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Global demand for water
The table below summarised the human uses of water.
	Use
	% of total
	Selected major activities

	Agriculture
	70
	Irrigation

	Industry
	22
	Cooling
Heating
Washing
Solvent

	Domestic use
	8
	Flushing toilets
Washing clothes, dishes
Hygiene



Explain how the following points are increasing the global demand for water.
1. Population change





2. Per-capita use and affluence 





3. Agriculture



4. Industrialisation 



Exam Question:
[image: ]

Energy and hydrological cycle
· The movement of water and processes of the hydrological cycle are driven by energy
· Solar energy provides the energy to break hydrogen bonds so water can evaporate.  Water vapour is less dense than air, so it rises, cools and condenses.
· Solar energy creates pressure differences in the atmosphere that create winds that move water vapour around the world.
· Gravity makes water flow downwards over the Earth’s surface.

Dynamic Equilibria
· An equilibrium is a balance with no overall change produced by processes whose effects cancel each other out
· Dynamic equilibria can give the illusion that nothing is happening.
· If a change, maybe caused by human activities alter the rates of any processes then the equilibrium can be changed
	
Hydrological Cycle

Water is a renewable resource that is essential for all living organisms.  It is often unevenly distributed and human activities affect the quantity and quality of the water that is available.

Impervious bedrock





























Processes in the hydrological cycle
Name the terms that match the definition of processes in the hydrological cycle.

	Process
	Description

	
	The change of water from liquid to gas as hydrogen bonds are broken


	

	The loss of water from plants by the evaporation of water in the stomata in leaves


	
	All water that evaporates, including transpiration

	
	The change of water vapour into liquid water as it cools

	
	Any movement of water such as runoff, groundwater flow and water vapour moved by winds


	
	Precipitation that does not reach the ground because it lands on vegetation


	
	The process by which surface water enters the ground between the particle of soil or rock


	

	The movement of water between the particles of soil or rock

	
	The movement of water through the pore spaces and fissures in permeable rocks


	
	Water flowing over the surface of the Earth, where the infiltration capacity of the ground has been exceeded





Outputs to the cycle 
Inputs to the cycle 

Through flow in the cycle 



Reservoirs & Residence Times
Reservoir …………………………………………………………………………………………………………………………………….
Residence time …………………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………………………………………
Controlled by:	 	1. …………………………………………………………………………………………………………….
			2. …………………………………………………………………………………………………………….

To calculate residence time:
Residence Time =             Volume in the store
                              Rate of transfer in/out of the store
 
Why are residence times important?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Table showing the main locations of reservoirs of water in the hydrological cycle and proportion of water stored in these reservoirs and residence time
	Reservoir
	Quantity of water 
(% of total)
	Residence Time 
(typical values)

	[image: http://www.hickerphoto.com/data/media/171/ocean_facts_t1673.jpg]Oceans
	97
	Up to 4000 years

	[image: http://www.coolantarctica.com/gallery/scenic/mountains/Antarctica_sea_ice_Coronation_island2.jpg]Land Ice
	2
	20-100 years

	[image:  ]Groundwater
	0.7
	100-10000 years

	[image:  ]Lakes & rivers
	0.01
	2 months – 100 years


	[image:  ]Soil moisture
	0.005
	2 months

	[image:  ]Atmosphere
	0.001
	10 days

	[image:  ]Living organisms
	0.00004
	1 week



Maths skills:  Complete the table below.

	Reservoir
	Total Volume (km3)
	Transfer Rate (km3/yr)
	Residence Time (yrs)

	Lake Khanka
	
	1.84
	9.95

	Long Lake
	160.02
	
	1.10

	Lake Vostok
	7000.00
	0.05
	

	Lake Tahoe
	150.00
	0.23
	650.00

	Lake Higgins
	570.00
	
	12.50

	Pacific Ocean
	
	88.69
	3500.00

	Loweswater
	5.40
	10.80
	

	Lake Ikeda
	1.47
	0.86
	



Worked example – Exam Question

[image: ]





















1	Complete the diagram by adding the names of the missing reservoirs, A and B.
(2 marks)

2	The average length of time that water remains in a reservoir before moving to another reservoir is known as 	the residence time.

	Use the formula below to calculate the average residence time of water in the atmosphere. 
	Show your working.	

		Residence time 	      =		 volume in the reservoir	             .
					rate of transfer in or out of the reservoir

	




Average residence time of water in the atmosphere = ..............................................
(2 marks)

Human impacts on the hydrological cycle.
· Human activities affect the rates of movement of water between reservoirs in the water cycle.
· This can upset the dynamic equilibria	
· If the rate of loss decreases or the rate of arrival increases then the amount of water in a reservoir may increase.
· If the rate of loss increases or the rate of arrival decreases then the amount of water in a reservoir may decrease.

Group work:
Discuss the following human activities and make brief notes on how they impact the hydrological cycle in the table below.
	Human Activity
	Impacts on hydrological cycle

	Deforestation
	







	Urbanisation
	









	Agriculture
	









	Global climate change
	











Essay:  Describe how human activities impact upon the processes in the hydrological cycle.
(25 marks)
 Water Abstraction

The availability of water has a major effect on many aspects of life: domestic, agricultural and industrial.  Quantity, reliability, purity and location of water all affect the usefulness of a water supply.

The major possible sources are:
· Rivers
· Reservoirs
· Aquifers
· Seawater

Abstraction = the removal of water from rivers or underground supplies

Rivers

[image: ]
In deciding to remove river water for human use, we need to consider 4 factors:
1. river volume, 
2. how the volume fluctuates over the course of a year
3. water quality - treatment is expensive 
4. what the other uses of the river are 

Over-abstraction from rivers can have serious effects:
1. Reduced downstream flow
2. Increased sedimentation
3. Reduced water levels, including lakes fed by the river
This can affect agricultural irrigation and can lead to conflict where rivers from one country feed into another
Over-abstraction
Drinking water
Agriculture
Industry




























Case Studies:  See your work that you did separately to this booklet

[image: http://www.ub.uit.no/baser/arkinord/data/media/373/altakraft01-med.jpg]Reservoirs

· A reservoir is a storage of water created by a dam holding back the flow of a river.  They can be created by diverting a river to flood land, including villages
· The best hydrological sites for reservoirs are often those that have greatest value for scenery and wildlife. 
· This makes the decision-making process difficult.
· Reservoirs are constructed when there is a high demand for water.
· Water can be stored in winter (when more rain) and used in summer
· The impact of climate change is likely to mean that new reservoirs are needed, especially in lowland East England and that some existing reservoirs will be enlarged.

Table to show the requirements of a reservoir site:
	Requirement
	Explanation

	Topography
	Basin with large volume and small surface area.

	Geology
	Impermeable rock with no unstable faults, fissures or seismic activity.

	Catchment area
	Large catchment area to increase water volume

	Water supply
	Reliable, regular rainfall and/or river flow, low evaporation rate

	Existing land use
	No more important existing land uses

	Pollution risk
	No high risk activities within the catchment area

	Sedimentation
	Low sediment load in inflow water

	Infrastructure
	Availability of workers, building materials, equipment, closeness to area of demand




Environmental Effects of Reservoirs
Annotate the diagram below outlining the environmental effects of reservoirs.








Habitat change

Reservoir microclimate


 Prevailing wind direction







Changes in river flow

Sedimentation








Aquifers
An aquifer is defined as a permeable rock that stores groundwater and allows it to flow readily into a well, borehole or naturally rise to the surface.
[image: Image result for aquifer]





Features of aquifers
The amount of, availability of, and movement of groundwater depends largely on porosity and Permeability.    Suitable Geological Structures are required for aquifers where the water-bearing rock must be impermeable to prevent escape of the water e.g. granite and clay
Porosity 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Permeability 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
[image: ]

Advantages of aquifers as a water supply

1

2

3

4
Distribution of the principal aquifers in the UK
Aquifer Recharge
Outline below how aquifers are naturally recharged and link this to the hydrological cycle.
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Threats to groundwater

[image: ]Rain falling over the land surface today may take decades or even centuries to reach the water table. As it moves slowly downwards through the soil it is effectively filtered – groundwater supplies are very pure and require little treatment before we can use them.  However, the slow rate of movement of water also applies to toxic chemicals that we have applied to the land.  It is highly likely that pesticides which were applied in the 1950’s, for example, are still making their downward journey to our future water supplies.

Over-exploitation of an aquifer

The natural amount of water in an aquifer is a dynamic equilibrium created by the natural inflow or recharge of water into the aquifer and the water that flows out.  If abstraction of water is faster than it can be recharged then the volume of water in the aquifer will drop.  This can have serious consequences.

Sometimes it is necessary to artificially recharge an aquifer.  We can do this by pumping water underground or by diverting a river over a recharge area.






· Changes in surface hydrology










· Ecological impacts




[image: http://web.arc.losrios.edu/~borougt/SaltWaterIncursion.gif]





· Saltwater incursion (incursion = a sudden invasion/encroachment)











· Subsidence

[image: http://www.ngs.noaa.gov/GRD/GPS/Projects/CB/SUBSIDENCE/subsidence.gif]







· Reduced supplies





[image: ]Monitoring aquifer depletion

Checking levels of water in wells or boreholes is slow and difficult.  NASA operates two GRACE satellites (gravity recovery and climate experiment).  Their orbit is affected by the force of gravity which is influenced by the mass of water in aquifers below their flight path

Example of over-exploited aquifers

In the space below, outline the environmental problems that have occurred due to over-exploitation of aquifers in either High Plains Aquifer in the USA, Noth China Plain or Malta.  
Explain how these problems have been mitigated.
[image: ][image: ]
[image: ]
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Sustainable management of water
[bookmark: top][image: http://static.howstuffworks.com/gif/gray-water-1.jpg]
Read:  ‘Facing the freshwater crisis’ (GOL) article then answer the following questions:

1.  How many suffer inadequate access to safe freshwater?


2.  According to the UN by 2025 more than half the countries across the globe will undergo water ‘stress’ what does this mean?



3.  Why do scientists expect water scarcity to become more common?



4.  Lack of access to water could lead to?



5.  What is the minimum volume of water that scientists estimate, on average, each person on Earth needs?


6.  Where is it especially challenging to provide water and why?




7.  More than half of the precipitation that falls on land is never available for capture of storage, why?



8.  From what sources can people tap water from directly?



9.  What is the biggest single human use of freshwater?



10.  What countries are facing ‘physical’ water scarcity? And what does this mean?


[image: http://rivermurray.com/images/map/Murray-Darling_basin.jpg]11.  What does it mean if a country is facing ‘economic’ water scarcity?



12.  How did the Australian government organise the water supply in the Murray-Darling River Basin.




[image: http://www.sciencemediacentre.co.nz/wp-content/upload/2009/09/virtual-water3.jpg]13.  What went wrong?




14.  How might climate change and population growth affect the water supply?



15.  What factors cause an increase in water demand?



16.  Describe the variety of ways that we could limit waste of water.


Water Conservation and Management

There are many strategies for providing adequate water supplies and managing the conservation of water resources.  They include strategies that:

1. Exploit new sources of water
2. Sustainably manage existing resources

Exploitation of new sources of water

To satisfy growing populations and increased per-capita demand for water it may be necessary to exploit previously unused resources or increase the exploitation rate of existing supplies.

[image: ]Rainwater collection
Important where supplies can’t match demand (e.g. cities in India).  
Reduces urban flooding in heavy rain
Useful in rural areas where there is no water supply





[image: ]Estuary barrages
Freshwater barrage created by building a dam across an estuary where a river enters the sea.  
Fewer land conflicts than reservoirs on land.
Inter-tidal habitats can change and affect ecosystems
Shipping channels are difficult to manage


Desalination

	Desalination of sea water is very energy intensive so it is only used in countries where 	seawater is available and there are inadequate supplies of freshwater

Sustainable management of water
Artificial recharge of aquifers
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………

River-regulation reservoirs
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
Inter-basin transfer
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Unexploited aquifers
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
Afforestation
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
Water conservation:
1. Low volume uses
	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
2. Recycling used water
	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
3. Pollution control
	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
4. Reducing wastage
	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………	………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………






Task:  Using the information on GOL and any other sources of information, design a leaflet/mindmap/flashcards or other revision resource for the strategies mentioned above.  Ensure that you have enough detail on each one.  

Exam Questions

1.  The maps of England and Wales show the surplus of water in different regions in 1990 and projections of the change in demand for water in 2020.

Projections for demand for public water supply for 2020
Surplus of water resources as a percentage of demand 1990


[image: ][image: ]

Suggest one reason to account for each of the following:
a) the relatively small surpluses of water in south east England (1)
..................................................................................................................................................................
b) the projected reduction in demand for water in north west England; (1)
	..................................................................................................................................................................
c) the large projected increase in demand for water in south west England. (1)
	..................................................................................................................................................................






2. The map shows a proposal for a water transfer scheme for England and Wales.


[image: ]

Key

Relatively high rainfall
Major reservoirs
Existing water transfer scheme
Proposed water transfer scheme
Proposed estuary storage
Proposed groundwater recharge site
Principal groundwater resources

















a)  Suggest two reasons why most of the transferred water would be moved to the south and east.

................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................


b)   Outline how the conservation of water reduces damage to the environment. (4 marks)

................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
................................................................................................................................................................
Water Treatment
Seawater 

Seawater is the most abundant source of water but the high salt content makes it unusable except where its composition is unimportant, such as condenser cooling water in power stations.

What is desalination?


Since 97% of the water on Earth is in the oceans, desalination has huge potential.  Then why is it only carried out in some countries when there are inadequate supplies of freshwater?


Seawater treatment: Reverse Osmosis

Salty water is separated from pure water by a semi-permeable membrane.
Explain the principle of reverse osmosis. 














However, reverse osmosis plants suffer running problems:

1. The membrane pores become clogged with impurities such as calcium salts, silica and microorganisms.
2. Chloride ions harden the membrane
3. The membrane needs to be replaced after about 3 years and this is expensive.

Because of these problems the salty water is usually pre-treated (filtered) to remove microorgnisms and sediment.  New membranes made from improved polyamide films may overcome the need for this pre-treatment.

Where are desalination plants like to be found in the world?

[image: http://quranbible.files.wordpress.com/2007/10/middle_east_951.jpg]



[image: See the source image]Distillation 

Water is boiled by heating and reducing the pressure.  
The steam that is produced is condensed and collected.

[image: ]

Freshwater Treatment

Whether abstraction is from rivers or from the ground, a multi-stage treatment process is required to render the water potable.  
[image: T210_1_019i]Define potable:  












Matching Quality to Use

Not all the water we use needs to be of drinking water quality
Complete the table below.

	Use
	Quality requirement
	Problems if quality management is not met

	Potable water for public water supply
	
	

	Irrigation water
	
	

	Textile industry
	


	

	Industrial boiler water
	
	

	Power station condenser water
	
	




[image: Bar Rack]Flow chart to summarise the processes that are used to purify water. 


[image: http://openlearn.open.ac.uk/file.php/2457/T210_1_024i.jpg]




[image: http://techalive.mtu.edu/meec/module21/images/portagefullaeration.jpg]




[image: ]



[image: http://www.alertdetection.com/images/Water%20treatment%20plant.jpg]






[image: UV Light Panels]

[bookmark: _GoBack]

[image: drawing of molecular screening]
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Outline the treatment processes used to supply water of potable quality (127 & 128):
	Process name
	Principle of operation
	Purpose

	Screening

	
	

	Sedimentation

	
	

	Aeration


	
	

	Flocculation/ coagulation and clarification


	
	

	Filtration


	
	

	Activated carbon filters



	
	

	Sterilisation – Chlorination/UV

	
	

	pH control

	
	

	Fluoridation

	
	

	Ion exchange
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3.2.2.1 The impact of unsustainable exploitation

Content Ad

nal information

‘Students should understand that the
natural hydrological cycle is in a state of
dynamic equilibrium. Human activities
that alter the rates of processes in the
hydrological cycle can lead to changes in
residence times and quantites in the.
reservoirs of the cydle.

‘Students should be able to use the
technical terminology related to the
hydrological cycle to discuss
anthropogenic changes and strategies
that may allow sustainable exploitation.
Students should be able to explain how
human activities change processes in the.
hydrological cycle.

‘Students should be able to explain the
consequences of changes in the.
hydrological cycle.

3.2.2.2 Analysis and evaluation of strategies for sustainable management

Content Ad

nal information

‘Students should use examples of water
resources that have been exploited
unsustainably.

3.2.2.3 Ocean currents: the importance of thermohaline circulation in distributing heat
and regulating climate

Content Additional information

‘Students should discuss the impacts of
changes in thermohaline circulation on
the climate of countries around the North
Atiantic, including the UK.
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3.2.2.4 Increasing sustainability by treating contaminated water

Content Additional information

‘The methods used to remove the
following contaminants:

liter

suspended solids

some metals and odours
organic poliutants

salt

pathogens.

3.2.2.5 Increasing sustainability by economical use and the exploitation of new sources

Content Additional information

Management of water resources:

+ metering

+ low water-use appliances

+ greywater use.
Exploitation of new sources:
rainwater catchment
new reservoirslestuary barrages
unexploited aquifers
inter-basin transfers.
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