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HARNESSING
HYDROPOWER

The Earth’s  
Natural Resource



HOW ElEcTRIcITy REAcHES yOu
The hydropower system begins at a dam, where the powerplant converts the 
force of flowing water into electricity. Transmission lines carry electricity from 
the dam to a switchyard, which increases voltage for transmission across the 
country. Electricity is delivered to local utilities at substations, which decrease 
voltage for safe distribution to homes and businesses in cities, towns and rural 
areas. It provides light, runs electric motors, computers and appliances, and 
operates pumps to irrigate crops, using the same water originally used to 
generate that power.
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INTRODucTION

T he growth of civilization has been linked to our ability to 
capture and use the force of flowing water to our benefit. 
Power from rushing water was first harnessed to process 
food and provide energy for factories and plants. Over 

time that water power also became useful for efficient hydroelectric 
generation.

Because the fuel for hydropower is supplied by nature’s own 
self-renewing hydrologic cycle—rain and snow filling the rivers, 
rivers rushing to the seas and water 
evaporating again to form clouds—it 
is an environmentally clean, renewable 
and economical energy source. Today 
hydroelectric plants use water power to 
produce seven percent of the nation’s 
electrical supply.

HISTORY Of 
HYDROPOWER

The water-driven machine is an 
ancient invention. In fact, the water-
wheel was the first application of power-
driven machinery. More than 2,000 years 
ago, the Romans developed a waterwheel 
for milling flour. This invention became 
popular in Europe and was used widely 
by the 11th century.

Hundreds of years later, the water-
wheel had increased its efficiency. 
However, before the discovery of elec-
tricity, machines powered by the wheel 
had to be directly coupled to it by shafts 
or belts. Thus, factories were built near 
rivers.

Even with this limitation, depen-
dence on water power increased. In the United States, water sup-
plied energy for textile industries in New England and the Niagara 
Falls power system—both of which were constructed before falling 
water was used to produce electric power.

Waterwheels convert the energy of 
motion to useful energy, allowing 
people to put power to work.
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In its earliest days, the Niagara Falls Power Company channeled 
water to small wheels of several manufacturers. Within 10 years, 
the operation grew to become a central powerhouse, transmit-
ting mechanical energy to nearby customers using ropes, belts and 
shafts. Later, Niagara Falls became the site for the first large hydro-
electric installation in the United States.

Then in 1831, Michael Faraday discovered the principles of elec-
tromagnetic induction, the process of electrical current flowing in a 
closed loop of wire as it moves through a magnetic field. This led to 
the invention of the electric generator and the electric transformer. 
Faraday found that electrical current flowed in a closed loop of wire 
as it was moved through a magnetic field.

After 50 years of development, an electric generator directly pro-
duced hydroelectric power at an English plant in 1881. This hydro-
electric facility in Goldaming, England, supplied power for three 
street lamps.

The first U.S. hydroelectric 
powerplant began operating 
in 1882 in Appleton, Wisc. 
This facility was rated at one 
horsepower, or 746 watts. It 
served two paper mills and 
a residence. Electricity was a 
new source of power, but how 
to control this resource was 
not well understood. Factories 
remained clustered beside the 
old waterwheel until ways to 
transmit hydroelectricity were 
developed.

In the United States, the 
first hydroelectric alternating current was transmitted in 1889 along 
power lines from Oregon City to Portland, Ore., 13 miles away. By 1896, 
300 hydroelectric powerplants were operating in the United States.

As the population increased and industry grew, the value and 
application of this resource became increasingly apparent. Today, 
more than 1,400 hydroelectric plants in this country supply seven 
percent of the nation’s electrical energy. Modern turbines and 
generators efficiently convert water’s energy into electricity. High-
voltage powerlines span the nation, carrying electrical energy to 
even the most remote areas.

By 1896, 300 hydroelectric powerplants were 
operating in the united States.
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NATuRE’S  
WATER cYclE

The fuel for hydropower—
water—is supplied by nature’s 
own hydrologic cycle. Rain and 
melting snowpack fill rivers. Riv-
ers flow to oceans, and the heat 
of the sun causes evaporation. 
Water vapor rises into the atmo-
sphere where it forms clouds. 
When this water vapor condens-
es, rain and snow fall again, and 
the process repeats itself.

As water flows, it becomes 
a source of kinetic energy, the 
energy of motion. The old water-
wheel transformed the kinet-
ic energy of flowing water into 
mechanical (useful) energy.

Today, flowing water turns 
turbines. These rotating devic-
es convert falling water into 
mechanical energy and are connected to power generators, which 
change mechanical energy into electrical energy. 

WATER INTO ENERGY:  
HYDROPOWER PlANTS

Two types of hydropower plants exist. The first is a run-of-the-
river plant that uses little or no stored water to provide flow through 
the turbines. Seasonal changes in stream or river flow and weather 
conditions affect the plant’s output. 

The second type, a storage plant or reservoir (dam), offers a more 
constant supply of electricity. A dam on the river stores the water 
flowing down from the mountains, creating a reservoir. This man-
made lake acts much like a battery, holding the power of water in 
reserve. 

Dams do more than just supply water for hydroelectric power, 
however. Dams regulate rivers for navigation, provide flood control 

Snow and rain fuel the hydrologic cycle by 
flowing downstream to dams where the water 
power is harnessed for our use.



and store water for irrigation, recre-
ation, industry and household uses.

To generate power, this water is re-
leased through a turbine in the power-
plant that spins a generator and cre-
ates electricity.

The energy-producing potential of a 
hydropower plant depends on the dif-
ference in elevation between the res-
ervoir (forebay) and the water below 
the dam (tailwater) and the volume of 
water available for release. The greater  
the volume of water stored in the res-
ervoir and the greater the difference in 
elevation, the more potential for ener-
gy production.

In power generation, water must fall from a higher elevation to a 
lower one to release its stored energy. The difference between these 
elevations is called head. Dams are divided into three categories: 

high-head (800 or more feet),  y
medium-head (100 to 800 feet) y
low-head (100 feet or less).  y

Some plants may operate as a medium-head plant part of the year 
and as a low-head plant other parts of the year, depending on the 
amount of rainfall and snow melt.

Turbines convert falling water into mechanical energy. 
Generators then change it to electrical energy.

Run-of-the-river plants rely on seasonal 
water flow instead of stored water to 
supply electricity.

Storage project

Run-of-the-river 
project
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TuRbINES AND GENERATORS
As energy is needed for 

power generation, water stored 
behind the dam flows through 
a penstock, or tunnel, to a 
turbine-driven generator below 
the dam. A turbine converts 
falling water into mechanical 
energy. The force of water on 
the turbine blades spins the 
turbines, which, in turn, drive 
a rotor, the moving part of a 
generator. The rotor contains 
coils of wire wound on an 
iron frame to create a strong 
magnetic field. As the rotor’s 
magnetic field sweeps past the 
generator’s stationary coil, it 
converts mechanical energy 
into electrical energy. 

After the water passes over 
the turbine blades, it exits 
through an exhaust structure under the turbine called the draft 
tube. The water then flows back into the riverbed in an area called 
the tailrace or afterbay and on down the river.

Flowing water turns the turbine, driving the 
generator and converting mechanical energy 
into electrical energy.

Headwater

Tailwater
Afterbay

Penstock

Generator

Turbine

Forebay

Dam

Power is generated 
when water behind the 
dam flows through a 
pipe called a penstock. 
The water then turns 
a turbine that drives a 
generator.



fROm THE POWERPlANT  
TO THE lINE 

Hydropower plants generate electricity. A transmission system 
carries it from the plant to homes and businesses that need electric-
ity to operate. 

Electricity undergoes several changes along the way. The low-
voltage electricity, for example, 13 kilowatt volts produced by the 
generator at the powerplant flows through a large electrical con-
ductor, or line, to a powerplant switchyard. In the switchyard, 
devices called transformers increase voltage to a level required for 
efficient transmission. 

High voltage (the pressure of the electrical current) is needed 
to transmit power efficiently over long distances. As the electrical 
charge, known as current, flows through the conductor, some of 
it gets used up as heat. This energy converted to heat is known as 
“losses.” The greater the current, the higher the losses will be. Power 
is the product of voltage times current, and losses are related to cur-
rent (not voltage); thus, it is more efficient to transmit power with 
higher voltages and lower current. 

Transmission lines carry electricity from the dam to a switchyard that increases 
voltage for transmission across the country.
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To keep losses small, transformers in 
switchyards increase electrical voltage. The 
transformers in the switchyard “step up” the 
voltage to 115 kV or higher for cross-coun-
try transmission to homes and busi-
nesses. Stepping up voltage does 
not increase the amount of 
power. The electrical watt-
age, or power level, stays 
constant.

To understand how this 
works, lets compare volts, 
amps and watts to water 
running through a hose. The 
voltage is the water pressure. 
The amps, or current, is the 
flow of water, and watts are 
the amount of water. So, if 
you increase the size of the 
hose (current or amps), the water pressure (voltage) would drop if 
the amount of water (watts) running through the hose remains the 
same.

TRANSmISSION SYSTEmS
High-voltage transmission lines act much like a highway system. 

Instead of cars, the lines carry electrical energy from hydropower, 
wind farms, fossil fuel and nuclear plants and other generators to 
local utilities across the country. These utilities distribute electricity 
on to homes and businesses.

A transmission system includes more than just transmission 
lines. Like a road system, the traffic on a transmission system must 
be controlled. Relays, circuit breakers and other types of equipment 
act as traffic control devices.

Relays react quickly to problems on the transmission line. They 
work with circuit breakers to protect the power grid from damage. 
Lightning strikes, downed lines and other conditions that cause sud-
den increases or decreases in voltage can damage other parts of the 
system if they aren’t isolated quickly.

To understand how voltage works, think 
of water running through a hose. If you 
increase the hose size (current or amps), 
the water pressure (voltage) would drop  
if the amount of water (watts) through  
the hose remains the same.
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When a circuit breaker is closed, it provides a connection 
between two sections of transmission line. If lightning strikes a line, 
for example, the relay will note the change in voltage and current 
and then close. As the relay closes, it opens a circuit breaker, stop-
ping the flow of electricity between sections of a transmission sys-
tem. Opening the breaker isolates the line damaged by the lightning 
from the rest of the system, protecting the flow of power.

Of course, if a circuit breaker opens on a line serving a city or 
town, it can cause a loss of electrical service. When that happens, 
power system dispatchers must work to provide power through 
an alternate route. Just as highway repairs can cause cars to take 
a detour, faults in a power system mean dispatchers have to find a 
different way to re-route electricity.

THE SYSTEm’S NERvE cENTER 
A power dispatching center serves as the brain of a transmission 

system. Dispatchers monitor demand for electricity and potential 
water power available to supply it. They communicate with pow-
erplant operators and tell them to increase or decrease generation 
based on demand. 

circuit breakers help protect the power grid from damage.
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Each dispatch center controls electrical transmission in a specific 
area. Marketing staff sell and buy power to meet the needs of local 
utilities and schedule generation and transmission. Meters, graphs, 
displays and computer terminals tell dispatchers about generation 
at various plants, load demand and problems affecting the system. 
If part of the system is taken out of service resulting in an interrup-
tion, dispatchers work to restore power to customers. 

Through regular maintenance, many problems can be prevented 
before they happen. Maintenance staff routinely check all substa-
tion equipment and perform maintenance according to National 
Electric Reliability Corporation requirements or national standards. 
They also X-ray cables, check for deterioration of wooden poles, test 
connections and perform many other maintenance functions.

At a dispatch center, dispatchers monitor the demand for electricity and the 
power available to meet the demand.
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fROm THE uTIlITY TO YOu,  
THE cONSumER 

Before electricity reaches homes or businesses, substation trans-
formers reduce voltage from transmission levels to distribution lev-
els. Substations work like a railroad switchyard, directing electrical 
current toward its destination. At a substation, a transmission line 
leads to a high-voltage bus, which is a rigid line that connects equip-
ment of the same voltage. Step-down transformers connected to the 
bus lower voltage to a safe level for transporting through city streets. 
Another line carries electricity from a high-voltage bus to a low-volt-
age bus connected to the utility’s main distribution system. From 
there, lines carry the power through the utility’s service area. 

The wires of the primary system may be carried on poles above 
ground or burried underground through a system of cables and 
ducts. The method depends on the number of customers served, the 
number of transformers needed, necessary access for operating and 
repairing lines, cost and the appearance of the area served.

These main distribution lines carry power to secondary lines. At 
the connection between the primary and secondary lines, a small 
transformer immediately outside the residence or business steps 
down the voltage one last time—to 240/120 volts for homes and 
up to 600 volts for industrial and commercial customers, depend-
ing on their needs.

At substations, voltage is reduced for local distribution.



Wires leading to various buildings tap the 
secondary circuits. For an overhead system, 
the tap occurs at the nearest pole. Current 
flows through wires from the pole to custom-
ers’ homes and businesses. These wires pass 
through a metal conduit, or tube, to the cus-
tomer’s meter and fuse (or circuit breaker) 
box.

In an underground distribution system, 
the customer’s line taps the circuit at the 
nearest connection box or manhole. The cur-
rent goes through wires in a duct to the cus-
tomer’s home. The duct may pierce the base-
ment wall, or it may go up through the surface 
of the ground and connect to a box on the 
wall. The wires in the duct connect with the meter and fuse box.

In either case, the customer’s wiring finishes the delivery from 
the fuse box, carrying electricity to wall plugs, light fixtures and 
other outlets.

Small transformers outside a 
home or business step down 
voltage one last time.

THE POWER GRID
Transmission lines throughout the united 
States are connected to each other. Your 
utility’s power comes from the same lines 
as the power in neighboring communities 
and even neighboring states. This system 
of transportation for electricity is called the 
“power grid.”

Hydropower plants provide only part of the 
nation’s electricity. Powerplants that burn fos-
sil fuels create steam to power turbines and 
run generators. Nuclear plants use energy 
from splitting atoms to produce electricity. 
Solar and wind-powered systems convert 
energy from the sun and wind to produce 
electricity. These sources all use the same 
transmission lines to bring power to your 
home. This power grid allows electricity to be 
shared so that varying demands can be met.

The united States has three main power 
grids. One serves the eastern states, one 
serves the western states and one serves Texas. utilities in each of these areas have 
access to the same high-voltage lines. If one utility’s generation falls short of customer 
demand, another utility provides additional power. linking utilities together provide 
more reliable electrical service.

The system for transporting electricity is 
called the power grid.

11
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HYDROPOWER IN THE 21ST cENTuRY
Hydroelectric generation has evolved into a sophisticated and 

complex science. Weather satellites provide data to predict rain-
fall and stream flow long before water actually reaches reservoirs. 
Snowfall and stream flow measurements also indicate the amount 
of water expected during spring runoff. Although meteorologists 
compile plans and forecasts months in advance, some factors affect-
ing water levels remain unpredictable. Rain, temperature and wind 
all influence reservoir levels, and these elements may change from 
day to day.

Water levels in each storage reservoir are planned far in advance, 
and the process is complex; sometimes it involves interstate and 
international agreements. When planning water releases, engineers 
must consider that irrigation, recreation, navigation, domestic uses 
and wildlife conservation also depend on the flow of rivers and the 
depths of reservoirs.

Additionally, computers have become vital tools for power sys-
tems. Today, controlling transmission and finding problems quickly 
are exact sciences. Previously, dispatchers made these transactions 
over the telephone. Now, microwave transmitters and other com-
munication equipment send split-second messages to control gen-
eration and report and isolate trouble.

Computers also pre-
dict how much power 
consumers will use. 
They process data about 
supply and demand and 
the economics of using 
one power supply over 
another. This system in 
the power-control center 
then gives instructions 
to remote powerplants 

or substations.

computers process data about supply and demand and the system 
then gives instructions to remote powerplants or substations.
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ENERGY AND THE ENvIRONmENT
Energy is essential to the world today. We fuel our energy needs 

with natural resources, such as coal, nuclear fuel, oil, gas and hydro-
power. Most of these sources are fossil fuels, which are not renew-
able and exist in limited amounts. To reach them, we drill oil wells, 
tap natural gas supplies or mine coal and uranium. To put water to 
work on a large scale, we need storage dams. 

Americans want clean air and water 
and a pleasing environment, but we 
also need energy to heat and light 
homes and run machines. Balancing 
these two goals is a challenge.

The situation seems simple: Either 
the demand for electrical power must 
be curbed, or more power must be 
produced in ways that don’t destroy 
the environment. Neither solution is 
easy.

Conservation helps us save elec-
tricity, but our population continues 
to grow. Growth increases demand 
for electrical power. Natural resources 
will continue to be used, so the wis-
est solution is continued conservation 
combined with careful planning—or 
assessing all the choices and picking 
the best ones.

Hydroelectric generation is an eco-
nomical, renewable-energy source that 
has been proven safe and nonpolluting. 
Because of the hydrologic cycle, it is the 
most efficient converter of energy pres-
ently available and can provide energy 
upon a moment’s notice.

Hydropower offers many advantages over other power sources:

 Hydroelectric powerplants use renewable resources.  y
 Hydropower does not contribute to air, land or water   y
pollution.

 Hydropower generators have low outage rates and low  y
maintenance and operating costs. 

Reservoirs offer many recreational 
opportunities, such as boating. 
Balancing the need for a healthy 
environment and the energy we need 
for everyday functions is a challenge.



 Hydro turbines can provide startup power quickly if a sys- y
tem-wide failure occurs. They can be operated automatically 
and by remote control.

 Hydropower generators have a long life expectancy. y

The reservoir of a hydroelectric project can provide many benefits 
not possible with other forms of generation. Reservoirs have scenic 
and recreation value for campers, fishing enthusiasts and those 
who enjoy water sports. The water is home to fish and wildlife, and 
reservoirs provide domestic water supplies, irrigation for agriculture 
and flood control. Dams can improve downstream conditions by 
allowing mud and other debris to settle out.

mEETING PEAk DEmANDS
Millions of barrels of oil are saved by “peaking” with hydropower. 

Demands for power vary greatly during the day and from season to 
season. Often, energy use reaches its highest level, or peak, during 
summer daylight hours when air conditioners are running. In farm 
communities, peaks can occur when grain-drying machinery oper-
ates or irrigation pump use is great. 

Because they start easily and quickly and change power output 
rapidly, hydroelectric plants are ideal for meeting demand. They also 
complement large thermal plants (coal and nuclear), which are most 
efficient in serving base power loads.

RESPONDING TO ENVIRONMENTAl cONcERNS
Western has participated in many innovative 
programs in recent years to ensure that hydro-
power generation protects the downstream 
environment, such as fish and wildlife habitat. 
for example, fish screens have been added to 
prevent fish from swimming through dam tur-
bines and fish ladders have been constructed to 
assist salmon in migrating upstream. 

Western is committed to continue searching for 
innovative ways to protect the hundreds of plant 
and animal species that depend on the rivers, 
lands and reservoirs. 
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Fish ladders help salmon 
migrate upstream.
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Usually, a utility company 
would have to build additional 
fossil-fueled powerplants (oil 
or gas) to meet peak demand. 
Through planning and coop-
eration between public and pri-
vate utilities and the govern-
ment, hydropower may elimi-
nate the need for more plants 
by providing needed power 
during peak periods.

lIGHTING  
THE fuTuRE

Currently, we’re using only 
a part of hydropower’s poten-
tial. Studies show that many 
potential sites for convention-
al hydropower could be developed. If all these sites could be used, 
hydropower output might double.

However, not all these sites can be developed. Unfavorable ter-
rain eliminates some; society’s concern about the environment elim-
inates others. Public resistance to building dams that would flood 
scenic or agricultural land is increasing. Sites for new, large dams are 
becoming non-existent.

Other ways to increase hydropower output include:

 Increasing output at existing plants y
 Using pumped storage systems y
 Tying hydropower to other forms of energy (such as solar) y
 Improving existing equipment at many existing hydropower  y
plants to increase capacity and, sometimes, lower generat-
ing costs—known as “uprating,” generators in this way can 
made make the most of available stored water, increasing 
output. 

 Adding generating units at existing plants  y

On farms, peak demands for power can occur 
when irrigation pumps are running.
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Another promising source of energy is low-head hydropower. 
Large, high-head dams produce more power at lower costs than low-
head dams, but construction may be limited by lack of suitable sites, 
environmental concerns or cost. 

In contrast, many existing small dams offer ideal sites for small 
generating plants. New low-head dams also could increase output. 
The ability to generate power where it is needed, reducing losses 
from transmission, makes these plants useful.

AN ImPORTANT SOuRcE Of ENERGY
Hydroelectric generators use a renewable resource. They do not 

pollute the air. They operate reliably, adapt easily to different needs 
and require limited manpower. Low maintenance costs and outage 
rates and long life expectancy are other benefits.

Hydropower is a valuable resource that has evolved from the sim-
ple idea of the waterwheel. Through the years, technology improve-
ments have made it efficient and reliable. Today, hydropower gen-
eration remains one of our nation’s important sources of energy. 
Through careful planning, use and management, Western is commit-
ted to seeing that consumers receive the benefits of this natural ener-
gy resource.

Photovoltaic panels, like the ones pictured on the left, harness the sun’s 
energy and provide one alternative to meeting the increasing demand for 
electricity. low-head dams like the one at Nimbus in california, pictured 
right, are also a promising source of energy.



THE cONSTANT 
RENEWAl OF THE 

HyDROlOGIcAl cyclE  
THROuGH RAIN AND  
SNOW MAkES WATER  
A VAluABlE ENERGy  

RESOuRcE FOR TODAy  
AND TOMORROW.

This brochure was published by Western Area Power Admini stra tion, a Department of 
Energy agency that markets and transmits Federal hydroelectric power in 15 western 
and central states. Western operates and maintains the transmission system from its four 
regional offices in Billings, Mont.; Phoenix, Ariz.; loveland, colo.; and Folsom, calif. Power 
is marketed from these regions and our colorado River Storage Project Management 
center in Salt lake city, utah.



for more information about Western, call or write:

cORPORATE cOMMuNIcATIONS
WESTERN AREA POWER ADMINISTRATION

P.O. Box 281213
lakewood, cO 80228-8213

720-962-7050

visit Western’s website at www.wapa.gov
Send e-mail to: corpcomm@wapa.gov

for energy-related technical assistance, call  
1-800-769-3756
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