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Water is found in three forms: solid, liquid, and gas. The solid form 

is ice. The liquid form is water. The gas form is invisible and is called 

water vapor. Water can change between these forms in six ways:

 Freezing changes liquid water into ice.

 Melting changes ice into liquid water.

 Evaporation changes liquid water into water vapor.

 Condensation changes water vapor into liquid water. For example, 

morning dew on the grass comes from water vapor.

 Sublimation changes ice or snow into water vapor without passing 

through the liquid state. The ice or snow seems to disappear 

without melting !rst.

 Deposition changes water vapor into ice without the vapor 

becoming a liquid !rst. Water vapor falls to the ground as snow.

The Water Cycle
In our Earth system, water is continually changing from a liquid state 

to a vapor state and back again. Energy from the sun evaporates 

liquid water from oceans, lakes, and rivers, changing it into water 

vapor. 

As warm air over the Earth rises, it carries the water vapor into the 

atmosphere where the temperatures are colder. The water vapor 

cools and condenses into a liquid state in the atmosphere where it 

forms clouds. 

Inside a cloud, water droplets join together to form bigger and 

bigger drops. As the drops become heavy, they start to fall. Clouds 

release their liquid water as rain or snow. The oceans and rivers 

are replenished and the cycle starts again. This continuous cycle is 

called the hydrologic cycle, or water cycle.  

Water as an Energy Source
Water has been used as an energy source for thousands of years. 

The ancient Greeks used the energy in "owing water to spin water 

wheels that crushed grapes for wine and ground grain to make 

bread. 

In the 13th century, Chinese engineers built machines that used the 

energy in waves rising and falling with the tides to crush iron ore. 

The Italian inventor, Leonardo da Vinci, designed a wave machine in 

the 15th century.

Characteristics of Water

Water is vital to life on Earth. All living things need water to survive. Water covers 75 percent 

of the Earth’s surface. Our bodies are about two-thirds water. Water is made of two elements, 

hydrogen and oxygen. Both are gases. Two atoms of hydrogen combine with one atom of 

oxygen to create a molecule of water. The chemical formula for water is H2O. 

Water covers most of the Earth’s surface.

Image courtesy of NASA
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Moving water provides energy in several di#erent ways.  

Hydropower plants usually include dams across rivers to hold back 

water in reservoirs. This stored water is released to "ow through 

turbines, spinning generators to produce electricity. The energy in 

the oceans’ waves and tides can be harnessed to produce electric 

power as well.

Moving water is a safe, clean, and economical energy source. Water 

is sustainable, meaning we can use it over and over again. Using 

water as a source of energy does not reduce the amount of the 

water; it changes the speed and "ow of the water and sometimes 

the temperature, but it does not change the amount of water. 

Water is the world’s leading source of renewable energy. When 

water is used to generate electricity, we call it hydropower or 

hydroelectricity. The pre!x hydro comes from the Greek word for 

water and means water-related.

Harnessing Water Power
Humans have used the power of moving water for more than 2,000 

years. The !rst references to watermills are found in Greek, Roman, 

and Chinese texts. They describe vertical water wheels in rivers and 

streams. These traditional water wheels turned as the river "owed, 

turning millstones that ground grains.

By the fourth century AD, watermills were found in Asia and 

northern Europe. In the early 11th century, William the Conqueror 

noted thousands of watermills in England. Most used stream and 

river power, but some worked with the tides.

Early water wheels were designed to allow water to "ow beneath 

the wheel. Later, millers diverted streams to "ow over the tops of 

the wheels. More recently, wheels were placed on their sides—a 

more e$cient method.

In the late 1700s, an American named Oliver Evans designed a mill 

that combined gears, shafts, and conveyors. After grain was ground, 

it could be transported around the mill. This invention led to water 

wheels being the main power source for sawmills, textile mills, and 

forges through the 19th century.

In 1826, a French engineer, Jean-Victor Poncelet, designed an even 

more e$cient water wheel. The wheel was enclosed so that water 

"owed through the wheel instead of around it. This idea became the 

basis of the American-designed water turbine, patented by Samuel 

Howd in 1838. A water turbine forces every drop of potential power 

through a closed tube, providing much more water power than 

the traditional water wheel. James Francis improved on the water 

turbine design by reshaping the turbine’s blades. Known as the 

Francis turbine, this modern water turbine is still in use today as a 

highly e$cient producer of hydropower.

Generating electricity from hydropower began in the United 

States on July 24, 1880 when the Grand Rapids Electric Light and 

Power Company used "owing water to power a water turbine to 

generate electricity. It created enough power to light 16 lamps in 

the Wolverine Chair Factory. One year later, hydropower was used 

to light all the street lamps in the city of Niagara Falls, New York.  

A mid-nineteenth century water wheel.

Workers install a Francis turbine at Grand Coulee Dam, 1947. 

A Francis turbine features curved 
blades.

Image courtesy of U.S. Bureau of Reclamation
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Dams Yesterday and Today
The oldest known man-made dams were small structures built 

over 5,000 years ago to divert river water to irrigate crops in 

Mesopotamia. Around 2,900 BC, Egyptians in the city of Memphis 

built a dam around the city. The dam stopped periodic "ooding 

of the Nile River and created a reservoir for irrigation and drinking 

water. 

The Romans also built many dams in the !rst millennium, but 

most of their technical knowledge and engineering skills were lost 

during the fall of the Roman Empire. Dams did not become major 

civil projects until the end of the 19th century when the need for 

large dams coincided with the ability to build them.

Today, about half of the dams around the world were built for 

irrigation purposes, while about 18 percent were built and designed 

for electricity generation. There are approximately 84,000 dams in 

the United States, but less than three percent (2,200) were built 

speci!cally to generate electricity. The rest were built for recreation, 

!shing, "ood control, crop irrigation, to support the public water 

supply, or to make inland waterways accessible to ships and 

barges. Some of these dams could be retro!tted with turbines and 

generators to produce electricity.

A Hydropower Plant
There are three main parts of a typical hydropower plant: the 

reservoir, dam, and power plant (turbines and generators). The 

reservoir stores the water until it is needed. The dam contains or 

holds back the water; there are openings in the dam to control its 

"ow. The power plant converts the energy of the moving water into 

electricity.

A reservoir holds water behind the dam to create a larger height 

di#erential. The generation process begins with water "owing 

from the reservoir into openings on the upstream side of the dam, 

called penstocks, which are very large pipes. The water "ows down 

the penstocks to turbines at the bottom, spinning the turbines to 

power the generators. Water "ow is controlled by wicket gates.

The distance the water drops from the reservoir to the turbine is 

called the head; the higher the drop, the greater the head. The 

amount of moving water is called the !ow; more "ow equals more 

force. The mass of the water in the reservoir applies the pressure 

to move the water; the greater the mass of water, the greater the 

pressure.

The generators produce electricity, which is sent to transformers 

and distribution lines where it begins its journey to consumers. The 

water that entered the penstocks returns to the river below the dam 

and continues its downstream journey.

Electricity from Hydropower
Most electricity from water in the United States and the world is 

produced by conventional hydropower plants using gravitational 

energy. Almost 17 percent of the world’s electricity is produced 

by hydropower, and 5–10 percent of U.S. electricity, depending 

on the supply of water. In 2011, 7.77 percent of U.S. electricity was 

produced by conventional hydropower. That’s enough power to 

supply 28 million households with electricity, or the equivalent of 

about 500 million barrels of oil. The total U.S. hydropower capacity 

is over 99,000 megawatts.
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1. Water in a reservoir behind a hydropower dam !ows through an intake screen, 
which "lters out large debris, but allows smaller "sh to pass through.

2. The water travels through a large pipe, called a penstock.

3. The force of the water spins a turbine at a low speed, allowing "sh to pass 
through unharmed.

4. Inside the generator, the shaft spins coils of copper wire inside a ring of 
magnets. This creates an electric "eld, producing electricity.

5. Electricity is sent to a switchyard, where a transformer increases the voltage, 
allowing it to travel through the electric grid.

6. Water !ows out of the penstock into the downstream river.
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Types of Dams
A dam is either an over"ow or non-over"ow dam. An over!ow 

dam allows excess water to spill over its rim.  A non-over!ow dam 

uses spillways—channels going through or around the dam—to 

control the pressure and potential energy of water behind the dam. 

This also allows a dam operator to divert water to a hydropower 

plant o#-site when it is needed.

Dams are also categorized by the materials used in their construction 

and by their shape. Most dams are made of earth and clay, gravel or 

rock, stone masonry, wood, metal, or concrete.

A gravity dam uses only the force of gravity to resist water pressure. 

It holds back the water by the sheer force of its mass pressing 

downward. A gravity dam is built wider at its base to o#set the 

greater water pressure at the bottom of the reservoir. Most gravity 

dams are made of concrete. The Grand Coulee Dam is an example 

of a concrete gravity dam. 

An embankment dam is a gravity dam made of compacted rock 

or earth, with a water-resistant center that prevents water from 

seeping through the structure. The slopes of the dam are "atter on 

both sides, like the natural slope of a pile of rocks. 

Like a gravity dam, an embankment dam holds back water by the 

force of gravity acting upon its mass. An embankment dam requires 

much more material to build than a gravity dam, since rock and 

earth are less dense than concrete.

An arch dam can only be built in a narrow river canyon with solid 

rock walls. It is built from one wall of a river canyon to the other 

and curves upstream toward the body of a reservoir. The curved 

shape diverts some of the immense force of the water toward the 

canyon walls. An arch dam is built of stone masonry or concrete and 

requires less material than a gravity dam. It is usually less expensive 

to build. 

The Glen Canyon Dam, spanning the Colorado River in Arizona, is 

the tallest arch dam in the United States. It is 216 meters (710 feet) 

high. It was opened in 1966 to provide water storage for the arid 

U.S. Southwest and to generate electricity for the region’s growing 

population.

A buttress dam consists of a relatively narrow wall that is supported 

by buttresses on the downstream side. Most buttress dams are 

made of concrete reinforced with steel. 

Thick buttresses help the dam withstand the pressure of water 

behind it. While buttress dams use less material than gravity dams, 

they are not necessarily cheaper to build. The complex work of 

forming the buttresses may o#set the savings on construction 

materials. A buttress dam is desirable in a location that cannot 

support the massive size of a gravity dam’s foundation.
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Hoover Dam is located in Black Canyon on the Colorado River, about 

30 miles southeast of Las Vegas, NV. It was authorized by Congress 

in 1928 to provide electricity, "ood control, and irrigation for the 

arid Southwest. It was built in the early 1930s at the height of the 

Great Depression, providing much needed jobs for thousands of 

workers.

Hoover Dam is a concrete arch-gravity dam, in which the power of 

the water is held back by the force of gravity, as well as the arch 

shape. It is 726.4 feet tall from the foundation rock to the roadway 

on the crest of the dam. There are towers and ornaments that rise 

40 feet above the crest. The dam weighs more than 6,600,000 tons. 

Before construction of the dam itself could begin, the Colorado River 

had to be diverted around the construction site. Four concrete-

lined tunnels (each 50 feet in diameter and 4,000 feet long) were 

drilled through the canyon walls, two on each side of the canyon. 

Then temporary earthen co"erdams were built above and below 

the site to channel the river water through the tunnels and protect 

the construction site. 

When these diversion tunnels were no longer needed, the 

upstream entrances for the two outer tunnels were closed by huge 

steel gates and concrete plugs were placed in the middle of the 

tunnels. Downstream sections of the tunnels are used as spillways 

for the dam. The two inner tunnels now act as penstocks and are 

connected to the power plant.The temporary co#erdams were torn 

down once the dam was completed.

There are 4,360,000 cubic yards of concrete in the dam, power plant, 

and other structures necessary to the operation of the dam. This 

much concrete would build a tower that is 100 feet square and 2 ½ 

miles high, or pave a standard highway that is 16 feet wide from San 

Francisco to New York City—a distance of more than 2,500 miles.

Setting the concrete produced an enormous amount of heat. The 

heat was removed by placing more than 582 miles of one-inch steel 

pipe in the concrete and circulating ice water through it from a 

refrigeration plant that could produce 1,000 tons of ice in 24 hours. 

It took !ve years to build the dam, power plant, and other 

structures. During construction, a total of 21,000 men worked on 

the dam—an average of 3,500 men daily. A total of 96 men died 

due to construction of the dam, but none is buried in the concrete, 

although stories to that e#ect have been told for years.

Before construction of the dam could begin, the following projects 

were necessary:

 the construction of Boulder City to house the workers;

 the construction of seven miles of highway from Boulder City to 

the dam site; 

 the construction of 22.7 miles of railroad from Las Vegas to Boulder 

City and an additional 10 miles from Boulder City to the dam site; 

and 

 the construction of a 222-mile-long power transmission line from 

California to the dam site to supply energy for construction.

Once the dam was completed and the Colorado River was contained, 

a reservoir formed behind the dam called Lake Mead, which is an 

attraction to boaters, swimmers, and !shermen. The Lake Mead 

National Recreation Area is home to thousands of desert plants and 

animals that adapted to survive in an extreme place where rain is 

scarce and temperatures soar.

Summarized from the U.S. Department of the Interior, Bureau of Reclamation web 

site: www.usbr.gov/lc/hooverdam/faqs/damfaqs.html.

Building Hoover Dam: Transforming the Desert Southwest
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Conventional hydropower plants use the 
available water from rivers, streams, canal 
systems, or reservoirs to produce electrical 
energy. Conventional projects account for 
almost 80 percent of hydropower generating 
capacity in the United States.

Some conventional projects include reservoirs and some do not. 

Projects with dams and reservoirs, known as impoundment 

facilities, store water and use it to generate electricity when there 

is the demand. Projects without reservoirs are known as diversion 

facilities or run-of-river projects. Diversion projects do not 

require dams; instead, a portion of a river is diverted or channeled 

through a canal or penstock. 

Run-of-river projects have turbines installed in fast-"owing 

sections of the rivers, but they do not signi!cantly impede the 

rivers’ "ow. The "ow of water at run-of-river and diversion projects 

continues at about the same rate as the natural river "ows.

Pumped Storage
Another type of hydropower plant is a pumped storage facility. 

A pumped storage plant circulates water between two 

reservoirs—one higher than the other. When the demand for 

electricity is low, the power plant uses electricity to pump water 

to the upper reservoir, where it is stored. During periods of high 

demand, the water is released from the upper reservoir through 

the powerhouse back to the lower reservoir to quickly generate 

electricity. 

A pumped storage facility is in many ways like a huge battery that 

stores the potential energy of the water in the upper reservoir 

until there is a demand for electricity, which it can generate 

instantaneously by releasing the water.

RUN-OF-RIVER PROJECT

Image courtesy of U.S. Army Corps of Engineers

PUMPED STORAGE PLANT

Image courtesy of U.S. Army Corps of Engineers

NIAGARA FALLSNiagara Falls—Natural Wonder
Power plants at Niagara Falls produce one quarter of the electricity 

used by Ontario and New York, but the hydropower does not 

come directly from the falls. Rushing water is diverted from the 

Niagara River, upstream from the falls, to Canadian and American 

powerhouses. 

A treaty between Canada and the United States allows both 

countries to draw water upstream from the falls to produce 

hydroelectricity, but only up to speci!c amounts. How much water 

each country can draw is based upon tourism. Less water can be 

drawn during the day for the months of tourist season; more can 

be drawn at night and during the o#-season. 

Chief Joseph Dam on the Columbia River in Washington.

Seneca Pumped Storage Generating Station above Kinzua Dam on the 
Allegheny River in Warren County near Warren, PA.

Conventional Hydropower
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Hydropower Plant Capacity
Hydropower plants are rated by the amount of electricity they can 

generate—their capacity. A micro hydropower plant has a capacity 

of up to 100 kilowatts and a small hydropower plant has a capacity 

of up to 30 megawatts. 

A micro or small hydroelectric power system can generate enough 

electricity to provide power to a home, farm, ranch, or village. Large 

hydropower facilities have capacities greater than 30 megawatts 

and supply many consumers.

Maneuvering Around Dams
The impact of dams on the migration of !sh is an important 

ecological issue today. Some dams have #sh ladders built in to 

allow !sh to migrate upstream to spawn. Fish ladders are a series 

of small pools arranged like stair steps. The !sh jump from pool to 

pool, each higher than the previous one, eventually bypassing the 

dam. Some dams employ elevators that can transport the !sh up 

and over the dam, when a ladder isn’t feasible during spawning 

season.

When the !sh swim downstream, to return to the ocean, they need 

to bypass the dam again. Headed downstream, !sh are diverted 

around dams through special spillways, or through the openings in 

the turbine if large enough.

Dams for electricity are not the only ones built across rivers. 

Sometimes navigation dams are built to make sure the water is 

deep enough for barges and ships to travel the length of the river. 

When a dam is built across a river used by ships and barges, a canal 

is dug adjacent to the dam to allow continued navigation. The 

vessels bypass the dam through locks in the canal. Each lock has 

large upstream and downstream doors that can be opened and 

closed. 

A vessel traveling upstream is moving from a lower water level to 

a higher water level. When the vessel enters a lock the doors are 

closed, and water is let in so that the water level in the lock rises. The 

vessel rises along with the water, until it is level with the upstream 

water level. 

The upstream door opens, and the vessel moves on to the next lock. 

A vessel may need to go through several locks on the canal before it 

reaches the river on the other side of the dam.

Hydropower Plant Safety
Since the purpose of a dam is to contain a large quantity of water 

that could cause major destruction downstream if the dam fails, 

safety is an important issue. Some dams have failed in the past, but 

large dam failure is not considered a signi!cant threat today. The 

major dams in use today were designed by engineers to last for 

generations, withstanding earthquakes, "oods, and other potential 

hazards. 

Dams are required by law to be monitored continuously and 

inspected routinely for potential safety problems. State and federal 

agencies, as well as dam owners, are involved in the process. Security 

procedures against terrorist attacks have also been put into place.

FISH LADDER

Image courtesy of Bonneville Power Administration

NAVIGATION DAM

Image courtesy of U.S. Army Corps of Engineers

The "sh ladder at Bonneville Dam on the Columbia River in the Paci"c 
Northwest. 

An aerial view of the Soo Locks and the International Bridge at Sault Ste. 
Marie, MI.

SAFETY INSPECTIONS

Image courtesy of Tennessee Valley Authority

An engineer on TVA’s Rope Access Team inspects one of the four 
spillway gates at Fontana Dam. 


