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        Introduction

        Existing supplies of water will have to be used in different ways, or new sources will have to be found, to satisfy a greater
          demand for water in the future. This course looks at alternative methods of exploiting water resources by water transfer,
          estuary storage, and conjunctive use, and also at methods for creating new supplies of fresh water by desalination and rain-making.
        

        This OpenLearn course provides a sample of level 2 study in Environment & Development

      

    

  
    
      
        Learning outcomes

        After studying this course, you should be able to:

        
          	discuss ways of extending sources of fresh water involving both the unused parts of the hydrological cycle, and new ways of
            using existing water sources.
          

        

      

    

  
    
      
        1 Water transfer

        Water transfer is the transfer of water from one river catchment to another. Transfer can take place by river diversion, pipeline
          or even by sea tanker. There is often a surplus of water in one area and too little in another — both on a small scale within
          a country, on a larger, continental scale and even on a global scale. Water transfer is one method of increasing the supply
          to areas with too little water. For example, Manchester is supplied with water piped from reservoirs in the Lake District
          (Figure 1) and the industrial cities of South Yorkshire are supplied with water from rivers to the north through the Yorkshire
          Grid Scheme, which uses rivers and large mains to transfer water from one river catchment area to another.
        

        
          [image: ]

          Figure 1 Haweswater reservoir in the English Lake District, which provides water for Manchester.
          

        

        On a larger scale, water is transferred between major river catchments in the south-western USA by means of large canals,
          pumping stations and tunnels. An enormous quantity of water, around 5.5 × 109 m3 a year, is transferred 300 km or so from the Colorado River basin to California, where it is used mainly for irrigation in
          the agricultural areas of southern California, but also for public water supply in Los Angeles, San Diego and other cities.
          Half of all the water used in southern California comes from the Colorado, and California would like even more but the river
          is unable to supply it.
        

        On an international scale, the southern USA would like to transfer water from Canada. Every few years, plans to divert massive
          amounts of Canadian water to water-scarce areas of the United States by tanker, pipeline, or rerouting of the natural river
          systems, are considered. One of the largest proposed diversion projects was called the GRAND Canal — the Great Recycling And
          Northern Development Canal. It originally called for the building of a dam across James Bay at the Hudson Bay entrance to
          create a giant freshwater reservoir out of James Bay and the twenty rivers flowing into it. This water would then be diverted
          south by river and canal through the Great Lakes to the south of the USA.
        

        The North American Water And Power Alliance (NAWAPA) was a similar scheme. The general idea of NAWAPA was to collect surplus
          water from areas of high precipitation in the north-western part of the North American continent and distribute it to water-scarce
          areas of Canada, the USA and northern Mexico.
        

        A series of dams and power stations in Alaska and northern British Columbia would collect water and provide power to pump
          this water up to a reservoir in the Rocky Mountains in south-eastern British Columbia. From the Rocky Mountains reservoir,
          water would be pumped to another reservoir in Idaho. From there, the water would flow by gravity to the western States.
        

        None of the North American diversion and pipeline schemes were implemented nor look likely to be in the future. The most obvious
          reason for this is the capital cost of the schemes, due to the massive engineering works involved in diverting water on a
          continental scale. The value of the water, especially if used for irrigation, is insufficient to repay or justify the construction
          cost. The second reason is the difficulty of reaching international agreement to go ahead with the scheme, and there is also
          an unwillingness to depend on another country for water. The final reason is environmental: the schemes attracted massive
          opposition on environmental grounds, for drowning land and towns, destruction of wildlife habitats and even the possibility
          of changing the climate.
        

        
          
            Box 1 The Snowy Mountains Scheme

          

          
            One of the world's largest-scale national water transfer schemes in existence is the Snowy Mountains Scheme in Australia,
              where water is lacking in the vast, low-lying interior, but the eastern rim of highlands has plentiful rainfall. Unfortunately
              the rivers of the highlands flow eastward into the Pacific Ocean mainly unused. The Snowy Mountains Scheme traps part of the
              flow of two of these rivers in reservoirs (Figure 2). This water is then pumped through tunnels and aqueducts to the west
              side of the Snowy Mountains, to the Murray and Tumut River systems, increasing the water available to Australia's interior.
              Because of the difference in altitude between the intake in the highlands and the outlet in the interior, the Scheme generates
              enough hydroelectricity to pay for the operating costs.
            

            
              [image: ]

              Figure 2 (a) The Snowy Mountains Scheme in Australia. (b) A diagrammatic cross-section (not an accurate section). Some of the reservoirs
                have been lettered (A-E) so that you can identify the same reservoirs in (a) and (b).
              

            

            The Scheme was completed in 1974, taking 25 years to build, at a cost of £400 million. It diverts an average of 2.36 × 109 m3 of water a year to the interior, and the hydroelectric power output is 3754 MW (equivalent to the power output of almost
              four nuclear power stations). The system has the flexibility to allow water to be released from reservoirs only when needed
              during the dry season, or to allow water to be transferred between reservoirs.
            

            Although the discharge of the Murray and Tumut Rivers was successfully increased, there have been large environmental impacts
              associated with the scheme; land drowned by reservoirs, higher water tables, increased leaching of salts into rivers, and
              ecological changes in the river basins.
            

          

        

        Although large-scale international water transfers by diversion and pipeline have not yet been implemented, international
          transfer on a smaller, more flexible scale is being used (Box 2).
        

        
          
            Box 2 Tankering, towing water and icebergs

          

          
            Among other schemes, Canada is transporting water to the Bahamas using ships as water tankers, Alaska has sent water to Japan
              and Turkey sends water to Cyprus. Water could also be towed, as well as tankered, in large plastic bags. There is little capital
              cost involved, and transport by sea is cheap. The environmental effects are minimal: no land need be drowned.
            

            A large proportion of the Earth's fresh water is in the polar ice caps, but so far this has not been used for water resources.
              Ice is formed in both polar regions, but 90% of it is in Antarctica and most of the rest is in the Greenland ice cap. The
              problem with using these frozen assets is that the ice is in the wrong place. To be of use as a water resource, it would have
              to be transported large distances to lower-latitude water-deficient areas such as western South America and Australia, or
              even across the Equator from the Antarctic to southern California or the Middle East. The most convenient ice to transport
              would be floating icebergs.
            

            Antarctic icebergs are flat slabs 200-250m thick and a kilometre long on average, which have broken off from the floating
              ice shelves that surround the Antarctic land area. Greenland icebergs form by breaking off from valley glaciers where these
              glaciers border the sea; they have a wide range of sizes, but are generally smaller than the Antarctic icebergs and more irregular
              in shape. Icebergs float with most of the iceberg beneath the sea surface, which gives them a draught much greater than that
              of ships and prevents them travelling in shallow water. It is technically possible to tow icebergs; offshore oil rig operators
              have moved them short distances when there has been the possibility of collision with oil rigs.
            

            The cost of water from icebergs is difficult to estimate, because of uncertainties about the energy required for towing and
              the rate of melting, and icebergs have not yet (2004) been used as a water source. Iceberg water will probably never be cheap,
              but it could prove to be less expensive than water from desalination or from long-distance water transfer.
            

          

        

        Water used to be regarded as a resource with a high place value, but international water transfers indicate that it can at times be a low place value resource. Large-scale water transfer
          is a very expensive way of increasing water resources, but may be necessary when there are no alternative local sources. The
          cost can be comparable with that of desalination, and while desalination may be a preferable alternative in many areas, it
          is energy-intensive and restricted to coastal areas.
        

      

    

  
    
      
        2 Estuary storage

        Estuaries may be used as reservoirs to store water. The water in estuaries is a mixture of fresh river water and seawater.
          To store fresh water, a barrage can be built across the mouth of the estuary to keep seawater out of the whole estuary, or
          embankments can be constructed, enclosing smaller river-fed freshwater reservoirs within the estuary.
        

        Estuary storage has many advantages. It avoids flooding large areas of land for reservoirs, and the large lake created in
          an estuary could also be used for recreation. Cities are often located around estuaries, so water would be available where
          there is a demand for it. It is sometimes possible to combine an estuary storage scheme with a road or rail link across the
          estuary, to improve communications in the area. On the other hand, estuary storage also has many disadvantages. The water
          is stored at the lowest point of the river, at sea level, and it would have to be pumped to all users. River water often contains
          a high proportion of effluent at river mouths, so the water is usually of poor quality and would require expensive treatment.
          A barrier would restrict navigation. There may also be ecological problems as estuaries with tidal mudflats are the feeding
          grounds of many coastal birds and other animals.
        

        There are two large estuary storage schemes in the Netherlands where water storage is combined with land reclamation, flood
          protection and communication links across barrages. The Zuyder Zee in the Netherlands used to be a large tidal lagoon, and
          has been converted into a number of polders (land reclaimed from the sea, below sea level, e.g. Figure 3) and a large freshwater
          lake, the Ijsselmeer. The Rhine delta scheme involves barrages across the channels in the delta, a combination of flood protection
          and water storage.
        

        
          [image: ]

          Figure 3 Land reclaimed from the sea (a polder) in the Netherlands. The windmill was used to pump water out of the area.
          

        

        In Britain, proposals were made in the 1960s for barrages to be built across Morecambe Bay to provide more water for the Manchester
          area, across the Dee estuary for Liverpool, and across the Wash for East Anglia. However, all the proposals for estuary storage
          in Britain were dropped in the late 1970s because of their expense and inflexibility, and concern about environmental changes.
        

      

    

  
    
      
        3 Conjunctive use

        Conjunctive use is the combined use of surface water resources and groundwater, in a unified way, to optimise resource use
          and minimise the adverse effects of using a single source. It exploits the storage capacity of an aquifer and the ease of
          transport of water by a river. The aquifer is used to store surface water when there is an excess of it and it would otherwise
          be wasted, such as in winter. The river is used to transport water from the aquifer to where it is needed when the river discharge
          is too low on its own, as often happens in summer. Conjunctive use can also reduce abstraction from rivers when the discharge
          is low by using groundwater instead.
        

        The storage of excess surface water underground in an aquifer is a type of conjunctive use called managed aquifer recharge.
          This makes the most of excess water by directing it into the ground where it can be stored for future use. Underground storage
          has many advantages over surface storage: no land is taken up by reservoirs, there is no evaporation loss, and capital costs
          are much lower. However, managed aquifer recharge is not a simple process, and it is difficult to do on a useful scale; it
          cannot absorb large volumes of flood water in a short time. It involves transferring water from the surface to underground,
          either by dispersing it over the surface to increase infiltration, or through aquifer injection wells.
        

        Surface dispersal involves diverting the water into an unlined canal or shallow lagoon in permeable sediments or rock so that
          the water can percolate downwards into the aquifer (Figure 4). It works best in areas with highly permeable soils and unconfined
          aquifers, and where land is inexpensive.
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          Figure 4 A managed aquifer recharge basin can increase recharge by slowing the overland flow and allowing more time for infiltration.
            The dashed line is the new water table after recharge.
          

        

        Aquifer injection wells are used to recharge aquifers directly. Direct injection of water through wells is more expensive
          than basin recharge but is used when there is no suitable land for a recharge basin, or with confined aquifers. Aquifer storage
          and recovery (ASR) schemes (Box 3) use the same borehole to inject and recover water. While most ASR systems are designed
          to store water during the wet season and recover it during the following dry season, some are established for water banking,
          where recovery may not take place for many years.
        

        
          
            Box 3 ASR in the Thames Valley

          

          
            ASR is used in the Thames Valley area, north of London. Here water is often in short supply in summer, and it would be useful
              to be able to use more groundwater from the underlying Chalk and Basal Sands aquifer. In the 1970s an artificial recharge
              scheme using injection wells was started in the Lee Valley area to the north of London, where the aquifer is intensively exploited.
              The water used for recharge is from the Rivers Thames and Lee at times of excess flow in winter. It is treated to drinking
              water standards before recharge (when spare treatment capacity is available) so that there is no danger of polluting good-quality
              groundwater. The Scheme is designed to recharge the aquifer artificially over an area of 50 km2 and provide an extra resource of 105 m3 a day during drought conditions.
            

          

        

        Storm runoff, which would otherwise be lost to the sea, can be used for managed aquifer recharge, especially in arid areas.
          In the Central Valley of California, storm runoff is trapped in alluvial sediments. On Long Island, New York, aquifers are
          recharged through sands and gravels, which also help to prevent flooding. In some areas it is possible to use sewage effluent
          for managed aquifer recharge, as the polluting substances in the water are removed by biological processes during infiltration.
          However, it is very easy to pollute an aquifer, especially if the effluent contains industrial waste. Another problem of artificial
          recharge is that fine sediment in the water can quickly clog the pores in an aquifer, reducing the natural rate of recharge
          from lakes, lagoons and wells.
        

        Another type of conjunctive use is the use of groundwater to increase the flow of a river, called river augmentation (Box
          4). Its advantage is that a river can be used to convey groundwater to its destination without the need to build a pipeline.
          The effect is similar to river regulation, except that the water is stored underground instead of in surface reservoirs. A
          disadvantage is that the high-quality groundwater is mixed with poorer-quality river water and will require more extensive
          treatment before it can be used than would have been required had it travelled through a pipeline.
        

        
          
            Box 4 The Shropshire Groundwater Scheme

          

          
            Triassic sandstones are the major aquifer in the English Midlands, and are exploited intensively for water supply. The only
              area with substantial unused reserves in the aquifer is in north Shropshire, in the Severn Basin.
            

            The River Severn is the main component of the water resources strategy in the West Midlands (Figure 5). The river is regulated
              by water from the Clywedog and Vyrnwy reservoirs in Wales in the summer months, but the regulated flow is insufficient both
              in dry summers and to supply future demands.
            

            
              [image: ]

              Figure 6 River augmentation using a river and an aquifer. The arrows below the water table show the directions of groundwater flow
                (in the direction of slope of the water table). Wells must be far enough away from the river (well A) for the level of the
                water table at the river to be unaffected by the well drawdown. If a well were too close to a river (well B), water could
                flow from the river to the well, recycling the water put into the river and reducing the net gain. The net gain is also reduced
                as some of the natural baseflow to the river will be intercepted by the wells.
              

            

            A phased scheme of river augmentation to the River Severn from groundwater in the Triassic sandstones in north Shropshire
              was started in the 1970s. At the moment (2004) the scheme can supply up to 105 m3 a day during the summer months when necessary. The net gain is at least 65%. Further phases of the scheme are due to be developed
              at a pace consistent with demand and if all phases are implemented it could supply 3.3 × 105 m3 a day. Not only is this scheme cheaper than building a new reservoir, but it is cheap to operate, is less environmentally
              destructive, and can be implemented in stages, depending on demand.
            

          

        

        Groundwater and surface water are closely linked: groundwater maintains the baseflow of rivers, and water in rivers can infiltrate
          into the ground. The abstraction of surface water and groundwater cannot be planned in isolation — one will affect the other.
          For example, the abstraction of groundwater can reduce the baseflow contribution to rivers by lowering the water table. If
          carefully planned, however, the conjunctive use of rivers and groundwater can even out the seasonal variations in river flow.
          In the summer when the river flow is low, water is pumped from the aquifer into the river, so that more water can be drawn
          from the river downstream. The wells must be far enough from the river (Figure 6, well A) for the drawdown around them not
          to make the water table slope away from the river, or water will flow back towards the well from the river (well B). Pumping
          from wells also intercepts some of the natural baseflow to the river.
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          Figure 5 The Shropshire Groundwater Scheme is part of the River Severn water resources system.
          

        

        The amount by which natural river flow is augmented by pumping is referred to as the net gain, usually expressed as a percentage
          of the pumped quantity. The net gain is never 100% as some of the additional water in the river always infiltrates back into
          the aquifer. River augmentation schemes normally show a net gain to the river of between 40% and 70% of the water put in from
          the aquifer.
        

      

    

  
    
      
        4 Desalination

        Desalination removes dissolved minerals (including but not limited to common salt) from seawater, brackish water or treated
          waste water. The amount of water in the sea is enormous, but before it can be used for water resources, dissolved salts in
          the water must be removed or substantially reduced. Desalination of seawater could produce unlimited supplies of fresh water
          and could solve many water resources problems if it were possible to do it inexpensively. Unfortunately, desalination is an
          expensive process, the water produced generally costing more than from other sources, as it has high capital costs and requires
          a lot of energy, so it is not usually the first choice for a water supply. However, it is used if there is no other source
          available. Other disadvantages are that a large amount of saline water is required, which generally restricts the process
          to coastal areas (although saline groundwater and water from inland seas can also be used as the raw material), and that disposal
          of the concentrated brine produced may be difficult.
        

        There are various processes for desalinating water. The one most commonly used is distillation, which is similar to the natural evaporation of seawater in the hydrological cycle. Many arid countries receive large amounts
          of solar energy and this can be used as the energy source in a solar distillation process. However, solar distillation needs
          large areas of solar stills and produces only small quantities of water — a maximum of only 5 litres per day for each square
          metre of still area. It is usually used only in remote villages in arid developing countries. Larger quantities of water can
          be produced by distillation plants where the saline water is heated by more concentrated energy sources, and plants producing
          over 103 m3 per day are common. Most of the larger plants, such as the 106 m3 per day plant in Jubail, SaudiArabia, use the distillation method. The efficiency of distillation plants (ratio of usable
          output water to input water) ranges from 15-50%.
        

        Another important desalination process is reverse osmosis (Figure 7). This uses high pressure to force saline water through a semipermeable plastic membrane, which filters out both
          suspended and dissolved substances. Reverse osmosis is more suitable for desalinating water with a lower salinity than seawater.
          The world's largest reverse osmosis plant is under construction and due to be commissioned in 2005 at Ashkelon, Israel: it
          will produce 3 × 105 m3 per day. The project is expected to cost US$200 million, and produce water at a production cost of around US$0.5 m-3.
        

        
          [image: ]

          Figure 7 Inside the Eilat reverse osmosis desalination plant in Israel. This produces 8 × 103 m3 of water per day.
          

        

        Energy costs are a substantial part of the cost of desalinated water (except for solar stills, which use free solar energy
          but have relatively high capital costs per cubic metre and low outputs). It takes a considerable quantity of energy to desalinate
          a cubic metre of water by distillation, around 300 MJ m-3 for seawater, so the cost of desalination by this means depends directly on the energy cost. If a country has a cheap source of energy, desalination may be practical. In California, which has a number of desalination
          plants, the selling cost of the water is US$1-4 m-3. A desalination plant which began operation in 1992 in Santa Barbara in California had a capital cost of US$36 million for
          12 × 106 m3 a year, at a selling price of US$2.4 m-3 . However, this plant has now been decommissioned (2004) as this water proved to be more expensive than other water sources.
        

        Desalination is generally used only where there is no other possible source of water, as all other sources would be cheaper,
          with the possible exception of long-distance water transfer schemes. Desalination is used in wealthy but arid coastal areas,
          where it is economic to pay a higher price for water; Saudi Arabia produces 70% of its drinking water by desalination. The
          Arabian Peninsula and Iran, for example, have a greater desalination capacity than all the rest of the world, using energy
          from their abundant oil resources to produce water. The four countries with over 106 m3 per day desalination capacity are Saudi Arabia, the USA, the United Arab Emirates and Kuwait. The UK, for comparison, has
          a current capacity (2004) of about 105 m3 per day. However, this is likely to increase in the near future, as there are plans for London's first-ever desalination
          plant. The £200 million project is planned for completion in 2007/2008, to help with supplies during drought periods. This
          will convert water from the tidal River Thames (less saline than seawater) into drinking water. The plant will have a maximum
          treatment capacity of 1.5 × 105 m3 per day, using reverse osmosis.
        

        Other areas where desalination is common include islands with limited amounts of water because of their necessarily limited
          catchment areas, and where desalination is the only method of increasing these resources. In many cases the desalination plants
          are used only as back-ups to the normal supply, or to meet seasonal demands. Jersey (capacity 6.8 × 103 m3 per day, installed 1969) and the Isles of Scilly (2.2 × 102 m3 per day, installed 1992), for example, have the only reasonably large-scale desalination plants in the UK at present (2004),
          used to meet the summer demand from holiday visitors.
        

        If the technology improves, or the cost of other water resources increases, desalination is likely to become more economic
          and therefore used more. A distillation plant built in combination with a power station, using the waste heat from the power
          station to drive desalination, has much lower running costs, and these combined plants are likely to become more common. Desalination
          will probably become increasingly important for the richer arid coastal countries and as an emergency method of supply in
          other areas in times of drought, when there is no alternative to the high cost of desalinated water. But for irrigation use,
          and for poorer countries, it will be too expensive to use even in times of drought.
        

        
          
            Activity 1

          

          
            
              If the capital cost were repaid over 10 years, what would be the capital cost contribution per cubic metre to the selling
                cost of water from the desalination plants in (a) Santa Barbara, and (b) the Isles of Scilly (capital cost of £250 000) ignoring
                interest charges on the capital? Comment on the difference between the two values. Use the conversion US$1 = £0.55.
              

            

            View answer - Activity 1

          

        

      

    

  
    
      
        5 Rain-making

        
          'Everybody complains about the weather but nobody does anything about it.'

          (Mark Twain)

        

        These days, Mark Twain would be wrong; many people are trying to change the weather, mostly to influence precipitation. Attempting
          to induce an increase in precipitation by artificial means is called rain-making. Clouds consist of minute droplets of water,
          but not all clouds produce rain, and when it rains, it doesn't always pour; only a small fraction of the water droplets in
          each cloud reaches the ground as precipitation. So the idea that human intervention — a rain-dance, perhaps — might encourage
          a cloud to give up a little extra water has been around since ancient times. More recently, would-be rain-makers have attempted
          direct intervention, by delivering various chemicals from aeroplanes in an effort to wring more rain from the clouds, a practice
          known as 'cloud seeding'.
        

        There is no possibility of rain-making in cloudless arid areas; the main condition for rain-making is to have water in the
          atmosphere as clouds. For rain to fall, the water droplets in clouds must condense around small particles of solid material,
          until it forms drops heavy enough to fall as rain. If there are no solid particles to act as nuclei for condensation, there
          will be no rainfall. Cloud-seeding supplies nuclei around which condensation can begin. This will only work for clouds where
          the water content is high enough for the air to be supersaturated — and the warmer the air, the more water droplets it can
          contain before the conditions for precipitation are reached. The substances used to seed clouds are commonly silver iodide,
          common salt or dry ice (solid carbon dioxide). The substance is released into the cloud from the ground (Figure 8), aircraft
          (a more expensive method) or rockets.
        

        
          [image: ]

          Figure 8 Ground generator of silver iodide for cloud seeding at Bridgeport, California, USA.
          

        

        Rain-making was first developed in the 1940s. One of the first times it was used successfully was in Ontario, Canada in 1948.
          A large fire was raging in Northern Ontario. When dry ice was seeded into clouds above the fire a rainstorm developed that
          helped put out the blaze.
        

        This method was also used to make snow. In Saint Moritz, Switzerland, in 1949, a hotel owner needed snow for his skiing guests
          and hired a 'cloudbuster' to make it. Dry ice was thrown out of an aeroplane above clouds over Saint Moritz. Snow did fall,
          but unfortunately for Saint Moritz it came down to the north instead, over the ski runs of Davos, a rival town.
        

        The effectiveness of rain-making is difficult to evaluate. It is hard to tell, for example, how much rain would have fallen
          anyway; rainfall often has a high natural variation from year to year. In order to be certain that cloud seeding is really
          increasing rainfall, researchers have to compare seeded clouds with similar, unseeded ones, which is very difficult to do.
          In 2003 the National Research Council of the USA concluded that there was still no conclusive proof that cloud seeding works.
          The greatest scepticism involves summer rainfall, where rain-making seems least likely to be successful. But the Research
          Council noted a strong suggestion of a positive effect on winter precipitation in mountain areas. So ski resorts regularly
          seed clouds to boost snowfall. Power companies, farmers and cities do it and bank water for later in the spring thaw. The
          Snowy Mountains Scheme in Australia also uses it in winter to increase reservoir levels.
        

        So despite no conclusive proof that it actually works, anecdotal evidence of the effectiveness of rain-making has led to its
          adoption in more than 40 countries around the world. Part of the reason for its use must be that the extra water it produces
          is very cheap in comparison to other methods mentioned in this chapter, of the order of US$0.001 m-3, about a thousand times less expensive than desalination, for example. This is mainly because rain-making does not need a
          large capital investment.
        

        So why isn't rain-making used more often? The main reason is that if the clouds are not there, you cannot seed them, so this
          cuts out most of the arid areas of the world where it would be of most use. Another reason is that it may not work for summer
          rainfall. There is also a problem of identifying whether it has worked; in 2000 in Utah, USA, for example, cloud seeding projects
          were estimated to have increased snowfall by between 7 and 20% — a lot of valuable water — but within the annual variability
          of precipitation.
        

        Another concern is that artificially removing water from the atmosphere in one area may reduce the precipitation elsewhere;
          rain-making may simply redistribute the precipitation. But this is to regard the atmospheric system as a fixed pool of water,
          which it is not; the atmosphere is a dynamic system and does not behave as simply. There seems to be no evidence of a decrease
          in precipitation downwind of rain-making projects.
        

        Yet another concern is that if a cloud is moving when it is seeded, the water may not be precipitated at the intended place,
          as we have seen for Saint Moritz. However, this is not a problem if seeding is done to supply a large area.
        

      

    

  
    
      
        6 Conservation

        An alternative approach to extending water resources is by water conservation. One way of doing this is to use less water,
          more efficiently. In countries where water is available at the turn of a tap, water is wasted in many ways — by water-inefficient appliances
          and unaware users. Industry may also use water inefficiently, and so does most irrigation, where water is transported to fields
          through unlined, uncovered canals, and used in surface furrow irrigation (Figure 9). Changes in technology can be used to
          reduce inefficient water use.
        

        
          [image: ]

          Figure 9 Surface furrow irrigation, in Jordan. Water flows in channels under gravity, infiltrating the soil. This is a very inefficient
            form of irrigation, as much of the water is wasted through evaporation or infiltration into the soil out of reach of plant
            roots.
          

        

        Recycling water can also extend the available water resource. For example, power stations are often major users of water to cool the
          steam that has driven the turbines. This steam is produced from very expensive demineralised water, so recycling it makes
          economic sense. Power stations cool the steam in two main ways: direct cooling, where large quantities of cooling water are
          pumped through the cooling system and returned to its source (used mainly when there is a plentiful supply of water on lakes
          or a coastline), or indirect cooling, where the cooling water itself is cooled and recycled through cooling towers (Figure
          10). Not all the cooling water can be recycled; some is evaporated by this process.
        

        
          [image: ]

          Figure 10 Cooling towers of the 2GW Cottam coal-fired power station, Nottinghamshire. This uses water from the River Trent, recycling
            most of it, except for that evaporated in the water droplet plumes above the cooling towers.
          

        

        Another method of water conservation is substitution: using alternatives instead of water.
        

        On a global scale this will make little difference, as most water (70%) is used for agriculture, mainly for irrigation, which
          is a non-substitutable use. However, on a local scale, particularly for many industrial purposes, substitution is possible.
          Unfortunately, alternatives to water are often more expensive and/or less efficient. For example, power stations can use a
          'dry' cooling tower instead of the 'wet' cooling tower described above; dry cooling works like a car radiator, using air as
          a coolant instead of water (if you see a working cooling tower without the plume of evaporating water over it, it is a dry
          cooling tower). However, this substitution comes at a cost; wet towers cost about US$20 million each, whereas dry towers cost
          about US$35 million, and a major power station usually has between six and eight of these towers.
        

        The last, and most fundamental, conservation technique is changing practice: to change from a water-consuming practice to one that uses less or no water. On a small scale, for example, homes in areas
          of low rainfall could use only desert plants in their gardens, requiring no watering. On a larger scale, a change for industrialised
          countries in their consumption of food, to a diet including more cereals and vegetables and less meat, may reduce the water
          used for agriculture, as it requires far more water per kilogram of meat protein produced than it does for cereal or vegetable
          protein. The need for irrigation water could be reduced by growing more crops that need a large amount of water in areas that
          already have sufficient natural rainfall. For example, many salad vegetables in UK supermarkets are imported from hotter countries
          where they are grown using scarce groundwater for irrigation. At the same time in the UK, agricultural land where similar
          crops could be rain-fed is designated as 'set aside' and not used.
        

        Imported salad vegetables are an example of importing virtual water, which is the water used to produce the goods that a country
          imports. The virtual water concept is often used in a discussion of arid countries such as those in the Middle East. If, for
          example, it needs 1000 tonnes of water to produce one tonne of wheat then an arid but relatively rich country like Saudi Arabia
          can choose whether to use 1000 tonnes of water and grow the wheat itself or simply import the tonne of wheat. If it does the
          latter then it has saved the water; in effect it has imported 1000 tonnes of 'virtual' water. So a wealthy country does not
          need to be self-sufficient in producing food or manufactured articles. It becomes more relevant when considering the importation
          of food from places like Africa into countries such as the UK. Here we can grow a great many crops using rain-fed agriculture;
          when we import vegetables or cereals we are in effect importing virtual water into what is a relatively water-rich country.
          The situation becomes more absurd if the imports come from relatively arid countries and are grown using scarce water resources,
          for example lettuces from Spain or asparagus from Israel.
        

        In most countries, the response to water shortages is to augment supplies, and in the short-term manage demand by prohibiting
          use (e.g. hosepipes), cutting off supplies for part of the day or using standpipes, and exhorting the public to use less water.
          These are often effective in the short-term, but are costly and inconvenient to users, and do not take into account the relative
          value of water to different consumers. Where water is provided to users at a price less than the supply cost — the situation
          common in most parts of the world— there is little incentive for conservation; price is a tool that can be used to make users
          value their water supply.
        

        All the methods of conservation considered in this section are possible, but the extent to which they are used depends on
          the price of water; raising the selling price will encourage more efficiency in water use, more recycling, more substitution
          and changing practice. Their use will also be consequent on the method chosen and the ability of people to pay for it. In
          developed countries conservation will depend on our determination, or not, to change our lifestyles to achieve sustainability
          of water resources. Will it happen? Would you, for example, be willing to give up your dishwasher or lawn, install a water
          butt, pay more for many manufactured products, or eat less meat?
        

      

    

  
    
      
        Conclusion

        
          	To supplement the water from rivers, lakes, reservoirs and aquifers, the demand for water could be met by water transfer,
            estuary storage, conjunctive use, desalination, rain-making and conservation.
          

          	Water transfer takes water from an area of surplus to an area of deficit. It has the disadvantages that it is very expensive
            to transport water large distances and that it may cause environmental side-effects.
          

          	Storing water in an estuary makes it possible to use water that would otherwise be lost to the sea. It avoids flooding large
            areas of land for reservoirs, and the water is available where there is a demand for it. The disadvantages are that water
            has to be pumped up to land, the quality will be poor, estuary navigation may be restricted and there may be ecological consequences.
          

          	Conjunctive use is the combined use of surface water resources and groundwater to provide a better or more flexible water
            resource. Two types of conjunctive use are managed aquifer recharge and river augmentation. Managed aquifer recharge is the
            replenishment of an aquifer in excess of natural infiltration, by storing surface water underground when surface water is
            abundant. River augmentation is used to increase the flow of a river at times of low discharge. The aquifer and river can
            each be used directly, but at different times of year.
          

          	Desalination makes seawater usable for water supplies. The process consumes a lot of energy, so it is one of the most expensive
            ways of producing fresh water.
          

          	Rain-making is an artificially induced means to increase precipitation. It can only be done in certain circumstances, if there
            is an excess of water vapour in clouds in the atmosphere which can be seeded to provide nuclei around which water droplets
            can condense. There is no evidence that it can produce a long-term increase in precipitation, but it is used in many countries
            to increase winter precipitation.
          

          	Conservation is an alternative approach to extending water resources, either by greater efficiency in using water, by recycling,
            by substitution, or by changing practices.
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        Activity 1

        Answer

        
          	Santa Barbara — capital cost US$36 million, output 12 × 106 m3 a year. Over 10 years, capital cost repayment = US$3.6 × 106 per year, which is US$3.6/12 per m3 = US$0.3 per m3. At US$1 = £0.55, this is £0.17 per m3.
          

          	Isles of Scilly — capital cost £250 000, output 220m3 per day. This plant is for seasonal demand, so it may work for about 200 days a year. Therefore:
            
              	output per year = 220 × 200m3 = 4.4 × 104 m3

              	capital cost repayment is £25 000 per year = £25 000/4.4 × 104 per m3

              	= £0.6 per m3

            

          

        

        The Isles of Scilly plant has a capital cost contribution per cubic metre about three or four times that of the Santa Barbara
          plant. This is probably due to the economies of scale for the Santa Barbara plant.
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