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AEarthquake itself

I Richter and such
| Plate Tectonics & Ring of Fire

ATsunami
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Earthquake

AWhat is it?

I Sudden shift of tectonic plates
AL 1y26X 2¢I K
| Basics
Al NI K ONHMza G Aa YIRS
float (YES, actually FLOAT!) on the
mantle.
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Earthquake

Al Ndza G A& YIRS TN
of cooled rock.
I These hunks float around like rafts on &
lazy river

AEach is a slightly different direction and
Speed






Filipino
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Perceived shaking
Violent shaking
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Richter?

AwA OKUSNXa 2NAIAYIEE Sl
was lacking in fundamental mathematical
application & scientific meaningfulness.

Al Fa 0SSY GFdzRISRE | 7
can understand it unless you have multiple
t K55 Qa FTNRBRY Db/ / &

AwA OK(SNXa 9ljdzr A2y Y
M =log A+3log(8Dt) - 2.92



Richter?

A Suffice it to say, it is logarithmic in nature.
I9@SNE AYyONBFaS 2F WmQ
2FT UKS SINIOK o0e WmnQ
I However, the energy associated with a wave Is
proportional to amplitude CUBED!

Vd
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i{2Z I YdhQ A& Faa20Al0S
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M =log A+3log(8Dx) - 2.92



Tragic Teachin@pportiuunity

ANews keeps mentioning this
oRing of Fire U KAy 3
I Just what Is It?

I Well, Grasshopper, listen and you
shall learn.



Inquiry Activities:
EarthSci

AEarthquake Mapping

I Blank Map

Ahttp://www.seismo.berkeley.edu/seismo/
IStat/digiguide/EQmaps.htmBackup

| Searchable Quake List

Ahttp://quake.qgeo.berkeley.edu/cnss/catal
ogsearch.ntmiBackup

I Plot!
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Plate Boundaries & Active Volcanoes
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Plate Boundaries & Active Volcanoes
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Plate Boundaries & Active Volcanoes
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Parthguakes 1n 2004, Located by the NEIC

b Fé
'.h'g.‘.

S
Ly

d ." ..', e . !'.m . . .~: '.A'.".."..'
e g e oy » ‘e

e S istional Eatthguake Infermation Center Thu IRtV LG W SIS T 0lS

-800 -500 -300Q 150 -70-330
Crepth fkm)




Barthguakes in 2005, Located by the NEIC
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Farthquakes in 2006, Located by the NEIC
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Farthquakes 1in 2007, Located by the NEIC
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Farthguakes in 2008, Located by the NEIC
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Farthquakes in 2009, Located by the NEIC
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Farthquakes in 2010, Located by the NEIC
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Barthquakes 1in 2011, Located by the NEIC
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http://www.nytimes.com/interactive/2011/03/11/world/asia/maps-of-earthquake-and-tsunami-damage-in-japan.html
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Tsunami; Historically

A~1600 BC: Greece
A1755: Lisbon. 50,000 deaths




Tsunami; Historically

A 684 ADI

akuhq Japan (Unknown)

A 869 AD: Sendai, Japan (~100,000)

A 887 AD:NinnaNankai Japan (Unknown)
A 1293: Kamakura, Japan (~23,000)
A1361:{ K I K&hkai Japan (~1000)

A 1498:a S ANlankaj Japan (~10,000)

A 1605:Y S A Ndalaidg Japan (~3600)
A 1698:SeikaideNankaidq Japan



Tsunami; Historically

A 1700: Vancouver Island, Canada (~11,000)
A 1707:1 I SJApan (~54,000)

A 1741: W. Hokkaido, Japan (1500)

A 1755: Lisbon, Portugal (~100,000)

A 1771:Yaeyamaslands, Okinawa; Japan

A 1792: MountUnzen Nagasaki Prefecture,
Y & h AJEgan



Tsunami; Historically

A 1833: Sumatra, Indonesia (ENTIRE Sumatra!)
A 1854: Nankai, Tokai, and Kyushu Japan (125K
A 1855: Edo, Japan (10K)
A 1868: Arica, Chile (70K)

A 1883: Krakatoa, Sunda Strait, Indonesia (2?)
I Estimates range 100K 250K

A 1896: MeijiSanriky Japan (27K)



Tsunami; Historically

A 1908: Messina, Italy (70K)

A 1923: Kanto, Japan (100K)

A 1929: Newfoundland (?7?)

A 1933: Showsasanriky Japan (4K, 50% of pop)
A 1944:Tonankaj Japan (1400)

A1946:b | y 1 | Iaparl (5500)

A 1946: Aleutian Islands, AL (500)

A 1958:LituyaBay, Alaska, USA (2)




Tsunami; Historically

A 1960: Valdivia, Chile (6000)
A 1963:Vajont Dam, Monte Tocltaly (2000)
A 1964: Niigata, Japan (287)
A 1964: Alaska, USA (121 + 11)
I 121 in AL
I 11 down coast all the way to Sdniago1800 mi
iMmapQ ol dSaH oWl LY HAM
A 1976: Moro Gulf, Mindanao, Philippines (15K)




A 1983:

Tsunami; Historically

Sea of Japan (111; 4 from EQ)

A 1993: Okushiri Hokkaido, Japan (250; 11 EQ)
A 1993: Okushiri Hokkaido, Japan (234,000)

A 2007:
A 20009:
A 2010:
A 2010:
A 2011:
A 2011:

Niigata, Japan (57; 0 EQ)
Samoa, Pacific Ocean (189)
Chile (751)

Indonesia (535)

New Zealand (200; 120 EQ)



Now, NuclearOverreactors

A Oultline of fission power plant

Boiling Water Reactors

Uses 235 as fuel (<4% pure
ANeed >99.9% pure for nuclear explosion

Fission releases vast amounts of energy (BxXmc
Neutrons have large KE (heat) when absorbed
Heats surrounding water to steam

Steam pressure turns turbine (essentially a large
magnet) to create electricity to send to grid

Steamis cooled and run through reactor again



b dzOf S| NJ a ¢ NJ :
| The nuclear fuel in a reactoan never cause a nuclear

explosion. PERIOD.
A Anyone who says it can is simply ignorant of the difference.

' Note that Chernobyl did not have a containment
structure as a barrier to the environment. Why???

' The control rods are made bbronwhich absorbs
neutrons.

A More reactions; Pull rodsup allowing more reactions

A Less reactions Push rodslown decreasing # of reactions

' The control rods are also used to shut the reactor down
from 100% power to about 7% power (residual or decay
heat)



@ coolindTower

uclear Heat water Steam turns Turbines turn  Electrical
fission “to make steam™ turbines “> generators “% power




Reactor Building
(Secondary Contalnment)

Inerted Drywell
(Primary Containmant}

................................



b265> bdzOf SI NJ 6
ANOTE: What has happened and is

happening Is, for sureyragic and serious.
| 26 SOSNE f SUQa 3IS
keep these things in perspective.
I Be skeptical of ALL mass media sources
i¢CKSe YySOSNI I Ll2ft23Al S
I They never check their sources
¢ KSeé KI @gS K2NNAofS a
I They need sales and viewers. Bottom line.



b2g2 bdzOt SI NJ
A All reactors wereunning at 95%on Fridayd3/11
¢ Except one due to routine maintenance
A Auto shut down the instant EQ hjtogrammed)

I Control rods dropped into reactor to stop chain
reactions
A Thus, effectively turning offthé Y OKA y S & €
A Pumps kept circulating for severaiminutes

I Essential for cooling the residuagat (Similar to a hot
car engine even after turned off)

A Lost electricity (Off grid)
I Diesel generators kicked on to keep pumps running



b265 bdzOf SIE NJ
AGenerators operated for1hr

AThen, Tsunami hit and destroyed them; an
lots of other things also

| So, the core, at~500 = O2 dzft RY
further and actually heated up!

I Generators designed to operate through
Yy y®p 9v !'b5 T1TY O
ACKSe 320 | dhd®an FYR mnY

I Operators switched over to emergency
battery power (Redundant redundancy)



b2¢> bdzOf S| NJ

ABatteries designed to lasti®rs.
I Lasted 8 %2 hrs

A Core heated to >120C starting Zircaloy(fuel
tube) reaction with water.

I This oxidizing reaction produces hydrogen gas, whi
mixes with the gasteam mixture being vented.

I Since hydrogen gas is extremely combustible, wher
enough hydrogen gas is mixed with air, it reacts witl
oxygen. If there is enough hydrogen gas, it will reac
rapidly, producing an explosion.



b2¢6> bdzOf SI NJ
AThen, boom.

AThis explosion destroyed the top and som
of the sides of reactorbuilding, but did
not damage the containment structure or
the pressure vessel. While this was not an
anticipated event, it happened outside the
containment and did not pose a risk to the
L F yaQa al FSué auNd



b265 bdzOf SIE NJ
ATwo more explosions, both expected.

I Both H explosions caused by tﬁbcaloyoxidizin%rx&i(gt\water due
to exposed fuel rods heating up too m%(a"w\ 0

A Numbers: aN 93 g7 O

I At highest radiationél%’b?ncs(microsiever@ =45mr

I Sitting on top of a granite countertop in a kitchen will
give you 2435v(24.5mr).

I Standing beside a granite statue base will give you uj
900nbv

I Background radiation, as discussed in AP class, s 4(
/00millirem = 400070005V
(http://www.physics.isu.edu/radinf/natural.htm)



http://www.physics.isu.edu/radinf/natural.htm

NOTE: 03/17/2011 6:20AM

AAccording to BBC & Reuters:

fawl RAFGA2Y t SOSta g ¢
millisievertsper hour today, the equivalent
of getting a CT scan for every hour of
SE LJ2 & dzNEB ¢

I 10 ms = Inren, so 10mSv= 10,0000V

i[ SUQa NWNERNasS ME high
ALb GKS NBIFOUGZ2NJ 60dzA f RA



RELATIVE DOSES FROM RADIATION SOURCES

.

Gastrointestinal series
1,400 millirem
(single procedure)

Millirem Doses
1’400 @

Cosmic radiation living
in Denver
S0 millirem

Mammogram
30 millirem

(single procedure)

4

Cosmic radioactivity e
27 millirem /

(annual)

> at sea level

Terrestrial radioactivity
28 millirem
(annual)

Cosmic radiation living

24 millirem (annual)

Chest x-ray
4 millirem

(single procedure)

- \ Living near a nuclear
| power station

< 1 millirem on average

all
.



Doses

- N
ollowing is a gr@cal represent_

‘radiation absorption. o\
A l:l ‘é W dY'
| | | ] b uy '







