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Outline

ÅEarthquake itself
ïRichter and such

ïPlate Tectonics & Ring of Fire

ÅTsunami

ÅbǳŎƭŜŀǊ ά¢ǊŀƎŜŘȅέ



CƛǊǎǘΣ ǎƻƳŜ ƛƳŀƎŜǎ ŀƴŘ ǾƛŘŜƻǎΧ
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Earthquake

ÅWhat is it?

ïSudden shift of tectonic plates

ÅL ƪƴƻǿΧ ²¢IΚ

ïBasics

Å9ŀǊǘƘ ŎǊǳǎǘ ƛǎ ƳŀŘŜ ƻŦ ŀ ŦŜǿ άǇƭŀǘŜǎέ ǘƘŀǘ 
float (YES, actually FLOAT!) on the 
mantle.







Earthquake

Å/Ǌǳǎǘ ƛǎ ƳŀŘŜ ŦǊƻƳ ǎŜǾŜǊŀƭ άƘǳƴƪǎέ 
of cooled rock. 

ïThese hunks float around like rafts on a 
lazy river

ÅEach is a slightly different direction and 
speed











Richter?

ÅwƛŎƘǘŜǊΩǎ ƻǊƛƎƛƴŀƭ Ŝǉǳŀǘƛƻƴ ŦƻǊ ŀƳǇƭƛǘǳŘŜ ƻŦ 9v 
was lacking in fundamental mathematical 
application & scientific meaningfulness.

ÅIŀǎ ōŜŜƴ άŦǳŘƎŜŘέ ŀ ŦŜǿ ǘƛƳŜǎ ǎƻ ǘƘŀǘ ƴƻ ƻƴŜ 
can understand it unless you have multiple 
tƘ5Ωǎ ŦǊƻƳ b//Φ

ÅwƛŎƘǘŜǊΩǎ 9ǉǳŀǘƛƻƴΥ

92.2)8log(3log -D+= tAM



Richter?

ÅSuffice it to say, it is logarithmic in nature.

ï9ǾŜǊȅ ƛƴŎǊŜŀǎŜ ƻŦ ΨмΩ ƛǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ !at[L¢¦59 
ƻŦ ǘƘŜ ŜŀǊǘƘ ōȅ ΨмлΩ

ïHowever, the energy associated with a wave is 
proportional to amplitude CUBED!

ï{ƻΣ ŀ ΨфΩ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ŜƴŜǊƎȅ ƻŦ ŀōƻǳǘ 
млΣллл ǘƛƳŜǎ ǘƘŀǘ ƻŦ ŀƴ ΨуΩΦ 

Å(10A)3

92.2)8log(3log -D+= tAM



Tragic Teaching Opportiuunity

ÅNews keeps mentioning this 
άRing of Fireέ ǘƘƛƴƎ

ïJust what is it?

ïWell, Grasshopper, listen and you 
shall learn.



21

ÅEarthquake Mapping
ïBlank Map
Åhttp://www.seismo.berkeley.edu/seismo/

istat/digiguide/EQmaps.html(Backup)

ïSearchable Quake List
Åhttp://quake.geo.berkeley.edu/cnss/catal

og-search.html(Backup)

ïPlot!

InquiryActivities:
EarthSci

http://www.seismo.berkeley.edu/seismo/istat/digiguide/EQmaps.html
http://www.seismo.berkeley.edu/seismo/istat/digiguide/EQmaps.html
../../Daryls Stuff/Workshops General/Plot That Quake! Earthquake Maps & Lists.htm
http://quake.geo.berkeley.edu/cnss/catalog-search.html
http://quake.geo.berkeley.edu/cnss/catalog-search.html
http://quake.geo.berkeley.edu/cnss/catalog-search.html
http://quake.geo.berkeley.edu/cnss/catalog-search.html
../../My Pictures/WorkshopStuff/catalog-search2_pl.htm
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Tsunami

ÅLarge sudden deep wave caused by 
plate drop or jump





NYT Animations

NOTE: Already Open

http://www.nytimes.com/interactive/2011/03/11/world/asia/maps-of-earthquake-and-tsunami-damage-in-japan.html




Tsunami

Å{ƛƳǇƭȅΣ ǘƘŜ ŎŀǳǎŜ ƻŦ ΨŀƭƭΩ ǘƘŜ ŘŜŀǘƘǎΦ

ÅWater. Period.

ÅHistorically:



Tsunami; Historically

Å~1600 BC; Greece

Å1755; Lisbon. 50,000 deaths



Tsunami; Historically

Å684 AD: Hakuho, Japan (Unknown)

Å869 AD: Sendai, Japan (~100,000)

Å887 AD: NinnaNankai, Japan (Unknown)

Å1293: Kamakura, Japan (~23,000)

Å1361: {ƘǁƘŜƛNankai, Japan (~1000)

Å1498: aŜƛǁNankai, Japan (~10,000)

Å1605: YŜƛŎƘǁNankaido, Japan (~3600)

Å1698: Seikaido-Nankaido, Japan



Tsunami; Historically

Å1700: Vancouver Island, Canada (~11,000)

Å1707: IǁŜƛ, Japan (~54,000)

Å1741: W. Hokkaido, Japan (1500)

Å1755: Lisbon, Portugal (~100,000)

Å1771: YaeyamaIslands, Okinawa, Japan

Å1792: Mount Unzen, Nagasaki Prefecture, 
YȅǹǎƘǹ, Japan 



Tsunami; Historically

Å1833: Sumatra, Indonesia (ENTIRE Sumatra!)

Å1854: Nankai, Tokai, and Kyushu Japan (125K)

Å1855: Edo, Japan (10K)

Å1868: Arica, Chile (70K)

Å1883: Krakatoa, Sunda Strait, Indonesia (??)

ïEstimates range 100K ς250K

Å1896: Meiji Sanriku, Japan (27K)



Tsunami; Historically

Å1908: Messina, Italy (70K)

Å1923: Kanto, Japan (100K)

Å1929: Newfoundland (??)

Å1933: Showa Sanriku, Japan (4K, 50% of pop)

Å1944: Tonankai, Japan (1400)

Å1946: bŀƴƪŀƛŘǁ, Japan (5500)

Å1946: Aleutian Islands, AL (500)

Å1958: LituyaBay, Alaska, USA (2)



Tsunami; Historically

Å1960: Valdivia, Chile (6000)

Å1963: Vajont Dam, Monte Toc, Italy (2000)

Å1964: Niigata, Japan (287)

Å1964: Alaska, USA (121 + 11)

ï121 in AL

ï11 down coast all the way to San Diago1800 mi

ïмлрΩ ǿŀǾŜǎΗ όWŀǇŀƴ нлмм ǿŜǊŜ нтΩύ

Å1976: Moro Gulf, Mindanao, Philippines (15K)



Tsunami; Historically

Å1983: Sea of Japan (111; 4 from EQ)

Å1993: Okushiri, Hokkaido, Japan (250; 11 EQ)

Å1993: Okushiri, Hokkaido, Japan (234,000)

Å2007: Niigata, Japan (57; 0 EQ)

Å2009: Samoa, Pacific Ocean (189)

Å2010: Chile (751)

Å2010: Indonesia (535)

Å2011: New Zealand (200; 120 EQ) 

Å2011: Pacific coast of Japan (????????)



Now, Nuclear Overreactors
ÅOutline of fission power plant

ïBoiling Water Reactors

ïUses U-235 as fuel (<4% pure)

ÅNeed >99.9% pure for nuclear explosion

ïFission releases vast amounts of energy (E=mc2)

ïNeutrons have large KE (heat) when absorbed

ïHeats surrounding water to steam

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

ïSteam is cooled and run through reactor again



bǳŎƭŜŀǊ ά¢ǊŀƎŜŘȅέΧ
ïThe nuclear fuel in a reactor can never cause a nuclear 

explosion. PERIOD.

ÅAnyone who says it can is simply ignorant of the difference.

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

ïThe control rods are made of boronwhich absorbs 
neutrons.

ÅMore reactions ςPull rods up allowing more reactions

ÅLess reactions ςPush rods down decreasing # of reactions

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



General BWR 



Fukushima Specific GE BWR 



bƻǿΣ bǳŎƭŜŀǊ ά¢ǊŀƎŜŘȅέΧ
ÅNOTE: What has happened and is 

happening is, for sure, tragic and serious. 
IƻǿŜǾŜǊΣ ƭŜǘΩǎ ƎŜǘ ǘƘŜ ŦŀŎǘǎ ǎǘǊŀƛƎƘǘ ŀƴŘ 
keep these things in perspective.

ïBe skeptical of ALL mass media sources

ï¢ƘŜȅ ƴŜǾŜǊ ŀǇƻƭƻƎƛȊŜ ŦƻǊ ƎŜǘǘƛƴƎ άƛǘ ǿǊƻƴƎέ

ïThey never check their sources

ï¢ƘŜȅ ƘŀǾŜ ƘƻǊǊƛōƭŜ άŦŀŎǘ ŎƘŜŎƪƛƴƎέ

ïThey need sales and viewers. Bottom line.



bƻǿΣ bǳŎƭŜŀǊ ¢ǊŀƎŜŘȅΧ
ÅAll reactors were running at 95% on Friday 03/11 
ςExcept one due to routine maintenance

ÅAuto shut down the instant EQ hit (programmed)

ïControl rods dropped into reactor to stop chain 
reactions

ÅThus, effectively turning off the άƳŀŎƘƛƴŜǎέ

ÅPumps kept circulating for a several minutes

ïEssential for cooling the residual heat (Similar to a hot 
car engine even after turned off)

ÅLost electricity (Off grid) 

ïDiesel generators kicked on to keep pumps running



bƻǿΣ bǳŎƭŜŀǊ ¢ǊŀƎŜŘȅΧ
ÅGenerators operated for <1 hr

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

ïSo, the core, at ~500o/Σ ŎƻǳƭŘƴΩǘ Ŏƻƻƭ 
further and actually heated up!

ïGenerators designed to operate through 
ŀƴ уΦр 9v !b5 тƳ όнлΩύ ¢ǎǳƴŀƳƛΦ
Å¢ƘŜȅ Ǝƻǘ ŀ фΦл ŀƴŘ млƳ όолΩύ

ïOperators switched over to emergency 
battery power (Redundant redundancy)



bƻǿΣ bǳŎƭŜŀǊ ¢ǊŀƎŜŘȅΧ

ÅBatteries designed to last 9-hrs.
ïLasted 8 ½ hrs

ÅCore heated to >1200oC starting a Zircaloy(fuel 
tube) reaction with water.

ïThis oxidizing reaction produces hydrogen gas, which 
mixes with the gas-steam mixture being vented.

ïSince hydrogen gas is extremely combustible, when 
enough hydrogen gas is mixed with air, it reacts with 
oxygen. If there is enough hydrogen gas, it will react 
rapidly, producing an explosion.



bƻǿΣ bǳŎƭŜŀǊ ¢ǊŀƎŜŘȅΧ

ÅThen, boom.

ÅThis explosion destroyed the top and some 
of the sides of a 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 
ǇƭŀƴǘΩǎ ǎŀŦŜǘȅ ǎǘǊǳŎǘǳǊŜǎΦ



bƻǿΣ bǳŎƭŜŀǊ ¢ǊŀƎŜŘȅΧ
ÅTwo more explosions, both expected.
ïBoth H explosions caused by the Zircaloyoxidizing with water due 

to exposed fuel rods heating up too much.

ÅNumbers:
ïAt highest radiation, 450 ms (microsieverts)  = 45mr

ïSitting on top of a granite countertop in a kitchen will 
give you 245 mSv(24.5 mr).

ïStanding beside a granite statue base will give you up to 
900 mSv.

ïBackground radiation, as discussed in AP class, is 400-
700 millirem= 4000-7000 mSv
(http://www.physics.isu.edu/radinf/natural.htm)

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


NOTE: 03/17/2011 6:20AM

ÅAccording to BBC & Reuters:

ïάwŀŘƛŀǘƛƻƴ ƭŜǾŜƭǎ ǿŜǊŜ ŀǎ ƘƛƎƘ ŀǎ мл 
millisievertsper hour today, the equivalent 
of getting a CT scan for every hour of 
ŜȄǇƻǎǳǊŜέ

ï10 ms = 1 mren, so 10 mSv= 10,000 mSv

ï[ŜǘΩǎ ǊŜƳŜƳōŜǊΣ WHEREwas it this high?

ÅLb ǘƘŜ ǊŜŀŎǘƻǊ ōǳƛƭŘƛƴƎΣ bh¢ ƻǳǘǎƛŘŜΧ



Background radiation:
24+27+28+40+200 =
319 mrem= 3.19 mSv
= 3180 mSv



Doses

ÅThe following is a graphical representation of 
human radiation absorption. 

ÅWǳǎǘ ƛƴ ŎŀǎŜ ǘƘŜ ƴǳƳōŜǊǎ ŀǊŜ ŎƻƴŦǳǎƛƴƎΧ



http://xkcd.com/radiation/


