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IAEA Fukushima Daichi Accident Report
• Report by the Director General (IAEA, 2015)
– Executive Summary, Summary Report
– Assessment of the causes, evolution and
consequences
• International collaboration
– Five working groups
– Five detailed technical volumes
– 180 experts from 42 Member States
– Several international bodies
– Core group
– Internal and external review mechanisms
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IAEA Fukushima Daichi Accident Report
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The Fukushima Daiichi Accident
Impact of Earthquake and Tsunami and Subsequent Events
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Epicentre of the Great East Japan Earthquake and
the NPPs nearby
•

•

•

•

The Great East Japan Earthquake of
11 March 2011 occurred at 14:46
Japan Standard Time (JST), 05:46 UTC,
off the eastern coast of Japan.
It was caused by a sudden release of
energy at the interface where the
Pacific tectonic plate forces its way
under the North American tectonic
plate.
The main shock, with a magnitude of
9.0, lasted for more than two
minutes, with several significant
pulses and aftershocks.
This event was among the largest recorded earthquakes, most of which also
occurred in areas along the Pacific tectonic plate: the earthquakes of 1960
and 2010 in Chile, with a magnitude of 9.5 and 8.8, respectively, and those
in Alaska (1964) and Sumatra (2004), both with a magnitude of 9.2.
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Location of NPPs in Japan
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Run-up height of tsunami
• In addition to the strong ground motion, the earthquake
displaced seabed and a massive amount of water, giving a series
of large tsunami waves.
• When these tsunami waves reached the coast, they had an
effect over a wide area.
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The elevations and locations of structures and
components at Fukushima Daiichi NPP
• Between 15:36 and 15:37, the largest tsunami wave, with a run-up height of 14-15m,
reached the plant. The wave overwhelmed the seawalls and inundated the site.
• It engulfed all structures and equipment located at the seafront, as well as the main
buildings (including the reactor, turbine and service buildings) at higher elevations.
• The wave flooded and damaged the unhoused seawater pumps and motors of all six
units at the seawater intake locations on the shoreline, resulting in loss of ultimate heat
sink for all units.
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Unit 4 of Fukushima Daiichi NPP
• Water entered and flooded
buildings, including all the reactor
and turbine buildings, the
common spent fuel storage
building and diesel generator
building.
• It damaged the buildings and the
electrical and mechanical
equipment inside at ground level
and on the lower floors.
• The damaged equipment included
the EDGs or their associated
power connections, power
distribution panels and switchgear
equipment, which resulted in the
loss of emergency AC power.
• Only one of the air cooled EDGs –
that of Unit 6 – was unaffected by
the flooding.
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Overview of accident sequence at the Fukushima
Daiichi NPP

• 6 plants located in Fukushima
Daiichi site were affected by series
of events, which led to a severe
nuclear accident resulting in
radioactive releases.
• Events from March 11 to March 20
approximately, when Units 5 and 6
were brought in cold shutdown
mode.
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The Fukushima Daiichi Accident
Tsunami Hazard Assessment
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Fukushima Daiichi Accident Report:
(i) Adequate design bases
• Accounting for uncertainties
– Increasing maximum recorded historical intensity
– Obtaining pre-historical data in order to provide robust
estimates

• Fukushima Daiichi;
– Assessment of units 1 and 2 was based on regional historical
seismic data without increasing safety margins
– For the permission process for later units, a combination of
historical seismic information and geomorphological fault
dimensions was utilized.
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Fukushima Daiichi Accident Report:
(ii) Japan Trench earthquake
• Conservative parameters are used for inland earthquake ground
motion prediction.
• But for Japan Trench, only magnitude 8 class was estimated
based on the observed historical data. Japanese scientists
considered M9 off the coast of Fukushima was not credible.
Critiques
▪ Without sufficient tectonic based justifications
▪ Without use of global analogues; M9 in subduction zones occurred
elsewhere in the Pacific rim, in 1960 and 1964, even before the license
was first given to the unit 1

• Chile tsunami (1960) observation record of +3.1m at Onahama
port was used. Design basis tsunami hazard was OP+3.122m.
Critiques
• Lack of historical records, lack of evidence of near-field tsunami sources
(i.e., earthquakes)

14

Fukushima Daiichi Accident Report:
(iii) Reassessment
• TEPCO conducted reassessment of seismic and tsunami hazards,
even though the regulation did not require back-fitting.
– 2002 JSCE tsunami guide for NPP: Tsunami sources were
postulated based on historical tsunami scenarios. Design basis
tsunami was revised to OP+5.7m (2002). The source along Japan
Trench off the site area was not assumed.
– 2006 Regulatory guide on seismic hazard was introduced. Only
generic and brief statements, no specific requirements, on
tsunamis. TEPCO considered only M8 class earthquakes. Despite
the request by the regulatory body in 2006 for a retroactive check,
TEPCO had not completed the re-assessment before the accident.
– 2009 TEPCO reassessed tsunami hazard using the latest
bathymetric and tidal data. Design basis tsunami was reassessed
to OP+6.1m. The elevation of sea water pumps’ motors was
15
raised.

Fukushima Daiichi Accident Report:
(iii) Reassessment (continued):
The history of Tsunami reassessments by TEPCO
•

•

•

•

TEPCO constructed
the site with the
design basis of
OP+3.122m of
tsunami
In 2002 it revised the
hazard to OP+5.7m,
utilizing the method
developed by JSCE’s
tsunami assessment
method
In 2009 it revised
again to OP+6.1m
reflecting the latest
bathymetry data
Additionally, TEPCO
conducted three
more trial
calculations
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Fukushima Daiichi Accident Report:
(iv) Trial calculations
• Between 2007 and 2009, TEPCO conducted trial calculations using
HERP approach published in 2002.
– HERP: the government’s Headquarters for Earthquake Research
Promotion
• HERP approach (2002) set a tsunami source off the coast of Fukushima
Prefecture. It did not rely on earthquake scenarios based on historical
records.
– Magnitude of the source was M8.2, resulted in 2008 in run-up
height of around 15m at Fukushima Daiichi NPP
– TEPCO and other utilities requested JSCE (Japan Society of Civil
Engineers) to review the appropriateness in 2009. TEPCO and the
regulatory body regarded further studies and investigations were
necessary. The efforts were in progress in March 2011.
Critiques
• TEPCO did not take interim compensatory measures. Nor did the
regulatory body react promptly.
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Fukushima Daiichi Accident Report:
(iv) Trial calculations (continued):
Calculations TEPCO conducted
• PTHA in 2006:
– Mean annual frequency of exceedance was evaluated as 10-5
to 10-6 for a tsunami with 10m at the Fukushima Daiichi NPP
site
• Government’s earthquake research headquarter model: M8.2
– Results in 2008:
• OP+15.7m at Fukushima Daiichi NPP site
• OP+15.5m at Fukushima Daini NPP site
• Jogan Earthquake in A.D.896 models (M8.4 and M8.3) of Satake
et al. (2007)
• OP+8.7m at U1~U4,
• OP+9.1m at U5,
• OP+9.2m at U6 of Fukushima Daiichi NPP
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Fukushima Daiichi Accident Report:
(v) Summary
• Defenses against tsunami flooding proved to be inadequate
against tsunami that is much larger than the design basis.
• A scenario involving simultaneous extreme natural hazards and
affecting multiple units was not considered in the design.
• The timely provision of resources for implementation of severe
accident actions was compromised due to the extensive damage
in the infrastructure.
• NPP operating experience showed the potential of severe
consequence.
– Le Blayais (France) 1999, Madras Power Station (India) 2004,
Kashiwazaki-Kariwa (Japan) 2007
Critiques
• Defenses against flooding. Beyond the design basis external events.
• Multi hazards. Multiple units at a site. Timely provision of off-the-site
resources.
• Operating experience feedback
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The Fukushima Daiichi Accident
The lessons learned from the Accident
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Fukushima Daiichi Accident Report:
Lesson Learned 1
• The assessment of natural hazards need to be sufficiently
conservative. Even when comprehensive data are available,
due to the relatively short observation periods, large
uncertainties remain.
– Events of very low probability can cause high
consequences.
– The prediction of extreme natural hazards remains
difficult and controversial due to the existence of
uncertainties.
– Such predictions may change over the lifetime of NPP.
– It is therefore necessary to use all relevant available data.
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Fukushima Daiichi Accident Report:
Lesson Learned 2
• The safety of NPP needs to be re-evaluated periodically.
– When faced with a revised estimate of a hazard that
exceeds previous predictions, it is important to ensure the
safety of the installation by implementing interim
corrective actions, while the accuracy of the estimate is
being evaluated.
– If the accuracy is confirmed, the operating organization
and the regulatory body need to agree on action plan to
promptly address the methods coping with higher
hazards.
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Fukushima Daiichi Accident Report:
Lesson Learned 3
• Natural hazards are potential to occur in combination. The
assessments of natural hazards also needs to consider their
effects on multiple units at a site.
– Full investigation of the potential for a combination of
natural hazards affecting multiple units at an NPP.
– Complex scenarios need to be taken into account when
considering accident mitigation measures and recovery
actions.
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Fukushima Daiichi Accident Report:
Lesson Learned 4
• Operating experience programs need to cover
domestically and internationally. Safety improvements
identified need to be implemented promptly. The use of
operating experience needs to be evaluated periodically
and independently.
– Regulatory bodies need to perform independent
reviews of national and international operating
experience.
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Fukushima Daiichi Accident Report:
Lesson Learned 5
• The defence in depth concept remains valid, but
implementation of the concept needs to be strengthened at
all levels by adequate independence, redundancy, diversity
and protection against internal and external hazards.
– The common cause failures of multiple safety systems
resulted in plant conditions that were not envisaged in
the design. The means of protection intended to provide
the fourth level of defence in depth were not available.
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Fukushima Daiichi Accident Report:
Lesson Learned 6
• Comprehensive probabilistic and deterministic safety
analyses need to be performed.
– Accident management provisions need to be derived on
the basis of a comprehensive set of initiating events and
plant conditions. They also need to provide for accidents
that affect several units a multi-unit plant.
– Training, exercises and drills need to include postulated
severe accident conditions to ensure that operators are
as well prepared as possible.
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Challenges after Fukushima Daiichi Accident
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Challenges after FDA
•
•
•
•

Periodical re-assessment, Implementation of corrective actions
Combined hazards, Hazards affecting a multi-unit site
Operating experience of external events
Implementation of the defence-in-depth concept needs to be
strengthened
• Comprehensive probabilistic and deterministic safety analyses
need to be performed
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Revision in IAEA Safety Requirements related to External
Events after Fukushima Daiichi Accident
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Revisions in NS-R-3 (2016)
•

Events in combination
– “potential combinations of events” (para 2.5)
– In paragraphs 2.7, 2.8 and 2.11, as well

•

Levels of hazards for the design basis for the installation and
their associated uncertainties
– “Information on frequency and severity… of the hazards… shall be used
in establishing the design basis hazard level for the nuclear installation.
Account shall be taken of uncertainties in the design basis hazard
level.” (para 2.5A)

•

Multiple facilities at a single site
– “An assessment shall be made of the feasibility of implementation of
emergency plans. All on-site and collocated installations shall be
considered in the assessment…” (para 2.13A)

•

Monitoring hazards and periodic review of site specific
hazards
– “using updated knowledge, typically every ten years…” (para 5.1A)
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Revisions of SSR-2/1 (2016)
•

Mitigation of severe accident effects
– “The design shall be such that for design extension conditions, protective
actions… shall be sufficient for the protection of the public, and sufficient
time shall be available to take such measures” (para 5.31A)

•

Common cause failure
– “Items important to safety shall be designed and located… to withstand the
effects of hazards or to be protected… against hazards and against common
cause failure mechanisms generated by hazards.” (para 5.15A)
– “For multiple unit plant sites, the design shall take due account of the
potential for specific hazards to give rise to impacts on several or even all
units on the site simultaneously.” (para 5.15B)

•

Multiple unit NPP
– “Each unit of a multiple unit nuclear power plant shall have its own safety
systems and shall have its own safety features for design extension
conditions.” (requirement 33)

•

Margins to protect NPP from external hazards
– “an adequate margin to protect items important to safety against levels of
external hazards… and to avoid cliff edge effects” (para 5.21)
– “an adequate margin to protect items ultimately necessary… in the event of
levels of natural hazards exceeding those considered for design” (para
5.21A)
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Revisions of GSR Part 4 (2016)
•

Margins for withstanding external events
– “Where appropriate, the safety assessment shall demonstrate that the
design is adequately conservative so that margins are available to
withstand external events more severe than those selected for the
design basis” (para 4.31)

•

Margins for avoiding cliff edge effects
– “Where practicable, the safety assessment shall confirm that there are
adequate margins to avoid cliff edge effects that would have
unacceptable consequences” (para 4.48A)

•

Safety assessment for multiple facilities or activities at a
single site
– “for sites with multiple facilities or multiple activities, account shall be
taken in the safety assessment of the effects of external events on all
facilities and activities” (para 4.36A)
– “For facilities on a site that would share resources…, the safety
assessment shall demonstrate that the required safety functions can
be fulfilled at each facility” (para 4.36B)
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Thank you for your attention.

