Chapter 12
I. The Earth’s Water

i. The importance of water

1. Every life process requires water

2. Controls political geography and economic life of nations

3. Too much brings floods; too little brings drought
4. Universal solvent: carries other important substances

ii. When Hydrological cycle becomes overburdened, it results in water pollution

1. Water Quality Act- 1965
2. Clean Water Restoration Act- 1966

b. World Water Distribution
i. Covers about 71% of Earth’s surface

1. <1% is available for human use

2. Other 99% is in:

a. 97% is in oceans (too salty to use)

b. Locked in remote ice caps and glaciers

ii. Surface waters: lakes, rivers, streams, etc.

1. Help maintain world’s water balance

2. Freshwater lakes supply majority of domestic water

3. US lakes have about 26% of world’s freshwater

4. African lakes have about 29%

5. Asia’s lakes have about 21% (Lake Baikal)

iii. Groundwater: water found in porous rock layers and in soils below Earth’s surface

1. In some places, it may be the major source of water

2. Groundwater makes up 30 times the amount that is found on the surface

3. Soil Moisture: water in the pores of soil; vital to life

a. Plant life requires this to survive

4. Recharge: replacement of groundwater; very slow

a. Threats to groundwater

i. Pollution: contaminants remain for long time

ii. Overuse cannot be quickly replenished
c. The Problems of Fresh Water

i. Temporary water shortages due to:

1. Increased population

2. Available activities of modern economy

ii. Personal use is about 10% of total renewable supply

iii. Agricultural use is about 70%
1. Majority for irrigation

iv. Industrial use is about 25%

1. Production of energy from nuclear and fossil fueled power plants

v. Water appears to be abundant and endless

1. Warning signs that it isn’t

a. Polluted supplies

b. Groundwater depletion

c. Falling water tables

2. Could result in
a. Increased prices

b. Rationing
d. Water in the United States

i. The Water Budget: a balance sheet showing the water available in different parts of the water cycle

1. Data is given in Mgal/day

2. Since water doesn’t disappear, input should equal output: P~ ET+TO+CU, where:

a. P is precipitation

b. ET is evapotranspiration

c. TO is total surface and groundwater outflow to oceans

d. CU is consumption (water used and not returned to the hydrological cycle)

ii. Human Water Use
1. Almost every activity uses water either directly or indirectly

a. Average US citizens use about 80 gallons/day
i. About 12% for home commercial use
ii. Remainder for industry and agriculture

e. Availability of Water in the US
i. Western half has supply problems

1. Dry climate (low precipitation/high evaporation)

2. Increasing population

3. High agricultural demands

4. Groundwater supplies are being dramatically compromised

a. Groundwater “mining” causing sever depletion

ii. Eastern US

1. Adequate precipitation

2. Pollution is now the problem

II. Water Management

a. Dams and Reservoirs
i. Dams store water to be released when needed

ii. Reservoirs: artificial lakes created by dammed water

iii. Advantages

1. Irrigation

2. Control flooding by reducing downstream flow

3. Drinking home use

4. Generation of electricity

5. Industry
6. Recreational value

iv. Disadvantages of Dams
1. Alters scenic areas

2. Displaces people (3 gorges dam in China)

3. Alters wildlife habitat
4. Interrupts natural stream flow
a. Disrupting fish migration/spawning patterns

b. Alters water’s temperature and oxygen content
5. Prevents low-impact recreational activities

6. Tremendous evaporative losses
a. Increases salinity of water within reservoir

b. Enough evaporates from Lake Powell to annually supply a city of 500 000 people

7. Water is slower moving

a. Particles that were carried by faster moving rivers begin to settle out

b. Dams have finite life spans; eventually, they will silt up

i. Water will no longer collect behind them

b. Water Diversion Projects

i. Water diversion: channeling or re-directing water from a “water-rich” to a “water-poor” area

ii. Advantages

1. Essential for economic growth

iii. Disadvantages
1. Very costly

2. Encourage waster of precious resource by giving appearance of abundance
3. Increase salinity of soils

4. Other ecological disruptions
c. Managing Groundwater
i. Damage to groundwater supplies

1. Depletion through over-pumping

2. Subsidence: the lowering of land surface caused when too much groundwater is removed; the empty pore spaces are no longer held open and overlying rock compresses them

a. Rates as high as 5-10 cm/yr observed in FL, CA, and TX

b. Cannot be reversed

c. Water holding capacity of aquifer is reduced

d. If occurring along a seacoast, may lower below sea level

i. Flooding

ii. Saltwater intrusion into aquifer

ii. Artificial recharge methods (pumping water back into aquifers)

1. Channeling natural stream water into wells

a. Increases natural infiltration

2. Feeding in water from industrial cooling and wastewater

a. Caution must be exercised to avoid pollution

d. Desalination
i. Reverse osmosis: salt water under pressure is forced through a selective membrane that remits only the passage of water molecules ( salt is left behind

1. Expensive

2. Uses great deal of energy

ii. Evaporative desalination: solar energy evaporates water, leaving salts behind. Fresh water is collected as it condenses

e. Water from Icebergs

i. Former king of Saudi Arabia commissioned research into feasibility

1. It was determined that it is possible:

2. However, it would be:

a. Extremely expensive

b. Take many months to move to location where needed

ii. What would ecological consequences be?

iii. Would enough freshwater be left once it reached its destination?

f. Cloud Seeding
i. Modification of weather:

1. Certain types of clouds are sprinkled with silver iodide crystals

a. Causes formation of ice crystals and water droplets

i. Precipitates as snow, or rain

ii. How does it affect overall weather patterns?

1. Not effective in areas of rarely having rain clouds

iii. Silver Iodide is a poison

1. How will it affect living organisms

iv. Legally: Who has a right to water in clouds?

g. Water Conservation
i. Factors placing limits on ability to expand water supplies to a region

1. Higher energy prices

2. Water laws

3. Increased competition for water

4. Higher water prices

ii. Water Conservation Ethic: a way of thinking about water use so that every action that uses water conserves this valuable resource

iii. Water conservation technologies for home

1. Low-flush toilets, low-flow faucets shower heads

2. Lawns
a. Landscape with native plants: xeriscaping

b. Water at night, not heat of day

3. Wash cars on lawn or commercial facility

iv. National basis greatest savings in

1. Industry

a. Dry cooling towers cut water loss by 25%

i. Require more operating energy/ costs more

2. Agriculture

a. Irrigation ditches should be lined with cement/plastic or replaced by pipes

i. Unlined ditches lose 40-50% of water before reaching crops

b. Replace Irrigation sprinklers or flooding systems with drip irrigation

i. Drip irrigation loses only 5-10% of water instead of up to 50%

III. Water Pollution

a. Point and Non-point Sources

i. Point Sources: untreated or inadequately treated wastes from easily identified sources

1. Sewage treatment plants

2. Feedlots

3. Oil spills

ii. Effluent: discharge of pollutants into the environment, partially or completely treated or in their natural state

iii. Non-point sources: waste from non-identified or diffuse sources

1. Sediment from erosion from various activities

a. Logging

b. Fires

c. Construction

d. Farming

2. Chemical runoff from farming, suburbs, and golf courses

a. Pesticides

b. Fertilizers

3. Untraceable oil spills or hazardous waste dumps

b. Major Water Pollutants

i. Water pollutant: any substance picked up by water that makes it impure

1. Water is the universal solvent

2. Also carries suspended solids

ii. “Pure” water: no substance is present in sufficient concentration to prevent it from being used for normal purposes: drinking, irrigation, etc.

iii. Different standards are set for different water uses

1. (DIAGRAM, PG 501)

2. Standards change as new information becomes available

a. Effects of pollutants
iv. Water pollutants can be divided into 8 categories
1. Disease causing agents: bacteria, viruses, protozoa, parasites, worms
a. Occur where drinking water standards are low or absent

i. Much enters the water from human/animal feces

1. Prevent waste from entering water source

2. Treat with chemicals (most common is Cl)

3. The only way to remove viruses is boiling
2. Inorganic Chemicals: heavy metals which are very toxic

a. Lead, copper, arsenic, chromium

b. Mercury altered by anaerobic bacteria to Methyl mercury ( extremely toxic

3. Synthetic Organic Compounds- detergents, oils, industrial wastes, pesticides, solvents

a. Oils spills: extremely difficult to clean up

i. Booms: plastic barriers that attempt to contain surface oil

ii. Vacuums siphon off oil

b. Detergents contain nutrients which accelerate plant/algal growth

i. Clog waterways

ii. Decomposing plants consume oxygen decreasing available amount for aquatic life

c. Pesticides build up in food chains

4. Fertilizers: Nitrogen and Phosphates are of primary concern
a. Cause algal blooms, depriving fish of O​2
b. Nitrates can decrease blood’s ability to carry oxygen-dangerous to humans

5. Sediments: silts and clays eroded from land

a. Fill reservoirs decreasing available space for aquatic life
b. Reduce sunlight penetration- reduces photosynthesis of aquatic plants

6. Oxygen- Demanding Wastes: organic waste that can be decomposed by aerobic bacteria; population explosion of bacteria depletes dissolved oxygen

7. Radioactive Wastes: erosion of naturally occurring radioactive rocks, mining, nuclear power plants, and weapons testing
8. Thermal Pollution: excess heated water from power plants and industry released downstream from the water intake
a. Increased temperature kills aquatic life

b. Reduces water’s ability to freeze, altering migration patterns

IV. Water Treatment

a. Primary Treatment

i. Average US citizen produces 53 gallons of waste/day.  Hoiw is this treated?

ii. Primary Treatment: first stage of wastewater treatment; removes large solid objects and materials that settle out.

1. Large object screened out first

a. Rags, disposable diapers, etc.

2. Grit-removal basin allows finer particles to settle out

a. Sand, coffee grounds etc

iii. Primary Clarifier: large settling tank that allows suspended particles to settle to the bottom while grease floats to the top
1. Grease is skimmed off

2. Sludge at bottom is removed

b. This used to be where sewage treatment ended

i. As populations grew larger, more extensive treatment became necessary

ii. (Diagram, pg 516)

c. Secondary Treatment
i. Secondary Treatment: removes dissolved and suspended organic matter and kills microorganisms

1. Sewage goes from primary treatment to

a. Aeration tanks: oxygen and microorganisms decomposed organic materials

i. Air is bubbled through wastewater

b. Secondary Clarifier: settling tank that allows sludge to settle to the bottom

c. Chlorination Chamber: treats liquid containing microorganisms

i. Kills 99% of viruses bacteria and protozoa

2. In most places, this final stage of treated water is released back into the water source from which it came

ii. Trickling Filter Process: effluent from primary clarifier is sprayed onto bed of stones 1-2 meters deep

1. Stones are covered with bacteria which start a food chain of decomposers
2. At the end of the chain, the effluent flows into the secondary clarifier

3. (Diagram, pg 517)

d. Tertiary Treatment
i. Primary and secondary treatment remove >90% of all solids and organic wastes

ii. Chlorination removes most of disease causing organisms

iii. Tertiary Treatment: removes phosphates, nitrates, salts, radioactive materials, and pesticides that remain through a series of chemical and physical processes

1. Absorption, oxidation, or reverse osmosis

2. Dependent upon local conditions

e. Solid Processing

i. Sludge must be further treated and digested

1. Decomposed in aerobic conditions

a. Broken down into harmless solids, organic acids, carbon dioxide, hydrogen sulfide, and methane

2. Final disposal may be incinerated, land filled, or composted.

a. Can reduce need for commercial fertilizers

ii. (Diagram pg 519)

f. On-Site Sewage Treatment Systems
i. 1/3 of all US homes have on-site sewage treatment systems

1. 85% are septic systems: removes wastewater from source, separates, contaminants from the wastewater, and returns effluent to the soil for filtration
2. Homes that are not close to municipal sewer lines

3. Soil and water conditions must be suitable

ii. Composed of 2 parts:

1. Septic tank: separates out large solids

a. Bacteria digest organics, scum and sludge separate from wastewater

2. Leach field: network of porous pipes buried in trenches covered with soil

a. Gravel surrounds pipes to evenly distribute effluent

iii. Improper siting or construction may result in groundwater pollution

iv. Maintenance is removal of accumulated solids in septic tank

g. Solving Water Problems

i. “Supply Management Approach”: arranging the nation’s supplies of fresh water to meet the needs of users

1. Building of reservoirs and delivery systems

ii. Concerns causing strategies to change

1. Shrinking water supplies

2. Increased costs

3. Increased water pollution

iii. Water quantity and quality problems can be solved by:

1. Technical solutions
2. Developing a water conservation ethic

3. Economic solutions

a. Price of a resource should fully reflect its true value

4. Water policy and water law
