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Background:	
  

•  March	
  11,	
  2011	
  earthquake	
  and	
  resulFng	
  
tsunami	
  made	
  substanFal	
  damage	
  to	
  nuclear	
  
faciliFes	
  on	
  the	
  Japanese	
  coastline	
  	
  

•  Hydrogen	
  explosions,	
  gas	
  venFng,	
  and	
  cooling	
  
efforts	
  of	
  the	
  reactors'	
  warming	
  core	
  resulted	
  
in	
  significant	
  releases	
  of	
  iodine,	
  cesium,	
  cobalt	
  
and	
  other	
  radioisotopes	
  to	
  the	
  environment	
  

•  Releases	
  to	
  the	
  atmosphere	
  and	
  ocean	
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2. Outline of Fukushima Dai-ichi NPP
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Note:1. Some data in this material may not be correct. Especially, all the plant parameters were lost 
during some period in the accident and some parameters are apparently inconsistent among them. 

2. Source of information in this presentation is informed by NISA



ObjecFve:	
  

•  Establish	
  a	
  Fmeline	
  of	
  releases	
  to	
  determine	
  
the	
  potenFal	
  for	
  the	
  debris	
  to	
  carry	
  
radioacFvity	
  

•  EsFmate	
  the	
  amount	
  of	
  radioacFvity	
  released	
  
to	
  the	
  Pacific	
  Ocean	
  	
  

•  Evaluate	
  tools	
  for	
  the	
  monitoring	
  of	
  
radioacFvity	
  in	
  sea	
  and	
  on	
  the	
  debris	
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Note:1. Some data in this material may not be correct. Especially, all the plant parameters were lost 
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Grid Line

Note:
0All operating units when earthquake

occurred  were automatically shut 
down safely.
0Emergency D/Gs have worked   
properly until the Tsunami attack.

1!0+2**3&456*655(*7&89#*5:*(;#*%&)&"#*

Turbine
Building

Tsunami (estimated more than 10m)

Loss of offsite power 
due to the earthquake

Reactor
Building

!
Seawater Pump

Elevation: 
about 10m

Building

Station Black Out

D/G Inoperable due to Tsunami flood

D/G

<#&=&(#6*>#?#>

All Motor Operated pumps (including ECCS 
pumps) became inoperable !"
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Note:1. Some data in this material may not be correct. Especially, all the plant parameters were lost 
during some period in the accident and some parameters are apparently inconsistent among them. 

2. Source of information in this presentation is informed by NISA
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Note:1. Some data in this material may not be correct. Especially, all the plant parameters were lost 
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2. Source of information in this presentation is informed by NISA
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4. Radiological release to the environment

/!0*1#2#&3#*45*6&%'4&7('8#*"&3*'$(4*(9#*&()43:9#6#

/;0*<#&=&"#*45*6&%'4&7('8#*>&(#6

!"

/!?+0*1#2#&3#*45*6&%'4&7('8#*"&3*'$(4*(9#*!()43:9#6#

#$%&'()(&*'+%*,'*,('-(.($/('01'-$2%0$3*%)('4$/'0335--(2'25-%&4'#$-6'!7*, 8 !9*,

Unit 1
@(&6(*(4*8#$(A*@4B$%*
45*#C:243'4$*DE&60*+-(9F

Unit 2
@4B$%*45*#C:243'4$*
DE&60*+.(9F

Unit 3
@(&6(*(4*8#$(*DE&60*+G(9 FA*
@4B$%*45*#C:243'4$
DE&60*+/(9F

Unit 4
H&)&"#*45*>&22
DE&60*+.(9F

T d bi t d t it i t M it i t t id f 20k f 1F

!::64C0*G,=)*564)*+I*'$
J#3(?$46(9>#3(*%'6#7('4$

!::64C0*G,=)*564)*+I*'$
K46(9>#3(*%'6#7('4$

Trend on ambient dose rate monitoring at Monitoring post outside of 20km zone of 1F

!:

E&60*+L(9 !:60*+3( E&M0*+3(

!"#$%& '(#)*+,-.

+

!"#$%&''$())$*"#$+,-.).-$-(,/*$()$!("(01$
+,-.).-$2,3*"41,0#$,56$*"#$/#./7.-$6,7,8#$

9,:1($;<9<= >?,*.(5,@$=5/*.*1*#$()$A,6.(@(8.-,@$;-.#5-#/B
<56

*($*"#$?++/

Mi i t f Ed ti C lt S t S i d

CA++DEFG$>'H*" I 'G*" J,KL$%&''B

Ministry of Education, Culture, Sports, Science and 
Technology (MEXT), Japan

C(5*#5*/
;MJJ<AN$OP$<CC=Q2?!$2R2?!;$<?Q$A<Q=OSOT=C<S$A2S2<;2$

'U O1*@.5#$()$#,3*"41,0#$,56$51-@#,3$3#,-*(3/ %

%U O1*@.5#$()$P101/".7,$Q,.E.-".$?+; H

VU <--.6#5*$W3(83#//.(5$X$-(15*#37#,/13#/ '&

YU A,6.(@(8.-,@ 3#@#,/# *( *"# #5Z.3(57#5* 'HYU A,6.(@(8.-,@$3#@#,/#$*($*"#$#5Z.3(57#5*$$$ 'H

A<Q=OSOT=C<S$CO?;2[M2?C2;$
\U =7W,-*/$(5$W1]@.-$X$#5Z.3(57#5* %^

FU A,6.,*.(5$7(5.*(3.58 VF

2J2AT2?CN$J<?<T2J2?!$<;+2C!;$
HU O1*@.5#$()$T(Z#357#5*$D#,641,3*#3/$.5$3#/W(5/#$*($

*"# #,3*"4 ,0# \F*"#$#,3*"41,0# \F

^U =5)(37,*.(5$/",3.58$_.*"$.5*#35,*.(5,@$-(7715.*.#/$ \^

GU A#7,30/$$ F'

Q2!<=S;$O?$<CC=Q2?!

!

Note:1. Some data in this material may not be correct. Especially, all the plant parameters were lost 
during some period in the accident and some parameters are apparently inconsistent among them. 

2. Source of information in this presentation is informed by NISA
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EPA	
  RadNET	
  	
  
air	
  monitoring	
  system:	
  

State Location Date Collected Sample Type Unit Ba-140 Co-60 Cs-134 Cs-137 I-131 I-132 I-133 Te-132
HI Oahu 03/20/2011 Air Filter pCi/m3 ND ND 0.034 0.021 0.2 ND ND ND
HI Oahu 03/20/2011 Air Filter pCi/m3 ND ND 0.0281 0.036 0.14 0.02 ND 0.029
HI Oahu 03/21/2011 Air Filter pCi/m3 ND ND 0.0761 0.092 0.64 0.052 ND 0.063
HI Honolulu 03/21/2011 Air Filter pCi/m3 ND ND 0.0051 0.007 0.23 0.006 ND 0.0061
HI Oahu 03/23/2011 Air Filter pCi/m3 ND ND 0.0131 0.016 0.053 ND ND 0.0087

Guam Guam 03/22/2011 Air Filter pCi/m3 ND ND 0.0181 0.022 0.12 0.016 ND 0.028
Guam Guam 03/23/2011 Air Filter pCi/m3 ND ND 0.00341 0.0047 0.052 ND ND 0.0076

March	
  22,	
  2011	
  the	
  US	
  Environmental	
  ProtecFon	
  Agency	
  reported:	
  
“As	
  of	
  6:30pm	
  (EDT)	
  preliminary	
  monitor	
  results	
  in	
  Hawaii	
  detected	
  
minuscule	
  levels	
  of	
  an	
  isotope	
  that	
  is	
  consistent	
  with	
  the	
  Japanese	
  
nuclear	
  incident.	
  This	
  detecFon	
  varies	
  from	
  background	
  and	
  
historical	
  data	
  in	
  Hawaii."	
  (www.epa.gov/japan2011).	
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Note:1. Some data in this material may not be correct. Especially, all the plant parameters were lost 
during some period in the accident and some parameters are apparently inconsistent among them. 

2. Source of information in this presentation is informed by NISA
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TEPCO’s estimation; 
Amount of spilled water: 520 tons
Quantity of radioactivity : 4700 TBq

I-131: 2800 TBq                                                                   
Cs-134: 940 TBq
Cs-137: 940 TBq
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Note:1. Some data in this material may not be correct. Especially, all the plant parameters were lost 
during some period in the accident and some parameters are apparently inconsistent among them. 
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and trenches at Unit1, 2 and 3 
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TrenchWater puddle

A6G89#D*N@OHP

Trench water in Unit 2
I-131 6.9 106 Bq/cm3

Cs-137 2.0 106 Bq/cm3

(As of 3/30 at 8:50)
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ScienFfic	
  ObjecFves:	
  

•  In	
  the	
  Central	
  Pacific	
  establish	
  baseline	
  
concentraFons	
  of	
  radionuclides	
  and	
  their	
  
fluctuaFons	
  –	
  sampling	
  started	
  in	
  March,	
  2011	
  

•  Determine	
  spreading	
  pa`erns	
  and	
  chemical	
  
behavior	
  of	
  various	
  radionuclides	
  –	
  what	
  was	
  
released	
  vs.	
  what	
  is	
  observed	
  in	
  Central	
  Pacific	
  

•  Provide	
  data	
  for	
  release	
  esFmates,	
  
bioaccumulaFon	
  of	
  radionuclides	
  within	
  the	
  
food-­‐web,	
  sediments,	
  etc.	
  



Sampling	
  efforts:	
  

•  Samples	
  of	
  coastal	
  ocean	
  on	
  Oahu	
  and	
  from	
  
offshore	
  staFon	
  Aloha	
  

•  Various	
  samples	
  from	
  Guam,	
  Midway	
  Islands	
  

•  Japan	
  to	
  Central	
  Pacific	
  transect	
  

•  All	
  samples	
  analyzed	
  for	
  134Cs	
  and	
  137Cs,	
  
potenFally	
  addiFonal	
  analysis	
  of	
  I,	
  Sr,	
  Am,	
  Cm,	
  
Np	
  



Cesium	
  analysis	
  

•  Cs-­‐134	
  and	
  Cs-­‐137	
  measured	
  by	
  High	
  Purity	
  
Germanium	
  Detector	
  gamma-­‐spectrometry	
  
system	
  

•  High	
  levels	
  of	
  contaminaFon	
  can	
  be	
  measured	
  
directly	
  

•  Low-­‐levels	
  of	
  contaminaFon	
  –	
  seawater	
  volume	
  
>20L	
  and	
  cesium	
  concentrated	
  on	
  AMP-­‐PAN	
  
sorbent	
  which	
  is	
  then	
  counted	
  by	
  gamma-­‐
spectrometry	
  

•  Debris	
  analysis	
  –	
  direct	
  measurement	
  followed	
  by	
  
sample	
  processing	
  and	
  more	
  sensiFve	
  analysis	
  



lives of thousands of years, and have therefore not decayed appreciably in post-
nuclear weapons testing times. Whether they are more persistent than 137Cs in the
surface layers will depend on the efficiency of vertical dispersion processes.

In general, 239þ240Pu levels appear to be higher at higher latitudes and lower at
lower latitudes due to specific deposition from the atmosphere to the oceans
(Table 4). The highest concentrations were observed in the East China Sea, con-
firming the observations of Nagaya and Nakamura (1992) who attribute the higher
values observed in the East China Sea to the transport of radionuclides from the
Chinese side of the continent to the East China Sea by the Yangtze River. Hirose

Fig. 3. Depth profile of 137Cs concentrations (decay-corrected to March, 2001) in the water column of
several regional seas in Asia-Pacific.

Table 4
239þ240Pu concentrations in surface seawater at different latitudinal bands (Northern Hemisphere)

Coordinates n Range (mBq/m3) Median (mBq/m3)

40
v
010–47

v
N 18 3.4–34.8 13.6

35
v
010–40

v
N 84 2.2–38.9 7.1

30
v
010–35

v
N 55 2.2–84.3 5.9

25
v
010–30

v
N 28 1.1–31.0 4.8

20
v
010–25

v
N 6 3.5–20.7 6.2

15
v
010–20

v
N 18 3.2–11.0 6.5

10
v
010–15

v
N 18 0.8–7.3 4.2

05
v
010–10

v
N 16 1.6–10.4 2.7

00
v
000–05

v
N 18 2.2–40.0 3.5

n ¼ number of sampling locations.

E.B. Duran et al. / J. Environ. Radioactivity 76 (2004) 139–160148



Conclusions	
  

•  Debris	
  generated	
  on	
  March	
  11	
  while	
  
radioacFve	
  releases	
  started	
  March	
  12	
  –	
  
atmospheric	
  releases,	
  deposiFon	
  possible	
  

•  Seawater	
  radioacFvity	
  significantly	
  decreased	
  
16	
  km	
  offshore	
  so	
  even	
  if	
  debris	
  collected	
  
acFvity	
  it	
  will	
  probably	
  be	
  low	
  

•  Largest	
  radioacFvity	
  releases	
  into	
  seawater	
  
between	
  Mar	
  28th	
  and	
  April	
  11th	
  

•  Total	
  esFmated	
  release	
  0.5	
  million	
  TBq	
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