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Nuclear Energy: The Good, The Bad, and The Debatable.

How is Nudear Energy Produad?

Nudear energy is producd when an aom's nudeusis split into smaller nudei by the process
called fission. Thefission oflarge atoms, such as Uranium 235 and Rutonium 239, poduaes a
great deal of energy. In fact, thefission of 1 gram of Uranium 235 poducaes the same amount of
energy as the combudion, orbuming, of 3 tonsof cod (1)! The energy producd by thefission

of uranium or plutonium can behanessed to produce eectricity, to propd space craft, and ©

power weaponslike the Atomic Bomb.

Unlike atraditiond cod-buming power plant, anudear power plant uses the energy, or hesat,
producd by hefission of Uranium, rather than the buming of cod, to heat water into the steam
required to turn the turbines that power eectric generators. The advantage of usng Uranium ove
cod energy istha, unlike for cod, Uranium fission doe not produe soot and poentially
harmful gases such as Carbon Dioxide However, like cod, Uranium is mined and then
processed bdore it can beused as an energy source. Also, like cod, the different mining and
processing geps as well as the actud energy produdion, podue agreat deal of waste. Unlike
cod, however, these wastes are radioactive, and thusmore difficult to handle.

What is radioactivity?

A radioactive eement is an dement that is undable, and which continudly decays by releasing
radiation. Radiation is made up of high-energy paticles or rays tha can penetrate and damage
the matter with which it comes into contact. The sun, for example, aso releases radiation, which,
in large doses, can damage our skin.

All dements tha have an aomic number highea than 83, hat is, dl elements tha have more than
83 piotonsin their nudeus, are radioactive. This indudes Uranium, which has an aomic nunber
of 92. It, like other radioactive e ements, is located everywhere in naure and can befound n
rock formationsall over the world.

During the decay process, aradioactive e ement emits either an dphaor beaa paticle, which ae
sometimes accompanied by aganmaray. In dong 9, it changes from its origind ungable form
into other edlements, called daughter d ements, which can dso beradioactive. These radioactive
daughter elements aso undego decay, untl, ultimately, astable element is formed. This chan
of decay is called aradioactive decay series. There are three series: the uranium series, the
thorium series. and the actinium series. For example, the uranium series starts with Uranium
238, which changesinto a least 14 diferent dements before it gabilizes as Lead 206. This
seriesisoutined in Table 1 (2).

Thelength of time it takes for each dement to decay degpendson thetype, as well as on the
amount of the radioactive element present. The hdf-life of aradioactive materia is the length of
time it takes for hdf of tha material to decay. Some radioactive d ements, like Lead 214, hae a
hdf-life of seconds some like Radon 222 hge a hdf-life of days. and osme like Uranium 238
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have a half-life of 4.5 billion years. As you see, it can take a long time for radioactive materials
to stabilize.

Wha are the different types of radiation?

There are three major types of radiation. That is, there are three forms of energy that are emitted
by radioactive elements as they decay. First, there are alpha particles, which consist of 2 protons
and 2 neutrons. These particles are highly energized, but because they are so large, can not
penetrate matter very deeply, and can be stopped by a single sheet of paper. However, if these
particles do manage to come into contact with unprotected, internal cells, by ingestion for
example, they can be extremely harmful. Second, there are beta particles, which are the same as
electrons. These are not as highly energized as alpha particles but can penetrate skin. Beta
particles are also harmful when ingested, but since they are smaller they do not do as much
internal damage. Third, there are Gamma rays. These electromagnetic waves, or photons, are
similar to X-rays and can penetrate the body and organs easily. Gamma rays, though not as
powerful as alpha particles, are dangerous because they are so invasive.

To understand the relative harm imparted by these three types of radiation, consider the
following analogy. Let's say that alpha particles are the same as a really potent poison pill, beta
particles are the same as an acid solution, and gamma rays are like a noxious gas. The poison
pill isn't very harmful if you touch it, but can kill you if you swallow it. The acid solution would
burn your skin if you touched it and is somewhat harmful if contacted in this manner. However,
an acid solution would burn your insides if you drank it, and so is a lot more harmful if contacted
in this way. In the case of the noxious gas, it permeates everywhere, since it is a gas, and even
though it's not as deadly as the pill or the acid, you are more easily exposed to it. Of course, the
amount of poison in the pill, of the acid in the solution, or of the gas in the air, and the length of
time you are exposed to them affects how sick (or terminally ill) you become. This is also true
for radiation.

The Nudear Energy Debae:

The use of Nuclear Power has been controversial for a long time. Proponents of its use claim
that it is a very 'clean' form of energy since very little fuel is needed to generate a lot of energy,
and since no air pollution is produced, as in the burning of coal. However, because of accidents
such as the one at Three Mile Island in the U.S., and the one at Chernobyl in the former Soviet
Union, many people are opposed to Nuclear Power. Also, environmentalists, as well as other
citizen groups, are concerned about the disposal of the radioactive waste generated by the
mining, processing and use of Nuclear fuel. Currently. there are no universally acceptable
methods for the storage and disposal of these wastes. and there is concern that buried wastes
might leak into groundwater and eventually make it into surface waters or into drinking water
supplies.

Are the concerns of these citizens well founded, or are they a result of misinformation? Is
Nuclear Power less damaging to the environment than the combustion of coal and oil, which is
connected to air pollution and global warming? Or, is radioactive waste a permanent problem?
Even Scientists disagree on these issues. What do you think?
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Table 1: The Uranium 238 Radioactive Series

Radioactive Elements Half Life Radiation Emitted
Uranium 238 4.5 bilion years oy
Thorium 234 24.1 days By
Protactinium 234 1.2 minutes By
Uranium 234 247,000 yers oy
Thorium 230 80,000 yers oy
Radium 226 1,622 yars oy
Radon 222 3.8 dys a
Polonium 218 3.0 nminutes a b
Lead 214 26.8 ninutes By
Bismuth 214 19.7 minutes o Py
Polonium 214 0.00016 sconds o
Lead 210 22 yers By
Bismuth 210 5.0 dys o
Polonium 210 138.3 dgs oy
Lead 206 STABLE none
o = dpharadiation
[3 = bea radiation

¥ = gamma radiation
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Assignment # 1

The Web Search

&7
\3/

Massachusetts Ingitute of Technology



Assignment 1: The Web Search

To learn more aboutNudear energy, condud asearch on heweb. Usethelist of web dtes
indudd in this pecket as a starting pont, and try to answer these questionsas you go. Write
down any questionsyou mght have as you surf the net.

Facts:

—

©E NS U AN

How is nudear energy produced?

Name 3 different uses for nudear technology.

Name 3 Sates tha have nudear power plants.

Name 2 oounties outside of the U.S. tha use nudear energy.

Whéat isthefud used & Nudear Power Plants?

What are the different gepsnesded to produce the fud used in Nudear Power Plants?
What pollutants are producd in each of these different steps?

What are the gepsfrom fud to power a a Nucdear Power Plant?

How and where is nudear waste stored and dispoed of in this county?

Viewpoints:

1

> w

Find aweb dte tha promotes the use of Nudear energy. What uses are cited? What
arguments do the authors use to suppot ther postion?

Find aweb dte tha is agang theuse of Nudear energy. Wha hazardsare cited? Wha
argunents do the authors use to suppot ther postions?

Is there conflicting information on hetwo web dtes?

Do these two dtes indudethe same scientific daa at dl?

Areyou in favor or againg the use of Nudear energy? Are you in favor of only some uses?
Cite thereasonsfor your opinions

How much has this web search influenced youropinion?
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Assignment # 2

Radiation Expoaure and Dose

See Selected Solutionsat the end of the packet.
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Assignment 2 - From dose to death.

How much time can you $t outin the sun bdore you ge¢ bumed? Would the solar radiation
from onesunbumn give you «kin cancer? If not, howmany sunbunswould it take? Would long-
term sun exposure (even withoutsunbumns) beenough o give you @ancer? How would you go
aboutfiguring outtherelative impact of onelong da at the beach withoutsunsreen, vs a
summer of doing yad work with sunsreen? Besides, notall sun expoaureisbad. We need the
sun'sraysto hdp usbreak down Vitamin D, which is essential to healthy kin. Where is the
trade off?

When it comes to nudear radiation, there is also ahealth radeoff. For example, nudear
radiation can beused to kill cancer cells in hunmans It can dso beused to image the body, ke
in MRIs and X-rays, in ode to diagnos disease and injury. These are both postive things
However, unmntrolled radiation exposaure from sources such as radon n ourbasements, or from
nudear power plant accidents, or from poornudear waste disposal can do usalot of harm.

So, howmuch radiation would it take to give someonecancer? How much to kill them?
Scientists are gill trying to link radiation exposure to disease, butit's not easy to quantify a
radiation do® since it dgpendson several factors, such as the length of time tha peason is
exposd, whether they ingested the radiation orwalked by it, whether the source emitted dpha
beta, or ganma radiation, and which body oganswere exposed.

For example, theradiation ebsorbed by the body & different for alpha bda, and ganma
radiation. Exposure to dpharadiation is conddered to be20 imes more severe than exposure to

beta or ganmaradiation. That is, if you ae exposed to 1 unt of apharadiation by ngestion,
for example, it's the same as bang exposed to 20 unis of bea or ganma radiation. And if you

think that's confusng, mndder this: therisks increase dgpending on which body pat comes into
contact with that radiation. Y our lungsare more than 2 imes more likely to bedamaged by
radiation than, let's say, yourbladde. So, in some cases, if you beeath radiation it's worse than

if you diink it.

The unit used in quantifying radiation do® is called the Sievert (Sv). The Severt is theratio of
theradiation energy (Joules) to the total mass exposed (kilograms). So, for example, it takes a
lot more radiation energy to give a 300 pounddotbdl player ados of 1 mSv (tha's 0.001 &)
than it does to give the same dose to a5 foot tall gymnast. This works in the same way that it
would take more suga to swveeten agdlon of coffee than acup ofit. To putthe Severt in
perspective, condder this: an ingantaneousdose of 1 to 3 Severts could cause you svere
nausea and infection. An indantaneousdose of 10 Severts would kill you!

The average American is exposed to 3.6 nilli-Sieverts pa year unde nommal circumstances.
Up to 80% of this radiation comes from naural background surces like the sun, rocks, and from
conaete and biick. Of course, this expoaure varies with location. For example, people living in
the mountins are exposed to more solar radiation than those at low devations Also, when you
fly in an arplane, your exposure increases by dmos 50%. This is because, a high devations
there isless amogphee to protect you agang the sunsrays.
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So howdo you Ink the many different expoaures to disease in humans? And howdo you
regulate the emissionsfrom nudear power plants, or medical expoaures?

Asyou @an imagineg, it's somewhat difficult for the govenment to regulate al the possible
exposures from radiation. Currently sandards do exist for Nudear Power plant opeation, for
nudear waste disposal, and for setting limits on medical expoaures like in X-ray limits per year.

Current federal regulationsindudelimits on the amountof radiation that indudrial workers are
exposd to, as well as the amountof radiation that citizensliving in the vicinity of a Nudear
Power plant are exposed to. You an look these up in the Codeof Federal Regulationsat your
library or on theweb a: hitp://www. WPL.LEDU/Admin/Depts/Safety/RSO/IOCER20/.  The

question is, are these regulationssufficient? Or are they too restrictive?

The assignment:
Using thetables induded, answver the following to figure outhow radiation can efect you:

1. How many X-rays can you keceive in oneday withoutfeeling any helth &fects? How many
X-rays, taken in oneday, would it take to kill you?The Federal Regulationsgovening
radiation do® limits stipulate tha people living in the vicinity of a nudear power plant can
not be exposed to more than 1 nSv each year. How many X-rays pe yeer is tha equivalent
to? Do you hink the Federal Regulationsare sufficient? People living in the vicinity of
Three Mile Island durng its accident were exposed to an additiond 0.015 n®v that year.
How many X-rays would give you an equivalent dose?

2. Isit more dangeaousto live near a Nudear Power plant, or beon an arline crew which flies
1200 niles pa week? Can aflight from here to Tokyo cause nausea (for reasonsother than
motion sckness, of course)?

3. How many houss of television do you vatch each week? Calculate your expoaure to
radiation from television viewing. Would you hae besn exposed to more or less radiation if
you hal lived near Three Mile Island duing its accident?
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Table 2: Symptoms assodated with acute radiation exposure (dose for oneday)

Do (Sv) Symptoms Outcome
0-0.25 None
0.25-1 Some people feel nausea and loss of Bonemarrow damage, lymph node and
appeite spleen damaged.
1-3 Mild to svere nausea, loss of gppeite  |Same as above butmore severe.
and infection Recovery probable, butnot assured,
3-6 Severe nausea, loss of agppdite, plus Death occursif doses highe than 3.5 &
hemorrhaging, infection, diarrhea, kin are left untreated.
peels, and gerility
6-10 Abovesymptoms plusimparment of the [Death expected
central nervoussystem
Abovel0 Incapacitation Death
Table 3: Typical dos for variousexpoaures in the US
Dose Activity
3.6 nBv/year Background eposure from sun, rocks and bulding meterials
2.4 mbv/year Additiond exposure to workersin the nudear indugry
0.01 nbv/year Additiond exposaure to pubic fromthe nudear indugry
1.5 mSv/year Additiond exposure to arline crew flying 1200 niles aweek
9 mSv/year Additiond expoaure to arlinecrew flying o Tokyo (1 trip pe week)
0.4 nmbv Exposure pe dental X-ray
0.015 nsv/year Additiond exposaure to publc from accident at Three Mile Island
0.015 ngv/year Expoaure to TV viewers watching an average of 10 hous per week

Table 4: US Regulationson nud¢ear power plant for radiation exposure

Dose limit Exposed Group

50 (mSvl/year) Indugrial worker

I (mSv/year) Public neghboing aNudear Power plant
0.02 (mSv/hour) Public neéghboing aNudear Power plant

Source: Turner, J. E.. Atoms. radiation. and Radiation Protection. John Wiley and Sons,. Inc.. 1995.
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Assignment # 3
Researching Nudear Energy

Suggestionsto the teacher:

For this assignnment, encourage students to indudea case study from which to defive and o suppot ther
condusons For example, if astudent wishes to compare the benefits and disadvantages of nudear energy
as afud, heor she could research France, which deives 80% of its energy from nudear fud. Also, the
student can look & how France disposes of its wastes, if they've had safety problems or accidents, and ©
what degree the publc suppottsisuse. Encourage students to look & the questionsfrom the civic,
econonic, historical, as well as the scientific, point of view.

At theend of ther report, sudents indudether opinionson whether nudear energy should or shouldnt
be used. Have them cite scientific, economic, environmental evidence to suppot their opinion.

Ingead of, orin conjundion with, awritten report, the
students could give a2 or 3 minute oral presentation of
ther findings This way, sudents will be exposed to other
students' point of view. To initiate class discussion, ask
students to aitiqueoneanother's arguments and whether
their postion is well suppoted.

Use thelist of sources induded & the
endof this packet as a garting pont.
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Assignment 3: Researching Nuclear Energy.

Write atwo page report on oneor acombination ofthe following. Use and dte a least 3 ources
of information. At least onesource should bein printed form (i.e. books joumads, nevspapers).
This report should indudeonepaagraph on vwhether you think Nudear energy should or should
not beused. Indudeeconorric, environmental, scientific facts or real life examples to suppot
your opinion,
1. Wha is Nudear energy?
How isit produed. Wha areit's sources, What are its byproduds.
2. Wha are some uses of Nudear energy?
e.g. Fud, medicine, weapons pace program
Cite examples around heworld.
3. Wha are the disadvantages of Nudear energy?
i.e. Waste disposal, hunman and environmental safety.
4. How does Nudear energy compare to other sources of energy?
Compare econonic, environmental, soca impacts.
5. What is this county's current waste disposal strategy?
Who opposes it? Who supports it? How was it selected?
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Assignment # 4

The Ad. Campaign




Assignment 4: The Ad. Campaign

Your state is planning to build a Nuclear Power Plant in your school district. In groups of 3 or 4,
create an ad. campaign to either support or protest the plan.  Use one or any combination of
advertising media to get your point across. Distribute flyers, make posters, record radio spots, or

film TV ads.

View and critique your classmates ads. Which ones do you think are effective? Why do you
think those are effective? What facts are included, and what facts are excluded to support their
position? Do they appeal to your common sense, or to your emotions? How? What would your
reaction have been before you did research on Nuclear energy? Is it any different than your

reaction now?
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Nudear Fnergy Stes

Department of Energy http/Aaww doegaov/
LosAlamos Nationd Lab hitp: [/ wanw lanl gov/
Lawrence Livermore Nationd Lab hitp: [/ 0l gov/
ArgonneNationd Lab hitp: [/ ani gov/
Idaho Nationd Environmental and BEngineering Lab hitp: [/ waw inel gov/
Savannéh River Site hitp://www.ssgov/
Hanford Jte http://www.pnl.gov
Cogema (French Nudear Company) hitp//iwww cogema com/
British Nudear Fuds hitp: [/ bnfl comy/
OECD Nudear Energy Agency hitp: L/ www . nea fr/
Internaiond Atomic Energy Agency hitp://www iaea orgiwor datom!
Amarillo Nationd Resource Center http/Anww . pu.oig/

Atomic Energy Indghts: hitp//ansneep vvisc.edu/and point_source/AEI/AEI_hone himl,

Nudear Links hitp//wwvv.nuchekeley eduffront web_sites him|
Ingtitute for Energy and Environmental Research: hitp://wwwy.ieer.org/

Nudear Waste Citizens Codition: http://www.igc org/citizenaert/nwec/
Greenpeace: http://www.greenpeace.org/~nudear/
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Assignment 2 - From dose to death.

l.  How many X-rays can you keceive in oneday withoutfeeling any health &fects? How many

X-rays, taken in oneday, would it take to kill you?

Minimum dose causing nausea: 0.25 Sv

Fatal dose given in one day: 10 Sv

Dose per X-ray: 0.4mSv

Nauseating # of X-rays: 0.25/0.0004 = 625

Deadly # of X-rays: 10/0.0004 = 25,000
The Federal Regulationsgovening radiation do® limits sipulate tha people living in the
vicinity of anudear power plant can notbeexposed to more than 1 mSv each year. How
many X-rays pe year is tha equivalent to?

Regulation limit: 1 mSv/year.

Dose per X-ray: 0.4 mSv.

Maximum # of X-rays: 1/0.4 = 2.5
People living in the vicinity of Three Mile Island duing its accident were exposd to an

additiond 0.015 n®v that year. How many X-rays would give you an equivalent dos?
Exposure at TMI: 0.015 mSv
Dose per X-ray: 0.4mSv
Exposure from TMI accident is less than that of an x-ray.

2. |s it more dangerousto live near aNudear Power plant, or beon an arlinecrew which flies
1200 niles pea week?
Regulation limit: 1 mS/year.
Exposure per year for crew flying 1200 miles per week: 1.5 mSv
Exposure due to flying is higher than exposure due to living near a nuclear
power plant
Can aflightfrom here to Tokyo cause nausea (for reasonsother than notion sckness, of
course)?
Minimum dose causing nausea: 0.25 Sv
Exposure per year for crew flying 1 trip per week: 9 mSv
Exposure for 1 flight: 9/52 = 0.17 mSv
Exposure for 1 flight is less than nausea causing dose.

3. How many houss of television do you vetch each week? Calculate your expoaure to radiation
fromtelevision viewing. Would you hae been exposd to more or less radiation if you hal
lived near Three Mile Island duing its accident?

Exposure at TMI: 0.015 mSv

Dose per year to viewers of 10 hours of TV: 0.015 mSv

Dose per hour: 0.015/(52*10) = 0.0288 pSv

Dose to student: Hours of TV per year * Dose per hour.

In essence, if the student watches more than 10 hours a week, they are
exposed to more radiation than if they had been at TMI during the accident.
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