Preliminary information on the consequences of
the nuclear disaster at Fukushima
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Abstract
On 11 March 2011, an earthquake off the coast of Japan disrupted electricity and caused a tsunami that crippled three
boiling water reactors and caused problems with the spent fuel storage at four reactor sites at Fukushima Daiichi. The
best understanding of the accident and its consequences will be discussed. How can physics teachers best respond to
this opportunity to discuss nuclear energy?
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Resumen
El 11 de marzo de 2011, un terremoto frente a las costas de Japon interrumpio la electricidad y provocé un tsunami que
afecto tres reactores de agua hirviendo y causo problemas con el almacenamiento de combustible gastado situada en
Fukushima Daiichi. La comprensiéon mayor del accidente y sus consecuencias seran discutidos. ;Coémo pueden los

profesores de fisica responden a esta oportunidad para discutir sobre la energia nuclear?

Palabras clave: Accidentes nucleares, La investigacion en ensefianza de la fisica, Filosofia de la ciencia.
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I. INTRODUCTION

The disaster at Fukushima Daiichi Units 1 to 4 occurred
following an undersea earthquake off the coast of Japan on
11 March 2011. While not as much radioactive material was
emitted by the crippled nuclear facilities at Fukushima
Daiichi as at Chernobyl, and notably less strontium, cesium,
and iodine isotopes were released, the Tokyo Electric
Power Company (Tepco) reports the primary releases at 130
to 150PBq of iodine-131, 6 to 12PBq of cesium-137, with a
total release of 370 to 630PBq [1]. This compares to,
respectively, 1.8EBq, 85PBq, and 5.2EBq for Chernobyl
[1]. The Fukushima accident joins the Chernobyl accident
at Level 7 on the International Nuclear and Radiological
Event Scale, the most serious possible designation (“major
accident”). There was evacuation of citizens within ~30km
of the Fukushima plant (with some outlier lobes) [2], the
same as for Chernobyl exclusion zone. Measuring stations
at the plant report dose rates of between 5 and 115mSv/h
[3], while the natural background dose rate in Japan is
about 0.1mSv/h.

The accident released a great deal of activity into ocean
waters [3, 4]. Concentration of activity in ocean water
adjacent to the plant has fallen from around 100MBg/L in
early April to 1-2MBg/L in late June. For comparison,
naturally-occurring nuclides in the Pacific Ocean are
estimated to have a net activity of ~ 8.5ZBq, or to average
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about 17Bg/L, mostly from potassium-40, carbon-14,
rubidium-87, and tritium. Even now, therefore, the ocean
water in the neighborhood of Fukushima Diichi is about
100,000 times as active than before the accident,
notwithstanding that the average activity of the Pacific
Ocean has been increased negligibly.

The accident has remained in the news and suggests that
it could be used as a reason for physics teachers at all levels
to discuss the issues of radioactivity, radiation, activity, and
dose with students.

II. STUDENT AND CITIZEN IGNORANCE OF
NUCLEAR CONCEPTS

There is abundant evidence in the literature that students
and citizens are ignorant of the basic ideas of nuclear
physics and of radiation and radioactivity. The two
phenomena of radioactivity and radiation. For example,
seem to be indistinguishable in people’s minds [5, 6, 7, 8, 9,
10, 11, 12, 13].

School students have been shown by Millar and
coworkers to believe that irradiated objects become active
themselves [5, 6] (true only in very restricted
circumstances, such as irradiation by neutrons). However,
Prather has found that physics majors [9, 10, 11] and
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Aubrecht found that graduate students in education [12] are
also prone to the same sorts of misunderstandings.
Australian high school students judged y radiation as more
dangerous than o or B [8]. College students generally
considered all forms radiation more or less equally
dangerous [13]. Among the public, average citizens were
found to be less knowledgeable than engineers or peace and
environmental activists about nuclear energy [14]. Citizens’
“beliefs were also significantly less specific” than those
expressed by members of the other two groups [14].

One might ask where these misdirected ideas come
from. This is essentially a hopeless task, as in the most
countries local and national media report both correctly and
incorrectly and, globally, movies often elide important
points of fact or even ignore fact to make the story more
interesting. An interesting anecdote is that the author was
told by one graduate student he was interviewing that she
had learned the incorrect idea she was stating from a
teacher when in grammar school! This may be a widespread
phenomenon; we have heard also that the sun rises (exactly)
in the east and sets (exactly) in the west and that the sun in
Ohio is directly overhead at noon, also ascribed by our
students to information from former teachers. It is
important to turn to the evidence when possible, as we have
shown can be done in the latter cases with middle school
students [15]. This should also be true for issues raised in
students’ and citizens’ minds by nuclear accidents such as
the one at Fukushima.

A. Examples of incorrect student ideas about heat and
radioactivity

Students may think they know what radioactivity is, until
they are asked. Here is a segment of an interview with the
interviewer (I) and the student (S) discussing this point.

I. What are you using as your definition of radioactivity
right now? What are you thinking of with that?

S: I think of those guys out in the suits and where those
little things that go click click click.

I: Okay, so what part of that is radioactivity?

S: I think it is a particle.

I: So it is a particle that ...?

S: I don’t know, I think it is a particle that is formed from
natural substances, and it, um, I don’t know, I think it is
just a particle.

I: And it is definitely in the air, and is it in carbon-14, too,
is it in pencil lead, or does it come off of the carbon-14
pencil lead? [this question refers to a picture the
interviewer had presented to the student].

S: It’s in it, but it can be released, it can be released with
heat, I don’t know. I am totally guessing, well you want
to hear my train of thought. I think that there is probably
in carbon-14 because I remember learning that it was
carbon plus 2. And that made it radioactive or
something. And I think it is present I don’t know where
it comes from. I think it comes from natural sources.

Other students mentioned heat as well. One student said

“The microscopic particles that are in the air are a lot
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slower, and not harmful and, um, um, less intense I guess”.
The student added, “I also thought that they were hot”. This
particular student’s idea may have originated in the popular
use of “hot” to refer to radioactive materials (we did not ask
her whence it came). Another student was asked about the
role of temperature in radioactivity and had a different
view—he said, “I am not sure what, whether or not if it is
colder, then there is more radioactivity detected from it, or
if it is hotter, then there is more”.

B. Examples of incorrect student ideas about half-life

Prather had identified some issues of misunderstanding of half-
life. In Ref. 10, Prather writes: “an equal percent of these [college]
students believe that the mass and volume of a radioactive
substance will decrease in the period of a half-life.” We had
known of Prather’s thesis research on this topic [9], and, as a
result, asked high school students taking a special summer
program at Ohio State Marion a question similar to Prather’s.
Many of these students expressed the belief that half of the mass
(16 out of 18) and half of the volume (13 out of 15) will remain
after one half-life.

III. WHAT CAN PHYSICS TEACHERS DO?

Physics teachers teach physics, and we can, in particular,
teach about nuclear physics topics. The Contemporary
Physics Education Project (CPEP) has a chart on nuclear
science and a supporting website that is available to help
teachers do that responsibly [16]. As in the case of medical
doctors, first do no harm. It is possible to find out some of
the preliminary ideas students have. The appendix presents
a questionnaire we developed to ascertain students’ ideas
on topics related to nuclear physics that can be connected to
nuclear reactors—radiation, radioactivity, irradiation, and
contamination.

Several groups have worked on materials to teach these
topics. Early ideas are found in Ref. 5. More lately, CPEP
[17], Prather [10], Prather and Harrington [11], Aubrecht
[18], and Johnson [19] have developed ideas and materials
teachers can use.

IV. CONCLUSIONS

The mistaken ideas we have documented form a starting
point for teachers. The questionnaire (Appendix) can help
teachers determine where to begin to teach some ideas
about nuclear physics and nuclear reactors.

Many energy textbooks, as, for example, Energy [20],
have lengthy sections on nuclear reactors and how they
work. Ref. 20 is unique in that it discusses the accidents at
Three Mile Island and Chernobyl in detail in a form easily
accessible to physics teachers.
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APPENDIX

The appendix presents the questionnaire that can be used to
determine student naive ideas.

Kmclear Informuation Senvey

1. Rank the sitnatinss displayed below from greatest to least, on the basis of the
oactivity that you would be exposed to if you were to be at that location.

Cireniest i i 3 4 3 s 7 & & Lemsi
IV ey ot oF Fiadicaclivity you weeald be exposed 1o the sime, cbcls thise s lopeler,

[Howr sure were yom of your moking? {circle one)

jGuessed Sure Very Sure
i 2 4 [ 2 L1}

= ¥ ou emmot. bell if & mdicactive nucless will decay in ihe next mimuie just by
lookimg ot the muclews.

Disagres
|Explanntion:

Tend to Disagree  MNeatral Temd 10 agree Agres
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P — Heclar formiion Sarery
L A radicactive substance is s25d o have 2 “halfife ™ What does the term “half- i The ground around a muclear power plant is contaminated by radicactive maserial.
life™ mean in this context? Please describe what happess io the mass and volumee of the
substance. What do individual asoms kook like after they have decayesdT [CHmagres Tend to Dessgres Flzustral Tend i agres Agres
Explanation:
ES Particles in the environment comang from radicactive decay ane going through my
body all the time.
Drisagree Tend to Dassgree Heuiral Tend i agree Agpee:
Explanation:

4. T he numiber of decays in one minse is ongizally 2000 for a cerain mdwoactve
samiple. Twenty days later, the number of decays in one mavuie from this same sample
will e preaser than 2000

Dlisagres Tend to Diszgree Mewutral Tend i agree A gree

Eoxpl anasion:

Seclar Bisrmiic Sareey

[[i8 Consider a sak I i of radi v aboames: with & mass of 100 gand a
wolurse of 150 crm®. How would this substance change after one half-life? Explain your
reasoning and drw a dizgram w SUpport your answer.
SNorlmr ntormtios Serery
E3 The lafetzme of a large momber of the same kind of mdicacsve nuclss can be
Jscoraely determined.
[hzagres Tend o Dhsxgres Mestral Tend i agree Agres

Explanasion:
£ As the temperature of a rabosctive sample = does its rad 1VIEY.

11. I kncw the daffencnce between alpha, beta, and gamma mdeation.

Disagres Tend o Disagree Heutral Tend i agree Agree
DCrisagpes Tend to Disxgree Heutral Temed 4 agree Agree

Explanasion:

Explanation:
7. The ainms inside a cobe of madboactive maserial are less likely to decay than asoms
Jon the surface.
[asagres Tend o Dhsxgres Mestral Tend i agree Agres
Explanasion:
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NEChmr torTmtion Serery

12 Wiz s todd she wall be exposed o mdicacsvity. She wants o suit “like the
Simpsons, they wear those suits to progect them from the mdicactivity, it filters the air
|amd keeeps it amay From yous skin.™ IF you wene told you would

Dhisagres: Tend to Daszgree

Explanasion:

Be neotral Texmed i agree Agres

15 A betn particle 15 more harardons than an alphas particle.
Chisagree: Tend to Daszgree Meutral

Explanagion:

Tend i agree Agres

14, A bein particle 15 more harardous than a geemma. my.
[Casagree Tend to Dasagree HMeutral
Explanagion:

Temd i agree A gree:

Nechar bformaioe Sereey

15. A gamma ray is mone hazanrdous than an alpha parsicle.
Drisagree Tend to Dissgres Meutral

Explanation:

Tend i agree Agree

16, [a. b, or <] is an effective shield for [1, 2, 3] =y
(Maich the material with the respective ray in the brackets by drawing connecting lines
hedow. )

. Lead 1. alpha

b Paperboard 2 betm

c. Aluminum plates 3. gamma
Explanation:

17. Bemg far anay from a source of rdeoactivity makes a person safer.
Dlisagres Tend to Disxgree Mewutral
Explanation:

Tend iz agree Agree
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NoChmr mtorTaiicn Serey

E Fadioactivity of any soot is hazandous o health
Dlisagres Tend to Disxgres Meutral

Explanation:

Tend i agres Agres

1% Fadiabon does any damsge # does becanse particles beaving the decay ionize the
material they pess through

Lrisagres Tend to Disxgree MNeutral
Explanation:

Tend 1 agree Agree

0. It 15 more dangerous o one's health &0 live at higher altitndes; so Denver thigh i
Roclies) is more dangerons io live in than Seattle (ot sea bevel )

LCrsagres Tend to Desagree MNeutral

Explanation:

Tend iz agree Agree

Yeclar ktormtica Sarery

21, Fadicactivity comes from [crcle all that apply]
outer space rocks  garbage dumps x-ray machine in a hospital  acid in raim

g2s coming op from the groamd factomies a nuclear power station radios

rrl People exposed fo small doses of mdiation are bess likely 1o get cancer than those
erposed B0 no radiation.

Disagres Tend o Disxgree Meutral
Explanation:

Tend i agree A gree:

rz A oontainer of mdicactive barrom wsad in x-ray medical therapy is placed ona
peper plate in a hospial room. The paper plate will become radioactive riself.

Disagres Tend o Disxgree Meutral
Explanation:

Tend i agree A gree:
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PR — Nuchar lntarmation Sarery

24 There distinction between mdicacsvity 2mnd mdiation.
e w i T The count rate of 12 oounés per minute is measured usng s Geiger ooonter when

. nothing is nearby. A sample is brought near the oounter and 15 counts per minuie is
Dhimagres Tend to Disxgres Heutral Temnd in agres Agres LT e in eacte,

Bl o Disagree Tend o Diszgres Meutral Tend 1o agree Agres

Explanation:

25 Waich the soamces with the results. {mulaple maiches are possible.)

o rachoactive abom | radiaticn as waves

b light balb 2 radiation as particles

L. MRECTOWEVE Owen 3. radic signals 2H. Since itis known that at least some forms of bead are radicactive, all bead mast be

d x-ray machine 4. electricaty radicactive.

. the 5 5 heat

i un Disagree Tend o Diszgres Meutral Tend 1o agree Agres
26, Ciraph the number of radicactive nuclei in a certain sample contimng the same Bl mmtion:

ltype of nucles versos time below as well as you can. (x-axis time; y-axis number of
radicactive nuclei)

20 Fadiaton comes from [arcle all that apply]:
outer space rocks  garbage dumps x-ray machine in a hospital  acid inrain

g=s ooming op from the ground Factomes anuclear power siation radios

7 Mucleus A decays into nucleus B and particle C. B and C are as mdinactive as A.
Drisagree Tend to Disxgree Meutral Tend 10 agree Agree
Explanation:

Hechar e Sy

TR Consider a juicy strawherry, which is being exposed to radiation froma
fradicactive sowrce (Case Al The source is then removed (Cose B

Case B

294, Which, if any, of the thres labeled itemns (1. X, and 5} in Case A is
Feaiia & .
your ¥

290, ks the syawhberry in Case B now a source of radiation? Explain your
FEASOEIT .

29 ks the siyawhberry im Case B now radicactive? Explain your reasoming.
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