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l. Fukushima accident: what has happened so far

Source: Tokyo Electric Power Company
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Source: Nuclear Energy Institute (NEI)

Located on the Eastern coast of Japan, the six nuclear power reactors at Fukushima Daiichi were hit by a
massive earthquake on 11 March followed by a large tsunami that washed over the reactor. A series of
explosions damaged four of the plant’s six nuclear reactor buildings and the spent fuel pool at unit 4 ran low
of water.

After the earthquake, control rods were automatically activated to stop nuclear reactions at units 1, 2, and 3.
The remaining reactors - Units 4, 5 and 6 - had previously been shut down for routine maintenance
purposes. The earthquake cut off external power to the plant. Backup diesel generators started operating
supplying cooling systems, but when the tsunami hit the plant, they were progressively disabled. The heat
sink, which is a part of the system that is used to remove the residual heat, was lost and the residual power
could not be evacuated. The pressure and temperature of the reactor vessels increased. The fuel rods got
hotter and reacted with the steam, creating hydrogen gas. When hydrogen met oxygen in the secondary
containment, the gas exploded, damaging the reactor buildings at units 1, 2, 3 and 4.

In addition, the pool of unit 4 containing spent fuel ran low of water leading to potential radioactive releases,
which was especially worrying, because its latest reactor core had been placed in the spent fuel pool for
maintenance. To bring the situation under control, power needs to be restored to the plant’'s damaged
cooling system. Then pumps could be used to bring the nuclear fuel back to safer temperatures.
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Seawater and then fresh water have been pumped into the reactor vessel at units 1, 2 and 3 to cool down
the reactors and has been sprayed onto the spent fuel pools. Boric acid was also used to prevent nuclear
reactions in the reactor vessels. Nitrogen gas has been injected into the Unit 1 containment vessel to reduce
the possibility of hydrogen combustion within the containment vessel. Lighting has been re-established in
the control room of all four units and some instrumentation has been restored. However, due to the extent of
damage inflicted by the tsunami, at present it is not possible to estimate when the equipment may be
operational again.

At units 5 and 6, off-site power has been restored and the reactors remain in cold shut-down. Workers have
opened holes in the roofs of both buildings to prevent the possible accumulation of hydrogen, which caused
explosions at other units.

The events at Fukushima Daiichi NPP have been rated Level 7 and the events at Fukushima Daini Level 3
on the International Nuclear and Radiological Event Scale (INES) by the Japanese authorities. INES defines
Level 3 as a “Serious Incident” and Level 7 is the most serious level on INES and is used to describe an
event comprised of "A major release of radioactive material with widespread health and environmental
effects requiring implementation of planned and extended countermeasures”. The Japanese Nuclear and
Industrial Safety Agency (NISA) estimates that the amount of radioactive material released to the
atmosphere is approximately 10 % of the 1986 Chernobyl accident, which is the only other nuclear accident
to have been rated a Level 7 event.

According to the World Health Organisation, the actions taken by the Government of Japan are “in line with
the existing recommendations based on public health expertise.” People living within 20 km of the
Fukushima Daiichi NPP have been evacuated. On 11 April, the Japanese authorities extended the
evacuation zone to a list of towns and cities located beyond 20 km radius of the plant where people could be
exposed to over 20 mSv during the course of the next one year. The evacuation should be carried out within
a month. The rest of the population living between 20 km and 30 km away from the plant is asked to stay
indoors in unventilated rooms or is recommended to leave the area on a voluntary basis. The dispersal of
radioactivity has led to radioactive deposit on the ground. lodine-131 and Caesium-137 contamination have
been detected in water and food samples in the region of the Fukushima NPP. However, the levels
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measured are said to pose no immediate threat to human health. Radioactive water has been discharged
directly into the sea, which could lead to contamination of local marine life. Japanese authorities have taken
the necessary measures to prevent contaminated goods from reaching the market. The radioactivity that
has been measured so far in Tokyo remains low and does not require immediate actions to protect the
population. Radiation-related health consequences will depend on the final amount of radiation released
from the reactors and on weather conditions such as wind and rain. The IRSN (French Institute of
Radioprotection and Nuclear Safety) modeling of the spreading of the released radioactivity in the Northern
hemisphere shows that radioactive fallout in Europe will have no environmental or health consequences.

Sources: BBC, NucNet, International Atomic Energy Agency (IAEA), WHO and the French national regulator (ASN)

For further information, you can see the presentation made by AREVA: http://www.scribd.com/doc/51665683/Le-document-d-Areva-sur-
Fukushima?utm_source=FrenchLeaks&utm medium=FrenchLeaks&utm campaign=FrenchLeaks
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I. Nuclear power in Japan

Source: NEI

Japan has 54 reactors in operation (30 of them are BWR units) and 2 reactors under construction. Nuclear
power accounted for around 30% of total electricity production in 2010. (source: IAEA PRIS website)
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.  What is a Boiling Water Reactor (BWR)

A BWR unit is a nuclear reactor with water as a coolant and as a moderator, boiling in the core. The
resulting steam is generally used directly to drive a turbine. The fuel elements containing the uranium
dioxide are located in the pressure vessel, two thirds of which are filled with water. The water flows through
the core from bottom to top and removes the heat developed in the fuel elements. Part of the water
evaporates. Following steam-water separation in the upper part of the pressure vessel, the saturated steam
at a temperature of about 290 T and a pressure of approx. 70 bar (7 MPa) is fed to the turbine. This
amounts to up to 4 500 t steam per hour. The turbine is coupled to a three-phase generator. The steam
exiting the turbine is liquefied in the condenser. For this purpose about 120 000 m* cooling water per hour is
required and is taken from a river, or in the case of closed-circuit cooling operation, is derived from the
cooling tower circuit. The feed water is heated to a temperature of about 215C by means of a heating
system and refed into the reactor. The control rods containing the neutron-absorbing material are inserted in
the core from below by means of an electromotor (normal drive) or hydraulically (trip). The piping leads out
of the containment into the engine house. A number of safety devices are installed to achieve immediate
isolation of the reactor from the engine house in case of a malfunction.

Diagram boiling water reactor

Source: European Nuclear Society (ENS)
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1. BWRs at Fukushima Daiichi

Units 1 to 6 of Fukushima Daiichi NPP are boiling water reactors that came into operation between 1971
and 1979. There are different designs of BWR reactors. The units at Fukushima Daiichi are of the BWR-3
(unit 1), BWR-4 (units 2, 3, 4, 5) and BWR-6 (unit 6) designs. BWR-3 and BWR-4 designs have a Mark |
containment system.

Source: Nuclear Energy Agency/OECD (http://www.oecd-nea.org/press/2011/BWR-basics Fukushima.pdf)

Source: US Nuclear Regulatory Commission: http://www.nrc.gov/reactors/generic-bwr.pdf

For further information on the Mark | containment system, please read the Factsheet of NEI: http://www.nei.org/filefolder/Report-
BWRMarkIContainment 03212011.pdf.
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2. BWRs in the world

There are 92 BWR units in the world with a capacity of 83,853 MWe. There are 44 BWR units in the United
States, of which twenty-three are boiling water reactors (BWR-2, BWR-3 or BWR-4) and use the Mark |
containment like the Fukushima Daiichi units. Japan has 30, of which 7 are BWR-3 or BWR-4 with Mark |
containment. There are 2 BWR units in India and 2 in Mexico.

3. BWRs in Europe

OLKILUOTO-1 Province: Eurajoki | BWR 75 860| 1978
OLKILUOTO-2 Province: Eurajoki | BWR 75 860| 1980

GUNDREMMINGEN- | BAYERN BWR 1284 16/03/1984
B (GUN-B) Typ 72

GUNDREMMINGEN- |BAYERN BWR 1288 1984
C (GUN-C) Typ 72

ISAR-1 (KKI 1) BAYERN BWR Typ 69 878| 3/12/1977
KRUEMMEL (KKK) | SCHLESWIG- BWR 1346 1983
HOLSTEIN Typ 69
BRUNSBUETTEL | SCHLESWIG- BWR 771(13/07/1976
(KKB) HOLSTEIN
PHILIPPSBURG-1 | BADEN- BWR 890 | 5/05/1979
(KKP 1) WUERTTEMBERG Typ 69
COFRENTES VALENCIA BWR/6 1064 | 1984
SANTAMARIADE | BURGOS 446 | 2/03/1971
GARONA BWR/3
FORSMARK-1 UPPSALA BWR 69 987 | 6/06/1980
FORSMARK-2 UPPSALA BWR 69 1000 | 26/01/1981
FORSMARK-3 UPPSALA BWR 75 1170 | 5/03/1985
OSKARSHAMN-1 KALMAR LAN BWR 467 19/08/1971
OSKARSHAMN-2 KALMAR LAN BWR 598 | 2/10/1974
OSKARSHAMN-3 KALMAR LAN BWR 75 1150 | 3/03/1985
RINGHALS-1 HALLAND BWR 84314/10/1974
LEIBSTADT AARGAU BWR-6 1165 | 24/05/1984
MUEHLEBERG BERN BWR-4 355 1971

Source: IAEA PRIS website

In Europe (including Switzerland), 19 BWR reactors are in operation, but only two are known as being of a
similar type as the ones at the Fukushima NPP (BWR-3, BWR-4) with Mark | containment system.

Santa Maria Garofia NPP in Spain is a BWR-3 reactor with a Mark | containment system like the unit 1 at

Fukushima Daiichi and the Miihleberg NPP in Switzerland is a BWR-4 unit with Mark | containment system
like the units 2, 3, 4 and 5 at Fukushima Daiichi NPP. Although both plants have similar designs as the
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Fukushima Daiichi units, they differ in a number of points. Their location is very different from the Fukushima
units. None of them is located either in an area of high seismic hazard or on the seaside. They have also
been both upgraded in the 1980’s and 1990’s following concerns raised by the American Nuclear
Regulatory Commission (NRC) that the Mark | containment structure was not safe enough.
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