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Introduction to Energy and Electricity

What is Energy?
We all use the word energy daily. We have energy drinks and 
energy shots, we pay our energy bills, and politicians discuss 
energy security almost daily. However, what energy actually is can 
be a difficult concept to explain precisely.

Our bodies and objects all around us are using energy all the time. 
Energy allows us to do the things we need to do. Energy allows us 
to do work, and to affect change. It provides the ability to do what 
we need to do, whether we can visibly see what is happening or on 
a microscopic level.

Energy exists in two basic forms. Stored energy to use later is called 
potential energy, while energy in motion is called kinetic energy. 
Each of these two, broad categories can be broken down further 
into nine different forms of energy.

Potential energy can be gravitational energy, which is energy 
stored by position. A child at the top of a slide or water behind 
a dam both have gravitational energy. Elastic energy is energy 
that is stored by applying a force. When you wind up a toy car, you 
are storing energy in the spring inside of it. If you pull back on a 
rubber band, you are storing elastic energy in it. Nuclear energy is 
the energy within the nucleus of atoms. Very small changes in the 
nucleus of an atom can release tremendous amounts of energy. The 
most commonly used form of potential energy is chemical energy. 
It is the energy in the bonds between atoms of all the substances in 
the world. The food you eat, the fuel in the car you drive, the wood 
your campfire burns are all examples of chemical energy.

Anything moving has kinetic energy. It can be broken down into 
five forms. When large-scale things are moving, they have motion 
or mechanical energy. A child on a bike, water moving through 
a stream, and the wind all have motion energy. Thermal energy 
is the energy that allows atoms and molecules to move around. 
The more thermal energy in a substance, the faster the molecules 
move, and the higher its temperature. Sound is a form of energy 
that we often overlook – because a sound is a vibration, it is an 
energy form. Radiant energy is energy that moves through space 
in transverse waves. Sunlight and radio waves are examples of 
radiant energy, as are microwaves and x-rays. Electrical energy is 
the energy of moving electrons. Electricity is the most common 
example of electrical energy, but small static electricity jolts and 
lightning strikes are also examples of electrical energy.

Energy Sources
We use many energy sources to meet our needs. All of them 
have advantages and disadvantages—limitation or reliability of 
supply, and economic, environmental, or societal impacts. Energy 
sources are usually classified into two groups—renewable and 
nonrenewable.

In the United States, most of our energy comes from nonrenewable 
energy sources. Coal, petroleum, natural gas, propane, and uranium 
are nonrenewable energy sources. They are used to generate 
electricity, heat homes, move cars, and manufacture all kinds of 
products from candy bars to tablets. They are called nonrenewable 
because their supplies are limited, and they cannot be replenished 
in a short period of time. Petroleum, for example, was formed 
hundreds of millions of years ago, before dinosaurs lived, from the 
remains of ancient sea plants and animals. We could run out of 
economically recoverable nonrenewable resources someday.

Renewable energy sources include biomass, geothermal, 
hydropower, solar, and wind. They are called renewable because 
they are replenished in a short time. Day after day the sun shines, 
the wind blows, and the rivers flow. We use renewable energy 
sources mainly to make electricity. 
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Energy Sources and Electricity
In the United States, nine of the ten energy sources are used to 
generate electricity; the only source that is not commonly used for 
electricity generation is propane. Natural gas is the leading source 
for electricity, followed by coal and then uranium. Hydropower is 
the leading renewable energy source for electricity generation.

The most common way to generate electricity is by using thermal 
energy to boil water into pressurized steam, which turns a steam 
turbine. Turbines change linear motion into rotational motion; in this 
case, the linear movement of the steam is changed to a rotation to 
turn a generator. The generator houses a large magnet surrounded 
by coiled copper wire. The blades spin the magnet rapidly, rotating 
the magnet inside the coil, producing an electric current. Wind 
and hydropower use a flowing fluid, air or water, respectively, to 
turn the turbine. Because no heat energy is lost, wind and water 
are more efficient sources of energy for generating electricity. 
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How a Thermal Power Plant Works

1. Fuel is fed into a boiler, where it is burned to release thermal energy. Nuclear 
plants are thermal plants but the fuel is not burned, however, and undergoes a 
nuclear �ssion reaction to heat water.

2. Water is piped into the boiler and heated, turning it into steam.

3. The steam travels at high pressure through a steam line.

4. The high pressure steam turns a turbine, which spins a shaft.

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

6. Electricity is sent to a switchyard, where a transformer increases the voltage, 

Most thermal power plants are about 35 percent e�cient. Of the 100 units of energy 
that go into a plant, 65 units are lost as one form of energy is converted to other forms. 
The remaining 35 units of energy leave the plant to do usable work.
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E�ciency of a Thermal Power Plant
Efficiency of a Thermal Power Plant
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U.S. Electricity Net Generation, 2018
35.29%

27.54%

19.39%

6.89%

1.53%

6.55%

0.38%

1.49%

0.61%

*Total does not equal 100% due to independent rounding.
Data: Energy Information Administration

Other 0.32%

Petroleum 36.53%
Uses: transportation,
manufacturing - Includes Propane 

Biomass 4.98%
Uses: electricity, heating, 
transportation

NONRENEWABLE, 88.83%

U.S. Energy Consumption by Source, 2018

RENEWABLE, 11.20%

Hydropower 2.64%
Uses: electricity

Natural Gas 30.79%
Uses: electricity, heating,
manufacturing - Includes Propane

Geothermal 0.21%
Uses: electricity, heating

Coal 13.13%
Uses: electricity, manufacturing 

Wind 2.46%
Uses: electricity 

Uranium 8.36%
Uses: electricity 

Propane 
Uses: heating, manufacturing

Solar 0.91%
Uses: electricity, heating

Data: Energy Information Administration
**Total does not equal 100% due to independent rounding.

*Propane consumption 
�gures are reported as 
part of petroleum and 
natural gas totals.
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What is Electricity

When people hear the word “energy” they often think about 
electricity. Electricity is not a source of energy – rather it is the 
energy carrier that we use as we convert energy from one energy 
source to electrical energy and then to a third form of energy for 
our intended use. For example, natural gas is burned to generate 
steam and turn a generator for electricity. That electricity is used 
by our cell phones and transformed into light and sound energy. 

Measuring Electricity
Electric energy is carried by electrons, which are tiny particles 
moving around the nuclei of atoms. Electrons are more likely to 
stay associated with their respective nuclei unless they’re given 
additional energy and have the potential to move. That potential 
is called voltage. Electricity flows when a source of voltage such 
as a battery causes a current to flow through a conductor to an 
electrical load. 

Electrons will move through materials called conductors. These 
materials are familiar to you; copper and aluminum are excellent 
conductors of electricity. A common example of a conductor is 
insulated wire, and the wire may carry the electric current to a light 
bulb, which is the load. Materials that do not easily allow electrons 
to move through them are called insulators. The common 
wiring running through our homes and other buildings consists 
of a conducting wire surrounded by an insulating coating. The 
thickness of the insulation on the wire is important. Applications 
with high voltage require heavy gauge wire with thick insulation 
because high voltage indicates that the electrons are very highly 
energized and could, under the right circumstances, move through 
a thin insulator. Air is an insulator, yet lightning will travel through 
it given a high enough potential to do so.

Voltage is how we indicate the likelihood an energized electron 
will move across an insulating gap. This is also called electrical 
potential. Think of voltage as the potential to make a jump. The 
higher the voltage, the more energy the electron has, and the 
more likely it is to jump the gap.

The number of electrons passing a point in a second is called 
current. Those electrons can be highly energized (high voltage) 
or not very energized at all (low voltage) but as long as they are 
moving, they are counted in the current. Current is measured in 
Amperes. One Ampere of current is a Coulomb of electrical charge 
(6.24 x1018 electrons) moving past a point in a circuit in one second. 
Electricity allows us to move energy around between systems for 
many different purposes.

Voltage and current are related through two properties called 
resistance and power. Resistance is exactly what it sounds like – a 
material with a high resistance is not going to allow electricity to 
flow through it. Given a high enough voltage, current will flow, but 
the current will be low because the resistance is high.

Power tells us how much work is done in a period of time. The 
numerical values of voltage and current are multiplied to tell us 
the power used (Power = voltage × current). Power is measured 
in watts. The amount of power itself does not tell us much about 
what is happening with electric power consumption. For example, 
1,000 watts could be 100 volts and 10 Amperes of current, or it 
could be 1,000 volts and only 1 Ampere of current. However, power 
is the way the electric utility measures and bills us for the electricity 
we use.

Common applications of resistance and power exist in everyday 
life all around us. If you have an electric range or cook top, the 
large heating element inside is one giant resistor. The higher 
voltage needed to force electricity through the element is 
provided by the heavy-duty, higher voltage outlet. If you have 
a hair dryer or electric heater, those also have heating elements 
that work in a similar way, albeit at lower voltage. Microwaves 
and light bulbs are often described by their power use; however, 
the most efficient lighting with light emitting diodes inside are 
usually described by their light output because they use a small 
amount of power.

Electric devices use two different types of electric power: DC and 
AC. Direct current, or DC, means the flow of electrons is in one 
direction only. Simple electrical devices, such as flashlights, LEDs, 
and cell phones, run on DC power. Alternating current, or AC, 
means the polarity of the circuit changes. In the United States, AC 
power is a 60 Hz system, meaning the direction of current flow 
changes 60 times in one second.

When you charge a DC device using the AC power in your home, 
a transformer inside the charging cord changes the AC power 
to DC, and regulates the voltage being delivered to the battery 
being charged. Changing the AC electrical energy to DC electrical 
energy results in some of the energy lost as thermal energy. You 
can observe this directly by feeling the large plug, or the box in 
the middle of the cord. When the device is actively charging, the 
transformer gets warm.

Electric Circuits
Electric current needs a pathway to flow; this is called a circuit. 
Circuits can be closed, forming a continuous pathway, or open, 
which has a break in the path. Current will not flow in an open 
circuit. Switches are used to open or close circuits to turn things 
off and on.

When connecting loads in a circuit, there are two arrangements. 
Series circuits have all the components wired so that only one 
pathway is available for electrons to travel. Parallel circuits allow 
for more than one pathway for electric current to flow. Simple 
electrical devices are wired in series. A flashlight, for example, has 
the power source, switch, and light bulb all wired in line with each 
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other. There is only one path for electricity. When series circuits are 
not operating correctly, they are relatively easy to troubleshoot; 
just locate the place in the circuit where the connection has been 
lost. Parallel circuits are useful when one power source is used to 
operate several loads. By using parallel wiring, one device can be 
switched off while another is switched on.

Most complex wiring systems, such as electronics and household 
wiring, use a combination of series and parallel circuits. Your 
home has a main power source, where the electric power comes 
in from the utility. From there, multiple circuits are connected 
that each radiate to different rooms or appliances in your home. 
Each of the components on one circuit breaker is wired in series, 
but all of the circuit breakers are wired parallel to each other from 
the main power source. Holiday lights with LEDs are also wired in 
a combined series and parallel configuration. Several sections are 
wired in series, and each of the sections are wired parallel to each 
other where they connect to the plug and the outlet.

Electromagnetic Induction
One of the many ways that we can produce or manipulate electrical 
energy is through electromagnetic induction. As a current flows 
through a wire, a corresponding magnetic field forms around 
the wire’s cross section, all along the conductor. The magnetic 
field corresponds in strength or magnitude with the amount of 
electrical current flowing through the wire. It will also change in 
direct proportion to the current flow. As a result, greater current 
induces a greater magnetic field, and if the current changes in 
magnitude or direction, the magnetic field around the wire will 
also change in magnitude or direction. We represent magnetism as 
lines of magnetic flux or lines of magnetic force around a conductor 
that is carrying current.

Magnetism
There are two general types of magnets: Permanent magnets are 
made from ferrous materials, which contain iron, that have their 
magnetic poles largely aligned. An object with enough iron can be 
made into a magnet by running a large electrical current through it. 
However, the strength of the magnet can be reduced or eliminated 
by physically striking the material (as in with a hammer). So if you 
like your powerful permanent magnet, don’t drop it!

Electromagnets are temporary magnets. An electromagnet is 
made by using a ferrous material as a core and winding an electrical 
conductor (such as an insulated wire) around it several times. The 
coil of multiple windings is not electrically connected to the core. 
When a current runs through the coil, magnetic flux forms around 
the coil. This field is intensified by having the ferrous core, which 
is more capable of accommodating a magnetic field than air. The 
core is more magnetically permeable than air.

Magnets have north (N) and south (S) opposing magnetic poles 
very much like the Earth does. When you hold two permanent 
magnets near each other, you can feel the effect the magnetic 
fields have on them. The north poles of the two magnets will repel 
each other as will both south poles, and  the north pole of one 
magnet will attract the south pole of the other magnet. 

The lines of magnetic flux within a magnetic field are easy to see 
when visualized by iron filings in a clear container with mineral oil. 
The filings will move within the oil and align themselves with the 
magnetic field. You can also do this if you have small steel bearings 
or loose iron filings. Place the magnet beneath a sheet of paper 
and sprinkle the bearings or filings on the paper. The tiny pieces of 
metal will align with the magnet’s magnetic field.

LINES OF MAGNETIC FLUX

BAR MAGNET

Image Source: Wikimedia Commons

Image Source: Wikimedia Commons
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The right-hand rule shows the direction of the current or magnetic 
field. The fingers of the right hand curl in the direction of the 
current (I), and the thumb shows the direction of the magnetic 
field (B). When applied to a straight wire, the thumb shows the 
direction of the current and the fingers show the direction of the 
magnetic field.
Image Source: Wikimedia Commons

Right Hand Rule
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Distributing Electricity
Generating electricity is great, but few of us live next-door to a 
power plant. Electric power generated in a power plant needs to get 
to the buildings where we use it. First, the electricity is generated at 
the power plant. Next, it goes by wire to a transformer that “steps 
up” the voltage. A transformer steps up the voltage of electricity 
from the 2,300 to 22,000 volts produced by a generator to as much 
as 765,000 volts (345,000 volts is typical). Power companies step up 
the voltage because less electricity is lost along the lines when the 
voltage is high.

The electricity is then sent on a nationwide network of transmission 
lines made of aluminum. Transmission lines are the huge tower 
lines you may see when you are on a highway connected by tall 
power towers. The lines are interconnected, so should one line fail, 
another will take over the load.

Step-down transformers located at substations along the lines 
reduce the voltage to 12,000 volts. Substations are small buildings 
in fenced-in areas that contain the switches, transformers, and 
other electrical equipment. Electricity is then carried over local 
distribution lines that bring electricity to your home. Distribution 
lines may either be overhead or underground. The overhead 
distribution lines are the electric lines that you may see along streets.

Before electricity enters your house, the voltage is reduced again at 
another transformer, usually a large gray can mounted on an electric 
pole. This neighborhood transformer reduces the electricity to 240 
and 120 volts, the amount needed to run the appliances in your 
home. Electricity enters your house through a three-wire cable. The 
“live wires” are then brought from the circuit breaker or fuse box to 
power outlets and wall switches in your home. An electric meter 
measures how much electricity you use so the utility company 
can bill you. The time it takes for electricity to travel through these 
steps—from power plant to the light bulb in your home—is a tiny 
fraction of one second.

Generators
Generators are devices that take rotating motion or torque and 
convert it into electrical energy. Generators are made using coils 
of wire and magnets. Sometimes those magnets are permanent 
magnets, but other times they are electromagnets using coils 
of wire wrapped around ferrous cores. Alternators (AC) and 
Generators (DC) transform rotating motion into electrical energy 
for us to utilize.

There are three ways to increase the power generated by an 
alternator in a hydropower system: increase the water flow input 
into the turbine, turning it faster; increase the magnetic field 
that cuts through the coils of wire by using bigger magnets or 
electromagnets; or increase the number of turns of wire in the coils 
that rotate within the magnetic lines of flux, making bigger coils.  
Each of these options will provide additional power generated by 
the alternator.

Michael Faraday
Michael Faraday did much of the 
initial work on electromagnetic 
induction. A law was named after 
him as a result of his work. Faraday’s 
Law states,  “the electromotive 
force around a closed path is equal 
to the negative of the time rate 
of change by the magnetic flux 
enclosed by the path.”

Electromotive force or EMF is another way of saying 
voltage. The “closed path” referred to above simply means 
circuit. Michael Faraday is famous for much more than the 
law that bears his name. He invented inductors, motors, 
transformers, generators and linear actuators called 
solenoids that we still use today. The unit of capacitance, 
the Farad, is named in his honor.
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Transformers and Power Transmission
As you learned earlier, when power is transmitted from the power 
plant to your home, the electrical energy undergoes several 
changes in voltage along the way. This is done using transformers. 
They allow us to “step up” voltage (increase) using induction. 
However, because the amount of power does not change, if the 
voltage goes up, the current must come down in proportion. We 
often use high voltage transformers to step up electrical power for 
transmission over long-distance power lines. We then use a “step 
down” transformer to decrease the voltage and move that power 
around your neighborhood. As we come from the power lines 
in the local electrical grid to your home, the voltage is reduced 
again. Each time we lower the voltage, the current increases.  
This is all done with transformers. By changing the number of turns, 
or windings, and the thickness, or gauge, of the wire we can change 
the voltage and consequently also the current of the power. 

Transformers have two coils, called primary and secondary. 
Primary coils are the “input” side of the transformer, and 
secondary coils are the “output” side. For example, if we have 
a step-up transformer leading from a power plant and going 
to a transmission line, the primary side is the power plant side. 
Stepping up the voltage in a transformer requires constructing 
coils on the secondary side that have more windings but use a 
smaller gauge wire.

Transmission lines must be large enough gauge to carry the 
current that we put on them. As current moves through a wire, 
the friction generated by the electrons heats the wire. Hot wires 
have a greater resistance than cooler wires, and when the wires 
heat and the resistance increases, the wires get even hotter. 
Transmission lines that are overloaded can sag and fail by 
creating a short by touching other lines running beneath them. 
A short can also occur if the wire sags and touches something 
on the ground. This can cause power failures and fires. Power 
grids are managed to prevent this from happening.
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Transformers work by using electromagnetic induction. The primary 
winding will induce a magnetic field through it when current flows 
through the wire. The magnetic field circles around and through 
the secondary coil, which induces the secondary coil. Notice in this 
diagram the primary wire is a lower gauge and has more turns than 
the secondary coil. This is a step-down transformer.
Image Source: Wikimedia Commons

How Transformers work

Voltage Fluctuations vs.  
Angle of Coil in a Generator

An AC generator produces power that has changing voltage and current. A plot of the 
voltage output of the generator vs the angle of the coil yields a sinusoidal oscillation.
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Water is a Renewable Resource

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 condense to form bigger and bigger 
drops. As the drops become heavy, they start to fall. Clouds release 
their liquid water as rain or snow, called precipitation. 

Water falling from the clouds collects and begins to flow downhill. 
Some water flows and collects underground in a structure called 
an aquifer. Other water moves from puddles and ponds into 
streams and rivers, eventually collecting in large lakes and the 
ocean. Solar energy is always evaporating water; water vapor is 
always condensing somewhere; and somewhere at any given time, 
water is falling as precipitation. This continuous cycle is called the 
hydrologic cycle, or water cycle.

The Water Cycle Transports Matter  
and Energy
Matter
The Earth is made of about 70% water. The water cycle follows 
water that evaporated from large oceans and lakes and carried 
onto land, where it condenses and precipitates. Oceans contain 
dissolved salts and gases that are moved around the world through 
the ocean currents. Rivers and streams contain dissolved salts and 
gases along with gravel, mud, sand, and silt. The excess material in 
the rivers form deltas and floodplains. As glaciers melt, they release 
material that was ground up by the glaciers as they slowly moved 
over the land. Water, in different forms, moves large amounts of 
matter throughout the world.  

Energy
Each state of matter in the water cycle contains energy. Water 
vapor in the air has a large amount of kinetic energy compared 
to the water molecules in a warm liquid. Warm water molecules 
move faster than cold water molecules because the warm water 
molecules have more kinetic energy in the form of thermal energy. 
The molecules in ice are still moving but they have a smaller 
amount of thermal energy than liquid water. The kinetic energy in 
ice molecules continues to decrease as the temperature reaches 
absolute zero, which is the theoretical point at which all molecular 
motion stops. The kinetic energy of a water molecule increases 
significantly as water changes phase from a solid to a liquid and 
then from a liquid to a gas. 

Energy is transported in the water cycle through changes of 
state and by the movement of water from place to place. Water 
molecules on the surface of warm oceans absorb energy from the 
sun. Once the water molecules in the liquid state absorb enough 
energy to overcome the bonds that hold the water in the liquid 
state together, the molecule is released into the atmosphere 
in the gas state.  That molecule carries the absorbed energy 
into the atmosphere.  As the warm water molecules rise in the 
atmosphere they may condense depending on conditions. When 
the water molecules cool in the atmosphere, the molecules have 
less kinetic energy and the water molecules are closer together. 
If close enough, the water molecules are attracted to each other 
and a bond forms releasing energy. This is the start of the creation 
of a water droplet. Dust and particles in the atmosphere assist the 
condensation process by allowing a place for the molecules to 
join together. Cold ocean currents along a coastline can cool the 
warm air absorbing the energy given off during the condensation 
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process. This cycle of absorbing and releasing thermal energy is why 
the oceans remain relatively the same temperatures throughout 
the year.  The absorbing and releasing of thermal energy from the 
ocean also contributes to the global winds. The global winds help 
drive the ocean currents.

Properties of Water
Water is a unique substance. It can exist as solid, liquid, and gas, 
all at the same time in the same place. It is very useful for carrying 
thermal energy from one location to another, such as in ocean 
currents or boiler-fired radiant heating systems. It is attracted to 
itself because the intermolecular forces between water molecules 
are very strong. This is why water forms beads on waxed paper or on 
a car’s windshield. The intermolecular attractions, called hydrogen 
bonds, are the explanation behind some substances mixing well 
in water and others not mixing at all. Furthermore, hydrogen 
bonding is the reason ice floats. As the water molecules cool, they 
are forced into a rigid, hexagonal-type crystal structure which 
pushes the molecules apart, decreasing the density. That ice forms 
at the surface of ponds and lakes, and doesn’t sink to the bottom of 
them, is why plants and animals can continue to live in cold, winter 
climates and why water can still flow through a river even when air 
temperatures are below freezing. This is particularly useful when 
using flowing water to generate electricity in areas where winter 
temperatures are usually below the freezing point of water.

The intermolecular bonds between water molecules exist because 
within the molecule itself there are regions of a slight negative 
charge and a slight positive charge. This phenomenon is called 
polarity. Oily substances, like vegetable oil, some adhesives, and 
wax, are not polar, and will not dissolve in water. Salts, alcohols, 

and sugars are soluble in water because they have an uneven 
distribution of electric charges within them that can interact with 
the negative and positive regions on a water molecule. In the case 
of salts, which are more accurately referred to as ionic compounds, 
the positive and negative ions completely separate from each 
other when dissolved in water. If the water evaporates, the ions 
reassociate with each other.

Pure water does not itself promote corrosion; however, the ability 
of water to dissolve so many substances is something engineers 
must consider. Dissolved substances can, and do, promote 
corrosion in some materials. And, because pure water is not found 
in hydroelectric systems, materials for the structures that come into 
contact with water need to be able to withstand corrosion.

Water Molecules are Polar

Image Source: Wikimedia Commons

Image Source: Unsplash

ICY POND
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It is important to know how to use and identify the correct tool. 
There are many tools related to building and maintenance of 
hydropower facilities to produce electricity. Some of the tools are 
specialized, and some are commonly used across many vocations 
and can even be found in household tool sets. You will also learn 
to properly maintain and care for your tools to keep them in top-
notch, working condition.

Tools are designed to make difficult jobs easier to do. Some tools, 
like a crowbar, allow us to pry materials apart using a combination 
of a wedge and a lever. Other tools, like hammers and saws, use the 
principles of torque, pressure, and force to drive nails or cut materials.

What Constitutes a Tool?
Our earliest human ancestors used only their hands to do all of their 
work. As you can well imagine, using only their hands prevented 
them from progressing as a species as well as a society.

Archaeologists believe humans first started using stone tools about 
2.8 million years ago. Today, the number, type, and materials used 
in tools is nearly infinite. Any time you are using an object to help 
you complete a task, regardless of the object or task, you are using 
a tool. Tools assist us with cooking, cleaning, building structures, 
making goods, and moving us forward technologically. Hand tools, 
like the ones used by electricians, are based on simple machines. 

Screwdrivers
There are four parts to a hand-held screwdriver: The head, the handle, 
the blade, and the tip. The head is at the top of the handle and is 
usually rounded rather than perfectly flat. The blade is the long piece 
of metal extending from the handle that ends in the tip. The tip is the 
part of the screwdriver that engages in the head of the screw. The 
tip of a slot-head screwdriver is often misused by people as a prying 
or chiseling tool. Because the metal of a screwdriver is not made for 
this use, it can easily chip off, leaving an off-center, incomplete tip. 
Never use a screwdriver to pry or chisel away any materials. Find a 
pry bar, metal putty knife, or chisel designed for this purpose. Also, 
never strike the head of a screwdriver with a hammer. 

Screws and screwdrivers are categorized several ways. One is by a 
numbering system such as “3/32 by 1 ½”. The width of the head of 

the screwdriver is represented by the first number, and the second 
number indicates the length of the shaft of the screwdriver. A long 
shaft will allow the screwdriver to reach in smaller spaces. 

Screws with an X-shaped opening in the head require a Phillips 
screwdriver. Henry Phillips invented the Phillips head screw 
when the automobile industry required a square-drive screw that 
could handle higher torques than the Robertson screw. Phillips 
screwdrivers come in a variety of sizes based on the size of the 
head of the screw.

Screwdriver type Screw Sizes

Screwdriver #0 0 to 1

Screwdriver #1 2, 3, and 4 screws

Screwdriver #2 5, 6, 7, 8, 9 screws

Screwdriver #3 10, 12, 14, & 16 screws

Screwdriver #4 18, 20, & 24 screws

Other types of screws and corresponding drivers are produced for 
varying applications. One somewhat common type of screw has 
a star-shaped opening in the head that can tolerate even more 
torque than the Phillips head. These “Torx” screws are commonly 
used when building decks and other structures out of wood.

Nuts, some bolts, and some screws are hexagon-shaped and 
require a special driver. It is possible to use a simple wrench to 
tighten these fasteners but often a nut driver is used. Basic nut 
drivers look just like screwdrivers down to the tip, where the 
difference is found. While screwdrivers have a tip that is designed 
to fit inside the screw head, nut drivers have a tip designed to fit 
around a nut. Nut drivers are made in different sizes, to fit different 
widths of nuts of hex-head screws and bolts

Basic Tools and Their Uses

NUT DRIVER

PHILLIPS HEAD SCREWDRIVER
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Tools Are Physics Fixes
The universe is ruled by the laws of physics. Sometimes those laws get in the way of what we want to do. For example, the Law of 
Universal Gravitation dictates how much force you must use to lift a large boulder. But that does not mean you must apply all of that 
force by yourself; you can use simple machines to help you. The most common ways tools assist us are by decreasing the amount of 
force we need to use to accomplish a task. A force is a push or pull, and can be applied in any direction. Think about moving a large 
boulder. Rock is a very dense material, so even small rocks can have high masses, and therefore require large forces to lift and move 
them. When you lift a rock straight off the ground, you must apply a force greater than the weight of the rock; otherwise, the rock 
will remain on the ground. If you try to slide the rock, you must apply a force greater than the force of friction on the rock. However, 
if you use some tools that are made of simple machines, you can exert less force to move the boulder. Let’s start with lifting the rock. 
If you lift it straight up, your lifting force must be more than the weight of the rock. If you use an inclined plane, however, you can 
exert less force. Inclined planes work because of the angle of the surface. As you push against the rock, the inclined plane, or ramp 
as we often call them, changes the direction of some of your push into a lifting force. This is helpful two ways: First, it is usually easier 
to slide an object than to lift it straight up. This is because sliding friction is less than the weight of any object. Second, pushing an 
object up a ramp allows you to pause mid-lift and rest a bit. You cannot do that lifting an object straight off the ground! Pulleys and 
wedges also redirect and usually reduce the amount of force needed to lift or separate objects. Suppose you decide to simply slide 
that boulder out of the way. If you just give it a shove, chances are it is not going to budge very easily. You need to reduce the friction 
acting on the boulder. You can try and grease the underside of the boulder, thereby reducing sliding friction so it’s easier to push, 
but that’s messy and time-consuming. A better idea would be to somehow get a device with wheels and an axle under the boulder 
so you can roll the boulder along. Rolling friction force is less than sliding friction force, and you can move the boulder more easily 
by rolling it on wheels than by sliding it on a surface.

Tools can take advantage of pressure. The magnitude of a force divided by surface area over which it is applied is pressure. Objects 
like knife blades take advantage of pressure. You apply a relatively small force to a very, very small surface area and suddenly the 
pressure is enormous. Wedges work this way, as do most cutting tools. Nails are driven into a board because of pressure – the force 
of the hammer is transferred to the point of the nail where the surface area is very small.

Many hand tools and some power tools use a principle called torque. Torque is a force that is applied to something that is rotating 
rather than moving in a straight line. Think about turning a nut on a bolt. You can use your fingers to turn the nut up to a certain 
point. However, as the nut tightens on the bolt, your fingers are no longer strong enough to completely tighten the nut. Using a 
wrench allows you to get more torque because you are moving the rotational force out away from the center of rotation. The further 
a force is applied from the center of rotation, the greater the torque. Look at the picture of the screw and the screwdriver. The top 
of the screw, called the head, is wider than the screw itself. You may be able to turn the screw with your fingers to a certain point. 
However, your fingers will probably not be strong enough to fully tighten the screw; they will not be able to get enough torque 
because they cannot apply force far enough away from the center of the screw to overcome the friction of the screw against the 
material into which it is being driven. Notice that the diameter of the handle of the screwdriver is much greater than the head of the 
screw. Your hands have the same strength, but because the screwdriver handle is fatter than the screw, your hands can apply more 
torque to the screw. Sometimes even more torque than a screwdriver can provide is needed, and a power drill with a screwdriver 
bit is used. Be careful, though, when driving or removing screws with a power tool; they can spin too fast, stripping the screw head 
so the driver bit just spins around and around without getting a grip on the screw.

SLOT (FLAT) HEAD SCREWDRIVERS
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Many people own a socket set, which contains a ratcheting wrench 
and a set of sockets that fit varying sizes of nuts or hex-head screws. 
The advantage of using sockets is added torque when tightening 
or loosening nuts and screws. A ratcheting socket is a combination 
of the handle on a wrench, providing increased torque, and the 
precise fit of the nut driver in the form of the socket.

Pliers
Pliers are tools that allow you to have a better grip on something so 
you can move it in the way you want it to move. For example, if a nut 
is stuck on a bolt, pliers can help you get a tight grip and increase 
the torque on the nut, loosening it. Pliers are also helpful when you 
would like to bend a pliable material, such as sheet metal or wire.

Pliers are also modified levers. The pivot point, called the joint, 
where the two parts are connected is the fulcrum of the lever. The 
object on which you will do work is placed in the jaws of the pliers. 
Notice that the jaws are much closer to the fulcrum than the ends of 
the handles, the more leverage you can assert on the object in the 
jaws. Because your hands can only apply a limited amount of force 
to an object, using pliers and the leverage they provide magnifies 
the force you can exert on an object, making your work easier. 

Pliers are available in two basic types: simple, and tongue-in-
groove plier. Simple pliers have two parts adjoined at the joint, and 
are only able to open and close.

Adjustable pliers are also known as channel locks, and have evenly 
spaced grooves that allow the size of the jaws to increase or 
decrease as necessary. This allows the pliers to be used on a wider 
variety of sized objects, from very small to rather large. The range 
of sizes depends on the size of the adjustable pliers. Some have 
only two or three set points, others have six or more.

Reading a Ruler
Across the United States many people use rulers. You probably 
used rulers the most in elementary school. The maximum length 
a ruler will measure is between 6 and 12 inches. Some rulers 
also have a centimeter scale on them. Another commonly used 
measuring device is a yardstick, which is one yard (36 inches) long. 
In school science classes you probably had a meter stick, which is 
one meter long. Keep in mind that the yardstick and the meter stick 
are nearly the same length, but not exactly the same length, as a 
meter is a little longer than a yard. Yardsticks may have centimeters 
marked on them, and meter sticks may have inches on them, but 
that is not always the case. Most construction and trades people 
use a measuring tape. This is a plastic or metallic housing with a 
spring-wound, long, metal strip inside that can be locked in its 
extended position or allowed to coil back up. Most measuring 
tapes measure up to 25 feet, but some measure further. Another 
style of measuring tape looks like a coil of tape with a crank and 
a handle. These measuring tapes usually measure distances up to 
50 yards. 

It does not matter what measuring device you use, but it is 
important to understand all the markings. There are major 
divisions, which are numbered, and minor divisions which are not 
numbered. When measuring with Imperial Units (IU), inches are 
usually marked and numbered as the major division. Measuring 
tapes will also mark and number feet. However, in between the 
major, inch markings are minor divisions. The length of each 
marking varies according to the value it represents. Between one 
inch division and the next division, the largest minor division is set 
about halfway between, and designates a half inch. Between the 
half-inch mark and the inch marks are smaller marks designating 
quarter inches. It is possible that markings between the quarter 

SIMPLE PLIERS AND ADJUSTABLE PLIERS A RULER, A YARDSTICK, AND A TAPE MEASURE.
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inch markings denoting eighth-inch distances, and possibly even 
sixteenth-inch marks. As the size of the fraction gets smaller, so 
does the size of the mark.

Look at the closeup photo of the yardstick. It has two scales marked. 
The top scale has the inches marked off in eighth-inch increments, 
with the larger minor division indicating the half inch. The lower 
scale, with upside-down numbers, has sixteenth-inch increments. 
The smallest minor marks are a sixteenth, the next smallest are an 
eighth, the next are a quarter, and the largest minor marks are half-
inch. The numbers 33, 34, and 35 are situated around their one-inch 
major division marks. Notice that the one-inch marks are slightly 
longer than the half-inch minor markings. The addition of the 
sixteenth-inch marks increases the precision of measurement you 
can make using this scale on the yardstick. Increased precision can 
be important when making measurements. In most circumstances, 
eighth-inch precision is acceptable. But if you are cutting pieces 
for a tight fit in a small space, sixteenth-inch precision may be 
necessary.

Making measurements with a centimeter scale or a meter stick is 
very much the same as with an Imperial measuring device, except 
the markings are in different increments. On a centimeter ruler, the 
major divisions are centimeters, and each minor division is one 
millimeter, or one tenth of one centimeter (0.1 cm). There is often 
a slightly larger minor division at 5 millimeters to make it easier to 
read the scale.

Look at the photo of the binder clip and centimeter scale. The 
length of the binder clip exceeds 5 centimeters, but is not quite 
6 centimeters. The length falls between 5.8 and 5.9 centimeters. 
Because it is closer to the 8 mm mark, it would be more appropriate 
to say the binder clip is 5.8 centimeters long. However, you could 
also estimate the position between the 5.8 and 5.9 marks and say it 
is approximately 5.83 cm long. The three hundredths measurement 
is not as certain as the 5.8 is, though, and is open to more argument 
than saying simply 5.8 cm.

CLOSEUP OF YARDSTICK

BINDER CLIP
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Materials Used in Hydropower

When it comes to selecting materials for a project, application is 
key. It is important to consider exactly how the materials will be 
used, and which properties are most important. In the case of a 
hydropower project, one of the most important considerations is 
how that material will interact with water. Will the material absorb 
water? Is it prone to corrosion? Can the material be eroded by a 
constant flow of water?

In a hydropower project, the way a material supports the 
massive weight of the water is just as important as how the 
material interacts with the water. In the few cases where water is 
already flowing reliably and swiftly enough to generate power, 
material interaction is just as heavily considered. However, most 
hydropower generation requires that water be held behind a dam 
of some sort to keep the flow of water constant and the amount of 
power reliable. The materials used to construct a penstock, dam, 
spillway, and other structures that handle large volumes of water 
need to be strong enough to hold the weight of all that water.

Forcing the Issue
Forces are pushes or pulls on objects; weight is the pull on an 
object resulting from gravity. When engineers design structures to 
manage weight, though, they have to take into account not only 
the weight the structure will bear but also the size of the structure 
itself. Wood is a very strong substance and is good for building 
bridges for horses; however, you would never build a bridge for 
horses out of toothpicks! This is because the toothpicks are too 
small to carry the weight of horses. The weight of the horse exerts 
too much pressure on the toothpicks because the toothpicks are 
so small. Pressure is the amount of force applied to an area, and 
is measured in pounds per square inch (psi) in Imperial units, or 
Pascal (Pa) in SI units. While some materials and companies still 
use Imperial units, it is important you also become familiar with 
SI units.

When water exerts a force on an object, we often describe that in 
terms of its pressure. Thus, fittings, pipes, and other commercially 
available items designed to carry water are usually rated in psi, not 
in pounds of force. Additionally, materials used for building large 
structures, like dams, buildings, and bridges, are rated in terms of 
their maximum tolerated pressure. These ratings are described as 
the strength of the material.

Two strengths are very important when choosing materials for building 
structures or making parts in a hydropower system: Compressive 
strength, and tensile strength. Both are measured in pascals.

A Bit About Bonding
The way compounds are held together is the result of the 
bonds between atoms. In general, three types of bonds 
hold together the infinite number of compounds that exist 
in our world.

Covalent bonds exist between atoms when the atoms 
share electrons. These types of bonds usually occur 
between non-metallic atoms. Covalent compounds are 
typically soft and deform easily. Think about how easily 
plastics and fats melt, or how quickly sugar decomposes.

Another type of bond is an ionic bond, which occurs 
between particles with opposite charges, called ions. Ionic 
bonds often occur between positively charge metallic 
ions and negatively charge non-metallic ions. The benefit 
of ionically bonded compounds is that an ionic bond is 
exceptionally strong, so these materials have very high 
melting points. However, they are usually in a very rigid, 
crystalline structure as solids, and therefore brittle. Think 
about rubies and common table salt. They are strong and 
hard until whacked with a hammer.

You have probably discussed covalent and ionic bonds 
in your science classes before. A third type of bond, that 
is less well-known, is the metallic bond. These bonds 
occur between metal atoms and provide the strength of 
ionic bonds in that most metals have high melting points. 
However, they provide the flexibility that covalent bonds 
provide because metallic bonds allow atoms to move 
around each other, making metals malleable and ductile. 
Metallic bonds work because the outer electron shells of 
metal atoms overlap. The overlapping ensures the atoms 
remain bonded to each other even if the metal is pounded 
and stretched into the shapes we desire. The overlapping 
is also why metals are good conductors of electricity.

What’s a Pascal?
The Pascal is the SI unit for pressure. It is named after 
the French mathematician and physicist, Blaise Pascal, 
who contributed much that we know about fluids and 
hydraulics today.

You can relate psi to Pascal by thinking about it this way: 
Imagine you are at the ocean, on the beach, and you walk 
right down to where the water meets the sand, and lie 
down. You have one atmosphere of pressure stacked upon 
you. That is 14.7 psi, or 108,000 Pa.



16  ©2020     The NEED Project     Your Future In Hydropower Student Guide     www.NEED.org

Compressive strength is the 
amount of pressure a material can 
withstand when squeezed. Imagine 
a cylindrical block of concrete. 
Pushing on the top and bottom of 
the cylinder is a compression force, 
and the maximum pressure the block 
can take before breaking, or failing, is 
its compressive strength.

Tensile strength measures the amount of tension a material can 
handle. Tension works in the opposite direction of compression. Rather 
than pushing in on the top and bottom of our concrete cylinder, we 
would pull on the top and bottom, effectively trying to stretch it. 

When building something like a penstock, it is helpful to make a 
diagram of the object to know what kind of forces will be exerting 
pressure on the penstock. If the penstock is a pipe six inches in 
diameter, and suspended above the ground, there will be many 
different forces acting on the pipe. The engineer needs to choose 
the right material for the pipe such that it can withstand all of the 
forces acting on it.

The penstock in the diagram below would not be even remotely 
large enough for utility-scale hydropower, but it does a good job of 
illustrating how compression and tension forces act on an object, 
and why compressive and tensile strength are important in choosing 
materials for an application.

Other material properties worth considering are density, which 
influences the weight of an object, and how the material responds 
to heat. Some materials, like steel, are very strong, but are also very 
dense. That may not be an issue, but if the part is very large and 
needs to be moved for maintenance, weight becomes a serious 
factor, and a less dense material might be desirable. Additionally, 
when building very large structures, weight becomes a significant 
factor in the cost of the structure. The heavier the material, the more 
expensive it is most of the time. Building very large structures, like 
dams and bridges, is very expensive because the materials needed 
to build them are very heavy.

If the material is being used in a way that involves high temperatures, 
how well it conducts heat, called thermal conductivity, and the 
material’s melting point are important, too. The table lists some 
of the properties worth considering when choosing materials for 
different kinds of uses in hydropower projects.

Tension Compression

Table of Selected Materials and Some of Their Properties
Material Density (kg/m3) Cost Thermal Conductivity 

(W/m•K)
Compressive 
Strength (MPa)

Tensile Strength  
(MPa)

Ductility (fraction 
or relative)

Melting Point (°C)

Steel (AISI 1046) 7580 $0.55/kg 49.8 545 620 low 1460

Stainless Steel 7500-8000 $4/kg 14.4 170-310 465 0.6-0.7 1400-1450

Brass 8400-8700 $8/kg 111 165 345 high 900-940

Cast iron 7200 $5/piece cast 52 572-1380 65.5-172 low 1124-1204

Copper 8790 $0.82/kg 413 45-330 210 0.04-0.5 1320

Nickel 8900 $20/kg 106 70-935 317 0.02-0.6 1708

Aluminum 2700 $22/kg 237 30-280 40-700 0.01-0.4 660

Concrete 1300-1700 $150/m3 0.4-0.7 35-43 2.5 very low **

Granite 2600-2800 $55/ft2/slab 1.7-4.0 130 4.8 very low 1215-1260

Pine wood 350-500 $250/m3 0.12 33.1-49.2 1.7-3.2 low **

Oak wood 600-900 $300/m3 0.17 41.8+61.4 4.7 low **

Nylon 1120-1170 $2/kg 0.25 55 85.5 * 450

Polyetheretherketone 
(PEEK)

1260-1320 $75/kg 0.252 118 96.5 * 340

Polyamideimide (PAI) 1400 $120/24mm dia x 
50 mm long rod

0.26-0.54 130 145 * 820

*thermoplast polymers deform, especially when heated, but aren’t ductile at room temperature 
** these materials decompose when heated; they have no melting point 
Data sources: Azom, MatWeb, Alibaba, Engineers’ Tool Box, Omnexus

The contact points each supply support for half the weight of the pipe.

The weight of the pipe pushes out on the 
bottom of the pipe, causing a tension force.

The weight of the pipe pulls in on the top 
of the pipe, causing a compression force.

Gravity pulls the pipe down

Compression and Tension in a Pipe
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Ductility of a material is a measurement of how well the material 
can be stretched thin into a wire. While there are several ways to 
measure how brittle a substance is, a ductile material is going to 
be able to stretch, bend, and deform a bit while under pressure, 
without failing (breaking or crumbling) while a material that has 
low or no ductility will not.

A final consideration is in how materials are combined or joined. 
Metal pieces are often welded together by melting a bit of each 
of the two pieces and allowing them to cool and harden together. 
Every weld in an object is a weak point, so it is best to avoid them 
when at all possible. For example, turbine blades should be cast as 
a single object rather than welded together from several pieces of 
the blade material. Any time two objects are connected, the type 
of connection needs to be as strong as possible, or it will be a point 
of rapid failure of the entire system. 

Chemistry is also important when deciding how to connect 
objects. Two objects each made of a different metal in contact 
while under water will form a dielectric. This is a very weak battery 
and happens because under some circumstances water acts as an 
acid. Dielectrics lead to rapid corrosion of one of the metals. Under 
most circumstances, dielectrics should be avoided.

Composite Materials
There are times when one, pure material is not going to 
be able to deliver the properties needed for a specific 
application. For example, building a wood deck on a house 
requires that the deck remain stable and strong for many 
years. However, over time, even treated lumber will rot 
when exposed to rain, snow, and sunlight. Furthermore, 
deck lumber is made from trees which take years to regrow.

One way to solve material limitations is to create a composite 
material. Composites blend materials in a way to take 
advantage of the best properties of two or more materials 
while overcoming their less desirable qualities. In our deck 
example, composite boards made from sawdust and recycled 
milk jugs are an environmentally-friendly, longer-lasting way 
to have a relatively maintenance-free deck.

When engineers and designers are choosing materials for a project, they consult several Material Selection Charts. These charts plot two properties 
against each other. For example, density may be on the y-axis and cost may be on the x-axis. The range of values for each material is depicted by a 
shape in the chart. The material(s) that meet the selection criteria are easy to see. This chart shows strength vs. maximum service temperature for 
many materials.
Image Source: Wikimedia Commons

Material Selection Chart
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Harnessing Hydropower

Moving water provides energy in several different ways. Hydropower plants usually include dams across rivers to hold back water in 
reservoirs. This stored water is released to flow 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 flow 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 prefix hydro comes from the Greek word for water and means water-related.

Water Power History
Humans have used the power of moving water for more than 2,000 
years. The first 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 flowed, 
turning millstones that ground grain.

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 flow beneath 
the wheel. Later, millers diverted streams to flow over the tops of 
the wheels. More recently, wheels were placed on their sides—a 
more efficient 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 efficient water wheel. The wheel was enclosed so 
that water flowed 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 efficient producer of hydropower.

A mid-nineteenth century water wheel.

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

TURBINE INSTALLATION
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Hydropower Plant
Generating electricity from hydropower began in the United 
States on July 24, 1880, when the Grand Rapids Electric Light and 
Power Company used flowing 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. 

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 over 90,000 
dams in the United States, but only roughly 2,500 were built 
specifically to generate electricity. The rest were built for 
recreation, fishing, flood 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 retrofitted 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, but some 
facilities do not require a reservoir. The dam contains or holds 
back the water; there are openings in the dam to control its 
flow. The power plant converts the energy of the moving water 
into electricity.

A reservoir holds water behind the dam to create a larger height 
differential. The generation process begins with water flowing 
from the reservoir into openings on the upstream side of the 
dam, called penstocks, which are very large pipes. The water 
flows down the penstocks to turbines at the bottom, spinning 
the turbines to power the generators. Water flow 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 flow; more 
flow 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 
potential energy. 16 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 2018, 6.89 percent of U.S. 
electricity was produced by conventional hydropower. That’s 
enough power to supply more than 26 million households, or 
the equivalent of over 500 million barrels of oil. The total U.S. 
hydropower capacity is over 100,000 megawatts. Conventional 
hydropower facilities rarely run at full capacity. This is often 
done to ensure reservoir volume and river flow is maintained, 
and to ensure friction in the turbines is minimized.
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*Total does not equal 100% due to independent rounding.
Data: Energy Information Administration
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Types of Dams
A dam is either an overflow or non-overflow dam. An overflow 
dam allows excess water to spill over its rim. A non-overflow 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 off-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 offset 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 flatter 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 
one of the tallest arch dams 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 offset 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.

GRAVITY DAM

EMBANKMENT DAM

ARCH DAM

BUTTRESS DAM
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Dam Construction and Composition

Did you know that the first dam construction crew was not human? 
Beavers have been building dams of earth and logs across streams for 
centuries. Their purpose was to create a pond where they could live 
safely and have easy access to a plentiful food supply.

Beavers don’t consciously apply the principles of physics and 
engineering, but their dam structures are highly effective in 
holding water back. They chop down and drag large tree trunks 
to the site, forming the basic structure of the dam, then fill them 
in with smaller twigs and finally mud to create a structure that 
holds the water back effectively. Considering the size of a beaver, 
its dam is impressively large – on average 6 feet tall and 5 feet wide 
at the base. Like our own man-made dams, the beaver’s dam is 
wider at the bottom and narrower at the top. Smaller limbs and 
branches are arranged by the beaver against the dam to be under 
compression on the downstream side of the dam to help support 
it and keep it from being swept away by the water.

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 BCE, Egyptians in the city of Memphis built a dam 
around the city. The dam stopped periodic flooding of the Nile River 
and created a reservoir for irrigation and drinking water.

The Romans also built many dams in the first 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 dams are built from concrete. The benefit of using concrete 
is that it can be designed for different purposes by varying the 
mixture of materials in it, and it can be transported to the exact 
place it is needed. Concrete begins as a fluid, and as long as it is 
kept in motion it will not quickly set. This is why the mixer tanks 
on concrete mixing trucks are spinning when they carry concrete. 
However, the amount of time that concrete will remain a fluid is not 
indefinite. At some point the mix must be removed from the mixer 
tank or it will harden inside, even if the tank is spinning.

Concrete Composition
Concrete is a mixture of four ingredients: cement, sand, aggregate 
(usually gravel), and water. If you purchase a bag of ready-mix 
concrete, the cement, sand, and aggregate have been pre-
measured and combined, and all you need to do is add water. 
Large amounts of concrete are mixed using the correct proportions 
of cement, sand, and aggregate to accommodate the end use of 
the concrete. Driveways, buildings, and concrete countertops all 
require somewhat different ratios of ingredients, but the basic 
ingredients remain the same.

Cement is the Glue That Holds Concrete 
Together
You may have built sand castles at the beach and observed that 
sand can be packed and shaped when wet. Dry sand, however, 
won’t hold a shape, no matter how hard you try. If you had 
something to keep the dry sand particles stuck together, you could 
build permanent sand castles. This is what cement does. It allows 
us to build a structure in any shape we wish, and holds it in place.

Cement as an “aggregate glue” is unique and useful. It uses water 
to build and form crystals between the sand and gravel particles 
in a reaction called hydration. The cement will harden even under 
water! This is why cement is often referred to as hydraulic cement.

Portland Cement Composition
The most common cement used in construction is portland 
cement, which can be made from simple raw materials and high 
temperatures. Portland cement is made by heating crushed 
limestone or chalk (CaCO3) in the presence of crushed clay, which 

BEAVER DAM
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provides silicon dioxide (SiO2) and alumina (Al2O3). Some Portland 
cement manufacturing facilities use silica sand, iron oxide (Fe2O3) 
and bauxite (Al(OH)2).

1. First, the materials are mined, transported, and crushed.
2. The raw materials are mixed in the proper proportions.
3. After mixing, the mixture is heated in a kiln. This causes the 

carbonate anion in the limestone or chalk to break down into 
carbon dioxide and an oxide anion (CaCO3  CaO + CO2). The 
carbon dioxide is a byproduct of cement manufacturing.

4. After heating, the product is removed, crushed, and mixed with 
gypsum. Adding gypsum to the mix helps control the set time 
of the cement, and allows concrete to be mixed, transported, 
and formed before it hardens.

Cement Hydration
The dry cement will stay in its stable, powder form until it gets 
wet. When water is added to the dry concrete mix, a hydration 
reaction occurs and calcium silicate hydrate (3CaO • 2SiO2 • 3H2O) 
and calcium hydroxide (Ca(OH)2) form. The hydration reaction will 
initially release a lot of thermal energy, but for unknown reasons 
the mixture will then go into a dormant phase and not harden. 
Construction companies take advantage of the dormant phase to 
transport and form the concrete mixture. After the dormant phase 
has expired, a gel-like structure of cement will form between the 
sand and gravel in the concrete mixture, and harden. All of the 
water and cement in the mix are consumed by the hydration 
reaction while the volume of the mixture remains constant. This 
is helpful in forming specifically-sized structures because the 
concrete shrinks very little as it sets.

Beneficial Properties of Concrete
Structures using a lime-based cement as a mortar between stones 
were first built in the Middle East around 700 BCE. Without cement, 
large structures were built from solid stone blocks that were 
difficult and expensive to quarry and move. Using concrete allows 
us to build structures nearly as strong as stone in any location and 
shape we desire.

Refer back to the table of properties on page 15. Granite and cast 
metals and alloys have a higher compressive strength, but they 
are at least five times more expensive than concrete. Granite and 
aluminum are almost twice as dense as concrete, and the other 
metals are several times more dense. Not only is concrete lighter 
and easier to transport, it is less expensive to manufacture and 
use in projects. And, because it does not corrode like metals do, 
concrete structures will remain in place for a long time.

Limitations of Concrete
Under compression, concrete is an excellent material to use. 
However, under tension, concrete will fail with relatively little 
pressure. Concrete structures that must be built with some tension, 
like bridges, include steel reinforcement bar (rebar) to improve its 
tensile strength. The rebar is placed strategically throughout the 
concrete form in places calculated by structural engineers before 
the concrete is poured into place.

One drawback of reinforcing concrete with steel is that steel is 
prone to oxidation (rust). Concrete naturally develops small cracks 
as it completes the curing process over time. Water can infiltrate 
those cracks and when it comes into contact with the steel, it 
promotes oxidation. When steel rusts, it expands, and the concrete 
cracks even more. Rusting steel rebar is the top reason concrete 
crumbles, or fails, prematurely.

Dams Contain No Steel
If concrete performs so poorly under tension, and dams are 
constructed without reinforcing steel, why do massive dams 
holding back millions of gallons of water not crumble under all 
that pressure? The answer is simple – dams are designed to only be 
under compression and have no tension forces exerted on them. 
Some dams are built straight across the waterway with enormous 
bases that keep the entire structure under compression. Other 
dams, like the Hoover Dam, are built arched.

Dams built in an arch shape are narrower at the top than they 
are at the bottom, but they also curve inward toward the body 
of water they are retaining. Since the pressure of the water is the 
direction it wants to flow, parallel to the ground, the arch is lying 
down, rather than standing up as it would be when supporting a 
bridge. The pressure of the water on the apex of the curve of the 
dam is distributed through the rest of the curved structure, and the 
concrete remains in compression.

Concrete is Energy Intensive
One of the major downfalls of using so much concrete in building 
large structures is the amount of energy required to transport the raw 
materials, manufacture the cement, and transport the concrete to the 
construction site. Furthermore, the cement manufacturing process 
releases carbon dioxide into the atmosphere. Carbon dioxide is a 
greenhouse gas and as such absorbs thermal energy, increasing the 
average temperature of the Earth. Climate scientists agree that man-
made sources of carbon dioxide are responsible for the increases in 
ocean and atmosphere temperatures around the world. 

Arches Are Under Compression
The shape of an arch 
takes all of the forces 
pushing on the top 
of it and distributes 
them down through 
the supports of the 
arch. Arches are used 
in large doorways and 
very tall bridges. Domes 
are essentially rotated 
archways.

Arches keep everything in compression by refocusing the 
forces down and out.

The Shape of the arch 
redirects the forces down 
through the arch, keeping 
it in compression
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Principles of Fluid Dynamics

Fluids are substances that flow. Air is a fluid, as is water. All gases 
and liquids are fluids. Fluid dynamics, or the study of moving fluids, 
incorporates several properties that are unique to fluids and not 
exhibited by solids. One important property is viscosity, which 
describes how thick the fluid is. Viscosity is a measurement of a 
fluid’s resistance to a change in its motion. Fluids with high viscosity 
are thick and hard to move; honey, tar, and glass are fluids with 
very high viscosities. Heating a fluid usually reduces its viscosity.

Another property associated with fluids is its pressure. Earlier when 
reading about materials, you learned that pressure is a measure of 
force per unit area. While solids are often described in terms of their 
mass, and subsequently their weight, fluids are usually described by 
their volume and pressure. When moving fluids, pressure is the key 
measurement used to ensure the system is flowing properly. Without 
expending energy with a pumping system or good containment, 
fluids will naturally flow from high pressure to low pressure.

When discussing fluids, we need to be able to describe them 
as compressible or incompressible. In general, gases are 
compressible and liquids are incompressible. This means that gases 
can be pushed and squeezed, or compressed, to occupy smaller 
spaces with higher pressures than standard atmospheric pressure. 
Tires are inflated with air at higher pressures, and propane and 
oxygen are stored at much higher pressures than the air around 
you. They have been compressed to fit in smaller spaces under 
greater pressures.

In general, liquids are not compressible. Their volumes cannot 
be altered by squeezing. This is why milk jugs have indentations 
in the sides; if you should drop a jug of milk, the force of the jug 
landing on the floor will apply pressure to the milk. Because milk 
cannot be compressed, the liquid will need to go somewhere. 
The indentations will be pushed outward, which prevents the 
cap from being forced off the jug. A common application of the 
incompressibility of fluids is in hydraulic lifting devices, such as 
with jacks or lifts at car repair centers. A pump pushes fluid from a 
large tank into a smaller cylinder and the fluid pushes up on the lift 
or jack, raising the load it is supporting.

Let’s Stir Things Up a Bit
When considering fluids in motion, we need to make a few 
assumptions about the fluid in question. First, we assume that 
all molecules within the fluid move in the same way. Second, we 
assume that it is completely incompressible. Third, we assume 
that the fluid has almost no viscosity and flows freely. These 
assumptions are made so that discussing how fluids flow does not 
become too complicated too early in the conversation. In reality, 
fluids will compress a little bit, and all fluids have some viscosity. 
Lastly, because we are only concerned with water, we will discuss 
all fluid dynamics in terms of how water flows; keep in mind that 
other fluids, like crude oil and air, will behave differently from water.

Flowing water can be categorized two ways:  Laminar flow, which 
is perfectly smooth and uniform; and turbulent flow, which is 
neither smooth nor uniform.  If you see a fountain where the water 
is flowing in such a way that it looks like glass, it is laminar flow. You 
might see laminar flow in some water bottle filling stations. 

Turbulent flow, or turbulence, applies to all other water flowing 
conditions. Most examples of flowing water will have at least some 
turbulence. Turbulence occurs whenever laminar flow is prevented 
or interrupted. If water had a choice, it would choose laminar flow. 
The intermolecular attraction between water molecules is strong 
enough that they choose to maintain those hydrogen bonds 
even as the water flows. However, the hydrogen bonds are weak 
enough that small obstructions or imperfections can break them 
and create turbulence.

Consider water flowing through a pipe. If the walls of the pipe 
are perfectly smooth, with absolutely no friction, and the water is 
completely free of impurities or air bubbles, the flow inside the pipe 
will be laminar flow as long as it is flowing at the proper velocity. 
However, introduce even a slight imperfection in the inner surface 
of the pipe, such as a weld or rivet, and turbulent conditions form. 
If any air gets inside the pipe, it will expand and contract as the 
water changes pressure. The changing volume of the air will cause 
turbulence in the water.

No pipe has a perfectly smooth, frictionless surface, nor can one 
pipe be infinitely long. Therefore, there is always going to be at 
least some turbulence in the pipe. When choosing materials and 
installing pipes to carry water, minimize turbulence to ensure a 
consistent, uniform delivery of water.

Turbulent Flow

Laminar Flow

Flowing Water
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Go with the Flow
Water flow is measured in a certain volume of water in a certain 
amount of time. Frequently, water is measured in gallons per 
minute or gallons per second in very fast-moving water. In SI 
units, water is measured in liters per minute or liters per second. 
Occasionally, water will be measured in cubic feet per minute or 
cubic meters per minute, but since water in the U.S. is primarily 
measured in gallons, we will stick to gallons per minute. In any 
section of a pipe, it is assumed that the same mass of water is 
flowing through the pipe in any given second. This is because 
water is incompressible. If the pipe does not change diameter, 
the flow rate of the water going into the pipe will be the same as 
the flow rate as water coming out of the pipe. But what happens 
if the pipe changes diameter?

Because the same mass of water being pushed into one 
end is coming out of the other end, and because water is 
incompressible, the only thing that can change is how fast the 
water flows through the pipe. If the discharge pipe is narrower, 
the water will flow faster. If the discharge pipe is wider, the water 
will flow slower.

Avoid “Eddy”
Turbulence can cause a phenomenon called an eddy. Eddies 
are small swirls of water that curl out, around, and back 
toward an obstruction in the flow. Eddies are undesirable 
because they actually are a backward flow of water. If the goal 
is to have water flowing through a system at a certain rate, 
eddies will work against that goal. A higher flow rate ahead 
of the obstruction will be necessary to get the desired flow 
rate after it.
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Turbines and Generators

Turbines are Fans of Laminar Flow
You’ve learned about hydropower and all of its components, 
materials used in hydropower and especially concrete, and some of 
the principles of fluid dynamics. It’s time to put it all together and 
discuss exactly how flowing water is used to generate electricity.

As discussed earlier, water flow is measured in volume per unit 
of time, most often in gallons or cubic feet per minute. That is 
the straight-line measurement of the water flowing through the 
penstock to deliver the water to the turbine. However, you’ve 
already read that turbines are connected to generators and are 
the devices that provide the spinning motion to the generator. 
Turbine speeds are measured in angular speed, which is rotational 
in motion, in units of revolutions per minute, or rpm. The angular 
speed of the turbine depends on two factors:  The linear speed of 
the water flowing, and the radius of the turbine. 

The radius of the turbine is the distance from the axis of rotation, at 
the center, to the outer edge of the blades where the water pushes 
on the turbine. Turbines do not have adjustable-radius blades, 
so this is not something that can be changed. The only variable 
that affects the angular speed of any specific turbine is the linear 
speed of the flowing water; the faster the water flows, the faster the 
turbine will spin.

The most common turbine design used in hydropower applications 
is the Francis turbine. Developed around 1855 by James Bichens 
Francis, this turbine is unique in that it changes the flow of the water 
from angular to linear. Water pushes against and is scooped up by 
the blades, where it is redirected toward the axis of the turbine and 

discharged down and out of the turbine. For this reason, another 
name for the Francis turbine is the mixed flow turbine.

In microhydropower applications, where the turbine is turning 
a generator to provide power to just one building or group 
of buildings, the rotational speed of the turbine is important 
because it is coupled to the generator, and the power output by 
the generator must be at a specific frequency. In North America, 
electricity is provided at a frequency of 60 Hz; in Europe the power 
is provided at 50 Hz. This is why you need a converter to operate 
devices designed for North American use in Europe. Turbines for 
utility-scale hydropower plants are designed and installed to drive 
the generator at a specific speed for the site.

Water Flow

Francis Turbine

r RPM

GPM

Water �owing in a linear manner pushes on 
the blades of the turbine, which are 
connected to a shaft. The blades cause the 
shaft to rotate. The rotational speed, 
measured in rotations per minute (rpm), 
depends on the linear speed of the water 
and the radius of the turbine.

Rotational Speed of a Turbine
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Alternating and Direct Current Power
Electricity can be generated in two forms:  Alternating Current 
(AC); and Direct Current (DC). DC power is the kind of power 
batteries provide. The current moves in one direction, from the 
anode to the cathode of the battery.

AC power is the electrical power you draw on when you plug 
a device into an outlet. The polarization of the power reverses 
direction 60 times every second; its frequency is 60 Hertz (Hz). 

Generating Power
Turbines rotate due to the force that water exerts on them as water 
passes through the turbine blades. The goal of a hydropower 
turbine generator is to capture the force of the moving water and 
convert it into electrical energy to send onto the grid. Utilities 
accomplish this by connecting an alternator that produces AC 
power to the turbine.  Most often the turbine shaft spins at a 
different rate than needed to produce the AC power at the correct 
frequency. Thus, we need to manipulate the speed of the turbine to 
operate the generator correctly. This is accomplished using gears.

Gears do a lot of things. We can use gears to turn several items 
from just one power source, and we can use gears to increase or 
decrease the speed of a power source. In the case of a turbine, if it 
is rotating faster than desired, a small gear can be attached to the 
turbine and then coupled to a larger gear attached to the generator. 
The degree to which a power speed is changed is determined by 
a gear ratio. Let’s say the turbine is turning at 1,000 rpm, and the 
generator needs 500 rpm. If we put a gear with 20 teeth on the 
turbine, we would attach a gear with 40 teeth to the generator, and 
the speed would be reduced by half. If a greater speed is necessary, 
a large gear is placed on the turbine and a smaller gear is placed 
on the generator.

Frequently, a simple pair of gears is not adequate to change the 
speed as much as needed. Complex gears can be built, where a 
small gear is stacked on a large gear, and more than one set of 
gears is driven. When this occurs, the gear ratio is determined by 
multiplying the number of teeth of all the input gears, and dividing 
that by the product of all of the teeth of the output gears. The ratio 
tells you how many turns of the drive gear will turn the last output 
gear one revolution.

Stacking gears allows dramatic changes in gear ratios. The ratio 
of this combination is obtained by multiplying the number of 
teeth in gears A and C and dividing it by the product of the 
number of teeth in gears B and D.

A DC

B

Gears in Motion
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The Future of Hydropower

For many years the hydropower industry has consisted mostly of 
the types of facilities described as conventional hydropower, or 
plants that use available water from rivers, streams, canals, and 
reservoirs to produce energy.  In many locations, these facilities 
often incorporate a dam. A large number of hydropower facilities 
in the U.S. have been in operation for decades requiring minimal 
modifications over time. The energy produced from this type of 
hydropower has remained fairly static in the U.S. over the past 
several years. This is largely due to rainfall,  and because the many 
of the locations where hydropower of this type can be harnessed 
are already in use. 

As the U.S. and the world continue to use more electricity each 
year, while also considering sustainability, tackling climate change 
and increasing the role of renewables, redefining and adapting our 
use of sources like hydropower will be important. The hydropower 
industry has a number of opportunities to land itself among the 
cutting-edge renewables and increase its generation capacity in 
creative ways, without constructing large dams and reservoirs. 
As we move into the next generation of hydropower, the industry 
will continue to tap into low impact hydropower, run-of-river 
hydropower, and conduit hydropower. When coupled with other 
renewables like solar or wind, hydropower and pumped storage 
can help with demand management.

Low Impact Hydropower
A major challenge in developing new hydropower is often related 
to construction. A big step in increasing capacity has involved  
powering non-powered dams. Many of these structures were 
originally designed for other purposes, including transportation, 
irrigation, and even recreation. Developing these untapped 
structures can maximize the benefits of infrastructure already 
in use, while minimizing cost impacts. Another major concern 
related to hydropower is its impact on the environment. To ensure 
that that we are able to meet our energy generation needs in 
an environmentally responsible manner, hydropower facilities 
incorporate fish-friendly designs into their existing structures. 
And, in locations where the stream flow is great for generation, but 
the environmental quality must be maintained, small-scale, lower 
cost, and lower footprint modular systems can be employed. These 
systems can even be rapidly deployed and moved. 

Run-of-River Hydropower 
Run-of-river, or diversion facilities channel a portion of a river 
through a canal or penstock. These facilities don’t usually require 
the construction of a dam or storage of water in a reservoir, though, 
some of the largest may have dam structures.  Run-of-river (ROR) 
facilities are able to provide continuous supply of electricity but 
may not offer as much flexibility to adjust operations with demand 
fluctuations. ROR facilities can be very small, powering a mill or 
mine, or very large, generating upwards of 50 MW. Where ROR is 
suitable for a watershed, it can play a role in increasing hydropower 
capacity sustainably, by situating the facilities closer to the points 
of electricity demand, and lowering risks to the power system by 
distributing the generation across several smaller sites, rather than 
one large location. ROR avoids the need to build large dams, and 
because of the consistent flow, even small facilities can generate a 
lot of energy reliably and predictably.

EDISON SAULT HYDROELECTRIC RUN-OF RIVER POWER STATION

Image Source: Wikimedia Commons
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Conduit Hydropower
Public water systems, aqueducts, and canals used for agricultural 
irrigation are all examples of sites with consistent, swiftly flowing 
water. Conduit hydropower uses existing structures like these and 
incorporates generation equipment within the pipe or conduit 
to create small hydropower systems with big opportunities for 
generation. These projects are typically very efficient, cost-effective, 
and environmentally friendly. Because these sites are usually 
smaller in water volume and generating capacity than a typical 
high-flow, utility-scale hydropower plant, they are categorized as 
small-scale, or even microhydropower (100 kw or less).

One example of conduit hydropower exists in San Diego County, 
California. The Rancho Pensaquitos  Pressure Control Hydroelectric 
Facility (RP PCHF) uses the energy in water flowing through the 
county’s water mains to generate power for nearby neighborhoods. 
The 4.5 MW project was completed in 2007.

Pumped Storage in Partnership with 
Other Renewables
One of the biggest drawbacks to using wind or solar energy to 
generate electricity is that they do not generate power all day and 

all night. Furthermore, the times when they do provide the most 
power (peak production), are not always in line with the times that 
power is in highest demand (peak demand). Solar energy peaks in 
mid-afternoon and does not produce much power on days with 
consistent cloud cover. Wind energy peaks overnight while most 
people are asleep. Both sources are great resources of which we 
would like to take the most advantage, but the problem to solve, 
until recently, has been how to align peak production with peak 
demand.

One solution to this problem is to couple wind and solar to 
pumped storage hydropower. With pumped storage, excess 
electric power generated is used to pump water to a reservoir at 
a higher elevation. By pumping water this way, some additional 
gravitational energy is stored in it. At peak demand, the water can 
be released through a hydropower plant, generating the power 
needed by utility customers. 

There are two types of pumped storage systems. Open-loop 
systems use water already flowing, such as from a river or stream, 
to generate electricity. In closed-loop pumped storage systems, the 
water that flows through the turbines and out of the hydropower 
plant is collected in a reservoir lower than the plant, where it waits 
to again be pumped to the storage reservoir during the next peak 
production period. 

HOW DO PUMPED STORAGE HYDRO PLANTS WORK?

Upper Reservoir

Lower Reservoir

Discharge Tunnel
Discharge

Intake Tunnel

Powerhouse

Control Room

Image Source: Wikimedia Commons

CONDUIT HYDROPOWER STRUCTURE

PUMPED STORAGE FACILITY

Ludington Pumped Storage Facility on the Lake Michigan Shoreline, owned by Consumers Energy and Detroit Edison. 
Image courtesty of Consumers Energy 
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Hydropower and the Environment

Environmental Considerations
The United States has over 90,000 dams but only roughly 2,500 
were built specifically to generate electricity. The rest were built 
specifically for recreation, fishing, flood control, crop irrigation, 
to support the public water supply, or to make inland waterways 
accessible to ships and barges. 

While building dams solves some problems, it creates other issues 
such as fish passage, boat traffic, environmental impacts, and 
recreational and boating issues. All dams have to be relicensed 
every 30-50 years. The Federal Energy Regulatory Commission 
(FERC) is charged with ensuring that all hydropower projects 
minimize damage to the environment. When a license expires, one 
of three things can happen:

 �FERC relicenses the project;
 �The Federal Government takes over the project; or 
 �The project is decommissioned.

FERC staff prepares an environmental analysis of every hydropower 

proposal. FERC staff hold many public meetings to identify issues 
relating to the construction or continued operations of dam projects. 
It is the job of FERC to weigh all of the economic, environmental, 
and societal issues and grant or reject the relicensing application.

Complications of Conventional Hydropower
Many dams in the United States were built before or during 
World War II to provide energy for industry, cities, irrigation, and 
farming. The increased need for energy during World War II was 
the major driving force behind expanding hydropower for energy. 
Environmental issues were not as heavily considered in  hydropower 
development as they are now. The Boldt Decision of 1974, which 
reaffirmed Native American treaty fishing rights, marks a turning 
point in hydropower development and the start of environmental 
consideration when developing hydropower projects. The FERC 
licensing process reviews several different perspectives when 
deciding to issue or renew a hydropower project. Our focus here 
will be on water quality issues.

Water Quality Testing
Water quality testing is important in determining the true ecologically 
balanced management plan specific to each dam site and its aquatic 
ecosystem. No two reservoirs are exactly alike. The regional climate, 
the underlying rock structure and physical surroundings provide 
different physical, chemical and thermal changes in bodies of water. 
The seasonal warming and cooling of water behind a dam affects the 
amount of dissolved oxygen and dissolved solids in the water source, 
which influences the chemical reactions which take place. These 
changes may disrupt the life cycles of aquatic organisms which are 
food for the local fish population. 

To complicate matters, many cites in the United States pull water 
out of rivers for drinking and return it in the form of treated sewage. 
The Columbia River in the West and the Mississippi River in the 
Midwest are two places where this happens. This can complicate 
water quality issues for dams downstream from sewage outflows. 
The United States Environmental Protection Agency (EPA) provides 
Federal Water Quality Standards Requirements for water quality 
testing. Some states, like Washington, have their own water quality 
certification standards. Some tribal sovereignties also have their 
own water quality standards. There may be multiple agencies 
involved in investigating the water quality of a reservoir behind 
a dam and the rivers and streams that feed that reservoir. Water 
quality testing programs are designed to monitor the reservoirs to 
maintain an ecologically balanced and dynamic ecosystem. 

To maintain a healthy body of water many water quality factors 
have to be tested. The most common factors tested are stream flow, 
temperature, dissolved oxygen, pH, alkalinity, total solids, conductivity, 
nutrient levels, turbidity and bacteria counts. The sampling and testing 
allow biologists to establish baseline data to increase the knowledge 
and understanding of each specific body of water.

Water Quality Issues
Water quality is very important in maintaining a hydropower plant 
because the local reservoir ecosystem and the river ecosystem 
downstream depend on high quality water for the plants and 
animals to survive. Each watershed has to contend with multiple 
sources of contributors to water quality such as cropland, forestry 
harvest, grazing lands, septic systems, sewage treatment plants, 
construction and urban runoff. Depending on dam location, these 
are factors dams have to take into account when managing a dam.   

The water quality tests performed help biologists determine what 
is in the water and the water’s condition, and help biologists make 
decisions in managing the flow rate of the dam. An increase or 
decrease in flowrate can affect many water quality factors. For 
example an increase in water flowing over a dam can increase 
the dissolved oxygen in the water. Depending on the season, the 
increase or decrease of water flow can also increase or decrease 
the water temperature.  Of the ten water quality tests mentioned 
earlier, we will focus on the following four measurements: stream 
flow, temperature, dissolved oxygen and pH. Some water quality 
measurements require specific equipment or chemical reagents.

Collecting water samples must be done in a very specific way. 
The EPA has very specific testing procedures for the collection, 
preparation, and testing of water. Water quality samples can be 
collected and tested on site or brought back to a laboratory for 
analysis. 



30  ©2020     The NEED Project     Your Future In Hydropower Student Guide     www.NEED.org

Stream Flow
Stream flow or discharge is the volume of water that moves past 
a designated point over a fixed period of time. Stream flow is 
expressed most often in cubic feet per minute (ft3/min or CFM). 
Stream flow is related to the amount of water moving off a 
watershed. Seasonal changes in weather change the flow rate 
throughout the year.  Water withdrawals for irrigation or industry 
can affect the flow rates. Flow rate increases during rain storms 
and decreases during dry periods. In the mountains the largest 
runoff may occur in the spring during the snowmelt. Flow rate 
is important as some organisms can live in fast-flowing areas 
while other organisms require slow-moving water. The flow 
rate also determines the amount of silt and sediment carried 
by the stream. Fast moving water carries sediment downstream 
whereas slow-moving water allows sediment to fall out. Fast 
moving water has high levels of dissolved oxygen compared to 
slow moving streams. 

Temperature
The rate of biological and chemical processes that occur in a river 
or stream depend on the temperature. Aquatic organisms from 
microbes to fish do not regulate their body temperature (are 
“cold-blooded”) and depend on certain temperature ranges for 
their survival and to maintain optimum health. Some fish require 
cold water to best survive, but other species prefer warmer water. 
Benthic (bottom dwelling) macroinvertebrates are so sensitive 
to water temperature they will move in the stream to find the 
optimal temperature.  Organisms that cannot find the optimum 
water temperatures get stressed and can die. Water temperature is 
measured in degrees Celsius (°C) or Fahrenheit (°F).

When a hydropower project is planned on a river, one of the 
environmental factors to consider is the temperature of the 
water. Water moving through a hydropower plant will increase in 
temperature due to friction from the turbine and the likelihood that 
the air temperature inside the plant is higher than the temperature 
of the water outside the plant.

Temperature also varies with width and depth of a stream. Streams 
that are shaded during the sunny portion of the day may be cooler 
than the sunny areas of the stream. Larger streams may vary 
with width and depth regardless if sunny or shady. With all these 
considerations, temperatures should be taken at different depths 
and across the water column. A vertical and horizontal temperature 
profile should be developed for a stream. The water temperature 
should be measured at the same location every time.

Dissolved Oxygen 
A stream and river system both produce and consume oxygen. 
River systems obtain oxygen from the atmosphere and the plants 
living within it as a result of photosynthesis. Because the water 
is moving, it holds more oxygen than still water, such as water 
behind a reservoir.  Respiration by various animals, decomposition, 
and various chemical reactions in a stream consume oxygen. 
Wastewater treatment plants produce organic material that is 
decomposed by microorganisms which use oxygen in the process. 
Other sources of oxygen-consuming waste are storm water runoff, 
farmland, feedlots, urban streets, and failing septic tanks. 

When will I use this?
If you’ve ever done a titration in your chemistry classes, you’ve 
probably wondered what the real-life application is. The Winkler 
Method is a titration that uses a series of reactions to measure 
the amount of oxygen dissolved in a water sample.

WATER QUALITY TESTING

Benthic Macrowhat?
Macroinvertebrates are organisms large enough to be seen 
without magnification (macro) and do not have a backbone 
(invertebrate). Benthic macroinvertebrates reside at the bottom 
of lakes, rivers, and streams, and are biological markers used by 
ecologists to gauge the quality of a fresh-water environment. 
The greater the variety and number of macroinvertebrates, the 
healthier the aquatic ecosystem.

Mayfly nymphs are examples of benthic macroinvertebrates.
Image source: Adobe Stock

Image Source: Adobe Stock
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Dissolved oxygen (DO) levels fluctuate throughout the seasons and 
over a 24 hour period. Altitude and temperature can cause dissolved 
oxygen levels to fluctuate. Cold water holds more oxygen than 
warm water, and water at high altitude holds less oxygen. Dissolved 
oxygen levels change horizontally and vertically in a waterway. The 
DO is higher in riffles, cascades, and waterfalls.  Dissolved oxygen 
is measured in milligrams per liter (mg/L) or percent saturation. DO 
can be reduced after being diverted through a hydropower facility. 
While the water is moving or falling, which may increase DO, the 
water coming through the dam is often pulled from the bottom of 
a reservoir, which is typically oxygen-poor in comparison to water 
at the middle or upper depths of a reservoir.

Measuring dissolved oxygen can be performed two ways. The first 
is the Winkler Method, which uses a series of chemical reactions. 
The second way is to use a meter and probe designed to detect 
oxygen. Many science supply companies produce dissolved 
oxygen kits. Local environmental agencies and organizations 
can provide guidance in obtaining the correct testing kits and 
procedures for your area.

Dissolved oxygen samples are collected in special biological 
oxygen demand (BOD) bottles that have a glass bottle with a 
“turtleneck” and a ground glass stopper. The bottles can be filled 
directly from the stream. There are special samplers that can be 
purchased to measure water at different depths.

Water pH
pH is a scale to specify the acidity or alkalinity of a water-
based solution. pH is really a measure of the relative amount 
of free hydrogen (H+) ions and hydroxyl (OH-) ions in water. A 
low pH indicates an acidic solution and a high pH means it is a 
basic solution. The pH scale ranges from 0-14 with battery acid 
(sulfuric acid) being a pH 0 and liquid drain cleaner (sodium 
hydroxide) a pH of 14.  A pH of 7 is said to be neutral as it is 
neither acidic nor basic. Most biologic processes occur within a 
very narrow pH range, usually between 6.5 and 7.5. 

The pH of a body of water affects many chemical and biological 
processes that occur in the water. Most aquatic organisms prefer 
the pH range of 6.5 – 8.0. When a body of water is outside this 
range it puts stress on the plants and animals and can reduce 
reproduction. Low pH allows some toxic elements, like lead and 
mercury, to dissolve and become “more available,” causing harm 
to fish populations. Changes in acidity can occur due to acid 
rain, surrounding rock, runoff, or certain wastewater discharge. 

pH can be measured using a pH meter, a “pocket size” pH meter 
or using a pH test strips.  A pH meter requires the pH probe to 
be stored in a buffer solution and the pH meter needs to be 
recalibrated with two different pH levels every 25 samples. The 
pH changes with temperature so the pH meter needs a built in 
temperature sensor that automatically standardizes the pH. The 
pocket size pH meter is calibrated with only one pH level. The 
paper strips do not need to be calibrated.

pH of Some Common Substances
Stomach acid 1.5

Cola 2.5

Lemon juice 2-3

Tea (unsweetened) 5

Milk 6.7-6.9

Body wash 6-7

Dish soap 7-8

Ocean water 8.1

Borax 10

Bleach 12.5

Drain cleaner 14

pH INDICATOR PAPER EXAMPLE

Image Source: Wikimedia Commons
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Careers in the Hydropower Industry

At this point you’ve learned a lot about the hydropower industry. But are you now wondering what career opportunities exist for you in 
Hydropower? The following list details career opportunities in energy related fields. The big question you probably have is, how many jobs 
will be available when I’m ready to enter the workforce?

The hydropower industry currently employs over 300,000 people in the United States. Approximately 26 percent of the hydropower 
workforce is age 55 and older and will reach retirement age within the next decade. According to the 2016 Hydropower Vision report by 
the U.S. Department of Energy, nearly 9,000 workers will leave the hydropower workforce by 2030, and 13,000 will leave by 2040. These 
jobs can exist in public, private, or government sectors . As always, it is important to consider that with each career and employer, the job 
description can vary somewhat. Whatever career you are considering, it is important to seek expert advise about your career path and how 
it relates to training beyond high school, as well as your interests and abilities. 

ACCOUNTANT - audit, analyze, and maintain financial reports and 
make predictions on future loss and profits.

CAD DESIGNERS - creates illustration of major projects to help estimate 
timeliness and budgets.

CIVIL ENGINEER - plan, repair, upgrade, and manage construction of 
hydropower facilities and structures.  

COMPLIANCE SPECIALIST - serve in the development and enforcement 
of compliance  programs  for the hydropower facility to maintain in 
compliance with federal, state, and local laws.

CONSTRUCTION MANAGER - oversees and is responsible for job sites for 
both new construction and remodeling projects associated with 
hydropower plants and facilities.

CONTROLS ENGINEERS - is responsible for configuration of control 
systems,fine tune, and debugging systems.  

CYBER SECURITY- monitors, and identifies exposed and penetrable 
software and hardware to prevent online trespassers.

ECOLOGISTS - responsibilities include studying and monitoring the 
water and living things inside of the ecosystem that are a part of 
the hydro plant and surrounding areas.

ELECTRICAL ENGINEER - repair, plan, support, and upgrade all electrical 
materials and systems related to hydropower facilities and structures.  

ELECTRICIANS - test, keep up to regulations, design, repair  and lay 
out structure for electricity to flow through hydropower related 
equipment using a combination of tools.

ENVIRONMENT AND NATURAL RESOURCES SPECIALIST - responsibilities 
include implementing safety and safeguarding policies for the 
environment during and after the project is being implemented.

ENVIRONMENTAL AND HEALTH SAFETY SPECIALIST (EHS) -  develops and 
oversees the welfare and protection as regards to fire, safety, 
emergency, and environmental programs. That maintains 
compliance with federal, local, and state laws and policies. 

ENVIRONMENTAL ENGINEERS - design, analyze, and upgrade projects to 
adhere to environmental protection standards. 

ENVIRONMENTAL SCIENTISTS - researches all environmental factors 
and how the hydropower facility and structure may impact the 
environment.  

FACILITIES MANAGER - oversee upkeep of mechanical,water, heating 
and cooling systems to secure that hydropower facilities operate at 
the highest efficiency.

FIELD BIOLOGISTS - investigate and study behavior of an entire 
ecosystem including plants and animals to ensure that they will 
thrive in the hydropower community. 

FISHERY BIOLOGISTS - examine, identify, and monitor fish populations 
near and on the property of hydropower plants. 

GEOTECHNICAL ENGINEER - test and analyze soil to determine its ability 
to withstand hydropower  structures. 

HYDRO MECHANIC - responsibilities includes managing , inspecting, 
maintaining, and repairing vehicles  and machines used in a 
hydropower facility or associated structure.

HYDROGEOLOGISTS -  test and analyze the properties and quality of 
water located under the Earth’s surface. 

HYDROLOGISTS- analyze, inspect,  and research the quality of below 
ground and surface water on hydropower facilities.

HYDROPOWER MAINTENANCE TECHNICIAN - responsible for maintaining 
and monitoring all equipment associated with hydropower 
equipment and related facilities.  

INSTRUMENT TECHNICIAN - inspect, test, repair, and adjust 
instruments that detect, measure, and record changes in industrial 
environments.

IT TECHNICIAN - monitors, updates and oversees computers, software, 
and tech related devices to allow for optimal efficiency.

JOURNEYMAN - is a person that has completed an apprenticeship 
that has a certificate that qualifies him/her to work in a hydropower 
plant or related facilities. 

LAWYER/ POLICY EXPERT - assists with licensing/relicensing, ensures 
compliance with state and Federal  laws or regulations, and helps 
to ensure permits.
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MACHINIST - responsibilities include set up and to operate a variety 
of machine tools, parts, and instruments. 

MECHANICAL ENGINEER - supervise installation, upgrade tools,  and 
keep hydropower-related mechanical materials and systems 
related to steam and water in regulatory conditions.

NDT TECHNICIAN JOB DESCRIPTION - nondestructive testing technicians, 
(NDT) use a variety of techniques to test products and material for 
structural flaws and life span of a product. 

OPERATOR - controls, operates and maintains a variety of machines 
that generate electricity for a hydropower plant.

PERMITTING/ REGULATORY COMPLIANCE - adhering to government 
regulations, filling application, and responsible for product 
approval by the government.   

PROJECT MANAGER - synchronize, organize and directs staff in 
developmental plans, equipment, and ways to adjust pollution 
issues using research methods. 

REGULATORY CONSULTANTS - instruct and advise  hydropower 
companies on how to  maintain in compliance with government 
regulations and policy.

RELICENSING MANAGER - supervise the licensing team to guarantee 
the company is secure with contracting and licensing products 
and services to third parties.

RESEARCHER - collaborates with business manager to outline 
research goals, inform,  advise, and debrief on current projects. 

RIVER MANAGER - obtains and oversees stream alteration permits 
and provides river diagnostics, alternatives analysis, project layout, 
and construction  evaluation for instream work.  

SCADA EXPERT -  Supervisory Control and Data Acquisition (SCADA) 
experts  control hydropower plants remotely, gathering real time 
data with direct signals to devices and human-machine interface 
(HMI). 

SURVEYOR - measures bodies of water associated with hydropower, 
giving a three dimensional look of the water and surrounding 
areas.

UTILITIES ENGINEER - assist hydropower leaders with  monitoring  
energy efficiency of hydropower. 

UTILITY DIRECTOR - oversees and maintains employees in the 
electrical and construction systems within the hydropower plant.

WATER RESOURCES ENGINEER - assist in planning pump systems, 
pipelines and treatment facilities to maintain safe water policies 
and procedures.  

WELDER - cut, design, and mold materials together using external 
heat source.

The Federal Energy Regulatory Commission authorizes the initial construction of non-federal hydropower projects and reconsiders licenses every 30 
to 50 years. The U.S. Fish and Wildlife Service conducts environmental reviews during relicensing.
Image courtesy of U.S. Fish and Wildlife Service
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Landing Your Dream Job in Hydropower

Work Ethic: What It Is and How To Build It 
Webster dictionary defines work ethic as “a belief in work as a moral good: a set of values centered on the importance of doing work and 
reflected especially in a desire or determination to work hard.”  Work ethic shows your employer that you are worth your paycheck. There 
are many factors that contribute toward your work ethic.

1. Attitude. A positive and pleasant attitude shows an employer that you enjoy and appreciate your job. What about your attitude could 
show that you enjoy and appreciate your job?

2. Ability to work hard. Have you ever stayed after class or school to get help from a teacher to get a better understanding of the 
material? Staying after for work shows that you have the ability and desire to go above and beyond what is required. What makes 
you a hard worker?

3. Dependability. People with a strong work ethic are dependable, and part of being dependable includes being consistently on time. 
There is a saying that if you are on time, you are late. This is accurate because often when arriving to work, you still have to set up. How 
can you show that you are a dependable person?

4. Appearance. The way you are dressed tells your employer how much pride you take in your job and yourself. What does the way you 
are currently dressed say about you?

5. Initiative. Initiative is being a leader to other teammates. You should seize the opportunity to lead when it is presented, and not 
wait to be asked.

Securing the Job
A job interview can be intimidating, but by planning, practice, and 
arriving early you will build your confidence and be more comfortable 
and calm. Generally, the person interviewing you will be polite. 
Remember everyone has had to go through the interview process 
before landing that dream job. Below are some steps and tips to get 
you through the process to help you walk away with a job offer.

 �Before you arrive at your interview, take time to write out and 
reflect on standard interview questions. For example, “What skills 
do you possess that will enhance this job?”  Practice interviewing 
with someone who has had experience. Mock interviews may 
feel awkward, but they help you to feel prepared and confident 
during the actual interview.
 �Practice a professional handshake before you arrive:

 �Use your right hand
 �Make direct eye contact 
 �Give a brief, friendly smile
 �A handshake may not be appropriate if global health 
circumstances necessitate minimizing direct contact with others

 �Bring extra copies of your résumé, a portfolio or folder, a pencil, 
and paper to your interview. Bringing these items gives you a 
more professional look and will keep you organized and clean. 
 �Arrive a few minutes early, on time is 5-10 minutes early. Make 
sure you know exactly how to get there and how long it will take 
to arrive with traffic. Leave all items, except for the materials 
needed for the interview, in your car. Leave your cell phone in the 
car unless you need it for the interview. If you take it in with you, 
make sure all ringers and alarms are silenced.
 �If you have to wait for the interviewer, use that time wisely to 
reread your resume and think about practice questions. 

 �Maintain eye contact during the interview, this shows the 
interviewer that you are attentive, interested and personable. 
 �Breathe naturally, stay calm, and demonstrate good posture. This 
will show your interviewer that you are confident.
 �Be aware the interview starts from the time you arrive on the 
property and lasts until you leave.  

Dress for Success
Some people refer to the interview outfit as the “interview before 
the interview.” What you wear says a lot about you. Are you neat 
and clean? Wearing a wrinkled or stained article of clothing says 
you do not pay attention to detail. Are you dressed appropriately? 
Wearing the right kinds of clothes says you have prepared for 
the interview and are ready to start working immediately. The 
following are guidelines for dressing for the interview and beyond.

 �Wear your best. Most young people can wear “business casual” 
clothes instead of a business suit. This includes khakis, dress 
slacks, plain shirts with a collar, or a skirt or dress that is at least 
knee-length. Unless it’s all you own, leave your jeans at home.
 �Choose appropriate footwear. Wear closed-toe shoes that are not 
athletic shoes. Avoid very high heels or platform shoes. Clean or 
polish your shoes so they look their best.
 �Assure a good fit. Your interview outfit should fit well but not be 
tight. Hemlines and necklines should be flattering but modest.
 �Accessorize lightly or not at all. A rule of thumb is to put on all 
of the jewelry and accessories you would normally wear, then 
remove half. Keep any makeup to a minimum for a more natural 
look, and do your best to minimize or hide the appearance of 
piercings or tattoos. Don’t wear cologne or perfume. Remember, 
it’s a job interview, not a date.
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The Interview
Congratulations! You’ve reached the first milestone in securing 
your dream hydropower job – the interview. Now what?

It’s important to know what to expect and be prepared for a few 
different scenarios during the interview. It’s also important to 
communicate your best working self to your potential employer. 
You want to give him/her/them reasons to hire you, not reasons 
to avoid you! The following will help you have a strong interview 
experience.

 �Mind your manners. Be polite, do not interrupt the interviewer when 
he/she/they are talking. Use good manners and say, thank you once 
the interview is complete.  Be courteous to everyone you meet. Do 
not be afraid to highlight all the positive things about yourself. You 
are selling yourself, explaining why you would fit at this company. 
 �Be honest, but not brutally honest. Employers like people that 
can identify both their strengths and weaknesses. Be prepared 
to share specific examples of how you have used your skills and 
talents. Be honest even if it means admitting you do not know the 
answer. Honesty is always the best policy and demonstrates to 
your future employer that you are an ethical person. 
 �Keep it positive. Do not speak negatively of a former employer or 
institution. Keep to the positives about your experiences and you.
 �Know with whom you are speaking. Do a little research about the 
company before going to the interview. Mention things you have 
learned on their website or information you have researched.

It’s always a good idea to have a few questions in mind that you 
can ask at the conclusion of the interview. Even if you think you 

know the answer, asking questions shows you are truly interested 
in the position or the company. It is completely acceptable to ask 
specific questions about expectation, working hours, training 
procedures, and the dress code. You can even ask a question that 
demonstrates your commitment to the company, such as what 
kinds of advancement opportunities exist for people hired into 
positions like the one you are seeking. Conversely, you should 
avoid questions that indicate you are only interested in what you 
will get from the job. Don’t ask specifics about the pay, vacation 
time, or other benefits at the first interview.

After the Interview  
Always thank the interviewer by name for the opportunity. It 
Is also appropriate to send a thank you correspondence right 
away, especially if you are sincerely interested in obtaining the 
job. A thank-you note can help you secure another position 
in the company if you do not get the position for which you 
originally applied.

Most interviewers let you know when you should expect to hear 
from them. However, if you were not given a timeline, or if that 
date passes and you do not hear back from the employer, it is 
acceptable to call or email and check on the status of the position. 
Remember to be polite when writing or calling regardless of the 
outcome. If another position becomes available later, you will be 
glad you left a good impression.

Receiving the Job Offer 
Congratulations! You have received a job offer! Excited? You 
should be – you worked hard for this job and made a good 
impression. Now it’s time to finish the job-seeking process by 
making sure you know everything you need to know. You will 
need to know all of your employer’s expectations, including 
your start time, ending time, and other day-to-day specifics. 
Ask about the dress code and any special safety equipment you 
might need, like special work boots or non-conductive clothing. 
Ask what you should bring the first day, and what kind of lunch 
facilities are available.

Remember all you have learned about a good work ethic and 
being a good student. Ask questions on the job. Make sure 
you fully understand instructions, and if you don’t, ask for 
clarification. Arrive before your shift starts, stay on task while 
on the job, and keep working right up until it is time to leave. 
Clean up after yourself, observe good safety practices, and stay 
positive. You will be great!

JOB INTERVIEW

The Virtual Interview
There are circumstances under which you may find yourself 
being asked to participate in a virtual, rather than face-to-
face, interview. This environment is very different, and there 
are some specific things you should keep in mind.

1. Practice with your technology. First secure a laptop or 
desktop computer. If you can avoid it, a cell phone should 
not be used for the interview.  It is important to have a 
good quality internet connection. If possible, connect 
directly to the modem for better quality connections and 
less buffering. You should also check the camera quality 
before the interview to avoid a grainy image or distorted 
sound from the microphone. Then, practice to make sure 
you are familiar with the computer or platform being used 
for the interview. It will look unprofessional if you are 
unable to navigate through the interview.

2. Choose the perfect place. Your physical background is just as 
important as your appearance. This will tell an employer how 
organized and detail oriented you are without having to say a 
word. If nothing else a plain, empty wall is always acceptable.

DO’S AND DON’TS
 �Do limit the number of people walking through the area. 
 �Do have plenty of natural light in front of you.
 �Do have an organized and uncluttered area or wall behind you.
 �Do not have any other device on or in the area. 
 �Do not have pets or other people in the room during your 
interview.
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Reading a Ruler

?   Question 
Why is it important to be able to use a ruler?

  Hypothesis
In your science notebook, write a statement addressing the question describing the importance of reading a ruler.

  Materials
 �Desk/table
 �Other items as assigned by your teacher
 �Pipes, nails, and other common construction materials of various sizes

 �Ruler or meter stick
 �Tape measure
 �Wrench or other hand tools

 Procedure
1. Your teacher will tell you whether you should work individually or in a small group.
2. Copy the data table into your science notebook.
3. Use a ruler or meter stick to measure your desk in centimeters, millimeters, inches, and feet. Make sure you properly align the zero mark, 

and record your measurements in the data table.
4. Move on to the hand tools your teacher provides, such as a wrench, and record their lengths in the data table
5. Choose one of each item of construction materials your teacher provides. Make sure some are longer than one meter in length, and use 

the tape measure to record the lengths of those items.
6. Return all items as instructed by your teacher after you have completed your work.

 Data and Observations
Copy the data table into your science notebook, leaving enough space for your work.

Item Measurement (cm) Measurement (mm) Measurement (in) Measurement (ft)

Desk (width)

Desk (length)

Desk (height)

 Conclusion
1. On a standard Imperial ruler, what do the markings designate? 

2. What do the markings indicate on a metric ruler? 

3. Which measuring tools presented the greatest challenge in using them? Do all measuring tools work well in all situations?  
Explain your answer. 

4. If you were presented a ruler with unfamiliar units marked, how would you use it?
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Series and Parallel Circuits

?   Question
How does wiring circuits in series or in parallel affect power use in a simple device?

  Hypothesis
In your science notebook, write a statement addressing the question.

  Materials
 �2 D-cell batteries
 �2 Battery holders
 �2 Small light bulbs

 �2 Light bulb holders
 �2 Switches
 �7 Alligator clips

 Procedure
1. Gather all materials as instructed by your teacher.
2. Study the circuit schematics as shown in the data table. Know how you are going to build your circuit before you start.
3. Copy the data table into your science notebook. Leave room for diagrams and observations.

PART I: SIMPLE SERIES CIRCUIT
1. Make sure the switch is open.
2. Put one battery in one battery holder. Connect one end of the holder to the switch with one alligator clip. Connect the other end of the 

battery holder to the light bulb holder. Use an alligator clip to connect the switch to the light bulb holder.
3. Insert a light bulb into the light bulb holder.
4. Close the switch. Observe the brightness of the bulb, and whether the battery or bulb get hot. 
5. Open the switch and disconnect the components.

PART II: SERIES CIRCUIT WITH TWO LOADS
1. Make sure the switch is open. 
2. As in Part I, put one battery into a battery holder, and connect it to one switch. Connect the switch to the first light bulb holder, the first 

light bulb holder to the second light bulb holder, and the second light bulb holder to the other end of the battery holder.
3. Insert a light bulb into each light bulb holder.
4. Close the switch. Observe the brightness of each bulb and whether the battery or bulbs get hot.
5. Open the switch. 
6. Disconnect the battery holder from the switch and insert the second battery in its holder. Use an alligator clip to connect the two 

batteries together in series (positive-to-negative).
7. Close the switch and observe the bulbs again. Record all observations.
8. Open the switch and disconnect all components.

PART III: PARALLEL CIRCUIT
1. Make sure both switches are open.
2. Use both batteries and battery holders. Connect them in series (positive-to-negative) with an alligator clip.
3. Connect the positive end of the batteries to one switch. Connect this switch to a light bulb holder, and connect the light bulb holder to 

the negative end of the batteries.
4. Connect the positive end of the batteries to the other switch. Connect this switch to the other light bulb holder, and connect the light 

bulb holder to the negative end of the batteries, forming a parallel circuit.
5. Close both switches and observe the bulbs and batteries as before.
6. Open one switch and observe. Record observations.
7. Close the first switch and open the second. Record observations.
8. Open both switches, disconnect all components, and return materials as instructed by your teacher.
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 Data and Observations
Copy the following data table into your science notebook, leaving enough room for diagrams and observations.

Procedure Section Circuit Schematic Diagram Diagram of Circuit You Constructed Observations

Part I: Simple Series Circuit  
 
 
 
 

Part II: Series Circuit,  
2 bulbs, 1 battery

 
 
 
 
 
 

Part II: Series Circuit,  
2 bulbs, 2 batteries

 
 
 
 
 
 

Part III: Parallel Circuit  
 
 
 
 
 

 Conclusions
1. How did adding an additional light bulb to the series circuit change the brightness of the light bulb? 

 
 

2. When you added the second battery to the circuit in Part II, what effects did you see? 
 
 

3. How did the brightness of the light bulbs in the parallel circuit when both switches are closed compare to the brightness of the bulbs 
in the series circuits? 
 
 

4. What happened when one switch was opened in the parallel circuit? How might this wiring scheme be an advantage over a series 
wiring scheme? Support your answer with evidence from the activity.
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Complete the Circuit

?   Question
Which materials are the best conductors?

  Hypothesis
Write a statement describing which materials you believe are likely to be good conductors. 

  Materials
 �Light bulb and holder
 �Battery
 �Battery holder
 �Permanent marker

 �Various objects as provided by your teacher
 �Insulated wire
 �Ruler
 �Wire cutter and stripper

 Procedure 
1. Copy the data table into your science notebook, leaving room for recording your observations.
2. Gather the materials you need for the activity. Note the gauge of wire here:  ___________
3. Using the wire cutter, measure out and cut three pieces of wire that are 15 cm long.
4. Use a permanent marker to mark 3 cm from each end of each piece of wire.
5. Use the wire stripper to remove the insulation from the wire. Use the correct hole for the gauge wire your teacher has provided. Partners 

should both practice stripping wire.
6. Attach the first wire to one end of the battery holder by connecting it to the metal clip on the end. Attach the second wire to the other 

end of the battery holder.
7. Attach the free ends of the wires to the light bulb holder, testing the conductivity of the wire. Record your observations in the data table. 

This is your standard for a good conductor of electricity.
8. Disconnect one wire from the light bulb holder. Attach the third wire with stripped ends to the light bulb holder in its place. You should 

have an open circuit.
9. Use the two wires to test the conductivity of the remaining materials your teacher has provided, recording your observations after each test.

 Data and Observations

Item Light Bulb Observations

Wires (no additional object)

 Conclusions
1. Which types of materials were the best conductors? Cite evidence from your observations to support your claim. 

2. What difficulties did you encounter stripping the wire?  How did you address the problem?
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What’s the Better Fit? 

?   Question 
What criteria are used when selecting a tool for a specific job?

  Hypothesis
Write a statement in your science notebook addressing the question.

  Materials
 �Peg Board 
 �Screwdrivers #2 #3 #4
 �Bolts, nuts, screws, and washers in a variety of sizes
 �Pliers
 �Crescent Wrench (variety sizes) metric

 Procedure
1. Obtain all of the materials listed above and organize them. You should have a variety of screwdrivers, a pair of pliers, and several 

different crescent wrenches.
2. Starting with the first screw, match it to the correct screw driver. Record the screw and driver size in the data table.
3. Insert the screw in the peg board. Holding the screw in place, flip the peg board over and put a nut on the screw. Hand-tighten in place.
4. Using pliers, grip the nut and hold it in place.
5. Use the other hand to turn the screw driver and tighten the screw.
6. Repeat steps 2-5 for each of the other sets of screws and nuts.
7. Using pliers and screwdrivers, remove all the screws and nuts from the peg board.
8. Thread a bolt through a hole in the peg board. Hold it in place with your fingers.
9. Flip the peg board over while holding the bolt in place. Place a washer on the bottom of the bolt.
10. Add a nut on top of the washer and hand-tighten.
11. Choose the correct size wrench to tighten the bolt to the washer.
12. In the data table, record the size of the wrench needed to tighten the bolt.
13. Repeat steps 8-12 for the remaining nuts and bolts.
14. Remove the nuts and bolts from the peg board and return supplies according to your teacher’s instructions.

 Data and Observations

Screw Number Screwdriver Number Bolt # Wrench Size (mm)

 Conclusions
1. What criteria did you use for choosing the correct screwdriver? 

2. How did you determine that the screwdriver chosen was incorrect or correct? 

3. What criteria did you use for choosing the correct wrench? 

4. How were you able to determine if the wrench was the correct size?
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Science of Electricity Model

Observe the science of electricity model. Draw and label the parts of the apparatus. 

Explain how electricity is generated using appropriate vocabulary.
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Introduction to Materials Selection

Materials science and materials engineering are two relatively new, rapidly growing career fields. Materials scientists study the properties of 
materials under varying circumstances and conditions and develop new materials. Materials engineers evaluate different materials under 
various applications. Materials scientists and engineers often work closely together. Materials engineering is often studied concurrently 
with another engineering discipline, such as mechanical engineering or civil engineering.

?   Question
Which properties of materials are most important when considering a hydropower application?

  Hypothesis
Using the application assigned to you by your teacher, write a hypothesis addressing the question.

  Materials
 �Table of Selected Materials and Some of Their Properties on page 16
 �Internet access

 Procedure
1. With your partner(s), research the hydropower application your teacher has assigned to you. Learn as much as you can about this 

particular aspect of generating electricity from moving water.
2. Using the Table of Selected Materials and Some of Their Properties table on page 16, select the two properties you think are most 

important for the application you were assigned.
3. Determine whether you will need linear, semi-log, or log-log graph paper to adequately display your data and obtain 2 or 3 sheets of 

that type of paper.
4. Plot your data with one property on the “x” axis and the other property on the “y” axis. Remember to adequately label the axes. If a range 

of values is given, plot the low and high values, and connect them with a line.
5. Use your plot to select the appropriate material for the application you were assigned.

 Data and Observations
Staple the graph paper in your science notebook.

 Conclusion
Copy each question into your science notebook, stopping to answer each before copying the next question.

1. How well does the material you selected compare to the material(s) used in real-world situations? Explain your answer by citing 
evidence from the activity. 
 
 

2. Compare your plot of materials to the selection chart shown on page 17 of the text. What is the most obvious difference? Why is your 
plot so different from the one in the text? 
 
 

3. Use the Internet to find some material selection charts and study them. What do they all have in common?
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Exploring Gear Ratios

?   Question
How can gears be used to modify a rotational speed?

  Hypothesis
In your science notebook, write a hypothesis addressing the question.

  Materials

Color Key to TeacherGeek® Gears:
Blue – 10 teeth

Pink – 20 teeth

Green – 40 teeth

Yellow – 50 teeth

4050

20

10

Gear A

Gear B

Gear D

Gear C

4050

20

10

Gear D

Gear B

Gear C

Gear A

 �1 Hole plate
 �4 Gears:  1 each of 10, 20, 40, and 50 teeth
 �1 Dowel rod, 3/8” in diameter by 12 inches long
 �1 Perpendicular block

 �1 Permanent marker
 �Ruler
 �Cutting tool

 Procedure

PART I – PREPARING THE GEARS (FIRST USE)
1. Use a marker to mark the dowel rod into 1 ½ inch lengths. Use a cutting tool provided by your teacher to cut them apart.
2. Mark one place on each gear to use as a visual reference. For example, mark one tooth, or place a dot on one part of the interior of each gear.
3. Slide one dowel rod piece into the center of each gear so it extends through the unmarked side about half a centimeter.
4. Slide the end of a dowel rod into one of the two holes of the perpendicular block on the side with two holes (not the single hole in the 

middle). You will be using this with another dowel rod like a crank handle.

PART II – EXPLORING THE GEAR RATIOS
1. Start with the 10-tooth gear. Attach the perpendicular block with dowel rod to the dowel rod in the center of the 10-tooth gear to form 

a crank.
2. Place the 10-tooth gear on a hole (not one of the corner holes) near a corner of the hole plate.
3. Place another gear on the hole place so the teeth mesh with the teeth of the small gear.
4. Turn the “crank” on the small gear. Count the number of times it takes to turn the small gear to complete one revolution of the larger 

gear. Record this number in the data table.
5. Repeat steps 3 and 4 with the other gears.

PART III – EXPLORING COMPOUND GEAR RATIOS
1. Make a compound gear by sliding a gear on the dowel rod of another gear. This is Gear C (see diagram).
2. Slide the dowel rod up on the remaining gear so the gear will mesh with the small gear on the compound set. This is Gear D.
3. Place the raised gear in a hole on the hole plate so the teeth of Gear D mesh with the teeth of Gear C (see diagram).
4. Turn the “crank” on Gear A and count the number of revolutions required to turn Gear D one complete revolution. Record this in the 

data table. An example has been completed for you. Use a combination other than this one.
5. Use dowels and the perpendicular block to explore other combinations of gears. Record the diagrams and data in the data table.
6. Remove the dowel rods from the gears and perpendicular block and return everything according to your teacher’s instructions.
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 Data and Observations
Copy the data tables in your science notebook. Leave room in the second table for diagrams.

PART II

Small Gear Large Gear Number of Revolutions of Small Gear to Turn Large Gear

Blue (10) Pink (20)

Blue Green (40)

Blue Yellow (50)

PART III

Gear A Gear B Gear C Gear D
Number of Revolutions of Gear 
A to turn Gear D

Blue (10) (example) Yellow (50) Pink (20) Green (40) 10 ¼

Diagrams of Complex Gear Combinations:

 Conclusions
Copy the following questions into your science notebook, answering each after you copy it and before you copy the next question.

1. When you were driving one larger gear with the small, 10-tooth gear, how many times did you need to turn the small gear to turn the 
larger gear one complete revolution? 
 

2. How do your numbers from question #1 compare to the number of teeth on the gear? Cite specific evidence from the activity. 
 

3. Derive a mathematical ratio from your data. Use this to generalize about gears and their ratios. 
 

4. Using the derivation you obtained for question #3, determine the gear ratio for the complex gears you assembled. Does the gear ratio 
match the number of turns you recorded for each combination? 
 

5. What is the highest gear ratio you can achieve with the 4 gears in your set? What is the highest gear ratio you can achieve by 
combining your gears with the 4 from another group? 
 

6. Using the answers you obtained in question #5, explain how these gear ratios can be beneficial when connecting a water turbine to a 
generator.
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Exploring Water Flow Demonstration

?   Question
How is the flow of water changed when regularly shaped objects are in its path?

  Hypothesis
In your science notebook, write your hypothesis in the form of an “If, then, because” statement that addresses the question.

  Materials
 �1 Set of water flow troughs
 �1 Large beaker, jug, or pitcher of water
 �1 Meter stick or other sturdy support structure
 �1 Science book or other object to form a ramp with the meter stick
 �1 Bucket or dish pan, if a sink with drain is not available
 �Masking tape (optional)

 Procedure
1. Copy the data table into your notebook, leaving plenty of room for diagrams and written observations.
2. Your teacher will position a flow trough that has no obstructions and pour water through it. Observe the way the water moves though 

the trough. Record your observations in the data table in your notebook.
3. Your teacher will remove the clear trough and replace it with troughs that are curved or have objects secured inside of them. As your 

teacher pours water through each trough, record your observations about water flow through the trough. Pay careful attention to the 
flow around any obstructions in the trough and the location of any eddies that may form.

 Data and Observations
Copy the following table into your science notebook. Make sure you leave spaces large enough for diagrams and written observations.

Trough Type Diagram of Water Flow Observations of Water Flow

Straight / clear of obstructions

Curved / clear of obstructions

Round obstruction

Flat obstruction

Side build-up obstruction

Reduced diameter obstruction
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 Conclusion
Copy the following questions into your science notebook. Answer each question before copying the next question.

1. Which troughs, if any, produced laminar flow? Cite evidence from your observations to support your claim. 
 
 
 
 
 

2. Which type of obstruction impeded water flow to the greatest extent? Which type of obstruction reduced the water flow the least?  
Cite evidence from your observations to support your claim. 
 
 
 
 
 

3. Which obstructions changed the direction of water flow? How did each change it? 
 
 
 
 
 

4. Which object(s) caused the most turbulence in the water? 
 
 
 
 
 

5. Which object(s) created the most eddies in the water? 
 
 
 
 
 

6. If you had to use wide, steel pipe as the penstock to your turbine in a microhydropower system, and the pipe was only available in 
lengths shorter than you need, what kind of connection system would you select? What shape(s) would you try to avoid, and which 
shape(s) would you find acceptable in that connection? 
 
 
 
 
 

7. How does adding a curve to a penstock change the way it carries water? Does it require any special reinforcement or consideration in 
comparison to a straight penstock? Cite evidence from your observations to back up your answer. 
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Predicting Water Flow

?   Question
How is the flow of water changed when irregularly shaped objects are in its path?

  Hypothesis
In your science notebook, write your hypothesis in the form of an “If, then, because” statement that addresses the question.

  Materials
 �1 Empty, straight water flow trough
 �1 Small, irregularly shaped object
 �1 Large beaker, jug, or pitcher of water
 �1 Meter stick or other sturdy support structure
 �1 Science book or other object to form a ramp with the meter stick
 �1 Bucket or dish pan, if a sink with drain is not available
 �Masking tape (optional)

 Procedure
1. Using the book or other object, and the meter stick or other support structure, form a simple ramp that is 5-7 cm high. The bottom of 

the ramp should end just in front of the sink, or at the table’s edge with the bucket or dish pan on the floor below.
2. Copy the data table into your notebook, leaving plenty of room for diagrams and written observations.
3. Position the straight, clear water flow trough on the ramp so the end of it is at the end of the ramp and water flowing through it will 

discharge into the sink or bucket below. Secure it with tape if necessary.
4. Using the pitcher or beaker, pour a strong, steady stream of water down the trough. Observe the way the water moves though the 

trough. Record your observations in the data table in your notebook.
5. Completely drain the water from the trough. Use a paper towel or tissue to wipe the inside of the trough dry about 1/3 of the way from 

the top end.
6. Place the irregularly shaped object in the trough. Use your finger to hold it in place by pressing gently on the top of the object. Your 

finger should not touch the water when it flows through the trough.
7. Pour a strong, steady stream of water down the trough with the object in it. Observe the way the water moves through the trough. 

Record your observations in the data table in your notebook.
8. Clean up your area and return supplies as directed by your teacher.

 Data and Observations
Copy the following table into your science notebook. Make sure you leave spaces large enough for diagrams and written observations.

Trough Diagram of Water Flow Observations of Water Flow

Clear, straight, no object

Straight trough with irregular object held in 
place by pressure

Diagram of irregular object:
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 Conclusion
1. Review your hypothesis. Did you accurately predict how the object would change the water flow? What hypothesis does your 

data support? 
 
 
 
 
 

2. Did your object change the flow uniformly, or was the flow around it different on one side from the other? Which surface(s) promoted 
laminar flow, and which generated turbulence? 
 
 
 
 
 

3. Imagine your object could be scaled up in size to significantly affect the flow of water in a river or stream. How would it impact 
sediment transported downstream? Cite evidence from your observations to support your answer. 
 
 
 
 
 

4. If you were modifying a river or stream bed for good water quality and environmental impacts, would you elect to keep or remove 
your scaled-up object from question #3? Support your position with data from the activity or text.
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Hydropower Generator Model

?   Question
Can a hydropower generator be effectively modeled?

  Hypothesis
In your science notebook, describe the things you think are needed for an effective hydropower generator model.

  Materials
 �1 Pencil sharpener
 �1 Permanent marker
 �1 Rectangular plastic jug
 �1 Ruler
 �1 Sharp utility knife
 �1 Styrofoam hub 2.5” (6.3 cm) long
 �1 Wooden dowel rod
 �Rubber stopper
 �2 Compact discs (CDs)
 �4 3/8 x 1” bolts
 �4 Disc magnets
 �8 Plastic spoons

 �Digital multimeter
 �Alligator clips
 �Double-sided tape
 �Drill and drill bits
 �Hot glue gun and glue sticks
 �Sandpaper
 �Nail
 �Magnet wire
 �Motor
 �Pulleys of assorted sizes
 �LEDs (optional)
 �Turbine Unit Templates, page 51

 Procedure

JUG AND AXLE PREPARATION
1. Use the pencil sharpener to sharpen one end of the wooden dowel. Set aside.
2. Stand the jug on its bottom with the mouth of the jug to the left.
3. Using a ruler and a permanent marker, make the following marks: 

a. On the left side of the jug, from the bottom, measure up 1.5 inches and 8.5 inches and make horizontal lines. 
b. From the center line of the narrow-left side, measure one inch on each side of the center. This will give you a 2” x 7” hole to cut out 
using a sharp utility knife blade. 
c. With the jug in the same position as before, mark the centerline of the axle hole. Measure from the bottom of the jug up 4 5/8 
inches, and from the left side, 3 inches.  
d. Where these two marks intersect, drill a ¼ inch hole. This hole must penetrate completely through the jug on both sides and be 
level. The hole on the opposite side of the jug will be 4 5/8 inches up and 3 inches in from the right side. This hole should be just 
slightly larger than the diameter of the dowel rod.

COIL AND MAGNET ASSEMBLY
1. Make the coils by wrapping 300 turns of magnetic wire around each 3/8 x 1” bolt. Wind each bolt in the same direction (clockwise 

or counter-clockwise, as you look at the head end of the bolt), leaving at least 4 inches of wire between each bolt. Do not cut 
the wire between each bolt, but keep the wire as one continuous piece. Secure the wire with tape or hot glue to prevent it from 
unwinding before you start the next bolt.

2. Cut out and tape the Winding Template to one CD with double sided tape. 
3. Use the hot glue gun to attach the bolts to the Winding Template, keeping the ends of the wire free and extending out from the CD.
4. Stack the four magnets. CAUTION: The magnets are very strong. Take care to not pinch your skin between them. 
5. On the top face of the top magnet, mark an N to indicate the north pole of the magnet.
6. Remove the top magnet by sliding it off, and mark the top face of each remaining magnet with an N. Place the magnets on the table far 

from each other so they don’t fly together.
7. The blank faces of the magnets will indicate the south poles.
8. Cut out the Magnet CD Template and tape it to the other CD with double sided tape. 
9. Using double-sided tape, tape the magnets one at a time to the CD as indicated on the template.
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TURBINE ASSEMBLY
1. Tape the Hub Marking Guide end to one end of the foam piece.
2. Extend the lines down the sides of the Styrofoam with the marker, so you have 8 parallel lines evenly spaced around the hub. Use a ruler 

or other straight-edge to keep your lines straight and evenly spaced.
3. Measure the center of the hub from one end to another, and make a line around the hub at this point. 
4. Measure from the bowl end of each spoon down 3 ½ inches and make a mark. Cut off the excess handle. 
5. Push the spoons into the Styrofoam hub at the middle of the hub, one at each mark. Insert the spoons only about ¼ inch to hold them 

in place, making sure they are evenly extended from the hub. Hot glue the spoons in place to hold them tight. They should flex very 
little, if at all.

GENERATOR MODEL ASSEMBLY
1. Use the hot glue gun to attach the winding assembly to the outside of the jug, with the hole of the CD centered around the hole you 

drilled on one side of the jug.
2. Use a nail to start a hole in center of the Styrofoam hub so you can see where to push the dowel rod through the hub.
3. Push the sharpened of the dowel into the jug from the side opposite of the glued winding assembly. Continue to push it through the 

center of the Styrofoam hub inside the jug, and out the jug through the hole of the winding assembly. The pointed end of the dowel 
rod should protrude several inches from the jug and winding assembly.

4. Cut the rubber stopper in half crosswise so you have two pieces with an in-tact hole in the middle.
5. Slide the narrower rubber stopper piece onto the dowel rod with the wider end facing the jug and the narrow end facing the pointed 

end of the dowel rod. Slide it as close to the jug as possible without touching the winding assembly.
6. Slide the CD with the magnets onto the dowel rod and over the narrow end of the rubber stopper. Push the CD onto the stopper as 

far as it will go, but do not allow the magnets to attach themselves or touch the winding assembly. You may have to adjust the rubber 
stopper’s position a bit to find the closest point possible without the magnets jumping onto and attaching themselves to the bolts in 
the winding.

7. Give the axle (dowel) a spin with your fingers to ensure that everything turns well, and nothing is rubbing or causing friction with 
another part of the assembled model.

8. Use hot glue to secure the position of the stopper on the dowel rod. This will keep the magnets from pulling the stopper down and 
causing the magnets to attach to the winding assembly.

9. Secure the magnet CD to the stopper with hot glue.
10. Use sandpaper to  gently scrub off the insulation from the ends of both of the long pieces of wire on the winding assembly. This is the 

site to which you will make any connections for measurement and testing.

GENERATOR MODEL TESTING
1. Following the instructions of your teacher, test the generator model for electrical output.
2. Attach pulleys to the unused end of the dowel rod that extends through the plastic jug.
3. Following your teachers’ instructions, hot-glue a motor to the jug.
4. Use rubber bands to connect the pulleys, one at a time, to the motor, and test the electrical output of various-sized pulleys given the 

same water flow. Record your measurements in the data table.
5. Calculate the power generated in the motor by each pulley.
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Winding
Template

Turbine Unit Templates
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 Data and Observations
Copy the following data tables and questions into your science notebook, leaving room for your data and diagrams.

Draw your hydropower generator model and label the important parts:

What was the electrical output of your generator? _________ Volts DC ____________ Amps DC

Pulley # Pulley Diameter Volts DC Amps DC Watts DC

 Conclusions
Copy the following questions into your science notebook, leaving room for answers or answering each question before copying the next.

1. What was the power output of your generator? To calculate power, multiply voltage (V) by current (A). Be mindful of any prefixes 
associated with your measurements, such as mV or μA! 
 
 
 
 

2. What are some things you might alter to increase the power output of your generator model? If your teacher has materials available 
and allows it, test your hypothesis. 
 
 
 
 

3. Which pulley produced the most power in the motor you attached to the model? 
 
 
 
 

4. Based on what you know about gear ratios from the Exploring Gear Ratios activity, does your answer to question #3 surprise you? Why 
or why not? Use evidence from this activity to support your answer. 
 
 
 
 

5. Diagram your model below, this time identifying the following parts usually found in a hydropower plant:  Penstock, Turbine, 
Generator, Windings.
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Exploring Stream Flow

&Background
There are many methods for estimating stream flow. This activity uses the EPA suggested method for measuring stream flow. Check with 
local environmental agencies or organizations for more details on local streams. One common method used by many volunteer monitoring 
programs uses some sort of float such as an orange or rubber floating ball to measure stream velocity. This method incorporates cross-
sectional area and stream length with surface speed to calculate stream flow. One common equation used is 

Flow = ALC / T

A = Average cross-sectional area of the stream (stream width multiplied by average water depth)

L = Length of the stream reach measured (usually 20 feet)

C = A coefficient or correction factor (0.8 for rock-bottom streams or 0.9 for muddy-bottom streams). This corrects for the fact that water 
moves faster near the surface than the stream bottom due to resistance to gravel, cobble and boulders. Multiplying the surface velocity by 
a correction factor gives a better measurement.

T = Time, in seconds, for the float to travel the length of L (usually 20 feet)

  Materials
 �Ball of heavy-duty string 
 �Four stakes
 �Hammer (to drive the stakes into the ground)
 �Tape measure (at least 20 feet)
 �Waterproof yardstick or other implement to measure water depth

 �Twist ties (to mark off intervals on the string of the transect line)
 �1 Orange ping pong ball, or toy that floats
 �Fishing net (to scoop the floating object out of the stream)
 �Stopwatch (or watch with a second hand)
 �Calculator (optional)

 Procedure

MEASURE THE STREAM DIMENSIONS
1. Copy the data tables into your science notebook, leaving enough room to record observations, diagrams, and measurements.
2. Find a section of stream that has easy access, is straight, is at least 6 inches deep and contains no areas of pools. 
3. Using string and stakes mark off twenty feet on one side of the stream. 
4. Run two transect lines across the stream perpendicular to the shore 20 feet apart (at the two ends of your 20-foot line from step 2). The 

lines should be tight and near the water surface. Tie the transect lines to stakes and use the hammer to drive the stakes into the ground.
5. Mark off equal intervals along each transect string with the twist ties. The intervals can be one-fourth, one-half, and three-fourths of 

the distance across the stream.
6. Make a sketch of your stream section in your science notebook. Include the stream width at each transect line.
7. Measure the depth of the stream at each twist-tie interval with the yard stick. Record these values in the data table. Calculate the 

average depth of the stream at each transect.
8. Determine the width of each transect by measuring the distance from shoreline to shoreline.
9. Calculate the cross-sectional area of each transect by multiplying width times average depth.
10. To determine the average cross-sectional area of the entire stream reach (A in the formula), add together the average cross-sectional 

area of each transect and then divide by 2. 

MEASURING TRAVEL TIME
1. Using a stopwatch, time how long the orange ping pong ball, or floating toy floats from the upstream transect to the downstream 

transect. Record this in the data table.
2. Use the fishing net to scoop out the floating object.
3. Repeat steps 1 and 2 two more times. This is “T” in the formula. 
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CALCULATE FLOW
Recall that flow can be calculated using the equation:

Assume the average time of travel for the floating object between transect #1 and #2 is 15 seconds, the area was 5.42 ft2 and the stream 
had a rocky bottom. The calculation of flow would be:

Where:

A = 5.42 ft2

L = 20 ft

C = 0.8 (coefficient for a rocky-bottom stream)

T=15 seconds

 Data and Observations
Copy the following data tables and questions into your notebook for each stream you measure. Be sure to leave a space next to the data 
table and after the questions to record your stream observations, diagram, and measurements.

Transect Width (ft) Depth 1 (ft) Depth 2 (ft) Depth 3 (ft) Average Depth (ft) Cross-sectional area 
(ft2)

Upstream

Downstream

Average cross-sectional area

Trial # Travel Time (s)

1

2

3

Average

Record observations of the water below. For example, is the flow laminar? Do you notice turbulence anywhere? If so, near or around what 
object(s)? Is the water clear or is it carrying sediment?

 Conclusion
Copy the following questions into your science notebook, answering each before copying the next.

1. How many cubic feet per minute (CFM) flow through the stream? 
 
 
 

2. Was the water fast enough to move small debris or sediment? What did you see moving through the stream? 
 
 
 

3. Compare these results to the results you had in class with the water flow trough demonstration your teacher did. Which object(s) in 
that demonstration created water flow that was similar to what you see in the stream?

Flow = A  x  L  x  C
T

Flow = (5.42 ft2)(20 ft)(0.8)
15 seconds

= 86.72 ft3

15 seconds
= 8.78 ft3/s or 346 CFM
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Exploring Water Temperature

?   Question
How is water temperature accurately measured? What factors affect flowing water temperature?

  Hypothesis
In your science notebook, write a statement explaining how you think flowing water temperature is accurately measured. Describe some 
factors that might affect water temperature.

  Materials
 �Easily accessible section of a moderately flowing stream
 �Thermometer or temperature probe and data logger
 �Permanent marker (optional)
 �Long pole or stick and tape or string (optional)
 �Science notebook

!   Keep in Mind
 �Always practice water safety around any body of water. Water sampling should be done in the main current and not at the edges of the 
stream. The outside curve of a stream is a good place to sample as the main current tends to hug this bank. You may want to attach your 
thermometer to a pole or extension to reach down into the water at different depths. When you pull the pole up read the thermometer 
quickly before it returns to the surrounding air temperature. This is most easily accomplished with a partner.
 �The digital thermometers in the curriculum kit should not be submerged under water. Keep the electronic portion of the thermometer 
above the water’s surface.

 Procedure
1. Measure up 4 inches from the tip of the stainless steel portion of the thermometer. Use the permanent marker to draw a line around the 

thermometer at this distance. Note:  Do not mark temperature probes that accompany data logger devices.
2. Make a diagram of the stream location where you will measure the temperature, indicating the point(s) where you will measure the 

temperature. Record the date if you will be making multiple measurements throughout the year.
3. Record the air temperature at your stream location.
4. Place the tip of the thermometer or meter probe in the water 4 inches below the surface of the water at your measurement point. If the 

stream is too shallow, hold the tip of the thermometer halfway to the bottom.
5. Hold the thermometer or probe at this position for at least one minute to allow the thermometer to stabilize. 
6. If possible, read the temperature on the thermometer while the thermometer is under water. If it is not possible, quickly remove the 

thermometer and read the temperature.
7. Record the temperature in the data table.
8. Streams with variations in shading, depth, and flow rate from one side to the other (with eddies) should be measured in multiple 

locations to get an average water temperature. Repeat the measurement procedure for each location. If necessary, tie or tape the 
thermometer to a stick or pole to reach further out into the stream.
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 Data and Observations
Copy the following table into your science notebook, creating as many columns as you need for each temperature point where you will 
measure the temperature and using as many lines as needed for each date you will measure the temperature. Leave space beside or below 
the table to record diagrams and observations.

Date Air temperature Point 1 water 
temperature

Point 2 water 
temperature

Point 3 water 
temperature

Point 4 water 
temperature

Average water 
temperature

 Conclusions
Copy the following questions into your science notebook, answering each before copying the next.

1. If you measured temperatures of several points in the stream, what factors contributed to your stream’s temperature variations? Refer 
back to your data and diagram to support your answer (if you only measured one point in the stream, skip this question). 
 
 
 
 
 

2. One property of water is its high specific heat capacity. Water can absorb and retain large amounts of thermal energy as compared 
to other substances like air, wood, or soil. How does the air temperature compare to the water temperature of your stream? Does this 
surprise you given the measurement date? Explain your answer. 
 
 
 
 
 

3. At what time of year would you expect your stream to have the highest temperature? The lowest temperature? What other seasonal 
or geographical factors might affect the temperature of your stream?
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Personality Party

?   Question
How do different personality types improve or impede a group’s ability to complete a task?

  Hypothesis
Write a statement in your science notebook addressing the question.

  Materials
 �One card with a personality type on it
 �6 cups (per group)
 �Rubber bands
 �String
 �Scissors

 Procedure 
1. Your teacher will assign you to a group of 4-5 students.
2. Draw a card from the stack of personality cards. Read it, but do not allow anyone to know the identity of the personality on your card.
3. Your teacher will set the timer for one minute. During this time, think about how you will act out the secret personality type on your 

card. You will need to stick to this role while you and your group members solve the challenge.
4. As a group, you must work together as a team to take all of the cups out of the stack and arrange them in a pyramid of 3-2-1 using only 

the tool provided by your teacher. You may not use your hands to pick up, shift, or otherwise move the cups.
5. When the teacher gives you the signal, begin the activity. When you have completed the challenge, inform your teacher.
6. Copy the data table on page 58 into your science notebook.
7. Write all the group members’ names and the personality card you believe each was given in the table.
8. As a team, discuss the positive and negative aspects of each personality in a group work setting. Brainstorm ideas on how each 

personality could improve his or her outlook. Record your findings in the data table.

 Conclusions
1. Why might it be a struggle to complete a task/project if everyone is a leader?  

 
 

2. What kind of behaviors or traits would be most appropriate for group work? 
 
 

3. If you could redo this activity what type of personality traits would you pick for your group members? Why or why not? 
 
 

4. What can you do to help change the dynamics of a difficult group? 
 
 

5. What strengths can you bring to your group?  
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Experimenting with  
Micro-Hydropower Generation

?   Question
How much power can be generated from water flow from a garden hose?

  Hypothesis
In your science notebook, write a hypothesis stating how much power you think a garden hose generator can produce.

  Materials
 �1 Micro-hydro generator unit
 �1 Garden hose
 �1 Hose adapter 5/8”  to 1/2” NPT thread
 �1 Garden hose 5/8” cap
 �1 Bucket – 5 gallon
 �1 Output hose and fitting 1/2” NPT thread

 Procedure
1. Attach the input port of the micro-hydro generator to the hose output using the 5/8” to 1/2” adapter.  
2. Attach the output fitting and exhaust hose to the output of the micro-hydro generator.  
3. Using a classroom sink with adapter or hose bib, fill the garden hose with water, allowing all air to escape from the hose by running 

water through until there is a steady consistent stream.  Cap the output end to retain the water for the experiment.
4. Copy the data table into your notebook, leaving plenty of room for diagrams and written observations.
5. Carefully raise the hose in an area where there is some vertical elevation available such as on a hill, in a stairwell or bleachers in a 

stadium.  Always stay within provided guard rails and do not lean over the provided safety guards in any way.
6. Hook the DC Voltmeter to the micro-hydro generator’s electrical outputs.  Observe proper polarity.  You may need to insert solid wire 

leads into the socket to make the reading.
7. Open the output hose and observe the voltage readings as the water moves though the micro-hydro generator. Record your 

observations in the data table in your notebook.  Take data every ten seconds as the water exhausts into the bucket.
8. Completely drain the water from the hose. Use a paper towel or tissue to wipe any spillage from the experiment.
9. Record your observations in the data table in your notebook.
10. Clean up your area and return supplies as directed by your teacher.

 Data and Observations
Copy the following table into your science notebook. Make sure you leave spaces large enough for diagrams and written observations.

Time Sound from Micro-Hydro Generator Observations of Voltage

5 seconds

10 seconds

15 seconds

20 seconds

25 seconds

30 seconds

35 seconds

40 seconds

45 seconds

50 seconds

55 seconds

60 seconds
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 Conclusion
1. Review your hypothesis. Did you accurately predict how the voltage would change with the water flow in the hose? What hypothesis 

does your data support? 
 
 
 
 
 

2. Describe the rate of change of the voltage vs. the sound you observed?  How did it change over time? 
 
 
 
 
 

3. Imagine your micro-hydro generator could be powered by the flow of water in a river or stream. How would it impact voltages 
measured? What could you do with the electrical power produced? 
 
 
 
 
 

4. Considering flow rates in streams, especially as they might vary from one season to the next, what modifications would you make to 
your system to keep your micro-hydro generator producing the power you need? What would you do to keep excessive water flow 
from burning out your generator?



©2020     The NEED Project     Your Future In Hydropower Student Guide     www.NEED.org 61

Glossary

absolute zero the temperature at which all atomic or molecular motion stops; absolute zero is 0 degrees Kelvin, or -273 °C

alternating current (AC) an electric current that reverses its direction at regular intervals or cycles; in the US, the standard is 120 
reversals or 60 cycles per second; typically abbreviated as AC

aggregate crushed or broken concrete or stone of relatively uniform size used in construction and concrete

alternator generator that produces alternating current

aquifer localized region of surface and ground water that feeds into one system

arch dam a concrete, masonry, or timber dam with the alignment curved upstream

benthic bottom-dwelling; organisms that are benthic reside at the bottom of lakes, rivers, and streams

buttress dam a dam consisting of a watertight part supported at intervals on the downstream side by a series of buttresses

cement powdery substance made with lime and clay used to permanently bond concrete

CFM cubic feet per minute

chemical energy energy stored in the chemical bonds of a substance and released during a chemical reaction such as burning 
wood, coal, or oil

circuit a conductor or a system of conductors through which electric current flows

compressible able to be compressed, or put under higher pressure; gases are compressible

compression squeezing or pushing inward

compressive strength the ability of a material to withstand compression

concrete mixture of cement, sand, aggregate, and water that begins fluid and can be formed into specific shapes and 
molds before it hardens

condense gas cooling to liquid form

conductor material that will allow electric current to flow (electrical conductor); material that will allow thermal energy 
to move through it (thermal conductor)

covalent bond chemical bond between two atoms where electrons are shared in pairs

current flow of electricity which results from the ordered directional movement of electrons

dam structure built to hold water back

direct current (DC) an electric current that flows in only one direction through a circuit, as from a battery; typically abbreviated 
as DC

density mass per unit volume

dielectric substance that transmits electric force without conduction

ductility the ability of a material to be pulled or drawn into a wire

eddy swirls of disturbance in flowing water that curl or flow backwards towards an obstruction

elastic energy energy stored through the application of a force to stretch or compress an item

electrical energy the energy associated with electric charges and their movements

electromagnet magnet created through induction with a current-carrying coil

electromagnetic 
induction

production of voltage across an electrical conductor in a changing magnetic field

electron subatomic particle with a negative electric charge; electrons form part of an atom and move around its 
nucleus

embankment dam any dam constructed of excaveted natural materials, such as dirt and rock, or of industrial waste materials
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energy the ability to do work, produce change, or move an object; electrical energy is usually measured in kilowatt-
hours (kWh), while heat energy is usually measured in British thermal units (Btu)

evaporate liquid changing to a gas

ferrous material containing iron

fluid material that flows

force push or pull on an object or material

gauge to measure (verb); the thickness of a wire (noun)

gear ratio the ratio between the rates at which the last and first gears rotate

generator device that transforms rotational motion energy into electrical energy

GPM gallons per minute

gravitational energy energy of position or place

gravity dam a dam constructed of concrete and/or masonry that relies on its weight and internal strength for stability

hydration reaction chemical reaction where water is a reactant and is incorporated into the products

hydrogen bond weak intermolecular bond between two molecules with uneven electron distribution (polarity)

incompressible unable to be compressed, or put under high pressure; liquids are mostly incompressible

insulator material that resists electrical current flow (electrical insulator); material that resists transferring thermal 
energy (thermal insulator)

intermolecular force force between two molecules

ionic bond chemical bond formed between two atoms when one transfers electrons to the other

kinetic energy the energy of a body which results from its motion

laminar flow fluid particles flowing in smooth layers that are identical to each other

magnetic flux number of magnetic field lines passing through a surface; the higher the magnetic flux, the stronger the 
magnetic field

magnetic pole region at each end of a magnet where the magnetic field is the strongest

magnetically 
permeable

likely to permit magnetic flux

metallic bond chemical bond between two metal atoms where the valence electron shells overlap

motion energy the energy of things that are moving, such as flowing water or wind

non-overflow dam a dam that diverts water to spillways to control the pressure and potential energy of the dam

nonrenewable energy sources that cannot be easily made or replenished; oil, natural gas, uranium, and coal are examples 
of nonrenewable sources

nuclear energy energy stored in the nucleus of an atom that is released by the joining or splitting of the nuclei

ocean current movement of water within the ocean from one point to another; currents move clockwise in the northern 
hemisphere and counter-clockwise in the southern hemisphere

overflow dam a dam that allows excess water to spill over its rim

parallel circuit conductor or system of conductors providing more than one pathway through which electrical current can 
flow

penstock vessel through which water is delivered to a turbine in a hydropower plant

pH logarithmic measure of the acidity or alkalinity of a solution; a neutral solution has a pH of 7

phase another way to refer to a state of matter; solid, liquid, gas, and plasma are all phases of matter; when matter 
is changing state, it can also be called a phase change

polarity when molecules have uneven distribution of electrons, regions of slight negative and slight positive charges 
form, known as dipoles

potential energy energy that is stored

power the rate at which energy is transferred; also used to describe generation capacity or a load’s electricity use
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power plant a facility where power is generated

precipitation condensed moisture that falls from the atmosphere to the surface of the Earth; precipitation can be liquid or 
solid, depending on air temperature

pressure force per unit of surface area; pressure is measured in pounds per square inch (psi), Newtons per meter (N/m), 
atmospheres (atm), and Pascal (Pa)

radiant energy energy that is transferred through electromagnetic waves

reassociate oppositely charged particles rejoining to form crystals

rebar a steel bar or group of steel wires used to strengthen concrete or masonry structures under tension

resistance Measure of the opposition to current flow in an electrical circuit; measured in ohms, (Ω).

renewable energy sources that can be easily made or replenished; wind, solar energy, and hydropower are examples of 
renewable sources

reservoir body of water held behind a dam; water held “in reserve” behind a dam

RPM revolutions per minute

series circuit conductor or system of conductors providing only one pathway through which electrical current can flow

sound energy energy that travels in longitudinal waves through a medium

spillway a channel for overflow of water from a reservoir

tensile strength material’s ability to withstand tension forces

tension force characterized by pulling or stretching

thermal energy the total potential and kinetic energy associated with the random motions of atoms and molecules of a 
material

thermal conductivity ability of a material to transfer thermal energy through direct contact

torque twisting force that causes rotation; rotational force

transformer a device that changes voltage from high to low or low to high while keeping power constant

turbulent flow fluid particles flowing in chaotic, mixing patterns

viscosity thickness of a fluid

voltage the difference in electric potential between any two conductors or between a conductor and the ground; 
it is a measure of the electric energy per electron that electrons can acquire and/or give up as they move 
between the two conductors
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