104 Period 17: Nuclear Energy — Consequences of Its Use

As you watch the videos in class today, |ook for a pro-
nucl ear or anti-nuclear bias on the part of the video
producers, narrators, and interviewers. Which ones had a
very evi dent bias?

Whil e nost of the video clips seemto have no bl atant bias,
a few do. The video clips of the breeder reactor (rmade in
the 60's) seem pro-nucl ear, while Donahue seens anti -

nucl ear as does the clip of the Sinpsons. The clip about
nucl ear waste di sposal seens to have a pretty blatant pro-
nucl ear bi as.

a) What are the three main types of nucl ear reactors? Mke
sure you understand the conponents of each type, and the
advant ages and di sadvant ages of each froma safety
perspective. b) Does the U S. have the newest, safest

nucl ear reactors?

a. (1) Gaphite noderated, water cool ed reactor (Chernobyl
type), (2) Water noderated and cool ed reactors, and (3)

G aphite noderated, gas-cool ed reactors. (Textbook chapter
17 describes each type in detail.)

b. The reactors in operation in the U S. are water
nmoder at ed and cool ed reactors, which are much safer than

t he Chernobyl type reactors, though not as safe as the
newer graphite noderated, gas-cool ed reactors now used in
Europe. The reason that the U S. does not have the newest,
safest reactors is that no new nucl ear reactors have been
built in the U S in over a decade due to strong anti -

nucl ear senti nment.

What type of reactor is a) an "RBMK"? Db) a "magnox"
reactor? c¢) a "PWR'?

a. An RBWK reactor is the Chernobyl type reactor--graphite
noder at ed, water cooled. b. A magnox reactor (naned for
magnesi um oxi de cans which hold the uraniumoxide fuel) is
a graphite noderated, gas cooled reactor (as is an AGR--an
Advanced, Gas-cool ed Reactor). c. APWYWR (Pressurized
Water Reactor) is a water noderated and cool ed reactor.

a) What is the difference between and "neltdown" and an
"uncontroll ed chain reaction"? b) Wich situation is
worse? c¢) Wiat occurred at Chernobyl? b) Wat occurred at
Three M1 e |Island?

An uncontroll ed chain reaction, which occurred at
Chernobyl, is a nore dire circunstance than a neltdown,
whi ch occurred to a limted extent at Three M1l e |sland.



Loss of coolant in a Chernobyl-type reactor may result in
an uncontrolled chain reaction, in which the fission rate
accel erates out of control, and may result in an expl osion
or neltdown. A neltdown may even occur w thout an
uncontroll ed chain reaction due to the renai ni ng heat
generated by the decaying fission fragnments. Although the
use of water as a noderator precludes an uncontrolled chain
reaction from happening in reactors operating in the U S.

a partial neltdown could occur if coolant is sonmehow | ost.

a) What was the cause of the Chernobyl accident? b) Wat
was the main safety concern imediately after the accident?
c) Presently, what is the greatest danger at Chernobyl ?

a. A mshandl ed safety exercise (exacerbated by a critica
design flaw) caused the water coolant to boil to steam
whi ch caused the fission rate to run away generating
enough heat to dissociate the steaminto hydrogen and
oxygen, which then reconbi ned expl osively, blow ng the
lid off the reactor core, at which point the graphite
noder at or caught fire and burned for days.

b. Initially, there was concern that there m ght be enough
fuel concentrated bel ow the reactor core to undergo
anot her uncontrolled chain reaction, but it was found to
have m xed with sand and gl assified and was not
concentrated enough to sustain such as reaction

c. Presently, the greatest danger is that of the massive
reactor lid falling and kicking up a great deal of
radi oacti ve dust which could escape through the holes in
t he sarcophagus and spread into the atnosphere.

What is the benefit of using water as both the noderator
and the coolant in a nuclear reactor?

If coolant is lost, then the noderator is also lost. Since
a noderator is necessary to sustain a chain reaction, then
| oss of coolant cannot result in a runaway chain reaction

a) Howlong will it take for radioactive waste to reach
radi ation | evels on the order of natural background

radi ation? b) Wat problens can you foresee in trying to
find a place to store it for this length of tinme?

a. Keep in mnd that there is high | evel radioactive
wast e, such as spent fuel rods, and | ow | evel
radi oacti ve waste com ng from many ot her sources.
According to the video clip seen in class, higher |evel
radi oacti ve waste will becone | ess radioactive by a
factor of 30,000 in 1000 years and in 10,000 years w |l
be | ess radi oactive than uraniumore (such as that seen
in class).
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b. 10,000 years is a long tinme! W may choose a storage
facility to be in a relatively uninhabited,
geol ogically stable region, but who is to say what that
region will be Iike 10,000 years from now.

When there seemto be all these problens associated with
nucl ear power, why woul d anybody be interested in using or
devel opi ng nucl ear power. Conpare the advantages and

di sadvant ages of nucl ear power with ot her energy sources.

Nucl ear reactions can produce a nmillion tinmes nore energy
than chem cal reactions (such as burning fossil fuels.

Al so, nucl ear power plants do not produce greenhouse
gasses. However, there are power plant safety issues and
t he probl em of nucl ear waste di sposal

a) What is the fuel used in a conventional nuclear reactor?
b) What is the fuel used in a breeder reactor? c) Wy
don't breeder reactors need a noderator? d) What is the
mai n advant age of a breeder reactor over a conventional
reactor?

a. The relatively scarce U-235 (Only 0. 7% of natura
uraniumis the U 235 isotope.)

b. 85% Urani um 238 and 15% Pl ut oni um (which is created from
U- 238)

c. The reaction uses fast neutrons, so no noderator is
needed to sl ow t hem down.

d. U238 used by breeder reactors is nmuch nore plentifu
than U235 used by conventional reactors. Also breeders
produce nore plutoniumthan they use.

a) What is the difference between fusion and fission?

b) What would be the advantage of a generating electricity
using a fusion reactor rather than a fission reactor? c)
VWhat is the main difficulty with sustaining a controlled
fusion reaction?

Fusi on involves the joining of smaller nuclei to nake

| arger nuclei, while fission involves the breaking apart of
large nuclei into smaller nuclei. Both can be exothermc

b. A fusion reaction like that occurring in the sun fuses
hydrogen into helium Hydrogen is plentiful on Earth (from
water) and the reaction produces a very high energy vyield.
c. Tenmperatures of nearly a mllion degrees are required,
and that is too hot for any material to hold the reactants.
The reactants must be held in place using very strong
magnetic forces and this isn't a trivial problem



