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• Nuclear power in Japan (Feb. 2011)
• The Fukushima Daiichi nuclear
power plant (Feb. 2011)
• Electricity production by nuclear
power
Wim Turkenburg

Copernicus Institute
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About 30% of electricity production in 2010, from 54 nuclear reactors

Nuclear Power in Japan (February 2011)

Source: World Nuclear Association, 24 February 2011
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(2008)

An aerial-view of the Japanese nuclear
power plant Fukushima Daiichi in 2008
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Source: Zuma Press, 2008
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(August 2013)

Aerial photo Fukushima-1 Nuclear Power Station

Source: NBC News, Saturday, 31 August 2013
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Light Water Reactors: PWR and BWR
PWR
Reactor ‘Borssele’ (NL);
Reactors in Tihange and
Doel (Belgium)

BWR
Reactor ‘Doodewaard’ (NL);
Reactors in Fukushima-1
American drawing of the principle of the PWR (above) and BWR (below)
Source: J.A. Goedkoop, 1975

Globally: about 90% of nuclear power reactors being LWR’s.
PWR = Pressurized Water Reactor; BWR = Boiling Water Reactor.
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Outline Boiling Water Reactor (BWR) in Fukushima

Browns Ferry Unit 1 drywell and wetwell under
construction, a BWR/4 using the Mark I containment
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Fuel rod, fuel assembly
and reactor assembly

BWR/6
Reactor Assembly

BWR/6 Fuel
assemblies
& control
rod module
Fuel assembly

Fuel rod

Pellet

Sources: JNES, 2005 & General Electric website (9 April 2011)
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Basic principal of
generating energy
by nuclear fission
of uranium (U-235)
Examples of fission
products:
- Iodine-131
- Cesium-134
- Cesium-137
- Xenon-143
- Barium-143
- Strontium-90
- Krypton-90
- Niobium-95
- Zirconium-95
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Some important radioactive isotopes,
half-life of these isotopes, and kind of radiation
(1)
(2)
(3)
(4)

Iodine-131: …………
Caesium-134: ……..
Caesium-137: ……..
Strontium-90: ……...

8.02 days (beta emitter)
2.065 years (beta emitter)
30.23 years (beta emitter)
28.9 years (beta emitter)

(5) Plutonium-239: ……. 24,000 years (alpha emitter)
(6) Tritium (H-3): ………. 12.42 years (beta emitter)
Note:
In addition, by a number of isotopes (like Caesium-137
and Iodine-131) also gamma rays are emitted.
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• The Earthquake and Tsunami of
Friday 11 March 2011, and the
Nuclear Crisis
Wim Turkenburg

Copernicus Institute
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Earthquake 11 March 2011
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March 11, 2011 Earthquake near East
Coast of Honshu (Sendai, Japan)
Historically, this earthquake is ranked fourth on records listing all earthquakes around the world since 1900

Source: JAIF website, 2011

Earthquake and Tsunami at
Nuclear Power Plant Fukushima-1
(6 Boiling Water Reactors, plus a Common Spent Fuel Storage Facility)

Source: NYT, April 7, 2011

Earthquakes that
struck northern Japan

6,757 aftershocks between March
11, 2011 and Dec. 31, 2011, with 35
of them magnitude 5 or above.
Source: The Japan Times, 19 January 2012

- Friday, March 11, 2011
Magnitude: 9.0; Depth: 32 km
-Thursday April 7, 2011
Magnitude: 7.1; Depth: 66 km
- Monday April 11, 2011
Magnitude: 7.1; Depth: 10 km
- Friday, August 19, 2011
Magnitude: 6.8; Depth: 20 km

TEPCO (9 July 2011): “The
March 11 tsunami reached up
to 14 meters on the ocean side
of the reactor and turbine
buildings” (9 April 2011: 15 m).

The figure is far beyond the
height of 6 meters assumed in
TEPCO’s risk analyses.
Sources: Kyodo News, 9 April 2011
& NHK, 9 July 2011
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Fukushima
Fünfzehn-Meter-Welle traf Atomkraftwerk
© REUTERS

Das Atomkraftwerk unmittelbar vor dem Tsunami
Noch immer steht
das Wasser im
Kraftwerk, aber
der Pegel ist
gesunken

© REUTERS

Wie die Flutwelle das Kraftwerk überschwemmt
Verwüstung in
der Büroetage

FAZ.NET, 9 April 2011
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11 March 2011
Fuskushima-1 being struck by the tsunami - taken from near the South-side of Unit 5, looking to the East

Source: TEPCO
31 August 2012
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(12 March 2011)

Explosion at reactor 1 of Fukushima-1

Source: Reuters, 2011
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(1 December 2011)

Reactor Core Melted Fully, Japan Says
- For the first time, TEPCO said
that nuclear-fuel rods in the
complex's No. 1 reactor had likely
melted completely, burning through
their so-called pressure vessel and
then boring through concrete at the
bottom of a second containment
vessel.
- TEPCO estimates the fuel then
eroded about 65 centimeters
(about two feet) deep into the 2.6meter (8.5-foot) concrete bottom.
The government model estimated
the erosion at up to 2 meters.
- The molten core stopped short of
reaching the vessel's steel casing,
under which lies an additional 7.6
meters of concrete foundation,
TEPCO said.

Source: The Wall Street Journal, December 01, 2011
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(14 March 2011)

Explosion at reactor 3 of Fukushima-1

Source: JAIF, 12 Feb 2012
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(5 April 2011)

At the Fukushima Daiichi nuclear plant,
reactors No. 3 (left), and No. 4 (right) have been damaged

Source: NYT,
5 April 2011

Reactor 3 (left): heavily damaged due to a hydrogen explosion on March 14, 2011.
Reactor 4 (right): heavily damaged due to a hydrogen explosion on March 15, 2011.
Note: there were no fuel assemblies in the reactor; 548 were removed for maintenance
and are part of 1,535 in the spent fuel pool.
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(17 and 18 March 2011)

A helicopter dropping water from the air

17. März: Mithilfe von Hubschraubern soll Wasser durch Löcher im Dach in Block 3
und 4 geschüttet werden, um die Brennstäbe im Innern zu kühlen. Aufgrund der
hohen Strahlenbelastung wird der Einsatz wieder abgebrochen.
Ein hoher Vertreter der Internationalen Atomenergiebehörde (IAEA) sagt, die Lage
habe sich nicht wesentlich verschlechtert, sei aber weiter "sehr ernst". Brennstäbe in
zwei Reaktoren seien nur zur Hälfte mit Wasser bedeckt, in einem dritten nur zu
einem Drittel. (Foto: dapd)
Source: http://www.tagesschau.de/multimedia/bilder/japan548.html
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(18 and 19 March 2011)

SDF spraying water

Photo:
Japan Ministry of
Defense, via
Bloomberg

Members of Japan's Maritime Self-Defense Force trying to cool the
Fukushima-1 power plant
Source: New York Times, 27 February 2012
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(19 and 20 March 2011)

Trucks spraying water

19. und 20. März: Mit Wasserwerfern und Feuerwehrequipment werden die
Reaktoren gekühlt. In einem 13-stündigen Einsatz hatte ein Feuerwehrfahrzeug
Wasser aus dem Meer auf Block 3 gepumpt. Auf den erheblich beschädigten Block
sind vermutlich mehr als 2000 Tonnen Wasser niedergegangen. Auch Block 4 wurde
für zunächst etwa eine Stunde mit Wasser bespritzt. Ziel war es, den Wasserstand
des Abklingbeckens mit abgebrannten Kernbrennstäben zu erhöhen. (Foto: AFP)
Source: http://www.tagesschau.de/multimedia/bilder/japan548.html
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• Emission of radioactive materials to
the air at Fukushima-1
• Deposition profiles
Wim Turkenburg
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Radiation at Fukushima-1 NPP, March 11-24, 2011
Measurement (by monitoring car) of dose rates

Source: Additional Report of the Japanese Government to the IAEA, September 2011
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(28 August 2011)

NISA: Radioactive emission Fukushima
about one-sixth of Chernobyl
• The amount of radioactive cesium ejected by the Fukushima
reactor meltdowns is about 168 times higher than that emitted in
the atomic bombing of Hiroshima, the government's nuclear
watchdog NISA said Friday.
• NISA provided the estimate at the request of a Diet panel but noted
that making a simple comparison is problematic and could lead to
"irrelevant" results.
• The report said the crippled Fukushima No. 1 plant has released
15,000 tera-becquerels of cesium-137, which lingers for decades
and can cause cancer, compared with the 89 terabecquerels
released by the U.S. atomic bombing of Hiroshima.
• The report estimated each of the 16 isotopes released by the "Little
Boy" bomb and 31 of those detected at the Fukushima plant.
• NISA has said the radiation released at Fukushima was about onesixth of that released during the 1986 Chernobyl disaster.
Source: The Japan Times, August 28, 2011
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(May 2011)
Cumulative deposits of
cesium (Cs-134 and Cs137) and Projected doses
for the 1st year for 3 dose
levels (5 mSv, 10 mSv, 20
mSv), estimated by MEXT
1 MBq/m2 = 16.6 mSv/y in 1st year

The values represent the sum of
Cs-134 and Cs-137.
Blue area: deposition between 0.3
and 0.6 MBq/m2
Green area: deposition between
0.6 and 1 MBq/m2.
Yellow area: deposition between 1
and 3 MBq/m2.
Orange area : deposition between
3 and 6 MBq/m2.
Red area: deposition between 6
and 30 MBq/m2.
(All normalized to 29 April 2011)
Copernicus Institute

Source: IRSN, Report DRPH/ 2011-010
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(6 March 2013)

Radiation declines at Fukushima
22 Oct. – 5
Nov. 2011

24 Oct. – 28
Dec. 2012

The latest survey of the Fukushima region reveals a pattern of contamination
significantly reduced in the space of a year by natural processes of radioactive
decay (~20%) and dispersal (another ~20%) , approx. 40% reduction in total.
Source: WNN, Wednesday, March 06, 2013
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• Need for evacuation
• Decontamination activities in
Fukushima prefecture
Wim Turkenburg

Copernicus Institute
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(22 April 2011)

20-km evacuation area
now declared a no-go zone

- The government declared the 20-km
evacuation area around the radiationspewing Fukushima No. 1 nuclear plant
a no-go zone Thursday, urging residents
to abide by the order for their own safety
or possibly face fines or detention.
- Nearly 80,000 residents left when the
area was evacuated March 12.
Source: The Japan Times, 22 April 2011
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Current evacuation areas
(as of 17 December 2012)

Green (Area 1):
Areas to which evacuation
orders are ready to be lifted.

Camel (Area 2):
Areas in which residents are not
permitted to live.

Purple (Area 3):
Areas where it is expected that
residents have difficulties in
returning for a long time.

Red:
Restricted Area.

Yellow:
Deliberate Evacuation Area.
Source: IAEA, ‘Fukushima Daiichi Status
Report’, 28 December 2012
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(12 March 2011)

Officials checked for signs of radiation
on children from the evacuation area near the
Fukushima Daini nuclear plant in Koriyama

Source: Kim Kyung-Hoon / Reuters; 12 March 2011
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(20 August 2013)

Thyroid cancer found in 18 Fukushima children
•

•

•
•

•

Medical examinations in Fukushima Prefecture following the nuclear crisis of
2011 have detected 18 children with thyroid cancer. The finding was reported
on Tuesday by a prefectural panel examining the impact of radiation on the
health of local residents.
The prefecture is giving medical checkups to all 360,000 children aged 18 or
younger at the time of the accident at the Fukushima Daiichi plant in March
2011. That's because radioactive substances released in the accident can
accumulate in children's thyroid glands, possibly increasing their risk of
developing cancer.
Some 210,000 children had been tested by the end of July. Besides the 18
minors diagnosed with cancer, 25 others are suspected to have the illness.
The incidence rate of thyroid cancer in children is said to be one in hundreds
of thousands. In Japan, 46 people under 20 were diagnosed with thyroid
cancer in 2006.
The panel says it cannot determine if the accident has affected the incidence
of cancer among children in Fukushima. But it has decided to set up an
expert team to look into the situation.
Source: NHK, August 20, 2013
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(27 May 2011)

Fukushima begins to decontaminate school grounds
• Fukushima begins to decontaminate
school grounds
• Work has begun to remove radioactive
contaminated topsoil from school
grounds in Fukushima Prefecture.
• The decontamination work began in 26
elementary and junior high schools in
Fukushima City on Friday.
• In one, Watari Elementary School, the
top 5 centimeters or so of soil will be
scraped off and replaced with
uncontaminated earth.

The municipality says it
expects the removal of the
topsoil to substantially lower
radiation levels at the
school to about 0.6
microsieverts per hour from
Friday's reading of 3.0
microsieverts per hour.

Source: NHK, Friday, May 27, 2011
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(1 September 2011)

Japan aims to halve radiation
due to contamination over two years
• Japan said last week that it aims to halve radiation over two years
in places contaminated by the nuclear disaster, removing soil,
plants and trees in an area spanning thousands of square
kilometres.
• The cleanup could cost tens of billions of dollars, and thousands of
evacuees may not be able to return home for years, if ever.
• Japan's education ministry on Monday released a map that showed
Cesium-137 levels at 34 points within a 100 kilometre radius of the
Daiichi plant exceeded 1.48 million becquerels per square metre, a
level used to evacuate residents following the Chernobyl disaster.
Cesium-137 has a half life of 30 years.
• The 34 points fell mostly within a 20 kilometre radius already
declared as a no-gone zone by the Japanese government.
Source: Shinichi Saoshiro, Reuters,1 September 2011
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(11 November 2012)

Cleaning up in Fukushima

Workers at a school sports field in Hirono, outside the Fukushima
nuclear exclusion zone, prepare bags of radiation-contaminated
earth for shipment to a dumping ground
Source: NHK, November 11, 2012
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(23 July 2013)

Experts estimate decontamination costs at $50 billion
• Experts estimate that cleaning up radioactivity in Fukushima
Prefecture would cost 50 billion dollars, more than 4 times the
amount that has been earmarked.
• Experts from the National Institute of Advanced Industrial Science
and Technology studied the cost of decontamination for the
Fukushima Daiichi nuclear accident. They estimate that
decontamination in no-entry zones will cost up to 20 billion dollars,
and in other areas, 31 billion dollars.
• The central government has so far allocated about 11 billion dollars
for the cleanup, but has not made clear what the total cost might be.
• The project is substantially behind schedule. Critics question its
effectiveness, as radiation levels remain high in some areas even
after decontamination.

Source: NHK, Wednesday, July 23, 2013
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(26 August 2013)

Govt. plans new round of radioactivity clean-up
•

•

•

•

•
•

Japan's Environment Ministry plans to conduct new decontamination work
in areas where radiation levels have risen again following the accident at
the Fukushima Daiichi nuclear power plant.
Municipal governments and residents are demanding more clean-ups in
areas where radiation levels have climbed following the initial
decontamination.
The Environment Ministry originally said it would handle such matters on a
case-by-case basis.
It now says it plans to re-clean sites where radiation levels are considerably
higher than they were after the first round of cleaning, probably because of
waste carried in rainwater and on fallen leaves.
It also says workers will return to sites where earlier decontamination efforts
were incomplete.
The ministry says it plans to re-clean woodland areas within about 5 meters
of residential zones. Workers removed tainted leaves from within 20 meters
of homes in the first round of clean-ups. However, radiation levels remain
high in some areas.
Source: NHK, Monday, August 26, 2013
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(2 September 2013)

Govt. to speed up efforts to build waste storage sites
•

•
•

•
•

•

Japan's government is setting up a task force to speed up the establishment
of intermediate storage facilities for radioactive waste in Fukushima
Prefecture.
Reconstruction Minister Takumi Nemoto and Environment Minister
Nobuteru Ishihara will head the task force to be set up on Wednesday.
The move is aimed at accelerating consultation with local residents and
municipalities about purchasing land for the storage sites. The facilities will
be used to hold contaminated soil and debris gathered during
decontamination work.
The government plans to build the sites in the towns of Futaba, Okuma and
Naraha, close to the Fukushima Daiichi nuclear plant.
Officials plan to start moving contaminated waste from temporary storage
sites around January, 2015. But people in the 3 towns are expressing
concern that such intermediate facilities may become final disposal sites.
Nemoto says intermediate storage facilities are essential to promote
decontamination. But he says he will handle the issue carefully.
Source: NHK, Monday, September 2, 2013
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• Present cooling system of the
reactors
• First steps towards decommissioning
of the reactors and the plant
Wim Turkenburg

Copernicus Institute
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(27 May 2011)

Workers check contaminated water in No.1 reactor
• The No.1 reactor at the
Fukushima Daiichi nuclear plant is
thought to have suffered a
meltdown after the March 11th
earthquake and tsunami.
• Workers entered the reactor
building on Friday, May 27,
preparing to pump out the leaked
water before cooling it and
sending it back to the reactor.
• In the morning, 8 workers lowered
a depth sensor into the basement
and found that the water is about
5 meters deep. Five other workers
then collected samples for
analysis.

Highly contaminated water is
apparently leaking from holes
created in the pressure and
containment vessels, flooding
the building's basement.

Source: NHK, Friday, May 27, 2011
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(10 August 2011)

Circulatory cooling begins at No.1 reactor spent fuel pool
• The operator of Fukushima Daiichi nuclear power plant has
switched from a water-injection system to a circulatory cooling
system at the plant's Number 1 reactor's spent fuel pool.
• TEPCO put into operation the new system for cooling water in the
pool for spent fuel rods on Wednesday, August 10.
• For the first time since the March 11th disaster, all four damaged
reactors at the plant are now using circulatory cooling systems and
are on track to stable cooling.

Source: NHK, Wednesday, August 10, 2011
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(22 October 2012)

Overview of the circulating
injection cooling system for cooling the reactor

Overview of the
Facility Installation Area
(September 16, 2012)

Source: Government-TEPCO, 22 October 2012
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(12 October 2012)

TEPCO’s Multi-Nuclide Removal Facility

Overview of the
Facility Installation Area
(September 16, 2012)

The existing decontamination facility mainly removes Cesium. A multi-nuclide
removal facility (ALPS) to remove radioactive materials other than Cesium is under
installation to further reduce the radioactivity of the processed accumulated water.
(Construction will be completed at the end of October 2012.)
Source: TEPCO, 12 October 2012
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(August 2013)

Situation at the four Fukushima-1 reactors
Unit 1

Unit 1

A cover has been built
over unit 1 to protect it
from the weather and
ensure no further airborne
releases.

Unit 3

Unit 2

Unit 2

Work is going on in the
reactor building in
preparation for designing
equipment to enable
engineers to determine
the status of the torus for
the suppression chamber
structure which is thought
to be damaged.

Unit 3

Unit 4

Debris is being removed
from the top of the
building and from the
used fuel storage pool. A
covering structure has
been planned.

The most heavily
damaged building, the
structure of its fuel
storage pool has already
been reinforced and
debris has been cleared
from the service floor.
Now a more substantial
over-structure is being
built which will enable
unloading of fuel from its
storage pool,
commencing in December
2013.

Source: WNA website (15 August 2013)

Unit 4
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(13 October 2012)

Plans to Remove Fuels from Spent Pools
TEPCO engineers have cleared away the top
section of Fukushima Daiichi unit 4

• To start fuel removal from Unit 4 within 2013.
• To start fuel removal from Unit 3 approximately end of 2014.
• To develop a fuel removal plan from Unit 1 based on the experiences in Units 3 & 4 and
investigations of the rubble situation, and will complete fuel removal during Phase 2 (20122021) of the Mid- and Long-term Roadmap.
• To develop a fuel removal plan from Unit 2 in light of the investigation results of the
installed facilities to be conducted in consideration of decontamination results inside the
buildings and will complete fuel removal during Phase 2.
• To complete fuel removal from all Units during Phase 2.
• To determine reprocessing and storing methods for removed fuels during Phase 2.
Source: TEPCO, 13 October 2012
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(13 July 2012)

Top section cleared away at unit 4

TEPCO engineers have cleared away the top section of Fukushima Daiichi unit 4's
reactor building, ready for work to start on the overbuilding they need for fuel removal.
Unit 4 was heavily damaged by a hydrogen explosion and the used fuel pond has had to
be supported by the installation of steel beams and concrete. The pond also contains
more fuel than the others on site because the entire core load of fuel had been stored
there for maintenance work when the natural disasters struck on 11 March 2011.

For these reasons unit 4's pond represents one of the biggest hazards on the site, and
tackling it by removing the fuel is one of TEPCO's highest priorities. This will involve the
construction of a new building over and around unit 4 containing ventilation, filtration and
handling gear. Currently the top of the pond is protected by a metal cover.
Source: WNN, 13 July 2012
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(31 August 2013)

Aerial view of the Fukushima-1 NPP

An aerial view shows the Tokyo Electric Power Co.'s (TEPCO) tsunami-crippled
Fukushima Daiichi nuclear power plant and its contaminated water storage tanks (top)
in Fukushima, in this photo taken by Kyodo August 31, 2013.
Source: Reuters/Kyodo, 4 Sept. 2013
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(1 July 2013)

Fukushima waste incinerator takes shape
•

•

•

Construction of an incinerator is underway at
the Fukushima-1 plant to burn the low-level
waste (LLW) being generated from the cleanup and decommissioning of the site.
The 3170-square-metre facility is expected to
begin operating between September 2014 and
March 2015. It will be used to reduce the
volume of LLW - including such things as
clothing, gloves and building materials - by
burning it. The resulting radioactive ash will be
stored in drums for later disposal.
Construction of the plant started in May 2013
and the reinforcing steel rebar has now been
put in place in the building's foundation. On 29
June, the first concrete was poured for its twometre thick foundation.

An artist's impression of how the completed
facility will appear (Image: Tepco)

- The incinerator will be able to
operate around the clock, burning
some 14 tonnes of LLW per day.
- Three existing LLW incinerators on
the site - with a combined capacity
of handling over eight tonnes of
waste per day - are not in operation
as they are now being used to store
and process radioactive water
instead.
Source: WNN, 01 July 2013
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• Radioactive contamination of water
• Leakage of radioactive water
• Groundwater problems
• Countermeasures
• Governmental response
Wim Turkenburg

Copernicus Institute
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(27 May 2011)

Workers check contaminated water in No.1 reactor
• The No.1 reactor at the
Fukushima Daiichi nuclear plant is
thought to have suffered a
meltdown after the March 11th
earthquake and tsunami.
• Workers entered the reactor
building on Friday, May 27,
preparing to pump out the leaked
water before cooling it and
sending it back to the reactor.
• In the morning, 8 workers lowered
a depth sensor into the basement
and found that the water is about
5 meters deep. Five other workers
then collected samples for
analysis.

Highly contaminated water is
apparently leaking from holes
created in the pressure and
containment vessels, flooding
the building's basement.

Source: NHK, Friday, May 27, 2011
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(6 April 2011)

Reactor 2 leaking radioactive water
- Radioactive water and steam has been
flowing from the core into the reactor housing
and through cracks in the water-filled
suppression chamber beneath the reactor.

- Radioactive water in a tunnel underneath the
reactor and the turbine building prevents
workers from gaining access. This tunnel
emerges at the front of the building as a trench,
just 55 metres from the sea.
- For some days, water with high levels of
radiation is leaking into the sea.
-TEPCO announced April 6 a leak of radioactive
water had been stopped. They said engineers
had injected chemical agents to solidify soil
near a leaking crack, 20cm long.

- Earlier attempts to plug the leak had failed.
Based on: BBC News Asia-Pacific, 7 April 2011
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(22 April 2011)

TEPCO estimates 520 ton of highly radioactive
water have leaked into the sea
- TEPCO says radioactive substances that leaked into the
sea at the Fukushima plant over six days from April 1st are
estimated at 4,700 terabecquerels. This is 20,000 times
more than the annual allowable limit at the complex.
TEPCO said that 520 tons of the high-level radioactive
water is likely to have leaked into the sea during the period.
- The estimated level of radiation in the water is roughly one
100th of what the government announced on April 12 as the
total amount of radiation released into the air from the
complex. The figure is about 10,000 times more than the
amount released in the Three Mile Island accident in 1979.

Photo courtesy of TEPCO

- The Combined photo shows a pit wall near the water
intake of the No.2 reactor at the crippled Fukushima-1
nuclear power plant in Fukushima Prefecture on April 6,
2011 (top), and on April 5, 2011 (bottom). The top frame
shows that the leakage of highly radioactive water from a
crack in the pit wall has
stopped.
Source:
Kyodo News, 6 April 2011

Note: In May and Dec. 2011 and March 2012, again some radioactive water was leaking into the sea
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(17 February 2012)

Measures to mitigate sea water contamination
Target:
To reduce the risk of expanded seawater contamination while reducing
radioactive material concentrations in seawater in the port.
Measures:
a. Construction work for installing water shielding walls on the front
of the existing breakwaters in front of Units 1 ‒4 (in progress).
b. Circulating seawater purification facilities (in operation).
c. Additional installation of silt fence on the side of Units 5 and 6 (to
be installed: Feb. 2012).
d. Covering of the seabed soil in the area in front of the intake
canals with solidifying soil (to be implemented: Feb. - April 2012).
- Maximum concentration of radioactive materials in the seawater within the Fukushima-1
NPS port (31 Jan. 2012) : 0.21Bq/cm3 for Cs-134, and 0.28Bq/cm3 for Cs-137.
- Legal density limit for out of supervised areas: 0.06Bq/cm3 for Cs-134, and
0.09Bq/cm3 for Cs-137.
Source: JAIF, February 17, 2012
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(6 September 2011)

TEPCO to build wall off Fukushima Daiichi plant
• TEPCO plans to build an iron wall on the ocean side of the plant to
prevent radioactive water from leaking into the sea.
• TEPCO says more than 110,000 tons of highly radioactive water
remains in the basements of reactor buildings. There is concern that
the water may eventually pass via underground water into the ocean.
• The utility will use thousands of iron pipes to create an 800-meterlong wall surrounding the water intakes of 4 reactor facilities. Each
pipe, 22-meters long and 10 centimeters wide, will be installed deep
below the sea bed to stop the flow of groundwater.
• It says it will also prepare for a rise in underground water levels
around the plant after the wall is built. It says it will closely monitor
the level of groundwater and consider pumping it away. Construction
will begin as early as end 2011 and be completed in about 2 years.
• Prevention of sea-water contamination is one of pillars in TEPCO’s
roadmap to contain the nuclear accident.
Source: NHK, Tuesday, September 06, 2011 07:11 +0900 (JST)
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(31 August 2012)

Image of water shielding wall

By controlling accumulated water flows into underground water, TEPCO
implements/starts preventative measures to mitigate underground water
contamination as well as to halt the spread of contamination into the ocean.
Actions:
- Mitigate the leaking of accumulated water in the building by ensuring that the
level of accumulated water is lower than the sub drain water level.
- Start the placement of the water shielding walls in front of the existing seawall
of Units1-4 to prevent the spread of contaminated underground water from
flowing into the ocean.
Source: TEPCO, 31 August 2012
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(8 December 2011)

Increasing treated water becomes
another headache
• Rising amounts of water which has low-levels of radioactivity is
starting to be a burden for TEPCO.
• The utility was considering releasing the water into the sea but it
postponed the decision due to protests from the fishery industry.
• The liquid builds up as the Fukushima Daiichi plant decontaminates
and reuses water to cool the reactor. Despite the reuse, the volume
of treated water is expanding because, in a separate development,
groundwater of 200-500 tons per day is pouring into the basement of
the buildings.
• The utility says storage tanks that have capacity of 160,000 tons will
be full by March 2012.
• TEPCO is planning to discharge the treated water into the sea after
decontaminating it further to the level below the government limit.
Source: NHK, Friday, December 09, 2011
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(15 January 2013)

Disposal sites for contaminated waste-water
at Fukushima-1 NPP

Source: NHK, Tuesday, January 15, 2013
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(22 October 2012)

Storage of contaminated water / treated water
(additional tanks)
- A tank operation plan was developed to enable
the storage of treated water, etc.
- The total capacity of existing storage tanks is
approx. 241.000 m3, and approx. 26,000 m3 is
available for use (as of October 16, 2012).
- Additional tanks are currently being built, and
the total capacity will increase to approx.
320,000 m3 by the end of November 2012.
- Capacity of approx. 80,000 m3 will be added by
The installation of
the end of June 2013.
an underground
- approx. 300,000 m3 is planned to be added
water storage tank
within the next 3 years .
- Estimated maximum capacity: 700,000 m3 in This underground system
turned out to leak and is not
total.
used anymore (April 2013)
Source: Government-TEPCO, 22 October 2012

59

(29 May 2013)

TEPCO: Groundwater Bypass Plan (1)
For Suppressing Increase of Contaminated Water

Pumped-up water will be temporarily stored in a tank. Then, each time before releasing
the water, we will verify that the radioactivity density of the water is sufficiently low.
Source: TEPCO, 29 May 2013
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TEPCO: Groundwater Bypass Plan (2)
For Suppressing Increase of Contaminated Water

Source: TEPCO, 29 May 2013
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(30 June 2013)

Toxic groundwater found in
Fukushima-1 well just 6 meters from Pacific
• TEPCO said Saturday it has detected high levels of radioactive
substances, including strontium, emitting beta rays in groundwater
taken from a well at the port of the Fukushima No. 1 nuclear plant.
• TEPCO said 3,000 becquerels of radioactive substances per liter
were recorded in groundwater from the well, located just 6 meters
from the Pacific. That concentration is 100 times higher than the
maximum legal limit.
• As levels of radioactive tritium have been rising in seawater around
the port, radioactive substances are suspected to have leaked into
the ocean.
• “It is true that radioactive contamination has been found from
groundwater near the sea, but we do not know whether tainted water
has made its way into the Pacific,” a TEPCO official said.

Source: The Japan Times, Sunday, June 30, 2013

62

(6 July 2013)

TEPCO to dig more wells to check contamination
•

•

•
•

•

The operator of the damaged Fukushima Daiichi nuclear power plant plans
to build more wells to monitor the spread of radioactive contamination under
the ground.
TEPCO has detected high levels of radioactive substances since May in
samples of underground water collected at a newly dug well close to the
ocean. The company detected on Friday a total of 900,000 becquerels per
liter of radioactive substances, including strontium that emits beta particles,
in underground water collected from the well. That's the highest level ever
detected in samples from observation wells.
The newly dug well is close to a pit from which highly radioactive water was
found seeping into the sea in April 2011, shortly after the nuclear accident.
TEPCO suspects that the water leak more than 2 years ago may be linked to
the level of contamination of water inside the well. But the company says it's
hard to determine just what happened.
TEPCO says the level of radioactivity in nearby waters has not greatly
changed, and that it is also unknown whether there has been any further
leak into the sea.
Source: NHK, Saturday, July 06, 2013
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Photos of groundwater observation holes at Fukushima-1

Observation hole 1-1

Observation hole 3

Observation
hole 2

Observation hole 1-4

Source: TEPCO, July 16, 2013
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Contaminated water may have leaked in ocean
• The operator of the crippled Fukushima nuclear power plant
acknowledged for the first time that highly-tainted underground
water is seeping into the ocean.
• Tokyo Electric Power Company has been studying highly
radioactive underground water found in monitoring wells facing the
Pacific Ocean since May. TEPCO analyzed water levels inside the
wells between January and July. They said a drop in the level
suggests the tainted water has likely leaked into the ocean.
• Earlier this month, Japan's nuclear regulatory body said it was very
likely that contaminated water is leaking into the sea. TEPCO had
said, however, that it cannot make any final judgment because it has
not accumulated necessary data.

Source: NHK, Tuesday, July 22, 2013
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(7 August 2013)

300 tons of nuclear water leaks to sea daily
•

•
•

•
•

•
•

Japan's industry ministry estimates that about 300 tons of radiation-tainted
water leaks from the crippled Fukushima Daiichi nuclear power plant into the
sea daily.
The ministry says some 1,000 tons of groundwater flows from a mountainside
into the plant premises every day.
Of the volume, 300 tons is tainted with radioactive substances when it flows
through an area near wells before leaking into the sea. High levels of
radioactive materials have been detected in the wells.
Some 400 of the remaining 700 tons flows into the basements of the plant's
No.1 to No.4 reactor buildings. 300 tons of untainted water flows into the sea.
The plant's operator TEPCO has been solidifying an embankment of ground
at the plant to prevent contaminated water leakage into the sea. It is also
paving the ground surface with asphalt to keep out rainwater.
The ministry expects some 60 tons of tainted water to continue leaking into
the sea even after these steps.
The ministry also says it cannot rule out the possibility that contaminated
groundwater started leaking into the sea just after the nuclear accident at the
plant.
Source: NHK, Wednesday, August 7, 2013
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TEPCO knew about water flow two years ago
• A spokesperson for Tokyo Electric Power Company says the
company has known for the past 2 years that a massive amount of
groundwater was flowing beneath the Fukushima Daiichi power plant.
• Masayuki Ono said on Friday that TEPCO experts estimated
hundreds of tons of the water could reach the ocean daily.
• Ono said the estimate was based on rough records of groundwater
that TEPCO workers had collected.
• Until last month, TEPCO officials had denied the possibility that
contaminated groundwater was leaking into the ocean.
• Ono said he is unable to explain why it took two years to disclose this
fact.

Source: NHK, Saturday, August 10, 2013
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TEPCO: 30 trillion becquerels leaked to sea
•

•

•

•

•

The operator of the crippled Fukushima Daiichi nuclear plant says 30 trillion
becquerels of radioactive strontium and cesium may have leaked into the sea
since May 2011.
The figure is dozens of times higher than agreed limits, despite excluding the
first 2 months of the crisis, when discharges were highest. The crisis was
triggered by the March 11, 2011 tsunami and earthquake.
The new estimates are included in a TEPCO report on the ongoing leak of
contaminated groundwater into the sea. The report was released on
Wednesday.
The company says up to 10 trillion becquerels of strontium and 20 trillion
becquerels of cesium have leaked into the sea since May 2011.
The total is hugely beyond TEPCO'S in-house annual emission limit of 220
billion becquerels -- under normal circumstances.
The company says the calculation was based on radioactive levels detected
within the plant's bay and on the assumption that the leaks have been
ongoing.
Source: NHK, Wednesday, August 21, 2013
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(1 August 2013)

Cesium levels in water under
Fukushima-1 nuclear plant soar the deeper it gets
• TEPCO said Thursday it has detected high levels of radioactive
cesium in water taken from deep under its Fukushima-1 NPP.
• TEPCO found that water in a hole dug for a cable pipe contained up
to 950 million becquerels of cesium per liter. The pipe is located near
another at the turbine building of reactor 2, where water has been
found to contain high levels of radioactive substances.
• Studying water taken from 1 meter, 7 meters and 13 meters
underground at a point some 65 meters from the Pacific, TEPCO
found 950 million becquerels of cesium and 520 million becquerels of
beta ray-emitting radioactive substances, including strontium, in the
water from 13 meters underground.
• Water from 1 meter down contained 340 million becquerels, and a
sample from 7 meters down contained 350 million becquerels.
• On July 26, Tepco detected 2.35 billion becquerels of cesium in
water collected from a different cable trench closer to the ocean.
Source: The Japan Times, Thursday, August 1, 2013
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TEPCO starts pumping to prevent water leak
• The operator of the Fukushima Daiichi nuclear power plant has begun
pumping up radioactive groundwater there to keep it from flowing into
the sea.
• TEPCO dug a small well near an embankment facing the sea and
began the pumping at about 2 PM on Friday. The pumped-up water is
moved to an underground trench and then stored in tanks in the
plant's compound.
• The utility has hardened soil near the embankment since last month
to prevent tainted groundwater from seeping into the sea. But rising
levels of groundwater have raised concerns that it could overflow.
• TEPCO said it will also put nearly 30 pipes, each 5 meters long, in the
ground near the embankment next week to pump up more
groundwater. The utility added that it hopes the measures will allow it
to draw about 100 tons of groundwater a day.

Source: NHK, Friday, August 9, 2013
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TEPCO: Underground wall not effective against leaks
• The operator of the damaged Fukushima nuclear power plant has
confirmed that an underground wall is unable to keep contaminated
groundwater from seeping into the sea.
• Officials of the Industry Ministry estimate that 300 tons of groundwater
pass through the contaminated area before flowing into the Pacific
Ocean every day.
• Engineers with TEPCO have hardened the soil along the coast to
create a 100-meter-long underground wall. They injected chemicals
into the ground to a depth of 16 meters. But it is technically difficult to
harden the soil up to 1.8 meters from the surface.
• The workers recently dug a well just inside the wall to see how the
level of underground water has risen due to the construction of the
wall. They found that the water level in the well was about 60
centimeters higher than the top of the wall.
Source: NHK, Saturday, August 10, 2013
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Liquefaction threat adds to Fukushima ills
• The large volume of groundwater flowing under the plant is creating
another problem — the possibility that the land it stands on will liquefy
if another major earthquake hits.
• TEPCO recently injected liquid glass into the filled land, thereby
forming an underground barrier to help prevent groundwater from
reaching the sea.
• Because the wall is blocking a certain amount of groundwater, the
level of groundwater has risen in the fill area, raising the risk of
liquefaction if and when another earthquake hits, TEPCO said.
• Before the nuclear crisis started on March 11, 2011, TEPCO pumped
up about 850 tons of groundwater per day from sub-drains to prevent
it from flowing under the complex..
• “TEPCO is seeing a danger that the area near the sea might become
like mud, so it is pumping up the groundwater”.

Source: The Japan Times, August 20, 2013
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TEPCO yet to track groundwater paths
- Tepco compiled a groundwater flow
simulation for an Aug. 12 meeting with
experts from the NRA, but the utility said
the simulation was inaccurate.
- Tepco needs to collect more data from a
wider area, even outside the plant, where
it doesn’t have monitoring wells to check
groundwater flows.

•

•
•
•

“Figuring out the flow of the groundwater is vital, as it will help spot where the
sources of contamination are and stop it from spreading further in the future,”
said Atsunao Marui, a groundwater expert and principal senior researcher at
the National Institute of Advanced Industrial Science and Technology, a
Tokyo- and Ibaraki-based semi-public research body.
At the moment, TEPCO has a rough idea of where the groundwater is flowing.
About 1,000 tons of groundwater flows from the mountains under the complex
daily, but the exact paths the groundwater takes have yet to be pinpointed.
“TEPCO must be aware that more monitoring wells need to be built but it is
hesitant to do so outside the complex, in part because it lacks manpower.”

Source: The Japan Times, August 20, 2013
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Fundamental measures against contaminated water

Measure 1: Stopping outflow into the ocean: Installation of a sea-side impervious wall.
Measure 2: Suppressing increase of contaminated water and preventing outflow into the port.
Measure 3: Stopping inflow of groundwater into the reactor buildings, etc.
Source: TEPCO, August 26, 2013
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Source: TEPCO, August 26, 2013
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Measure (2)

•

•

•

TEPCO needs public cash to freeze deep wall

The public must help fund TEPCO’s effort to
freeze the soil around the reactor buildings
at its Fukushima No. 1 nuclear plant,
creating a barrier to prevent more
groundwater from becoming radioactive,
Chief Cabinet Secretary Yoshihide Suga
said Wednesday.
“There is no precedent in the world to create
a water-shielding wall with frozen soil on
such a large scale (as planned now at the
Fukushima complex). To build that, I think
the state has to move a step further to
support its realization,” Suga told reporters.
At the end of May, a government panel
adopted the project as the best way to
reduce radioactive groundwater at the plant.
METI Minister Toshimitsu Motegi instructed
TEPCO to go ahead with the project.

Source: The Japan Times, August 7, 2013

Blocks groundwater
from the mountains
Reactor 1
Reactor 2
Reactor 3
Reactor 4

Ocean

frozen soil

pipeline
circulating
soil-freezing
coolant

- A 1.4-km barrier of frozen soil
will be created by sinking pipes
around the buildings housing
reactors 1 to 4 and then running
coolant through them.
- According to major contractor
Kajima Corp., which proposed the
project, construction is expected
to cost ¥30 billion to ¥40 billion.
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Source: TEPCO, August 26, 2013
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(20 August 2013)

Tank at No. 1 lost 300 tons of radioactive water
• About 300 tons of highly radioactive water had leaked from a tank at
the damaged Fukushima No. 1 nuclear power plant as of Tuesday
afternoon, TEPCO said.
• TEPCO claims none of the water, which had been used to cool its
stricken reactors and is highly radioactive, has flowed directly into the
Pacific.
• The amount of beta rays being emitted by radioactive materials in the
leaked water, including strontium, was 80 million becquerels per liter.
• On Monday, TEPCO workers on patrol found a pool of at least 120
liters of highly contaminated water thought to have escaped from
concrete barrier’s drain valves. The valves had been opened to drain
rainwater.
• The radiation level measured around 50 cm above the toxic water
stood at about 100 millisieverts per hour, TEPCO said. Exposure to
100 millisieverts is the legal upper limit for a nuclear worker over five
years.
Source: The Japan Times, August 20, 2013
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Manning the parapets

Workers are seen on storage tanks at the Fukushima Daiichi nuclear plant during the
inspection by the Nuclear Regulation Authority on August 23, 2013 (Photo: Bloomberg)
Source: The Japan Times, Saturday, August 31, 2013
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TEPCO to remove radiation-soaked soil
• TEPCO will start removing soil soaked with radioactive water from the
plant.
• TEPCO workers found on Monday that one of the storage tanks near
the Number 4 reactor has leaked more than 300 tons of highly
radioactive wastewater. Some of the water may have flowed into the
sea through a drainage system.
• Much of the water that has leaked is believed to have soaked into soil
near the tank as there is little water left on the ground and little
contamination in the drainage system.
• TEPCO workers plan to collect the soil on Friday to prevent the
contamination from spreading further underground. The workers will
dig up about 50 centimeters of soil with heavy equipment and then
measure radiation levels.

Source: NHK, Thursday, August 22, 2013
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High radiation detected at Fukushima Daiichi tanks
•
•

•
•
•
•

•

The operator of the crippled Fukushima Daiichi nuclear power plant has
detected extremely high levels of radiation on some of its storage tanks.
TEPCO announced on Saturday that high levels of radioactivity were found
in 4 areas in the complex where tanks containing contaminated water are
located.
It has been monitoring more than 900 storage tanks since about 300 tons of
radioactive wastewater leaked from a tank on August 20th.
TEPCO says one of Saturday's readings was 1,8 sieverts per hour.
Radiation at this level can kill a person in 4 hours.
The number is 18 times higher than the level of radioactivity at the same
tank measured on August 22nd.
In another area, radioactivity of 230 millisieverts per hour was measured at
a puddle underneath a pipe connecting tanks.
Although no change of water levels was detected at the tanks, TEPCO
believes new leaks are possible. It is checking whether contaminated water
has reached the ocean.
Source: NHK, Sunday, September 1, 2013
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TEPCO steps up monitoring of toxic water leaks
•

•

•

•

TEPCO has boosted efforts to monitor
hundreds of storage tanks holding
radioactive water. TEPCO has increased
the number of inspectors from 10 to 90
and doubled the tank's monitoring
activities to 4 times a day.
TEPCO says all the storage tanks where
the contaminated water leaks were found
are not welded together. More
contaminated water leaks from the tanks
are possible.
The operator says it has about 300 such
tanks and will monitor them 4 times a day.
For 2 of the inspections, the inspectors
will use radiation measuring equipment.
When high levels of radiation are
detected, the workers will conduct further
monitoring approaching closer to the tank.

Source: NHK, Monday September 2, 2013

- On August 19th, TEPCO workers
found contaminated water leak from
a storage tank in an area near the
number 4 reactor.
- Over the weekend, the operator
detected extremely high levels of
radiation in storage tanks in 2 other
areas. More water leaks were also
found.
- The reading at one of the tanks
was 1.8 sieverts per hour at the
highest. Most radioactivity is caused
by beta rays.
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Government will take full charge to solve leakage problems
• Japan's industry minister says the government may use public funds
to prevent further leakage of radioactive groundwater from the
Fukushima Daiichi nuclear plant into the sea. Toshimitsu Motegi
spoke to reporters on Monday after inspecting the crippled plant.
• Motegi instructed plant operator Tokyo Electric Power Company to
take several measures. These include enhanced monitoring of the
tanks and installing more welded tanks. The storage tank that leaked
was made of steel plates attached by bolts rather than by welding.
• Motegi told reporters that so far the government has let the operator
deal with the situation each time a problem has come up. But he
said that from now on, the government will take full charge.
• Motegi said the government will also consult with fiscal authorities on
the possibility of using this year's reserve funds to build an
underground frozen soil wall to stop contaminated groundwater from
leaking into the ocean.
Source: NHK, Monday, August 26, 2013
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Govt. sets policy to tackle Fukushima leak
• The Japanese government has decided to spend public funds of
about 47 billion yen, or 470 million dollars, to deal with the massive
buildup of radioactive water at the crippled Fukushima Daiichi
nuclear power plant.
• Prime Minister Shinzo Abe, Industry Minister Toshimitsu Motegi and
other members of the government's nuclear disaster taskforce
approved the basic plan at a meeting on Tuesday.
• The money will be used to freeze soil to create an underground
wall around the 4 damaged reactors. The aim is to prevent
groundwater from seeping through and becoming contaminated.
• The government will also foot the bill for decontaminating
radioactive water (a new system is under development).
• Of the funds, 210 million dollars will be financed with reserve funds
from the fiscal 2013 budget.

Source: NHK, Tuesday, September 3, 2013
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Frozen soil wall test to begin at Fukushima plant
•

•

•

•

•

Japan's government is set to test a project
to build a frozen artificial wall at the
Fukushima -1 NPP. Engineers hope the
wall will stop groundwater from seeping
into the contaminated compound.
Groundwater is flowing into the plant's
reactor buildings from surrounding
mountains at a rate of 400 tons per day.
The government has pledged 32 billion
yen, or about 320 million dollars, to build
the underground wall.
Japan's industry ministry hopes to finish
the test by the end of next March and
start operating the wall by March 2015.
The government has earmarked 1.3
billion yen, or 13 million dollars, for the
test.

Source: NHK, Wednesday September 4, 2013

- The feasibility test will start by midOctober at the earliest. Engineers
plan to drive steel pipes 30 meters
deep into the soil near the Number-4
reactor building. The pipes will be
used to surround a 10-by-10-meter
plot on the mountain side of the
building.
- Liquid calcium chloride at minus 40
degrees Celsius will be pumped into
the pipes to freeze the soil. The test
will examine whether the wall stops
the groundwater flow.
86

Thanks!
Wim Turkenburg
Utrecht University
The Netherlands

Copernicus Institute

87

