*Chapter 11: Water Resources


Hydrogen bonds are responsible for most of the unique properties of water including:
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a- exists as a liquid over a wide range of temperatures


b- has a high heat capacity 


c- excellent solvent

d- filters out harmful ultraviolet radiation


e- expands when frozen
http://www.youtube.com/watch?v=0eNSnj4ZfZ8

Despite its importance water remains one of our most poorly managed resources.

Access to freshwater is a global health issue (almost 4,000 children under the age of 5 die daily due to water borne disease), an economic issue, and a national and global security issue (nations fight over access to freshwater) and an environmental issue.

Supply, Renewal, and Use of Water Resources


Only about 0.5% of the world’s water is directly available for our use.  Of course this supply is constantly being recycled through the hydrologic cycle.
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The planet’s water is not evenly distributed and divides the planet into haves and have-nots.
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Precipitation that does not enter the ground or evaporate is called surface runoff.  Most of this is lost to us (seasonal floods i.e.) and the remaining (about 1/3) is known reliable surface runoff.  The area from which this water collects is called a watershed.
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Water that enters through the soil and percolates (infiltrates) down into rock layers is called groundwater.  Areas underground that are completely filled with water defines the zone of saturation the top of which is called the water table.  
Aquifers (renewable and non-renewable) are layers of sand, gravel, or rock through which groundwater flows.  Aquifers are recharged (filled; naturally and laterally)  by when water flows into them. 
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https://www.youtube.com/watch?v=guqinVOHTqc aquifer mechanics

https://www.youtube.com/watch?v=IeMCjpdmcNE  water footprint

https://www.youtube.com/watch?v=j9JywZGtXA4 virtual water

There are several reasons for water scarcity including:


1- dry climate
     

2- drought


3- desiccation (drying of soil)



4- water stress (low per capita availability; too many people)

5. wasteful use
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Water hotspots exist throughout much of the western United States.
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Close to a billion people (1 in 7) people cannot afford a safe supply of drinking water (hydrological poverty).
11-2 How We Can Increase Freshwater Supplies

      Aquifers supply drinking water for half of the world’s people but are not being used sustainably (mostly due to irrigation).



The Ogallala aquifer in the United States, the world’s largest, cannot recharge fast enough at current rates of usage.
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In many places dams and reservoirs are used to capture and store runoff and use it for hydroelectric power, irrigation needs, and recreation.


Dams and reservoirs (along with drought and water diversions) cause more than half  of the world’s major rivers to either run dry part of the year or fail to reach the ocean.
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 Colorado River Flow into delta
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Dams have a negative impact on fish and plant biodiversity and eventually fill with sediments making them useless for storing water and electricity production.

Environmentalists have pushed for dam removal to restore damaged river ecosystems and fisheries. How this would impact on flood control remains controversial.

Tunnels, aqueducts, and underground pipes can be used to transfer water. 

 California makes extensive use of all of these to transfer its water throughout the state.  This has caused severe political strife between the northern parts of the state (where most of the water falls) and the southern parts (where most of the water is sent).
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California Water Project


Pumping groundwater from aquifers to meet water needs has many advantages including:


1- available year round



2- little is lost to evaporation


3- less expensive


However, if groundwater is removed faster than it recharges (water mining) many problems result including:


1- aquifer depletion



2- aquifer subsidence (land sinks)
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3- intrusion of salt water
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https://www.youtube.com/watch?v=8zxZUSVjg10 Salt water Intrusion

4- reduced stream flow

Much of the world is feed by grain produced with unsustainable water mining. 

Read about the Aral Sea disaster on page 249. 

Desalination attempts to remove salts from ocean water to produce freshwater.  Two common methods exist:

1- distillation: heating water until it evaporates

2- Reverse osmosis: pressure is used to force salt water through a semi-permeable membrane.

https://www.youtube.com/watch?v=d0jdlhNCgc4 reverse osmosis

Only about 0.2% of the world’s water needs are met in this manner because it is very expensive (water’s high heat capacity and hydrogen bonding) and produces large quantities of wastewater.
11-3 Using Water More Efficiently

The best way to increase the availability of freshwater is to limit the amount we waste. Up to 70% of the water people access is lost before it is used for its intended purpose (evaporation, runoff).

Water subsidies create artificially low prices and give the false impression that water is abundant.  This creates little incentive to invest in technologies to save water.

Water is also wasted as a result of local water laws and fragmented watershed management.

Drip irrigation, more efficient manufacturing, raise water prices, and using water saving toilets and showerheads are just some of the methods that could be used to save water.

11-4 Too Much Water


      Flooding is a natural process in nature and is usually caused by high levels of precipitation.  The area adjacent to a river (floodplain) is a highly productive ecosystem and provides important ecological and economic services.  

People have settled on floodplains since the beginning of agriculture because of the rich soil and abundant water. 
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Human activity (removing vegetation, draining wetlands, and various forms of development) has increased the severity of flooding in many countries.

11-5 Water Pollution


Water pollution is any chemical, biological, or physical change in water quality that causes harm to organisms or changes water quality.


Major types of water pollution include:

1. infectious agents (bacteria, infectious worms)
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2. Oxygen demanding wastes (sewage, runoff from feed lots)

3. Inorganic chemicals (toxic metals, salt, plastic)

http://www.youtube.com/watch?v=8a4S23uXIcM  Pacific Garbage Dump

4. Organic chemicals (fossil fuels, pesticides, detergents)

5. Plant nutrients (fertilizers)

6. Sediment

7. Radioactive materials

8. heat (thermal).


Water Quality is measured in a number of ways but most include coliform bacteria counts, DO (dissolved oxygen) and BOD (biological oxygen demand, levels of various chemicals, and the presence or absence of certain indicator species.
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Point sources of pollution discharge from a specific location (factories, sewage treatment plants) and are easier to monitor and regulate.
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Nonpoint sources (acid deposition, sediments, fertilizers) cannot be traced to a single location.  There has been little progress made in controlling pollution from nonpoint sources.
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19-2 Pollution of Freshwater Streams

Flowing water can recover rapidly from pollution as a result of dilution and bacterial decay.  The breakdown of degradable waste by bacteria creates a high oxygen demand that ends up killing many fish (cultural eutrophication).  


An oxygen demand curve is often used determine the recovery time and distance needed to restore the water to its natural state.  If cities were forced to take their drinking water downstream from their treatment plants they would do much more to clean/prevent their own wastes.
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(make sure you understand Fig. 11-23; page 258)


Because they have very little flow and stratified temperature layers which don’t mix, lakes are more susceptible to water pollution.


Lakes receiving inputs of nutrients from surrounding land can suffer from natural eutrophication. 
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Cultural eutrophication occurs when human activities (erosion) accelerate the rate at which nutrients enter the lake.

Read about oxygen depletion in the Gulf of Mexico on page 256.

19-4 Groundwater Pollution

Large numbers of people throughout the world drink polluted groundwater (gasoline and oil, arsenic, lead, and pesticides).  Contamination of groundwater correlates very well with human population distribution (see Fig. 19-11 Pg. 495).
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Aquifers are almost impossible to clean once polluted due to their size and inaccessibility.  Prevention is the only way to protect groundwater effectively.

Ocean Pollution


The oceans serve as the ultimate sink for most of the world’s waste.  Some scientists believe it might be safe to dispose of waste in the deep ocean the fact is that most waste is deposited in fragile coastal areas.


Dredge spoils (scraped from the bottom of harbors and rivers), sludge (banned in the US), radioactive wastes, sewage, and petroleum are the most serious forms of water pollutant in oceans.


Oil kills organisms (or their larval forms) directly or indirectly (destroys the insulating ability of feathers and fur.
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Mechanical methods (floating booms, skimmer boats, absorbent materials) or chemical methods (coagulating and dispersing agents) are used to break-up major oil spills.
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Ways to control nonpoint pollution include:

- reduce the use and need for fertilizers (crop rotation and intercropping) and pesticides(biological controls).

  - control runoff from feedlots

  - use wetlands as a buffer against eutrophication

  - reduce erosion

Legal Approaches


Most developing countries discharge most of their untreated sewage directly into water used for drinking, bathing, and washing.


The Clean Water Act (goal of eliminating releases of high amounts of toxic substances into water) and Water Quality Act (directed the states to develop water quality standards) form the basis of the U.S. efforts to control water pollution and have had a generally positive effect.  

Many streams and rivers however are still unsafe due to agricultural runoff, toxic waste dumping, and high levels of pesticides.

Technological Approaches


About 25% of the homes in the U.S. use septic tanks to treat sewage.
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In larger communities sewage is treated at treatment plants which may have up to three levels of treatment.
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1. primary treatment- (mechanical): screens and gravity are used to remove large debris but does little to remove chemicals.


2. secondary treatment (biological): sewage is pumped into a large tank and mixed with bacteria and oxygen (activated sludge).


Waste sludge is usually incinerated, dumped into a landfill, or used as fertilizer.

3- Advanced sewage treatment uses chemical and physical processes to remove specific pollutants.  It is not used frequently because of its high cost.


Water leaving treatment plants is usually chlorinated to kill disease carrying bacteria.


Artificial wetland systems (waste water gardens) have been developed to treat sewage on a small scale (hotels, small communities in developing countries).
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CHAPTER 14 and 19: Water Resources and Pollution

1. heat capacity: a measure of how well a substance can absorb or release  heat with changing temperature (water has a high heat capacity).

2. surface runoff: water that moves off the land into bodies of water.

3. watershed: all the area drained by a given river.

4. groundwater: water that percolates through the surface and is stored in aquifers.

5. zone of saturation: area underground in which all the available space (between rocks, soil particles) are filled by water.

6. water table: upper surface of the zone of saturation (top of an aquifer).

7. aquifer: an underground body/source of water

8. recharged: the process by which an aquifer is filled with water.

9. water stress: low per capita availability of water.

10. hydrological poverty: not be able to afford a clean/safe source of water

11. water mining: removing water from an aquifer faster than it can recharge.

12. desalination: the process of using heat to separate water from salt.

13. water pollution: any physical or chemical change in water that is harmful to living things.

14. oxygen demanding waste: pollution that is typically broken down by microorganisms (which require oxygen)

15. thermal water pollution: an unnatural increase in the temperature of a body of water that causes harm to organisms.

16. water quality: a measure of how safe a source of water is (can be measured with indicator organisms (qualitative) or a series of quantitative tests.

17. BOD: Biological Oxygen Demand

18. point sources: sources of pollution that can be identified and controlled relatively easily.

19. non-point sources: multiple locations from which pollution is generated; difficult to identify and control.

20. cultural eutrophication: the process by which human activities (dumping nitrogen and phosphate based fertilizers) cause a body of water to become unsafe for fish.

21. Clean Water Acts: the primary federal law in the United States governing water pollution. Passed in 1972, the act established the goals of eliminating releases of high amounts of toxic substances into water.

22. Water Quality Act: preventing water pollution by requiring states to establish and enforce water 


quality standards for interstate waterways

23. primary treatment: the use of filters, screens, and floatation to separate large solids from sewage.

24. secondary treatment: a step in a wastewater treatment facility where bacteria are used to breakdown degradable, oxygen demanding, organic waste.

25. waste water gardens: a small, artificial “wetland” used to treat wastewater.

26. Virtual water: the amount of water actually used to produce an item (food, car, etc.) that is not consumed
T= transpiration


E= Evaporation


P= precipitation


R= runoff


AR= Aquifer recharge








