CHAPTER

Water

1 Water Resources
2 Water Use and Management
3 Water Pollution

Before you read this chapter,
take a few minutes to
answer the following
questions in your Ecolog.

1. Where does the tap water
in your home come from?

. Do you think the tap
water you drink at home
contains pollutants?

This composite photograph shows
what an iceberg might look like if
you could see the entire iceberg. Did
you know that some countries are
considering towing icebergs to their
coasts and melting the ice to pro-
vide drinking water?
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SECTION 1
Water Resources

The next time you drink a glass of water, think about where the
water came from. Did you know that some of the water in your
glass may have been part of a rainstorm that pounded the Earth
long before life existed? Or that water may have been part of a
dinosaur that lived millions of years ago. Some of the water we
drink today has been around since water formed on Earth bil-
lions of years ago. Water is essential to life on Earth. Humans can
survive for more than a month without food, but we can live for
only a few days without water.

Two kinds of water are found on Earth. Fresh water—the
water that people can drink—contains little salt. Salt water—the
water in oceans—contains a higher concentration of dissolved
salts. Most human uses for water, such as drinking and agricul-
ture, require fresh water.

The Water Cycle

The Earth is often called “the Water Planet” because it has an
abundance of water in all forms: solid, liquid, and gas. Water is
a renewable resource because it is circulated in the water cycle,
as shown in Figure 1. In the water cycle, water molecules travel
between the Earth’s surface and the atmosphere. Water evapo-
rates at the Earth’s surface and leaves behind salts and other
impurities. Water vapor, which is a gas, rises into the air. As
water vapor rises through the atmosphere, the gas cools and con-
denses into drops of liquid water that form clouds. Eventually the
water in clouds falls back to Earth and replenishes the Earth’s
fresh water. The oceans are an important part of the water cycle
because almost all of Earth’s water is in the oceans.

CONDENSATION

PRECIPITATION

EVAPORATION
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Objectives

» Describe the distribution of Earth’s
water resources.

» Explain why fresh water is one of
Earth’s limited resources.

» Describe the distribution of Earth’s
surface water.

» Describe the relationship between
groundwater and surface water in
a watershed.

Key Terms

surface water
river system
watershed
groundwater
aquifer
porosity
permeability
recharge zone

Figure 1 » The water cycle is the
continuous movement of water
between Earth and its atmosphere.
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Global Water Distribution

To understand why fresh water is such a limited resource you
have to understand how little fresh water is found on Earth.
SALT WATER 97% Although 71 percent of the Earth’s surface is covered with
water, nearly 97 percent of Earth’s water is salt water in
oceans and seas. Figure 2 illustrates this relationship. Of
the fresh water on Earth, about 77 percent is frozen in gla-
ciers and polar icecaps. Only a small percentage of the
water on Earth is liquid fresh water that humans can use.
The fresh water we use comes mainly from lakes and rivers
and from a relatively narrow zone beneath the Earth’s surface.

FRESH
WATER 3%

Icecaps and Other fresh
glaciers 77% water 1% Surface Water
Groundwater 22% Surface water is fresh water on Earth’s land surface. Surface

water is found in lakes, rivers, streams, and wetlands. Although
gure 2 surface water makes up a small fraction of the fresh water on

distribution of water on Earth. What Earth, the distribution of surface water has played a vital role i

percentage of the Earth’s fresh water ) e played a vital role in

is in lakes and rivers? the development of human societies. Throughout history, people
have built cities, towns, and farms near reliable sources of surface
water. Some of the oldest cities in the world were built near
rivers. Today, most large cities depend on surface water for their
water supplies. Rivers, lakes, and streams provide drinking water,
water to grow crops, food such as fish and shellfish, power for
industry, and a means of transportation by boat.

Figure 2 » This pie graph shows the

Figure 3 » Watersheds of the World
This map shows the Earth’s major water-
sheds. The highlighted area of the satellite
image below shows that the Mississippi
River watershed covers almost half of

the United States.

Morth America
1. Yukon

2. Mackenzie
3. Columbia

4, Colorado

5. Rio Grande
6, Mississippi

South America
7. Orinoco

8. Amazon

9. Parana
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River Systems Have you ever wondered where all the water in a f . .
river comes from? Streams form as water from falling rain and onnection to: Biology

melting snow drains from mountains, hills, plateaus, and plains. Amazon River Dolphins The
As streams flow downhill, they combine with other streams and Amazon River dolphin is one of
form rivers. The more streams that run into a river, the larger the the world’s few freshwater dol-
river becomes. As streams and rivers move across the land, they phin species. The dolphins are

almost completely blind, but they
can easily navigate through the
silty waters of the Amazon by

\ using sonar. )

form a flowing network of water called a river system. If a river
system is viewed from above, it can look like the roots of a tree
that are feeding into a trunk. The Mississippi, the Amazon, and
the Nile are enormous river systems because they collect the
water that flows from vast areas of land. The Amazon River sys-
tem is the largest river system in the world—it drains an area of
land that is nearly the size of Europe.

Watersheds The area of land that is drained by a river is
known as a watershed. The watershed of the Mississippi River
is shown in the satellite image in Figure 3. Pollution anywhere
in a watershed may end up polluting a river. The amount of

water that enters a watershed varies throughout the year. H internet connect

Rapidly melting snow as well as spring and summer rains can www.scilinks.org
dramatically increase the amount of water in a watershed. Topic: Watersheds
Other times of the year, the river system that drains a water- SciLinks code: HE4124

shed may be reduced to a trickle. Communities that depend on
rivers for water can be severely affected by these changes to the
river system.
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How Much Groundwater Is
There on Earth? There are about
50 million cubic kilometers of
groundwater on Earth. That means
there is about 20 times more water
underground than in all of the
rivers and lakes on Earth!

Groundwater

Most of the fresh water that is available for human use cannot be
seen—it exists underground. When it rains, some of the water
that falls onto the land flows into lakes and streams. But much of
the water percolates through the soil and down into the rocks
beneath. Water stored beneath the Earth’s surface in sediment and
rock formations is called groundwater.

As water travels beneath the Earth’s surface, it eventually
reaches a level where the rocks and soil are saturated with water.
This level is known as the water table. In wet regions, the water
table may be at the Earth’s surface and a spring of fresh water
may flow out onto the ground. But in deserts, the water table
may be hundreds of meters beneath the Earth’s surface. The
water table is actually not as level as its name implies. The water
table has peaks and valleys that match the shape of the land
above it. Just as surface water flows downhill, groundwater tends
to flow slowly from the peaks of the water table to the valleys.

Aquifers An underground formation that contains groundwater
is called an aquifer. The water table forms the upper boundary of

The Ogallala Aquifer:
An Underground Treasure

Anyone who has eaten food pro-
duced in the United States has
probably enjoyed the benefits of
the Ogallala Aquifer, one of the
largest known aquifers in the world.
This enormous underground water
system formed from glaciers that
melted at the end of the last Ice
Age, 12,000 years ago. Today, the
Ogallala Aquifer supplies about one-
third of all the groundwater used in
the United States.

People began to use the
Ogallala Aquifer extensively for irri-
gation in the 1940s. With help
from this ancient water source,
farmers turned the Great Plains
into one of the most productive
farming regions in the world. For
many years, farmers seemed to
enjoy a limitless supply of fresh
water. But in recent years, the
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Ogallala Aquifer has started to
show its limits. Water is being
withdrawn from the aquifer 10 to
40 times faster than it is being
replaced. In some places, the water
table has dropped more than 30 m
(100 ft) since pumping began.

Humans are not the only living
things that depend on the Ogallala
Aquifer. In some areas, the aquifer
flows onto the surface and creates
wetlands, which are a vital habitat
for many organisms, especially
birds. These wetlands are often the
first habitats to disappear when the
water table falls.

Many people are working
together to try to conserve the
Ogallala Aquifer. For example,
some farmers have begun to limit
irrigation during bird migrations in
order to allow surface-water levels
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» The Ogallala Aquifer holds
about 4 quadrillion liters of water—
enough to cover the United States
to a depth of 0.5 m (1.5 ft).
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an aquifer. Most aquifers consist of materials such as rock, sand, Bl internet connect
and gravel that have a lot of spaces where water can accumulate. -

. . www.scilinks.org
These aquifers hold water in much the same way that a sponge Tobi

. . opic: Groundwater

holds water. Groundwater can also dissolve rock formations, sciLinks code: HE4052
such as those made of limestone, and fill vast caves with water, Topic: Aquifers
which creates underground lakes. Aquifers are an important SciLinks code: HE4004
water source for many cities and for agriculture.

Maintainzd by the
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Porosity and Permeability How can a rock formation hold mil-
lions of gallons of water? Although most rocks appear solid,
many kinds of rocks contain small holes, or pore spaces. Porosity
is the amount of space between the particles that make up a rock.
Water in an aquifer is stored in the pore spaces and flows from
one pore space to another. The more porous a rock is, the more
water it can hold. The ability of rock or soil to allow water to
flow through it is called permeability. Materials such as gravel
that allow the flow of water are permeable. Materials such as
clay or granite that stop the flow of water are impermeable. The
most productive aquifers usually form in permeable materials,
such as sandstone, limestone, or layers of sand and gravel.

» Sandhill cranes are among the
many kinds of birds that rely on
water from the Ogallala Aquifer.

1. Applying Ideas Most of the
water in the Ogallala Aquifer came
from glaciers that melted thousands
of years ago. What is the aquifer’s
primary water source today?

to rise. Other farmers have the value of the Ogallala Aquifer . i g

adopted water-saving irrigation and are fighting to preserve it. — Exp'ressn?g Vigwpalntslio

systems and are planting crops They are pressuring politicians to {):)at:ntsh;r;lg ;Es;doe:lts O;Othfecxﬁzt

such as wheat or grain sorghum, replace policies that encourage have an interest iz Sonsr:)erving the

which require less water than corn wasting water with policies that Ogallala Aquifer? Write an editorial

or cotton. promote water conservation. These that expresses your viewpoint.
Many farmers and other resi- efforts may help save this under-

dents of the Great Plains recognize ground treasure.
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Figure 4 » Groundwater and the Water Table
Aquifers are underground formations

that hold water. Impermeable rock

can be porous or nonporous, but

only permeable rock allows water

to pass through it.
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Porous and permeable rock

MNonporous and impermeable rock

The Recharge Zone To reach an aquifer, surface water must
travel down through permeable layers of soil and rock. Water
cannot reach an aquifer from places where the aquifer is covered
by impermeable materials. Notice the permeable layers above the
aquifer in Figure 4. The area of the Earth’s surface where water
percolates down into the aquifer is called the recharge zone.
Recharge zones are environmentally sensitive areas because any
pollution in the recharge zone can also enter the aquifer.

The size of an aquifer’s recharge zone is affected by the per-
meability of the surface above the aquifer. Structures such as
buildings and parking lots can act as impermeable layers to
reduce the amount of water entering an aquifer. Communities
should carefully manage recharge zones, because surface water
can take a very long time to refill an aquifer. In fact, aquifers can
take tens of thousands of years to recharge.

Wells If you go nearly anywhere on Earth and dig a hole deep
enough, you will eventually find water. A hole that is dug or
drilled to reach groundwater is called a well. For thousands of
years, humans have dug wells to reach groundwater. We dig wells
because groundwater may be a more reliable source of water
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Pumping water from a
well creates a cone-shaped
depression in the aquifer.

—_ e Porous and permeable rock

MNonporous and
impermeable rock

than surface water and because water is filtered and purified as it
travels underground. The height of the water table changes sea-
sonally, so wells are drilled to extend below the water table.
However, if the water table falls below the bottom of the well dur-
ing a drought, the well will dry up. In addition, if groundwater is
removed faster than it is recharged, the water table may fall below
the bottom of a well. To continue supplying water, the well must

be drilled deeper.

SECTION 1 Review
N

1. Describe the distribution of water on Earth. Where is CRITICAL THINKING
most of the fresh water located? 5. Making Comparisons Read the description of
2. Explain why fresh water is considered a limited aquifers. How are aquifers like water-filled sponges?

resource. READING SKILLS

6. Analyzing Relationships Describe the relationship
between groundwater and surface water in a water-
shed. What human activities in a recharge zone can

4. Describe how water travels through rock. affect the groundwater?

3. Explain why pollution in a watershed poses a poten-
tial threat to the river system that flows through it.
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