues, they pay close attention to 
acoustics. By calculating what is called the reverberation time, they can make sure that the acoustics in room designs 
are suitable. If the reverberation time is low in a classroom, it means that

• most of the sound is being absorbed

• very little sound is being reflected or transmitted

• it may be difficult for teachers and pupils to hear each other.

If the reverberation time is high, it means that

• most of the sound is being reflected

• reflections (echoes) are being added to the original sound

• it might be difficult for teachers and pupils to hear each other clearly.

A standard classroom reverberation time should be about 0.7 to 0.8 seconds.

To calculate reverberation time, engineers and scientists may use a gun firing blanks and a decibel meter. Today, we 
are going to use a formula, Sabine’s formula, that engineers use in the acoustics design process.

Before we can calculate the reverberation, we need to work out the room’s absorption (A). People in a room can 
absorb sound but are ignored in the calculation. The absorption calculation takes into account the

• area of each surface (s) of the room (walls, ceiling and floor) and

• absorption coefficient (a) of each type of surface (this is usually calculated in a laboratory test). 

The formula for calculating a room’s absorption (A) is A =  ∑sa 

Sabine’s formula is  T=0.161 × (V ÷ A)

In the formula, T is the reverberation time in seconds; V is the volume of the room in cubic units; A is the absorption of 
the room in square units.

You experience acoustics in action all the time. For 
example, when you make a sound in an empty room, 
you may notice echoes. This is because bare walls, floors 
and ceilings absorb very little of the sound, so you hear 
some sound reflecting off these surfaces as an echo. In 
a room with furniture, carpet and curtains, however, you 
might notice very few echoes, or none at all, because the 
materials absorb a lot of the sound.



Now it is your turn to be an acoustic engineer. Can you work out the reverberation time for the classroom below? Start 
by doing the surface calculations in the table below to two decimal places.

Now use Sabine’s formula to calculate the reverberation time      in seconds.

A similar room was tested using a gun firing blanks and the decibel meter. For teaching purposes, the children were 
present and wearing hearing protection. The decibel meter recorded a lower reverberation time than the one you 
calculated using Sabine’s formula. Why do you think this was?

What would happen to the reverberation time if all the walls were made of glass? Is this an acceptable reverberation 
time for a classroom?

These types of calculations are important in designing buildings and their interiors. Can you imagine moving into a new 
school and not being able to hear the teacher speak or going to a concert and not being able to hear the music?

Being able to measure sound and its effects is also important in reducing noise pollution. Noise pollution can have a 
negative effect on the quality of our lives. Designing acoustic solutions into how a building is constructed and insulated 
makes it easier for people to live close to large factories, airports, railways and other noisy places. Acousticians work 
closely with architects, interior designers and other construction professionals.

Acoustic engineering makes use of scientific formulas, as you can see. It requires knowledge of the laws of physics, 
waves (frequency and pitch) and collecting and analysing data using decibel meters and other technology. Sound 
solutions require creative thinking, especially when you are choosing how to furnish rooms in a building, and the ability 
to read plans.

Classroom area Data Absorption, A Surface calculation

Plasterboard ceiling 4 m × 6 m area 0.12

Wall 1, blockwork and 
plasterboard

6 m long × 3 m high 0.18

Wall 2, glass 6 m long × 3 m high 0.05

Wall 3, blockwork and 
plasterboard

4 m long × 3 m high 0.18

Wall 4, blockwork and 
plasterboard

4 m long × 3 m high 0.18

Floor clad with timber 4 m × 6 m area 0.15

Total surface A

New reverberation time with glass walls

Acceptable level for a classroom Yes/no



LESSONS FROM THE LAB

Within RSK, we have our own laboratories. These are important in all aspects of our engineering activities. Trained 
chemists and chemical engineers carry out laboratory tests and experiments that produce data for us when we are 
creating technical solutions. Many of our engineers require knowledge of chemistry, because they have to understand 
the information they receive from the laboratory when they are designing solutions to the various problems they meet.

At school, you will have learned about the periodic table and chemistry. Can you apply your knowledge and identify 
the various chemicals and compounds that we frequently encounter on engineering projects and write them in the 
boxes provided.

Our professional laboratory staff all have science qualifications. There are lots of opportunities to specialise in applied 
sciences and biological sciences as well as industrial chemistry. School lessons relevant to this area of work are scientific 
experiments, the periodic table, knowledge of liquids, solids and gases, chemical compounds and the industrial uses 
of various chemicals. Toxicology and pollution are very important in today’s world, as we all try to reduce pollution and 
its effects on the planet and the food chain.

No Description Chemical or compound

1
RSK agricultural consultants frequently advise their clients on the applications of 
fertilisers in their fields. This involves designing limits on the amount of N, P and 
K used in the products.

N
P
K

2
As our carbon reduction team advises clients on renewable technology 
alternatives to fossil fuels, we have to present information on the CO2 data for 
the various solutions.

3
Civil engineers that are designing water treatment plants have to allow for a 
process for introducing the right quantity of F into the water.

4
RSK has been working with large multinational companies across the world 
to help them design engineering solutions for environmental problems with 
CnH2n+2.

5
Paints and wood preservatives contain Cl. This can be problematic when waste 
wood is used to make biomass fuel as an alternative to coal, as the Cl can cause 
accelerated corrosion on the parts of a furnace. 

6
Environmental consultants working for RSK often gather groundwater samples. 
When the laboratory analyses these, the consultants are always concerned 
about the levels of Al, Cd and NaCN.

Al
Cd
NaCN

7
When the archaeologists discover artefacts of interest that have been buried 
for thousands of years, there may be a need for a metallurgical test to discover 
whether it is Au or Cu+Tn.

Au
Cu+Tn

8
Our ecology team collected water samples after dead fish were found in a river 
near a foundry. The samples showed traces of As, which could be the cause of 
the dead fish.

9
Some construction sites contain ground gases as a result of vegetative materials 
degrading and decomposing. Our site engineers regularly carry out gas 
monitoring to check for CH4.

10
Our environmental consultants, working on contaminated land projects, 
frequently find that Mg3SiO5(OH)4 is a problem on industrial sites.



ENGINEERING SOLUTIONS

Here are the answers to some of the technical problems you have been 
working on in our booklet.

Size of turbine Number of turbines required
Number of turbines at 75% 
efficiency

3 MW 22 30

12 MW 2 3

Design factor Small turbines Large turbines

Which type of wind farm 
requires the largest space between turbines?

Yes

Which type of wind farm is likely to be most affected by 
trees sheltering it from wind?

Yes

Which wind farm will be affected most by drag? Yes – it has more turbines

Which will be more expensive to build? Probably

Which type will require the largest area? Yes

Rotor diameter
Length of blade (radius of the 
turning circle)

Distance between turbines (4R)

30 m 15 120

50 m 25 200

125 m 62.5 500

250 m 125 1000

Size Total linear distance = (diameter + distance) × number of turbines

3 MW (50-m diameter) (50 + 200) × 30 = 7500 m (7.5 km)

12 MW (125-m diameter) (250 + 1000) × 3 = 3750 m (3.75 km)



Positive impacts of dam Negative impacts

Can be a means of generating electricity Can destroy habitat for birds, animals and fish

Can create water-based recreational areas Can deprive other areas of water

Can help to control local flooding by regulating 
water flow

The construction can be disruptive to the area and may 
be aesthetically unpleasant

Creates secure water supply in an area with limited 
supply options

Loss of access to the area to be flooded

Classroom area Data Absorption, A Surface calculation

Plasterboard ceiling 4 m × 6 m area 0.12 2.88

Wall 1, blockwork and 
plasterboard

6 m long × 3 m high 0.18 3.24

Wall 2, glass 6 m long × 3 m high 0.05 0.9

Wall 3, blockwork and 
plasterboard

4 m long × 3 m high 0.18 2.16

Wall 4 blockwork and 
plasterboard

4 m long × 3 m high 0.18 2.16

Floor clad with timber 4 m × 6 m area 0.15 3.6

Total surface A 14.94

Chemical symbol: H20 Element 1: Hydrogen Element 2: Oxygen

Volume required = 60,000,000 litres ÷ 1000 litres = 60,000 cubic metres

Area required = volume ÷ depth = 3,000 square metres



Reverberation time 0.77 seconds

New reverberation time with glass walls A 9.48 ÷ 72 m2 = 0.13 seconds

Acceptable level for a classroom Unacceptable for a classroom

No Description Chemical or compound

1 N, P and K Nitrogen, phosphorous, potassium

2 CO2 Carbon dioxide

3 F Fluorine

4 CnH2n+2 Oil (alkane)

5 Cl Chlorine

6 Al, Cd and NaCN
Aluminium, cadmium, sodium 
cyanide

7 Au or Cu+Tn Gold or bronze

8 As Arsenic

9 CH4 Methane

10 Mg3SiO5(OH)4 Asbestos



WE HOPE YOU ENJOYED USING THESE RESOURCES.  

IF YOU WANT TO KNOW ABOUT RSK AND ITS WORK, 

YOU CAN FIND OUT MORE AT  www.rskgroup.com.
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