Forestry and Natural Resources

Unit 3:  Water

Unit 3:  Water

Lesson 2:  The Hydrologic Cycle

Duration:  Two Hours
Students will be able to:

1. Describe and explain the operation of the hydrologic cycle.

2. Explain how the hydrologic cycle causes weathering and soil formation

3. Explain the importance of water to agriculture, the environment and industry.

4. Discuss major issues concerning the use, management and regulation of water use.

5. Explain how water is important to fish and wildlife.

Suggested Activities:

3.2A
Determining Daily Water Consumption.

Teaching Outline:

I.
The water cycle (hydrologic cycle) involves the cyclical movement of water through the ecosphere. Water is utilized, transported, and stored in reservoirs or sinks. Eventually, all water is renewed through biological, physical, or chemical processes. (TM p 12)

A.
The various components of the hydrologic cycle include:  

1.  The water cycle is powered by solar energy and gravity.

2.  Solar energy evaporates water from the soil, plants, oceans, streams, and lakes.

3.  Water saturated air is heated and rises into the atmosphere.

4.  The air eventually cools, condensing the water vapor which falls as rain or snow.

5.  Water may temporarily be stored in ice caps, the oceans, the atmosphere, or in ground water.

6.  The time required for the complete replacement of water at a particular phase of the water cycle is called the replacement period.

7.  The action of the water cycle over time is a major factor in the weathering of rock and the formation of soil.

B.
During the water cycle, water may be found in watersheds, as surface water, or stored as ground water.

1. Watersheds represent the total area drained by a particular stream; they may range from a few to thousands of square miles.

a.
Healthy watersheds are usually bounded by permanent vegetation that reduce soil erosion, flooding, and surface runoff.

b.
Watersheds function by converting precipitation into stream flow and groundwater.

c. Many watersheds in the US have been channeled or converted into water filled ditches that are intended to move water quickly out of a watershed and control flooding.

2.
Surface water is any water body above the ground surface, including lakes, rivers, and streams. 

3.
Ground water is water that infiltrates or seeps into the ground.  Some of this water will run off into the oceans at approximately a few centimeters or meters a year. (TM p 13)

a.
The zone of aeration includes the topsoil and subsoil system of pore spaces filled with water or air. This capillary water may be absorbed by plant roots and eventually transported to the atmosphere by transpiration.

b.
The zone of saturation is that part of the subsoil in which all of the pore spaces are filled with water. The highest part of this zone is referred to as the water table.

c.
In the U.S., the ground water in the upper half-mile of the earth’s crust is equal to all of the water that will runoff to the oceans in the next 100 years.

d.
The Ogallala Aquifer which lies under Kansas, Oklahoma, Texas, New Mexico, and Arizona, holds approximately 2.5 million billion liters of drinking water servicing 2 million people.

4.
Water is temporarily stored in the bodies of organisms. Organisms are approximately 70 percent water. Plants absorb water through their roots; an oak needs about 400 liters (100 gallons) of water a day.

a.
Water escapes to the atmosphere through pores or stomata in the leaves of plants in a process called transpiration.

b.
Animals release water to the environment through evaporation of water from their bodies, urination and defecation, and decomposition after death.

B.  Uses of Water

1.
The principal use of water is used to irrigate farmland.  Approximately 70 percent of all water used in the US is utilized for this purpose.  Irrigation is a complex operation demanding detailed planning, preparation, and technical skill. There are five main methods of irrigating farmlands.

a. Sheet irrigation involves drawing water from up slope and allowing it to gradually flow down slope over prepared topsoil that encourages good infiltration. Typical problems with this method are soil erosion and nutrient loss.

b. Flood irrigation draws water from irrigation ditches to flood the fields. When these fields are at the high end of the water table, wetlands are often created that provide habitat for some wildlife.

c. In furrow irrigation water is drawn from laterals by siphons that empty into furrows between crop rows. Erosion is lessened by contouring the furrows.

d. Sprinkler irrigation may be used in areas where the other methods are not suitable because of slope steepness. It requires ample well water and is often very costly. Sprinklers are either stationary or rotary.

e. Drip irrigation delivers water directly to the roots of permanent crop plants via porous plastic pipes. The delivery tubes may be on the soil surface or underground. It takes substantially (20-50%) less water than sprinkler irrigation.

f. Issues concerning use, management, and regulation of irrigation water include:

i.
The loss of three out of four gallons of water to evaporation, absorption by weeds, or see page into the ground.

ii.
Salinization occurs when poorly draining water evaporates, leaving soil degrading salts behind. Thirty percent of western farmlands have salinity problems.

iii.
Depletion of ground water has resulted in 100 to 400 foot drops in the aquifers of Kansas, Oklahoma, Texas, New Mexico, and Arizona. The eventual subsidence of the land causes damage to irrigation canals, sewer water pipes, and building foundations.

iv.
Water is sold in copious amounts because the value of water has increased many fold over the years. In Reno, Nevada, water soared from $50 dollars per acre-foot in 1976 to $3,000 dollars per acre-foot in 1991.

2.
Industry is a large user of water, particularly in the Eastern United States where water supplies are plentiful and of little cost.

a. Water is used by industry to cool equipment, generate steam, drive electrical turbines, to remove chemical wastes, as a chemical solvent, and for brewing, and food processing.

b.  Industry affects the supply and quality of available water by releasing oxygen, demanding effluents into streams, acidifying lakes and ponds, releasing heated water, discharging toxic metals, and by pumping out large volumes of water from lakes and streams. 

3.
Hydroelectric plants generate electricity by passing water through large turbines, usually located below a dam. Fourteen percent of U.S. total electricity is supplied in this fashion and accounts for four percent of the total energy consumption.

a. Using water to produce electricity is inexpensive, pollution free, and utilizes a potentially renewable resource.

b. Hydroelectric plants have several negative drawbacks.

i.
The greatest hydroelectric potential is in developing countries that lack the finances or technical experience.

ii.
Hydroelectric plants are costly; 300 million to 2 billion dollars to construct.

iii.
Heavy sedimentation may reduce the lifespan of the associated reservoir in as little as twenty years.

iv.
Reservoirs inundate farmland, wildlife habitat, and forests.

v.
Fish migrations are impeded and food chains disrupted.

4.
Fish and wildlife depend on quality water to maintain the integrity of their environment, to provide food, and breeding sites. The following is a partial list of the functions and contributions of water to wildlife.

a. Water assists in ecosystem interconnectivity, allowing organisms to exploit new resources or habitats.

b. Water supports and maintains food chains by transporting and making available nutrients to a variety of sessile and mobile organisms.

c. Water provides a relatively stable environment free from radical temperature changes.

d. Water diffuses animal and plant wastes, inhibiting the buildup of toxic metabolites.

e. Water is an important constituent of organisms, supporting a variety of biochemical processes.

5.
Domestic water use is one the three principal consumers of water resources. The average American family uses 230 liters or 60 gallons a day; Europeans use half as much. Unfortunately the most intense use and consumption of water tends to be in areas of marginal supply, such as the arid southwest.

a. Domestic uses of water include the irrigation of lawns, cooking and cleaning purposes, gardening, personal and pet consumption, and recreation. Leaks in domestic pipes result in enormous amounts of water wastage. A small leak dripping about 80 times a minute results in a loss of 26.5 liters (7 gallons) of water a day. There are many practical ways to conserve water in the home.

5.  Recreational uses of inland waters include boating, fishing, water skiing, kyacking, and hunting.  Tourism is a significant component of the California economy, and water features from the beaches on the pacific to Lake Tahoe as well as hundreds of streams and rivers attract visitors from around the world.  

a. Recreational water use can sometimes interfere or conflict with other uses of water.  For example reservoirs that contain water for human consumption may not allow swimming or boating.  A fuel additive and known carcinogen, MTBE  (methyl tert butyl ether), was found in California reservoirs in the late 1990’s.  This led to a reformulation of gasoline in California beginning in 1999.

b. Other conflicts involving recreational use occur when a stream or river is dammed.  White water rafters loose recreational opportunities while other boating opportunities may be provided by lakes.

Exercise 2A

Determining Daily Water Consumption

Purpose:

Students will be able to evaluate and determine individual or household water consumption on a daily basis.  Students and their families will become more aware of the vast amount of water used in everyday household activities.

Procedures:

1. Have students estimate their familie’s daily water usage in gallons.  Record their estimated household water consumption on the worksheet.

2. It is best to assign this activity on Friday so students have the weekend to record usage.  Students will have two days to complete the activity and also have a better opportunity to be at home an entire day.

3. Use the following estimated numbers to determine water usage:

· Brushing teeth:  2 gallons/min. or 1 gallon/30 seconds

· Shower:  5 gallons/min.

· Bath:  35 gallons

· Toilet”  3 gallons/flush

· Food preparation:  (personally measure the amounts)

· Laundry:  30 gallons/load

· Dishwasher:  15 gallons/load

· Washing car:  30 gallons/car

· Watering lawn:  100 gallons/hr (depending on type of sprinkler)

· Getting a drink:  .25 gallons

· Washing hands or face:  5 gallons or 2 gallons (if you turn water off while soaping).

Instructor may have to determine other estimated amount on activities not listed.


Helpful Hints:


8 oz. – one cup


4 cups – a quart or 32 oz.


4 quarts = a gallon 128 oz.

4.
Have students compare their daily consumptions.  Are they close to the estimated average daily usage (90 gallons/person)?  Have them devise ways to conserve water in their own households.  Be creative!
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