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Introduction

Electical & Natural Gas Safety World usesarticles experimerts, and activitiesto explain electric and natural
gasscience concepts, and how to use these fuels safely in daily life. The contert addressesmary state and
national science and health education standards for grades4-6.

This presertation guide providesthe objective for each page spread, background and ideasfor classroom
discussion, activity and puzzle arswers suggedions for experimert setup and completion, and follow-up
acivities

Activitiescanbe done with materials listedin the booklet; electical componerts areavailabe from
electronicsretailers

Page 2: I ntroduction to Energy Use
Objective: To make students awareof how they use erergy (i.e., for light, heat etc.) ard the sourcesof erergy
they use (i.e., electricity, natural gas efc.).

Background/Discussion: Energy isthe ahility to change or move mater. Without energy there would be no
mation, no light, and no heat ard life would not exist. Ask students where they gettheir energy. (Food.) Ask
themwhere the appliancesin their homesget erergy. (Sourceslikeelecticity or natural gas.)

Energy Use Chart: Help studernts complete the energy use chart. Ask them to consider whetherthey did any of
the following things today: took a bath or shower, cookedfood, watcheda TV show or video, listenedto
music, weredrivento school, erjoyed awam (or cool) home, played a computer game. Ask studerts what
amlianceor equipmert they usedto do each thing. Have themrecord their amnswersin the first and secand
columns. If studerts are not aware of the energy sources thatrun the appliancesand equipmert they used, ak
themto checkwith their familiesard fill out the third column athome. (Tips for recagnizing energy sources
Electrical appliancesplug into a wall outlet and portable electic devicesrun on batteries Appliancesand
equipment that use natural gas or other fuels have a flame inside when theyare on.)

What Do Y ou Think? StudertsGarswerswill vary. Deperding on your climate and sea®n, keeping wam or
cool without using energy may recuire alot of ingenuity. Studerts mayfind it interesing to specuate aboutN
or do some reseach onN how peaple native to your areakept warmor cool before the invertion of modern
heaing ard air conditioning systems

Follow-up: Have studerts complete a dayOsnrergy diary showing all the sourcesof erergy they use from the
timethey get up until they go to sleep

Page 3: Energy Vocabulary

Objective: To familiarize students with some new concepts and vocahulary.
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Background/Discussion: Review the vocahulary words in the word search Preview the book by asking
studerts to find the first time each of these words is used. (AtomsN p. 4; CircuitN p. 6; ConductorN p. 8;
Currertisnot used ElectricityN p. 2; ElectronN p. 4; EnergyN p. 2; InsulatorN p. 8; MercaptaniN p. 14;
Natural GasN p. 2; VoltsN p. 9; Watts is not used) Have studerts write a paragraph using someof these
words.

Word Search Key: Thefirst |etter of each word isunderinedand italicized
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Pages4 & 5: How Electricity Happens
Objective: To explain how electicity is generakd, and to distinguish which generaton methods are basedon
renewable energy and which on nonrenewabl e erergy.

Background/Discussion: How is electicity produced? (It is generatedat power plants using various fuels.)
No mater what fuels produce the electicity you use, do your lights shine,and doesyour rado play and your
computer run in the same way? (Yes) Which fuels on these two pagesare usedto gererate most of the
electricity usedin the U.S?(Fossil fuelsincluding coal, oil, and natural gas; followedby nuclear energy and
hydropower.)

What doesthe drawing on page 4 represert? (An atom.) Whatis the namefor the certer of anatom?
(Nucleuws.) Have students draw picturesof atoms. Teach themthat the atom hastwo main parts: atiny nucleus
and the electrons that surround it. The electrons actually fill the whole space araund a nucleus. Electrons
move in random orbits.

Which Are Rerewalie?

Before doing this acivity, discuss the meaning of the word OeplenishedO(To makefull or complete again by
supplying what has beenused up.)

Fossil Fuels: Coal, oil, ard natural gaswereformedmillions of yearsago, whenplarts and tiny sea creatires
were buried by sard and rock. Their bodiesdecamposed and asa reault of the eathOseat and pressure, they
turnedinto fossil fuels. The processesthat formedthemareno longer occuring, so fossil fuels are
NONRENEWABLE.

Nuclear Power: The uranium that runs nuclearpower plants must be minedfrom the ground. Like fossil
fuels, uranium suppliesare finite anrd NONRENEWABLE.

Hydropower: The mast common form of hydropower usesdamson riversto creat large reservoirs. Waterin
riversis continually repenished so hydropoweris RENEWABLE. In fact, hydropower is currertly one of the
larges sourcesof renewalle power.

Biomass: Wood is the larges source of biomass erergy, followedby corn, sugarcare wages straw, and other
farming by-products. Becatse plarnts and treesneed sunlight to grow, biomas is aform of stored solar
erergy. Although it is possible to use biomass fager than we produceit, more canbe grown, so biomassis
RENEWABLE.
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Geathermal Energy: Comesfrom OgoOfor earh, and OhemmalOfor heat The hot moltenrock inside the
earh isnOgoing away anytime soon, making gecthermal erergy RENEWABLE. Although it is renewable,
geathermalerergy hassomelimitations: pegple must be careful not to draw steam or hot water out of the
eart faderthanit canbe regenished

Sdar Energy: The sunOsnrergy will never run out, so solarerergy is RENEWABLE. 1tOgrue that
sometimesthe sun isnOshining, so photovoltaic cells camot always make electicity. However, solar power
systemscanstore electicity in batteriesfor non-sunny days.

Wind Power: The wind will be around aslong asthe earth is, so wind poweris RENEWABLE.

Fuel Cells: Fuel cellsrun on hydrogen If the hydrogencomesfrom arenewahle resourcelike landfill gas
fuel cellsare RENEWABLE. However, if it comesfrom a nonrenewall e resource like fossil fuels, fuel cells
areconsideredNONRENEWABLE.

Follow-up: Afterstudents complete this actvity, make alist on the chalkboard of renewabe and
nonrerewakl e fuels.

Page 6: Go with the Flow
Objective: To explain how electicity flowsin ahomeelectical system

Background/Discussion: Thisillustration doesnot show electicityOsomplete circuit. Explain to studerts that
electicity isgereratedin a power plart and sert out over trarsmission linesto a substation wherethe voltage,
or pressure, is reduced Thenelectricity fl ows through the overhead and underground distribution linesshown
in theillustration, to homesand buildings. Afterit is usedit flows back out into the power grid.

Find out how much your students know about electrical safety. Ask studerts to selectthreeof the numbered
locatons on the drawing. Have them describe behavior that could put someame in contactwith electicity at
eachlocation, and a safety tip or safe practiceto prevert this. For example, for #10, the electical outlet, a
dargeraus behavior would be to poke a sharp object into the outlet A safety tip to prevert this would be GPut
only plugsinto outlets.O

Activity Answers 1N Overheadpowerlines 2N Underground power lines 3N Trarsformer. (There are two
trarsformers The one on the left servesoverheadpower lines the one on the right servesunderground power
lines) 4N Seavicewires 5N Electrical panel. 6N Circuit brealers 7N Fuses 8N Home wiring. 9N Switch.
10N Outlet 11N Power cord. 12N Appliarce.

Page 7: Which Bulbs Will Light?
Objective: To teachthe characteristics of anelectical circuit.

Background/Discussion: Before doing the activity, introducethe concept of a closed path. Explain that a
closedpath is like a continuous loop, with no breaks or obstaclesin it. Ask students to name some shapesthat
areclosed paths, and somethat areopen Some examplesof closed paths are a circle, square rectargle, ard
triangle. Examplesof openpaths area spiral, aline,and a U-shape. For electricity to flow, it needto travel in
wiresthat are a closed path with no breaks or obstacles

In this activity, the path goesbetweenthe negative side and the positive side of the battery. Electic current
flows from the positive side of the battery to the light bulb and back to the negative side of the battery.

Answer Key.
Top Left: OPEN. The bottom wire touchesthe base of the lightbulb but the top wire doesnot. The top wire

touchesthe top of the lightbulb, and because the glass of the lightbulb doesnot conduct electicity, itis an
obstacle that preverts electricity from fl owing along the wires
Top Right: CLOSED. Bending the wire doesnot affed whether the circuit is openor closed
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Middle Left: OPEN. Electricity camot flow because the wire only goesfrom the battery to the bulb (or vice
versa). Thereis no return path.

Middle Right: BOTH ANSWERS CAN BE CORRECT. This picture canbe readin two ways. If studerts
think it is showing the metal base of the bulb directly touching the bump on the battery, thenthe circuit is
CLOSED. If they think the metal base of the bulb is not directy touching the bump on the battery, thenthe
circuit is OPEN.

Bottom Left: OPEN. Although theloop is closed, electricity camot travel through the glass top of the
lightbulb. Soin truth thereis not a continuous path for electicity to travel.

Bottom Right: CLOSED. There areactually two closedloopsin this examgde.

Did You Guess Right? Seup: If you aredoing thisin class with batteriesand bulbs, strip the wiresaheadof
timeand make sure the batteriesare fresh. Although the illustrations do not show it, itOselpful to twist the
wire around the base of the bulb ard to tape the wiresto the battery.

Fallow-up: Whenthereisabreakin acircuit, electricity camot flow. In that case, we say the circuit is open
Whenyou turn on alight, isthat a closed or opencircuit? (Closed.) Whenyou turn alight off, isthat a closed
or opencircuit? (Open)

Page 8: Conductors & I nsulators
Objective: To teachstuderts to recognize materials that conduct electricity. To explain that water, metal, and
the humanbody canconduct electicity, making people vulneralde to electical shock.

Discussion: Why isit importart to know the diff ererce between conductors and insulators? (If you know
about some common objects that are conductors, you might be more likely to keepthese objects out of
elecricityOgpath; i.e., you would know not to stick a metal fork into an outlet or toaster or touch a power line
with a metal ladder.) Do you ever use laddersor long tools when working outside around your home?What
precauions should you take to stay safe?(Answers may include use nonconductive fiberglass ladders and
tools; keepall tools and equipmert at least 10 feetaway from any power line.) What precauions do you think
utility line workerstake to avoid electical shock? (They use specially tegedinsulating gloves tools, and
equipment, and are specially trained) Stress to students that only trained peagple should climb power poles
and work on power lines

Activity: Pegle who work around power lineswould be more likely to use the fiberg ass ladder, the work
gIoves and the safety goggles HereOsvhy:
The metal ladder is a conductor, while fiberglassis aninsulator.
* Thework glovesarespecially tesedrubber, while the kitchenglovesarevery thin rubber and not
dedgnedto insulate from electricity.
* The gogglesdo not have any metal on them while the glassesdo, and metal conducts electicity.

A Sdety Note: If insulators are wet, damaged, or dirty, or if the voltage is high enough, materials that are
insulators canconduct electicity. Teachstudents never to assumethataninsulator will block electicity.

What Do You Think? The characteristic propertiesof a substance are indeperdert of the amount of the
substance.So metal scissorswill conduct electricity just as easily as a metal ladder.

Follow-up: Draw autility worker wearng safety equipmert.

Page 9: Lightning
Objective: For studerts to understand that high-voltage shock cancome from lightning aswell aswires and
to learnhow to avoid alightning strike.
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Background/Discussion: Whatis lightning? Electrical chargesdevelop inside a storm cloud. Pasitively
charged atomsgo to the top of the cloud. Negatively charged atomsgo to the middle or bottom. If the
negatively charged atoms becametoo crowded, they jump to another part of the cloud, to adifferernt cloud, or
to the ground. This jump causesa huge spark of static electicity known aslightning.

In the U.S. eachyear, about 100 peaple arekilledby lightning strikesand more than 1,000 are injured.
Carissa wasquite lucky. Most peaple who survive lightning strikeshave much worse and longer-laging
injuriesthan CarissaOsAsk studerts: Have you ever beenon a golf course, sports field, or near water whena
storm wasapproaching? What did you do? If you stayed outdoors, did you realizethat you risked being struck
by lightning?

Emphadzeto students thatif a storm is approaching or under way, they must immedately follow these
precauions; Getindoors. Stay away from windows. Lightning cantravel through plumbing pipesand
electrical and telephone wiring, so stay away from tubs, sinks, anything electical, and corded phones

What Do You Think? The electricity from one lightning bolt could light up 250,000 homes (30,000,000
volts/120 volts = 250,000)

Follow-up: Have students make alist of safe and unsafe placesto be during an electrical storm.

* Safeplaces inside alarge, permarent building; inside a hardtop vehicle.

* Unsafe places near metal or water, under trees on hills, near electical equipmert including computers
cordedphones and TVs.

Page 10: Shocking Scene
Objedive: To counteract a misleadng movie scerg, and to teachstudents to never contactor throw anything
atpowerlines

Background/Discussion: Electicity always takesthe easieg path to the ground. It will stayin acircuit unless
it canfind a path to the ground. If you touch acircuit and the ground at the sametime,you canbecome
elecricityOsased path to the ground. Electicity canflow through water, and becatse your body is 70%
water, electicity canflow through you!

Emphadzeto studentsthat if they touch a power line while standing on aladder or aroof, electicity would
travel through them. And if their kite or balloon got tangledin a power line and they touchedthe string,
electricity could travel down the string ard into themon its way to the ground. Both situations would meana
serious (and possibly fatal) electric shock!

Now that students know alittle about electical safety, they cannoticeelectical safety errarsin movies
books, TV shows, etc. Ask studertsif they have seenexamgesof peaple doing unsafe things around
electricity in moviesor TV programs Did the person getanelectic shock? Encourage studerntsto write up
their examplesard/or do anoral presertation.

What Do You Think? Elecricity doesnOtravel down metal utility polesbecause specially desgnedinsulators
hold the electrical wiresaway from the poles ThatOsvhy itOso important to nevershoot at or throw things
at insulators. If theybreak, electric wirescan touch the utility pole and travel downiit to the ground.

Page 11: Outdoor Sdafety Tips
Objective: To teachstuderts how to be safe around overheadlinesand underground utilities
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Background/Discussion: Why isit so dangeraus to fly kitesnearpower lines? (Kitesin power linescan cause
outagesor fires If you touch the string of a kite thatOsaught in a power line, you could be shocked) Why is
it so dangeraus to use electicity near water? (Because water conducts elecricity.) Whatis the safes way to
use electicity in areasnea water? (Use battery-powered appliances If you must use cordedappliances make
suretheyare pluggedinto a ground fault circuit interrupter, also calleda GFCI. These devicesmonitor the
flow of electricity in a circuit and if any is esaping the circuit, they quickly shut off power to prevert serious
shock) What canhappenif someme usesdigging equipmert without knowing the locaton of underground
utilities? (They could damage underground gas pipelinesand cause an explosion, or they could contact
underground eledric power linesand get a serious shock. Evenif the person digging doesnot get hurt, the
damage to the utilitiescould interrupt electric or gas serviceto lots of pegple.) Why are fallenpower linesso
dangeraus? (They could be carrying electicity and if you contact them or something theyare touching, you
could be shocked)

Get Creatve: Make sure Stu~dertsG:reaions include both a safety tip about electicity or natural gas and what
could happenif people donOfollow it.

Follow-up: Have students practice how they would get out of a carwith a power line on it. Emphadzethat
they must shuffl e away from the car, keepng their feet close together and on the ground. If they take big
steps, their feetcould make a circuit for electicity to travel. Ask themwhat would be the hardeg part of
doing thisin arealaccidert situation, and have them praciceit so it becanessecond nature.

Page 12: Indoor Electrical Safety
Objective: To help studerts apply what they have leaned about conductors and insulators to some indoor
electical safety situations.

Background/Discussion: Why should you unplug atoager before trying to get someting out of it? (A
plugged-in toaster could conduct electricity to you, epecially if you use a metal fork, whichisvery
conductive)

Answer Key: 1. Unplug the toager first. DonOuse a frayed cord. Use a battery-poweredrado nea water.

2. Left picture: conductors are the girl, the metal fork, and the metal parts of the toager. Middle picture:
conductors arethe copper wire inside the cord. Right picture: conductors arethe water, the mefal faucet, the
metal sink, the metal parts of the rado, and the boy. 3. Hereis why eachsituation is dangerous:. GIRL: The
girl could contactalive electical part of the toager. Electicity would travel through the fork into her and she
would be shocked CORD: The frayed cord is dangeraus. Anyone who touchesthe exposedwireswill be
shocked BOY: If the boy getsthe rado wetor it fallsinto the sink, water could conduct electricity to him and
he would be shocked The same thing could happenif the insulation on the rado cord is worn or damaged

Safey Tips: StudertsOanswers will vary. Some possibilitiesinclude: OnOtput power cords under rugs or
furniture legs. The cords could get damaged without anyone knowing.OCK eepelectical heatersaway from
anything that canburn. Heatersget hot and canset flammaHbe objects on fire O(onOstick anything in an
outletbut aplug, or you could get shocked OCDonOtouch anything electical with wet hands or when
standing in water. Water conducts electicity and you could be shocked O

Page 13: The Thr eeStatesof Matter
Objective: To help students undergsand the characteristicsof solids, liquids, and gases
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Background/Discussion: Whatis matter? (Anything that takesup space or has a mass of any kind. Everything
you can touch is made of matter. If it is made of anything, it is matter.) Thereare actually four statesof
mater. The fourth state, not discussedon this page, is plagnaN a gasmacke up of freefloating ions.

Answer Key: Left box: Gas Middle box: Liquid. Right box: Sdid.

What Do You Think? Qil isaliquid. Natural gasisa gas. Coal isa solid.

Fallow-up: You canshow how three statesof mater exist atoncein aburning candle. (This experimert
should only be done under ateacter or other adultOsupervision.)

1. Ask anadult to light a cardle. Letthe cardle burn for a minute.

2. Which part of the cardleis solid? Which partis liquid? (The waxis solid. The meltedwax isliquid.)

3. Is any part of the cardle agas? To find out, have anadult light amatch, thenblow out the cardle and
quickly movethelit matchto about ! " above the wick. The match should light the cardle without touching
the wick. If it doesnot, repeatsteps 1 ard 2.

4. What happened? (The first flame heated the cardle wax, turning it to aliquid. Asthe cardle burned, the
liguid wax heatedup evenmore and turnedinto a gas The gasrose up the wick and into the air. The second
flamefrom the match ignitedthe gas)

Page 14: All Those Piped
Objective: To familiarize students with the natural gasdistribution systemso they undergand how gasgets
from the well to their homes

Background/Discussion: Because natural gastravels in underground pipes natural gasservice carObe
interrupted by storms. But peaple needto take carenot to damage underground gaspipeswith digging
equipmert. Remind studerts thatif their family is planning a digging project, they must call the utility locator
service so underground utilitiescanbe marked for safety.

Answer Key:. 1N Well. 2N Procesing plart. 3N Transmission pipes 4N Compressor stations. 5N Storage
tarks. 6N Utility. 7N Distribution main. 8N Servicelines 9N Gasmeter. 10N Appliances

Follow-up: What doesthe word OpocessingOmear? (Treamert.) What doesthe term GcompressOmear? (To
make smaller, compact.)

Page 15: Natural Gas Safety Tips
Objective: To teachstuderntsimportant gassafety practices and whatto do if they smel gas

Background/Discussion: Why isit so dangeraus to store flammable objects neargasappliance® (Gas
appliancesuse a flame and some, like an ovenor heaer, can get hot enough to set fire to something
flammable that is close by. Also, the fumesof flammabl e liquids could be ignited by the flame or pilot light
inside a gas appliance) What doesit meanif your gasrange hasalarge, yellow, or flickering flame? (It is not
working properly and you should call a repairperson.) Why shouldnOtyou letsmall childrenplay with gas
amliances? (They could turn them on by mistake or damage the pipesand cause a gasleak.) What are some
signs of agaspipeline leakand what should you do about them?(Smell of rotteneggs, a hissing sound, dirt
being blowninto theair, continual bubbling in a pond, river, or creek plants that sesemto be dead or dying
for no reason. Do not use electricity or fire. Leave the area, tell an adult to call 911 and the utility, and do not
go back until safety officials say itOsafe) If you smell gaswhenno oneis home, what do you do? (Leave and
take everyone with you. DonOuse anything electrical or light a match. Go to a trusted neighborOsand call the

gas company.)
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Back Cover
Objective: To encourage studerts to share importart hazardprevertion tips with their families

Background/Discussion: Why should you carry out a home safety inspection? (You might find something
hazardousin your home that could be fixed)

Explain eachof the hazadsin thislist. Ask studentsif they canexplain why it is ahazard (1. Ovedoaded
outlets can overheat and cause a fire. 2. Worn or frayed cords mean insulation canOto its job, so anyone
who touchesthe cord could be shocked 3. Cords under rugs or furniture can becane worn or frayedwithout
anyoneO&nowledge, and can overheat or became a shock hazard. 4. Kids who play near gas appliancesor
pipescan cause gas pipe connections to loosen, which could reault in a natural gasleak. 5. Heaers close to
anything that can burn can cause a fire. 6. Flammable liquids could be ignited by the flame or pilot light of a
gas appliance.7. Pegple who dig without calling the underground utility locator servicecould hit a buried
gasor electic line and damage the line or be hurt. 8. Water conducts electricity, so appliancesused near
water can be a shock hazard.)

Homework: Ask studentsto take thisinspection checklist homeand to do the inspecton with their families
Ask studerts to report back what hazads, if any, they found in their homesand whetherhow their family
fixedthe hazard.

Follow-up: Canyou think of any otheritemsyou could add to this safety inspection checHist?
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