Expected radionuclide levels in
debris in the Pacific Ocean after the
March 11, 2011 tsunami and
Fukushima Daiichi nuclear power
plant accident



Background:

* March 11, 2011 earthquake and resulting
tsunami made substantial damage to nuclear
facilities on the Japanese coastline

 Hydrogen explosions, gas venting, 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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.. Nuclear reactors near epicenter of the earthquake

Location of the Nuclear Installations
W - Unitl: 524 MW, 1984- )
. Onagawa | Unit2: 825 MW, 1995-

Unit3: 825 MW, 2002-

r‘..l'
Unitl: 460 MW, 1971-

Unit2: 784 MW, 1974-
Fukushima 1| Unit3: 784 MW, 1976-
Unit4: 784 MW, 1978-
Unit5: 784 MW, 1978-

Unité: 1,100 MW, 1979-
L >y

- ~
Upnitl: 1,100 MW, 1982-
Unit2: 1,100 MW, 1984-
Fukushima IO| ynit3: 1,100 MW, 1985-
Unitd: 1,100 MW, 1987- |

M

Tokai II (1,100 MW, 1978-)




Objective:

e Establish a timeline of releases to determine
the potential for the debris to carry

radioactivity

e Estimate the amount of radioactivity released
to the Pacific Ocean

* Evaluate tools for the monitoring of
radioactivity in sea and on the debris
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1-4. Automatic shut-down of nuclear reactors

@11 reactors were automatically shut-down safely after the
earthquake

- Onagawa Unit 1,2,3

- Fukushima Dai-ichi (I) Unit 1,2,3
- Fukushima-Dai-ni (1) Unit 1,2,3,4
- Tokai Dai-ni (II)

@3 reactors were under periodic inspection
- Fukushima Dai-ichi (I) Unit 4,5,6

-After the automatic shut-down, the Unit 1-3 at Onagawa Nuclear
Power Station, the Unit 3 at Fukushima Il Nuclear Power Station,
and the Unit at Tokai Il Nuclear Power Station have been cold shut
down safely.

-As for the unit 1,2,4 at Fukushima Il Nuclear Power Station, the
operator of the station reported NISA nuclear emergency situation
because the temperature of the suppression pools became more
'(cjhan 100 C, but afterward the three units have been cold shut

own.
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2. Events of Unit 1 in the immediate aftermath of the earthquake

Spent Fuel Pool (SFP) Overview Reactor Building

Reactor Pressure Vessel (RPV)

Shutdown

Stop fission reaction by inserling
control rods that absorb neutron

i

Cooling
Cool down reactor
coolant & SFP water, and
keep its temperature low

Containment

Contain radioactive materials inside
the Reactor Building by five walls

1 -

Injecting water by temporary
fire trucks or pumps

Source: www.tepco.co.jp

Events of Unit 1
March ®Under operation, Automatic shutdown by the earthquake
11th ®Loss of A/C power

®Loss of water injection function

12t ®@Unusual increase of Primary Containment Vessel (PCV) pressure
®Started to vent to reduce the pressure of PCV
®Sound of explosion

®Started of injection of seawater and borated water to the core

13
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Chronology of Unit2,3 in the immediate aftermath of the earthquake

@ Unit 2
March
11th ®Under operation, Automatic shutdown by the earthquake

® Loss of A/C power
® Loss of water injection function

14t ® Loss of water cooling function
® Unusual increase in Primary Containment Vessel (PCV) pressure
15th ® Sound of explosion
@ Unit 3
March ) .
11th ®Under operation, Automatic shutdown by the earthquake
® Loss of A/C power
13th ® Loss of water injection function
@ Started to vent
14th ®Unusual increase in PCV pressure

®Sound of explosion

16
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®viain event with the release of radioactive gas occurred during Mar. 12th — 15th

Unit 1 Unit 2 Unit 3 Unit 4

- Start to vent, Sound -Sound of explosion - Start to vent (Mar. 13t ), -Damage of wall

of explosion (Mar. 12t)  (Mar. 15t) -Sound of explosion (Mar. 15th)
(Mar. 14th)

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

Guam

Guam

EPA RadNET

alr monitoring system:

March 22, 2011 the US Environmental Protection 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 detection varies from background and
historical data in Hawaii." (www.epa.gov/japan2011).

Location Date Collected Sample Type Unit Ba-140 Co-60 Cs-134 Cs-137 1-131 1-132 1-133 Te-132
Oahu 03/20/2011 Air Filter pCi/m3 ND ND 0.034 0.021 0.2 ND ND ND
Oahu 03/20/2011 Air Filter pCi/m3 ND ND 0.0281 0.036 0.14 0.02 ND 0.029
Oahu 03/21/2011 Air Filter pCi/m3 ND ND 0.0761 0.092 0.64 0.052 ND 0.063

Honolulu 03/21/2011 Air Filter pCi/m3 ND ND 0.0051 0.007 0.23 0.006 ND 0.0061
Oahu 03/23/2011 Air Filter pCi/m3 ND ND 0.0131 0.016 0.053 ND ND 0.0087
Guam 03/22/2011 Air Filter pCi/m3 ND ND 0.0181 0.022 0.12 0.016 ND 0.028

Guam 03/23/2011 Air Filter pCi/m3 ND ND 0.00341 0.0047 0.052 ND ND 0.0076
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On April 214, the outflow from the crack with a length of around
20 cm in the concrete portion of the lateral surface of the pit into
the sea was confirmed.

TEPCO'’s estimation;

Amount of spilled water: 520 tons

Quantity of radioactivity : 4700 TBq
1-131: 2800 TBq
Cs-134: 940 TBq
Cs-137: 940 TBq

-Highly radioactive water in the turbine building of Unit 2 has been transferred to the
radiation waste treatment building.

-To execute this operation, radioactive water originally stored radiation waste treatment
building and was discharged into the sea. (Total Quantity of radioactivity : 0.15 TBq,
and Radioactivity in 10,000 tons of the low level water is equivalent to 10 litters
of high level water in Unit 2)
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Assumed amount of the discharge from (Reference)
Fukushima Dai-ichi (1F) Amount of the
) s , TR discharged from the
NISA’s estimation NSC’s estimation Chernobyl accident
1311 (a) 1.3#10Y7Bq 1.5%1017Bq 1.8%108Bq
137Cg 6.1*10%°Bq 1.2*10%6Bq 8.5*10%6Bq
(Converted value to
M 2.4*10V7B 4.8*10'7B 3.4*10'%B
131))*3_(b) g q a
(a)+(b) 3.7*10YBq 6.3*10'Bq 5.2*10'%Bq
(notes)

*1: Estimation by NISA is based on the numerical analysis of accident transient
*2: NSC calculated backward of monitoring data to estimate the amount of discharge
*3: multiolication factor of radioloaical eauivalence to 31l is 40

Intentional discharge of

—The ocean area monitorina has heen strenathened

water

Leakage of Highly
radioactive water (as of radioactive water (as of
April 47) April 12th)

(from sub-drain of Unit 1131 5.4 106 Bg/cm?
586) _ Cs-134  1.8X106Bg/cm?
1131 20* Bg/cm? Cs-137  1.8X106 Bg/cm3
Cs-134  4.7% Bg/cm?

Cs-137  4.9% Bg/cm?

*analysis result of Unit 6 "

Un|t 1 - U_n_lt 2w Unrt 3 Un|t 4

Intentional discharge of
radioactive water (as of
Marh 28t )

(from radiation Waste
treatment building)

n to preven ‘into-the oceg
Large-sized Sandbags (flnlshed on Apr.17t)
Silt fence (Finished on Apr.14th)

- Steel plate insulation (Finished on Apr.15t)

O Sandbags containing Zeolite (in operation) 1-131 6.3 Bg/cm3
==tee Sheet Pile (under planning) Cs-134 4.4 Bg/cm3
=== Sliding timber weir (under planning) '

) Cs-137 4.4 Bg/cm?

_/




Radioactivity concentration in the Sea (1 m from the sea surface)
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Readings of Sea Area Monitoring at Post Out of Fukushima Dai-ichi

NPP

Result of Radioactivity Concentration in the Sea (outer layer)
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INES Rating on the Events at Fukushima Dai-ichi NPS

The Rating of the International Nuclear and Radiological Event Scale (INES) on
Fukushima Dai-ichi Nuclear Power Station (NPS), in temporary assessed as Level 7.

@ Chernobyl
[5.2 million TBq]

Major Accident @ Fukushima Dai-ichi
[0.37~0.63 million TBq]
|6 | Serious Accident
: : Three Miles Island

Windscale (Sellafield)

*Level 7 : more than several tens of thousands TBq'3'I
*Level 6 : thousands to tens of thousands TBq'3'I
*Level 5 : hundreds to thousands TBq'3'I

National Institute of Radiological Sciences
Executive Director
Makoto Akashi, MD, PhD



Scientific Objectives:

* |In the Central Pacific establish baseline
concentrations of radionuclides and their
fluctuations — sampling started in March, 2011

 Determine spreading patterns and chemical
behavior of various radionuclides — what was
released vs. what is observed in Central Pacific

* Provide data for release estimates,
bioaccumulation of radionuclides within the
food-web, sediments, etc.



Sampling efforts:

Samples of coastal ocean on Oahu and from
offshore station Aloha

Various samples from Guam, Midway Islands
Japan to Central Pacific transect

All samples analyzed for 134Cs and 13/Cs,
potentially additional 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 contamination can be measured
directly

Low-levels of contamination — 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 sensitive analysis
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Fig. 3. Depth profile of '*’Cs concentrations (decay-corrected to March, 2001) in the water column of
several regional seas in Asia-Pacific.



Conclusions

Debris generated on March 11 while
radioactive releases started March 12 —
atmospheric releases, deposition possible

Seawater radioactivity significantly decreased
16 km offshore so even if debris collected
activity it will probably be low

Largest radioactivity releases into seawater
between Mar 28t and April 11t

Total estimated release 0.5 million TBq



1C. Directives on foods and drinks

Provisional regulation values of radioactive materials in food.

Provisional regulation values of radioactive materials in

food in accordance with the Food Sanitation Act

(Bq/kg)
Radioactive iodine Drinking water, Milk, dairy products* 300
(1311) Vegetables, Fish 2,000
Radioactive cesium Drinking water, Milk, dairy products 200
(Sum of ***Cs and **’Cs)  vegetables, Grains, Meat, eggs, fish, etc. 500
Infant foods, Drinking water, Milk, dairy products 20

Uranium

Vegetables, Grains, Meat, eggs, fish, etc. 100
Alpha-emitting nuclides  Infant foods, Drinking water, Milk, dairy products 1

of plutonium and

transuranic elements
(238py, 239py, 240py 242py 10

_ _ _ _ National Institute of Radiological Sciences
*) Provide guidance so that materials exceeding 100 Bqg/k Executive Director

use in powdered baby formula or for direct drinking. Makoto Akashi, MD, PhD

Vegetables, Grains, Meat, eggs, fish, etc.



